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REGULAMIN PRZYJMOWANIA 1 0GEASZANIA PRAC

W WIADOMOSCIACH LEKARSKICH

. Miesiecznik Wiadomosci Lekarskie jest czasopismem Polskiego Towarzystwa

Lekarskiego, ma charakter naukowo-edukacyjny. Zamieszczane sa w nim prace
oryginalne, kliniczne i doswiadczalne oraz pogladowe w jezyku polskim lub an-
gielskim oraz innych jezykach (za zgoda redakgji).

. Publikacja pracy w Wiadomosciach Lekarskich jest ptatna. Od stycznia 2017 roku

koszt opublikowania artykutu wynosi 1000 zt plus 23%VAT. Jezeli pierwszym
autorem pracy jest cztonek Rady Naukowej czasopisma lub zespotu recenzentéw
— za druk nie pracy nie pobieramy opfaty, jesli zas jest kolejnym wspétautorem
— opfata wynosi 500 zt plus 23%VAT. Wydawca wystawia faktury. Optate nalezy
uisci¢ po otrzymaniu pozytywnej recenzji, przed opublikowaniem pracy. Z opfa-
ty za publikacje zwolnieni sq cztonkowie Polskiego Towarzystwa Lekarskiego
z udokumentowang optatg za sktadki cztonkowskie za ostatnie 3 lata.

Prace zapisane w formacie DOC (z wytaczeniem rycin, ktére powinny stanowi¢
osobne pliki) nalezy przesta¢ poczta elektroniczng na adres redakgji: Agnieszka
Rosa - amarosa@wp.pl.

Objetos¢ prac oryginalnych — facznie z rycinami i pimiennictwem — nie moze
przekracza¢ 21 600 znakéw (12 stron maszynopisu), prac pogladowych — do
36000 znakow (20 stron).

. Strona tytutowa powinna zawiera:

— tytut w jezyku angielskim i polskim,

— petne imiona i nazwiska autoréw,

— afiliacje autordw,

Praca oryginalna powinna mie¢ nastepujaca strukture: wstep, cel pracy, materiat
i metody, wyniki, dyskusja i wnioski, ktére nie moga byc streszczeniem pracy.
Przy zastosowaniu skrotéw konieczne jest podanie petnego brzmienia termi-
nu przy pierwszym uzyciu. W pracach doswiadczalnych, w ktorych wykonano
badania na ludziach lub zwierzetach, a takze w badaniach klinicznych, nalezy
umiescic informacje o uzyskaniu zgody komisji etyki badar naukowych.
Streszczenia zaréwno w jezyku polskim, jak i angielskim powinny zawiera¢ 200-
250 stéw. Streszczenia prac oryginalnych, klinicznych i doswiadczalnych powin-
ny posiadac nastepujaca strukture: cel, materiat i metody, wyniki wnioski. Nie
nalezy uzywac skrétow w tytule ani w streszczeniu.

Stowa kluczowe (3-6) nalezy podawac w jezyku angielskim i polskim, zgodnie
z katalogami MeSH (Medical Subject Headings Index Medicus http://www.nim.
nih.gov.mesh/MBrower.html). Stowa kluczowe nie moga by¢ powtdrzeniem ty-
tutu pracy.

Materiat ilustracyjny - ryciny, wykresy, rysunki, fotografie, slajdy - powinien by¢
opisany cyframi arabskimi i zapisany jako pliki JPG, TIFF lub EPS o rozdzielczosci
300 DPI (nie w plikach tekstowych). Ich opisy nalezy przesta¢ w osobnym pliku.
W tekscie musza znajdowac sie odniesienia do wszystkich rycin (w nawisach
okragtych).

Tabele — ich tytuly (nad tabela) i tres¢ - powinny by¢ zapisane w programie
Microsoft Word, ponumerowane cyframi rzymskimi. Wszystkie stopki dotyczace
tabeli powinny znajdowac sie ponizej tekstu tabeli. W tekscie pracy nalezy umie-
Sci¢ odniesienia do wszystkich tabel (w nawiasach okragtych).

W wykazie piémiennictwa utozonym wedtug kolejnosci cytowania nalezy
uwzgledni¢ wytacznie te prace, na ktére autor powotuje sie w tekscie. W pracach
oryginalnych nie powinno by¢ wigcej niz 30 pozycji, a w pogladowych nie wiecej
niz 40 pozydji. Kazda pozycja powinna zawiera¢: nazwiska wszystkich autordw,
pierwsze litery imion, tytut pracy, skrét tytutu czasopisma (wg Index Medicus),
rok, numer, strone poczatkowa i koricowa. Przy pozycjach ksiazkowych nalezy
podac: nazwisko autora (autordw), pierwsza litere imienia, tytut rozdziatu,
tytut ksigzki, wydawnictwo, miejsce i rok wydania. Dopuszcza sie cytowanie
stron internetowych z podaniem adresu URL i daty uzycia artykutu oraz o ile to
mozliwe nazwisk autordw. Kazda pozycja pismiennictwa powinna mie¢ odwo-

308

12.

19.

20.

21.

22.

tanie w tekscie pracy umieszczone w nawiasie kwadratowym, np. [1], [3—6].
Pozycje zapisuje sie w sposéb zaprezentowany w Zataczniku nr 1 do niniejszego
regulaminu.

Po pismiennictwie nalezy podac adres do korespondencji, nazwisko i imie pierw-
szego autora, adres, numer telefonu oraz adres e-mail.

. Do pracy nalezy dofaczy¢ oswiadczenie podpisane przez wszystkich autoréw

okreslajace udziat poszczegdlnych autoréw w przygotowaniu pracy (np. koncep-
Ga i projekt pracy, zbieranie danych i ich analiza, odpowiedzialnos¢ za analize
statystyczna, napisanie artykutu, krytyczna recenzja itd.), a takze oswiadczenie,
ze biora oni odpowiedzialnod¢ za tres¢. Ponadto nalezy zaznaczy, ze praca nie
byfa publikowana ani zgtaszana do druku w innym czasopismie.

. Jednoczesnie autorzy powinni podac do wiadomosci wszelkie inne informacje

mogace wskazywac na istnienie konfliktu intereséw, takie jak:

— zaleznosci finansowe (zatrudnienie, ptatna ekspertyza, doradztwo, posiadanie
akgji, honoraria),

— zaleznosci osobiste,

— wspdtzawodnictwo akademickie i inne mogace mie¢ wptyw na strong mery-
toryczng pracy,

— sponsorowanie catosci lub czesci badan na etapie projektowania, zbierania,
analizy i interpretacji danych lub pisanie raportu.

Konflikt intereséw ma miejsce wtedy, gdy przynajmniej jeden z autoréw ma po-

wiazania lub zaleznoéci finansowe z przemystem bezposrednie lub za posrednic-

twem najblizszej rodziny. Jesli praca dotyczy badan nad produktami czesciowo

lub catkowicie sponsorowanymi przez firmy, autorzy maja obowiazek ujawnic

ten fakt w zataczonym oswiadczeniu.

. Kazda praca podlega weryfikaci w systemie antyplagiatowym (zapora

ghostwriting).

. Redakgja przestrzega zasad zawartych w Deklaracji Helsinskiej, a takze w Inter-

disciplinary and Guidlines for the Use of Animals In Research, Testing and Educa-
tion, wydanych przez New York Academy nof Sciencees’ Adhoc Resarch. Wszyst-
kie prace odnoszace sie do zwierzat lub ludzi musza by¢ zgodne z zasadami etyki
okreslanymi przez Komisje Etyczna.

. Czasopismo recenzowane jest w trybie podwdjnej, Slepej recenzji. Nadestane

prace s3 oceniane przez dwdch niezaleznych recenzentéw, a nastepnie kwalifi-
kowane do druku przez Redaktora Naczelnego. Recenzje majq charakter anoni-
mowy. Krytyczne recenzje autorzy otrzymuja wraz z prosha o poprawienie pracy
lub z decyzja o niezakwalifikowaniu jej do druku. Procedura recenzowania arty-
kutow jest zgodna z zaleceniami Ministerstwa Nauki i Szkolnictwa Wyzszego za-
wartymi w opracowaniu ,Dobre praktyki w procedurach recenzyjnych w nauce”
(Warszawa 2011) i szczegétowo zostata opisana na stronie http://www.nauka.
gov.pl/g2/oryginal/2014_02/307f933b1a75d6705a4406d5452d6dbf.pdf

. Redakgja zastrzega sobie prawo redagowania nadestanych tekstow (dokony-

wania skrotéw i poprawek). Prace s3 wysytane do akceptagji autordw. Poprawki
autorskie nalezy przesta¢ w terminie 3 dni od daty wystania wiadomosci e-mail
(poczta elektroniczng). Brak odpowiedzi w podanym terminie jest rownoznacz-
ny z akceptacja przez autora nadestanego materiatu.

Przyjecie pracy do druku oznacza przejecie praw autorskich przez Redakcje Wia-
domosci Lekarskich.

Autorzy otrzymuja nieodptatnie plik PDF wydania, w ktdrym znajduje sie ich
praca, a na zyczenie - egzemplarz drukowany. Plik elektroniczny przeznaczony
jest do indywidualnego uzytku autora, bez prawa do rozpowszechniania bez
zqody redakji.

Prace przygotowane niezgodnie z requlaminem zostang zwrécone autorom do
poprawienia.

Redakcja nie odpowiada za tres¢ zamieszczanych reklam.
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ABSTRACT

Introduction: The stomach and small intestine are important organs of the digestive system and, to date, they are the subject of research by morphologists, endocrinologists,
immunologists, gastroenterologists, and other researchers.

The aim: The paper is aimed at the study and systematization of the features of angioarchitecture of the albino rats stomach and small intestine.

Materialsand methods: The study based on the njection of the blood vasculature of abdominal organs of 20 albino male rats with 5% gelatin solution, colored with filtered blackink, was performed.
The specimens were subject to photographing from different aspect angles in their original state, and then, after dehydration in alcohols with the transition to pure acetone, they were embedded
in the epoxy. Photographing of the obtained specimens was made by a digital camera, as well as a binocular magnifier MBS-9, equipped with a digital photoattachment Sigeta DCM-900 9.0MP.
Results and conclusions: The results of injecting of blood vasculature of albino rats' gastrointestinal tract with ink mass clearly demonstrate the specific difference in the intraorganic
angioarchitecture of its different regions, which depends entirely on their functional purpose in the digestive process. In the stomach, the highest concentration of blood microvessels
is in its glandular part, which is explained by the increased nutrient needs of the secretory process of the gastric glands, while the mucous membrane of its fundus (pre-stomach)
contains a scattered network of exchange microvessels that only promote the process of regeneration of the stratified squamous (partially keratinized) covering epithelium.

In the small intestine, the typical principle of the organization of the microvasculature of its mucous membrane is somewhat modified in the duodenum, which is associated

with the presence of mucous (Brunner’s) glands in it, as well as in those sites (starting from the duodenum) where the group lymph nodes (Peyer’s patches) are localized.

KEY WORDS: stomach, small intestine, angioarchitecture, albino rats

INTRODUCTION
The data on the anatomical and physiological features of the
gastrointestinal tract of albino rats are reported in the pub-
lications of many authors who are engaged in experimental
modeling of the pathological states of the digestive system [1,
2]. According to the publications, generally, the digestive tract
of humans and the laboratory animals have more similarities
than differences. The latter include the absence of tonsils and
the appendix in albino rats, though they have a relatively more
developed cecal part of the large intestine, which is extremely
extensive compared to the human one [3,4,5,6,7,8,9,10,11].
However, all the data available in the literature on the
morphological features of the gastrointestinal tract of
albino rats cannot be considered sufficient, as the authors
underestimate issues related to the peculiarities of its
vascularization, and the available scarce data are not sys-
tematized, which determined the purpose of our studies.

THE AIM

The paper was aimed at the study and systematization
of the features of the angioarchitecture of the albino rats
stomach and small intestine.

Wiad Lek 2019, 72,3, 311-317

MATERIALS AND METHODS

The study based on the injection of the blood vasculature of
abdominal organs of 20 albino male rats with 5% gelatin solu-
tion, colored with filtered black ink, was performed in the mode
of maintaining the temperature of the solution in the range of
37-40°C. Euthanasia of rats was made under thiopentone anes-
thesia overdose (75 mg/ kganimal body weight intramuscularly
in the upper third of the hip of the hind paw) [12, 13].

Before the experiment, all animals were kept in standard
conditions of the experimental biological clinic (vivarium)
at the Ukrainian Medical Stomatological Academy in com-
pliance to the regulations on keeping experimental animals
adopted by the European Parliament and Council Directive
(2010/63 / EU), the Order of the Ministry of Education and
Science, Youth and Sports of Ukraine as 0f 01.03.2012, No.
249 “On approval of the procedure for conducting tests,
experiments on animals by research institutions” and
“General ethical principles of experiments on animals’,
adopted by the V National Congress on Bioethics (Kiev,
2013) (Minutes No. 155 as of 26.04.2017 of meeting the
Commission on Biomedical Ethics at Ukrainian Medical
Stomatological Academy) [14, 15, 16].
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Positive results were obtained only after preliminary
washing of the entire blood vasculature with warm saline
solution (with the addition of heparin injection solution
of 5000 IU / ml) through the cannulated distal abdomi-
nal aorta with the intersection of the common iliac vein,
through which outflow of the displaced blood occurred
until a colorless liquid appeared. Only after this procedure,
the vessels were filled with a gelatinous mass through
the same cannula until it outflowed from the iliac vein.
Immediately after that, in order to prevent the injection
mass from leaking out, a ligature was applied on the distal
aorta and caudal vena cava, after which the animal’s corpse
was embedded first into cold water and then fixed in 10%
formalin solution for two days [17].

Subsequently, after washing in running water, the whole
complex of internal organs was removed from the abdomi-
nal cavity of the animal and partitioned into sections, with
the selection of those that corresponded to the objectives
of the study. Initially, they were photographed from dif-
ferent aspect angles in their original state, and then, after
dehydration in alcohols with the transition to pure acetone,
they were embedded in epoxy resin [18, 19, 20], facilitating
the clearing of tissues and more expressive contrasting of
injected blood vessels against their background. Photo-
graphing of the obtained specimens was made by a digital
camera, as well as a binocular magnifier MBS-9, equipped
with a digital photoattachment Sigeta DCM-900 9.0MP.

RESULTS

Out of all organs of the gastrointestinal tract of albino
rats, the stomach is distinguished by the pronounced
specificity of angioarchitecture, although, according to the
general principle of the distribution of vessels, delivering
the arterial and outflowing the venous blood, it is similar
to the human stomach, which is supplied with blood ( if
not taking into account the short fundal arteries) with two
pairs of branches (mainly) of the celiac trunk, of which one
pair of oppositely directed arteries mutually anastomose
along the small curvature, and the other pair along the
large curvature. Thus, these longitudinal, oppositely located
arterial arches mutually anastomose along the two external
surfaces of the stomach through the encircling branches.
At the same time, these inter-arterial anastomoses are ac-
companied by corresponding venous vessels, from which
blood flows into the portal vein. In contrast, our findings
show, that the stomach of albino rats is supplied with blood
only by one arterial arch from its small curvature, from
which the encircling branches are fan-shaped bifurcated,
anastomosing mutually along the large curvature (Fig. 1).
But the most remarkable feature of angioarchitecture of
the albino rats stomach is the intramural (intraparietal)
distribution of blood vessels, which are generally organized
in stratification in the form of three networks, one of which,
occupying an intermediate position in the submucosa,
plays the role of blood distribution between two other
blood networks. At the same time, one of them is repre-
sented by the microvasculature of the muscular layer, and
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the other belongs to the mucous membrane. Obviously,
both of them are represented by a complex association
of resistive (arterial), exchange (capillary) and capacitive
(venous) microvessels, which are organized depending
on the nature of tissue structures according to a modular
principle, which implies the presence of bypass (preferred)
blood flow in the microvascular modules [ 21, 22]. Due
to the fact that the muscle membrane is more uniform in
structural organization in the stomach wall, when filling
its microvasculature, we get a homogeneous total density
of its coloring on macropreparations, while the density of
the injection mass in the blood vasculature of the mucous
membrane is different depending on corresponding three
sections of the stomach of albino rats (Fig. 2). These prepa-
rations clearly demonstrate that the greatest intensity of
the total coloring of the injected blood vessels is shown in
the middle part of the stomach wall, which belongs to its
gastric region. It is quite obvious that it entirely depends on
the dense concentration of the gastric glands in its mucous
membrane, which require a more abundant network of ex-
change microvessels for their secretory activity. Compared
to this, the two other regions of the stomach (pyloric and
fundal) markedly show less density of injection coloring,
and the fundus or the pre-stomach is the lightest.

This differentiation on the density of the injection mass in
the stomach blood vasculature of the albino rats becomes
more pronounced when the preparations are embedded
into epoxy resin. Figure 3 shows two images of one half
of the stomach, one of which (upper) shows its inside
view, and the other (lower) shows it from the outside. It is
noteworthy that its gastric (glandular) region is separated
from the other two (pyloric and fundal regions) by two
intensely colored transverse stripes, which are intercon-
nected by strands of similar color intensity, the increased
coloring density of which is caused by the folding of the
mucous membrane.

Thus, on the basis of the above results of filling the blood
vasculature of albino rats stomach with coloring mass, it
can be concluded that, consequently, the highest activity
of the metabolic processes is noted in its glandular region,
and the lowest is in the mucous membrane of the fundal re-
gion, in which the scarce network of exchange microvessels
provides only the process of regeneration of the stratified
squamous epithelium.

More uniform and stereotypically organized angioar-
chitecture is characteristic of the small intestine, which
is due to the ordered cluster principle of distribution in
their mucous membrane of uniform structures, which
are the intestinal villi and crypts. In their common blood
vasculature, marked superficial vessels are noted that carry
out blood delivery and distribution throughout the intes-
tinal tube, and intramural networks, represented mainly
by microvascular communications of the muscular and
mucous membranes. Apparently, the superficial blood vas-
culature of the small intestine originated mainly from the
branches of the superior mesenteric artery that are paired
with the corresponding inflows of the portal vein, which
arc-anastomosing in the mesentery. In albino rats, similar
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Figire 1.The outer surface of the albino rat stomach after injection of blood
vessels with ink and gelatin.

1 — the fundus (pre-stomach); 2 — gastric (glandular) region; 3 — pyloric
region; 4 — pyloric sphincter; 5 — small curvature of the stomach; 6 — large
curvature of the stomach; 7 — encircling blood vessels.

to humans, these paired arcade chains are located along the
line of attachment to the small intestine mesentery loops,
from which, on a regular basis, along the whole length of
the small intestine, the branches of the small intestine are
divided into two surrounding ones, directed toward each
other on the perimeter of the intestinal tube. The latter,
meeting on the line opposite to the site of attachment to
the small intestine mesentery, anastomose mutually. Con-
sidering this form of segmental loopback of blood delivery
vessels (arteries) and its outflow (veins) in the small intes-
tine, during preparation we dissect its individual segments
along the mesentery line, after which they were spread out
between two slide plates. Figure 4 shows the preparations
of the duodenum, as well as the rest of the small intestine
in the intermediate zone between Peyer’s patches and in
the site of localization of the latter. It is noteworthy that the
most rigorous segmental order of distribution of encircling
(circular) blood vessels is noted in the wall of the small
intestine in its intermediate zones between the Peyer’s
patches, which is explained by the uniform nature of its
structural organization. The above image clearly shows that
the encircling arteries, accompanied by the venous vessels,
having an opposite direction, gradually become thinner as
a result of stepped branching, and their terminal branches
in the zone opposite to the mesentery attachment site form
extensive cross-anastomoses, which are seen more clearly
after preparations embedment into the epoxy resin (Fig. 5).
This image shows the extensive microvascular communi-
cations against the background of intestinal villi, which are
formed by anastomoses between the arterial and venous
vessels separately, among which the bypass blood flow
pathways in the form of arteriole-venous anastomoses are
found. This example shows the most typical picture of the

Figure 2. The inner surface of the albino rat stomach after injection of
blood vessels with ink and gelatin.

1 — the fundus (pre-stomach); 2 — gastric (glandular) region; 3 — pyloric
region; 4 — pyloric sphincter; 5 — folds of mucous membrane.

formation of a common network of the blood vasculature
of the mucous membrane over the entire surface of the
small intestine, to which blood is supplied by multiple,
segmentary alternating along its entire length encircling
arteries, which are accompanied by the venous vessels. It
should be noted that at the level of the formation of the
blood microvasculature between the arterial and venous
vessels disintegration occurs.

This strictly ordered principle of the organization of
the blood vasculature of the small intestine is somewhat
disturbed in the duodenal wall and in those sites of the
small intestine where Peyer’s plaques are located. Figure
4A shows that in the duodenal wall the encircling arteries
paired with the corresponding veins do not have strict
segmental regularity in their distribution along the length
of the intestinal tube. In addition, more significantly, they
give out more branches, which, in turn, form denser mi-
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Figure 3. The albino rat stomach after injection of blood vessels with ink
and gelatin, subsequently embedded into epoxy resin. A — inner surface;
B — outer surface.

1 — the fundus (pre-stomach); 2 — gastric (glandular) region; 3 — pyloric
region; 4 — pyloric sphincter; 5 — folds of mucous membrane.

crovascular networks compared to the rest of the small
intestine. This is due to the fact that, as we established,
in the wall of the duodenum between the mucous and
muscular membranes the acini of the mucous (Brunner’)
glands are located.

As for those parts of the rest of the small intestine where
Peyer’s patches are located, their common angioarchitec-
ture is subject to variability due to the inclusion of micro-
vascular associations into the common blood vasculature,
ensuring the trophism of these lymphoid masses.

DISCUSSION

The stomach and small intestine are important organs of
the digestive system, and to date, they are the subject of re-
search by morphologists, endocrinologists, immunologists,
gastroenterologists, and other researchers. Publications
report about the two-cavity stomach in all rodents, unlike
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Figure 4. Preparations of different parts of albino rat small intestine.
A - duodenum; B- part of the small intestine between the Peyer’s patches;
(- zone of localization of the Peyer’s patches.

1—segmentary encircling blood vessels; 2 — vessels ensured blood supply
to Peyer’s patch.

Figure 5. Blood vasculature of the smallintestine in the intermediate zone
between the Peyer’s patches.

1 - arterial and venous, segmentary encircling vessels; 2 — their branches
and anastomoses between them; 3 — intestinal villi.
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in human one. In rats, regardless of a mixed diet, though
containing a large proportion of grain and solid foods,
such division of the stomach into two regions is preserved.
Consequently, the esophageal region or pre-stomach is
distinguished as well as the rest of the major part, which is
essentially comparable to the human stomach. These two
regions are partially separated by a well-pronounced ridge.
It is believed that the pre-stomach is intended mainly for
bacterial digestion, whereas the rest of region performs an
enzymatic digestion of foodstuft [1, 2, 23, 24, 25].

The small intestine is the longest part of the digestive
tract, intended to perform the major functions in the pro-
cess of the consumption of nutrients by the body, which are
mainly products of enzymatic hydrolysis of proteins, fats
and polysaccharides. The final phase of this process is the
absorption of these nutrients into the internal environment
of the body. The conveyor nature of digestion in the small
intestine is generally expressed in the well-known anatom-
ical distinguishing of such parts as the duodenum, jejunum
and ileum, the length of which in a human is approximately
(separately) is 30 cm - 2 m - 3 m, respectively. Evidently,
the length of the rat small intestine is much smaller. How-
ever, the data reported in the literature are questionable.
Thus, according to them, the length of the rat duodenum is
comparable to that of a human one, and the rest of its small
intestine is approximately equal to 1 meter. Consequently,
the entire rat small intestine is only by 4-5 times shorter
than that of a human one. Obviously, in a limited volume
of the rat abdomen of such a length, the digestive tube can
fit if it is sufficiently thin [23]. Unfortunately, no data on
its thickness have been found in the literature to date. It
is known, the transverse size of the human small intestine
varies in length from 2 to 3 cm [2, 10].

Publications report [9, 24, 26] that the thickness of the
gastric mucosa varies from 2-3 mm, dependent on its
functional state. Its connective tissue lamina propria is cov-
ered with a simple high (columnar) secretory epithelium.
Therefore, the entire epithelial layer of the gastric mucosa
can normally be considered as a continuous glandular field,
producing mucous secretion, with its thin layer covers
the entire surface. This layer of mucus forms a protective
barrier for the mucous membrane from the devastating
effects of hydrochloric acid and pepsin.

The deepest layer of the gastric mucosa, bordering the
submucosal layer, is myoplasty, consisting of bundles of
smooth muscle cells located in all directions in the plane
of the mucous membrane. Throughout its length, separate
bundles are split off, which, penetrating the thickness of
the mucous membrane, pass between the glands, ending in
the basal membrane of their excretory ducts and covering
epithelium. Due to the contractile activity of these smooth
muscle structures, adaptive dynamic plasticity (change in
thickness and shape) of the mucosa itself is carried out, as
well as the enhanced secretion of the glands through the
excretory ducts. Consequently, the gastric mucosa has its
autonomous contractile system.

The mucous membrane of the human small intestine,
preserving its general principle of the structure, has not

only its own distinctive features, but also differs in certain
morphological features in its various parts. A common
anatomical feature for it is the presence of numerous trans-
verse-ring folds throughout it, due to the loose submucosa
and smooth muscle tone. But their number and degree of
manifestation gradually decreases towards the distal part
of the ileum. In the duodenum, the folding of the mucous
membrane is somewhat different in that from the side of
the medial wall of its descending part where a permanent
longitudinal fold is located, which inferiorly becomes
higher and ends with a large papilla. It opens with one
common hole of the bile duct and pancreatic duct. A little
superiorly, the second papilla of a smaller size is located,
on which the accessory pancreatic duct opens.

The mucous membrane of the small intestine, in the
straightened state, is distinguished by a dull, velvety ap-
pearance, due to the numerous tiny (about 1 mm long)
finger- or foliate processes called the intestinal villi. [27].

The mucous membrane of the small intestine has a great-
ly developed local representation of the immune system
in the form of intestinal lymphoepithelial clusters called
lymphoid nodules. Mostly they are in the form of single
nodules and their group clusters [28, 29].

The knowledge on the blood supply of the organs of ab-
dominal cavity is crucial in the study of its state [30, 31, 32].

The features of the morphofunctional structure, the rhe-
ological properties of the blood, changes in the microvas-
culature in the vessels provide a comprehensive description
of the effect of the chemical agent on the organ or system.
The vascular bed is an important functional system that
responds to various negative effects, both by the general
reaction of its constituent structural components, and by
the changes in the properties of the blood. This is explained
by the fact that the vessels of the microvasculature are the
first to be affected by the pathogenic agents and are the first
to ensure the response of the organ or tissue to external
influence [33].

The small intestine contains numerous vessels that form
a large blood microvascular field, which is very sensitive
to intoxication. It is also known that the endothelium,
lining the blood capillaries of various organs, has its own
characteristics, due to the specificity of the functioning
of these organs. However, under the influence of various
factors, the type of endothelium can locally change, which
reflects a high level of adaptation processes [34].

CONCLUSIONS

The results of injecting of blood vasculature of albino rats
gastrointestinal tract with ink mass clearly demonstrate the
specific difference in the intraorganic angioarchitecture
of its different regions, which depends entirely on their
functional purpose in the digestive process.

In the stomach, the highest concentration of blood microves-
sels is in its glandular part, which is explained by the increased
nutrient needs of the secretory process of the gastric glands,
while the mucous membrane of its fundus (pre-stomach)
contains a scattered network of exchange microvessels that

315



Volodymyr H. Hryn et al.

only provides for the process of regeneration of the stratified
squamous (partially keratinized) covering epithelium.
In the small intestine, the typical principle of the organi-

zati

on of the microvasculature of its mucous membrane is

somewhat modified in the duodenum, which is associated
with the presence of mucous (Brunner’s) glands in it, as
well as in those sites (starting from the duodenum) where

the

group lymph nodes (Peyer’s patches) are localized. The

latter, which are of primary interest in our research, will be
discussed in detail in our subsequent publications.
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PRZYKURCZ MIESNIA NAPREZACZA POWIEZI SZEROKIEJ UDA
A ZGIECIE STAWU KOLANOWEGO U BIEGACZY
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STRESZCZENIE

Wstep: Zobrazowanie zakresow zgiecia koriczyny wykrocznej podczas wypadu w przéd pozwolito podzieli¢ grupe badana na dwie czesci. U wigkszosci badanych zgiecie poczatkowe
przewazato nad koricowym. Badajacy skupili sie na znalezieniu przyczyn przewagi zgiecia koricowego nad poczatkowym u 30% badanych.

Cel pracy: Analiza dynamicznego wykroku pod kontrolg systemu MVN Biomech w zakresie zgiecia stawu kolanowego koriczyny wykrocznej w poréwnaniu do przygotowania
do wykroku (zgiecie poczatkowe) i powrotu do pozycji wyjéciowej (zgiecie koricowe).

Materiati metody: Zbadano 18 praworecznych biegaczy wieku 25—35 lat wytonionych po zastosowaniu nastepujacych kryteriow wytaczenia: wiotkos¢ wielostawowa, choroby
uktadowe, RZS, choroba zwyrodnieniowa stawéw, niestabilnos¢ pourazowa. System MVN Biomech oceniat tréjptaszczyznowe ruchy stawdw czesci wolnej koriczyny dolnej
i miednicy, a elastycznos¢ migsni podlegata ocenie fizjoterapeutycznej.

Wyniki: U 55% badanych dominowat wzorzec, w ktérym zgiecie poczatkowe przewyzszato o minimum 10° zgiecie koricowe w obu koriczynach (typ malejacy). Badajacy skupili
sie naznalezieniu przyczyn mniejszej roznicy lub przewagi zgiecia koricowego obustronnie u30% badanych (typ mieszany). Poréwnanie wynikéw badania fizjoterapeutycznego
i pomiaréw MVN Biomech wykazato czynnosciowe przykurcze mieéni naprezaczy powiezi szerokiej ud u 5 badanych z typem mieszanym (83% badanych z typem mieszanym).
Whioski: Przykurcz migsnia naprezacza powiezi szerokiej ograniczat wstepne zgiecie stawu kolanowego koriczyny wykrocznej, a ponadto zwiekszat obustronnie odwiedzenie
stawdw biodrowych podczas dynamicznego wykroku w typie mieszanym. Pozostate migsnie koriczyn dolnych nie wykazuja istotnych statystycznie réznic elastycznosci
w poréwnaniu do typu wykroku.

SEOWA KLUCZOWE: naprezacza powiezi szerokiej, staw kolanowy, MVN Biomech

ABSTRACT

Introduction: The illustration of the ranges of bending the limb during the outflow allowed to divide the study group into two parts. In the majority of respondents, the initial flexion
prevailed over the final one. The researchers focused on finding the reasons for the advantage of the final bend over the initial one in 30% of the subjects.

The aim: The analysis of the dynamic stride under the control of the MVN Biomech system in the bending of the knee joint of the lateral limb, comparing the preparation to
the leg (initial bending) and its ending (final)

Materials and Methods: 18 right-handed 25 to 35 year old runners were selected after the following exclusion criteria were applied: polyarticular hypermobility, systemic
diseases, Rheumatoid arthritis, osteoarthritis, post-traumatic instability. The MVN Biomech system assessed the three-dimensional movements of the joints of the free part of
the lower limb and pelvis, and the flexibility of the muscles was subject to physiotherapeutic assessment.

Results: In 5% of respondents dominated the pattern in which the initial flexion exceeded by min. 10° final bend in both limbs (decreasing type). The researchers focused on finding the reasons
for the smaller difference or the advantage of the final bending on both sides in 30% of respondents (mixed type). The comparison of physiotherapeutic examination results and measurements
of MVN Biomech showed functional contractures of the tensor fasciae latea muscles in 5 subjects with a mixed type (83% of subjects with a mixed type).

Condlusions: Contraction of the tensor fasciae latae constrained the initial flexion of the knee joint of the lateral limb, and also increased bilateral visitation of the hip joints
during the dynamic mixed-type twitch. The remaining muscles of the lower limbs show no statistically significant differences in elasticity compared to the type of the leg.

KEY WORDS: tensor fasciae latae muscle, knee joint, MVN Biomech
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WSTEP

W czasie dynamicznego wykroku, staw kolanowy konczyny
wykrocznej ulega trzykrotnemu zgigciu. Zgiecie 1 (wstep-
ne) podczas fazy przeniesienia konczyny dolnej, zgiecie 2
(zasadnicze) wyhamowanie ruchu z obcigzeniem konczyny
wykrocznej oraz zgiecie 3 (koncowe) podczas powrotu do
pozycji wyjsciowej. Celem pracy byla ocena ruchomosci
stawow kolanowych i biodrowych podczas asymetrycznego
obnizania $rodka ciezkosci z zastosowaniem system MVN
Biomach oraz okreslenie stopnia przykurczu migsni, ktdre
obustronnie zmniejszaja zakres zgiecia poczatkowego
stawu kolanowego w stosunku do koncowego za pomoca
systemu MVN Biomech.

HIPOTEZA

Osobniczo zmienny zakres zgiecia stawu kolanowego
przed wykrokiem (wstepny) w poréwnaniu do koncowe-
go — podczas powrotu do pozycji wyjsciowej zalezy od
braku elastycznos$ci migénia naprezacza powiezi szerokiej
konczyn dolnych.

MATERIALY | METODY
W grupie praworecznych biegaczy wieku 25-35 lat zasto-
sowano nastepujace kryteria wytgczenia: wiotkos¢ wielosta-
wowa, choroby uktadowe, RZS, chorob¢ zwyrodnieniowa
stawow, niestabilno$¢ pourazowg. U 18 wylonionych bie-
gaczy (Tab. I) sprawdzono obustronnie w pozycji lezacej
tytem stopien rozciggniecia mig$ni kulszowo-goleniowych,
biodrowo-ledzwiowych, naprezaczy powigzi szerokiej ud,
czworoglowych ud w lezeniu przodem, a tréjgtowe tydek
w pozycji stojacej. Elastyczne mig$nie kulszowo-goleniowe
umozliwiajg bezbolesne zgiecie stawu biodrowego do 90°,
z prostym stawem kolanowym (objaw Lasequia). Ujemny
test Thomasa pozwolil na wykluczenie przykurczy miesni
biodrowo-ledzwiowych, ktore nie zginaty stawu biodro-
wego badanej koniczyny, podczas tytopochylenia miednicy
wywolanego maksymalnym zgigciem stawu biodrowego
przeciwnej konczyny. Bezruch kolca biodrowego przednie-
go gornego podczas przywodzenia ipsilateralnej konczyny
dolnej $wiadczy o braku przykurczu miesnia naprezacza
powiezi szerokiej uda. Elastyczny miesien czworoglowy uda
umozliwia bezbolesne, maksymalne zgiecie stawu kolano-
wego podczas 15° wyprostu stawu biodrowego i przy usta-
bilizowanym guzie kulszowym po tej samej stronie. Kontakt
z podtozem guza pietowego konczyny zakrocznej przy 45°
wyproscie ipsilateralnego stawu skokowego $wiadczy o bra-
ku czynnos$ciowego przykurczu migénia trojglowego tydki.
Nastepnie badani wykonali trzykrotny dynamiczny wy-
pad pod kontrolg inercyjnych czujnikéw MVN Biomech.
Pojedynczy czujnik inercyjny IMU (inertial measure unit) to

Tabela I. Charakterystyka grupy badane;.

zintegrowane w jednej obudowie trzy elektroniczne urzadze-
nia pomiarowe tj. akcelerometr, zyroskop oraz magnetometr.
Aktualng orientacje IMU oblicza si¢ na podstawie chwilo-
wego wskazu akcelerometru oraz zyroskopu. Magnetometr
wykorzystywany jest to uniezaleznienia si¢ od rotacji IMU
wzgledem osi obrotu réwnoleglej do wektora grawitacji.
Dodatkowo w wyniku podwdjnego zliczania wartosci sygnatu
przyspieszenia w czasie, obliczana jest wartos¢ przemieszcze-
nia wzgledem kazdej z osi ukladu wspétrzednych. Czujniki
byly umieszczone na tzw. segmentach, czyli na $ciegnach
ibrzuscach miesni prostownikéw stawu skokowego, brzuscu
miesnia czworoglowego uda i kosci krzyzowej za pomoca spe-
cjalnych opasek z rzepami. W punktach przecigcia segmentoéw
(stawach) wyznaczono tréjwymiarowy ruch odczytujacy
aktualng mobilnos¢ danego stawu, dajac réwniez informacje
o zakresie ruchéw ROM - range of motion.

WYNIKI

Analiza warto$ci katowych powyzszych ruchéw za pomoca
systemu MVN Biomech u biegaczy potwierdzita maksy-
malny (okolo 100°) zakres zgiecia zasadniczego u wszyst-
kich badanych. Poréwnanie zakreséw zgiecia wstepnego
i koricowego pozwolito na podzial badanych na dwie grupy.
U wigkszosci badanych wystapita wyrazna, obustronna
przewaga zgiecia wstepnego nad koncowym (typ malejacy),
aw pozostalej grupie zakres zgiecia koncowego byt wickszy
lub réwny poczatkowemu (typ mieszany). Dwie osoby faczy-
ly oba typy zgiecia (malejacy w konczynach dominujacych,
a mieszany w konficzynach przeciwnych.

Do 961 sekundy kazdy badany wykonal trzy wykroki
w przod. Podczas kazdego wykroku staw kolanowy kon-
czyny wykrocznej ulegl opisanym trzem zgigciom

W typie malejacym w czasie badania zakresow zgiecia
stawu kolanowego konczyny wykrocznej faza wstepna
przewyzszalta faze koncowa u 10 0séb (55% badanych)
obustronnie - zaréwno w dominujacej i niedominujacej
konczynie wykrocznej. Réznica zakresu zgiecia wynosita
minimum 10° (Ryc. 1).

W typie mieszanym faza konicowa byla wieksza lub réwna
fazie poczatkowej. Roznica miedzy zakresami ruchu jest mniej-
sza niz 10°. Typ mieszany charakteryzowal 6 mezczyzn (30%
badanych), u ktérych wystepowal zaréwno w dominujacej
i niedominujgcej konczynie wykrocznej (Ryc. 2).

Dwoch badanych (11%) mialo rézne wykroki w obu
koniczynach. W konczynie dominujgcej typ malejacy,
a w konczynie niedominujgcej mieszany.

Poréwnanie wynikow badania fizjoterapeutycznego i po-
miaréw MVN Biomech wykazalo czynnosciowe przykur-
cze miesni naprezaczy powiezi szerokiej ud u 5 badanych
z typem mieszanym (83% badanych z typem mieszanym)
i asymetryczne rdéznice u 2 mezczyzn taczacych oba typy

Liczba (N)

Srednia wieku

Odchylenie standardowe wieku (SD)

18 30,44

3,15
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Ryc. 2. Trzy fazy zgiecia stawu kolanowego konczyny wykrocznej lewej podczas trzech prob wypadu. Typ mieszany,
w ktérym zgigcie poczatkowe jest mniejsze, rowne lub nieznacznie wieksze od zgiecia koncowego.

zgiecia (100% badanych z typem malejacym po stronie
dominujacej, a mieszanym po stronie przeciwnej).

Analiza graficzna wykazuje wysokie warto$ci odwie-
dzenia podczas wypadu badanych z przykurczem migsni
naprezaczy powiezi szerokiej ud.

Przy odwiedzeniu w stawach biodrowych podczas wy-
kroku prawg konczyna dolng w typie mieszanym lewy, za-
kroczny staw biodrowy osiaga 20° odwiedzenie, koniczyna
wykroczna doszta do 13°. Powyzsze zakresy odwiedzenia
po obu stronach ciala, z przewaga odwiedzenia w konczy-
nie zakrocznej, charakteryzuja 4 biegaczy (66% badanych
o typie mieszanym). Widoczne s3 réwniez 0,5 sekundowe
przywiedzenia z zakrocznej konczynie dochodzace do 5°
charakteryzujace potowe badanych o typie mieszanym (3
osoby - 50%) (Ryc. 3).

Przy przywiedzeniu i odwiedzenia w stawach biodrowych
podczas wykroku lewa konczyng dolng w typie malejagcym
lewy staw biodrowy osiaga 10° odwiedzenie, konczyna za-
kroczna dochodzi do 9° przywiedzenia, trwajacego do 2 s.
Przywiedzenie w stawie biodrowym konczyny zakrocznej

320

(prawej) stwierdzono u 6 biegaczy (60% badanych z typem
malejacym), a u 20% (2 biegaczy) przywiedzenie wystapilo
w lewej konczynie wykrocznej do 15°. Pojawiaja sie réwniez
krétkotrwate (ok. 0,25 s) epizody 4° przywiedzenia konczyny
wykrocznej, niewystepujace w typie mieszanym (Ryc. 4).

DYSKUSJA

Naprezacz powigzi szerokiej dziala na staw kolanowy
i biodrowy wzmacnia w swym dzialaniu pionowa postawe
ciala. Migsien ten zgina czg¢$ciowo ugiety staw kolanowy,
lecz jego dzialanie jest znacznie silniejsze na staw biodrowy,
bierze udzial w zginaniu biodra, obracana je do wewnatrz
oraz silnie je odwodzi. Miesien naprezacz powiezi szerokiej
wraz z mi¢$niem posladkowym $rednim pelnig kluczowa
role w utrzymaniu réwnowagi oraz stabilizacji miednicy,
jak i kontroli jej obrotu w poczatkowej fazie cyklu chodu
[2]. Zwigkszona dysproporcja pomiedzy migsniami an-
tagonistycznymi do agonistycznych moze by¢ przyczyna
sytuacji, w ktorej mig$nie antagonistyczne nie s3 w stanie
wytworzy¢ wystarczajacej sity, aby spowolni¢ dzialanie



PRZYKURCZ MIESNIA NAPREZACZA POWIEZI SZEROKIEJ UDA A ZGIECIE STAWU KOLANOWEGO U BIEGACZY

oo 20
L1)
=
2 10 TS n PR -
é - '\’\O,'c “‘ 'f L P B \_;\‘
§ . T ————" —— -a s Mo
-
A4 0 1 2 3 4 5
-10
Czas, s

Odwiedzenie stawu biodrowego lewego

Odwiedzenie stawu biodrowego prawego

Ryc. 3. Odwiedzenie w stawach biodrowych podczas wykroku prawa koriczyng dolng w typie mieszanym.

11
A
it
At \
. 1 [
%2 6 i’ . n A
: 1 A
h=] " ,'f [ [
2 I !\t .
- I i = 1
; ) .y, % '
51 [ Sy ! 13 I ey
— T 1 i T 43
9 ) \ \ '
a 1 2 3. 1 ,1 51 6 v 7 8 9 10
= T ———y, H v ; [ el J 'l -
g -1 - : At} ," Y=y ] YW : (4
' H - ' ] \ H w/
ey H Y ] A Il
s Al ] \ h
iV LY
-9 =
Czas, s
Odwiedzenie stawu biodrowego lewego  ===== Odwiedzenie stawu biodrowego prawego

Ryc. 4. Przywiedzenie i odwiedzenie w stawach biodrowych podczas wykroku lewa koriczyna dolng w typie malejacym.

agonistow w kierunku wykonywanego wzorca ruchowego.
Zjawisko to jest przyczyna wystepowania nieprawidlowych
wzorcéw ruchowych konczyny dolnej [3]. Niski poziom
sity oraz zmniejszona elastycznos¢ miesni stabilizujacych
miednice moze by¢ jedna z przyczyn przewlektych dolegli-
wosci bolowych odcinka ledzwiowego kregostupa. Wniosek
ten ukazuje wplyw migénie miednicy na funkcje konczyny
dolnej oraz tulowia [4]. Do prawidlowego wykonania
wykroku potrzebna jest rotacja wewnetrzna oraz wyprost
w stawie biodrowym. W przypadku niewystarczajacej rota-
cji wewnetrznej nogi zakrocznej noga wykroczna wykona
niekontrolowany ruch w kierunku koslawienia kolana [5].
Migéniowo-powieziowa tasma boczna konczyny dolnej
w sposob skoordynowany stabilizuje koficzyne dolng oraz
tutéw w trakcie chodzenia oraz ruchéw konczynami gor-
nymi. Wykazuje dziatanie hamujace oraz stabilizujace dla
ruch6w skretnych oraz bocznych tulowia [6]. Zakres wykroku
w trakcie fazy ladowania, jak i réznica wysokosci, z jakiej jest
wykonana czynno$¢ wykroku lub zeskoku, maja wplyw na
wystepowanie niestabilno$ci bocznej stawu kolanowego oraz
stawu skokowego. Jezeli zakres lub wysoko$¢ sa zbyt male,
zjawisko niestabilnosci moze nie wystapi¢. Do najwigkszych
wartosci niestabilnosci bocznej w stawie kolanowym docho-
dzi w momencie kontaktu stopy z podtozem nogi wykrocznej
biorgcej udzial whamowaniu lagdowania. Na szybkos¢ uzyska-
nia stabilizacji stawu kolanowego w tej czynnosci ma wptyw
wydolno$¢ migénia czworoglowego uda [7].

WNIOSKI
Przykurcz mie$nia naprezacza powigzi szerokiej uda zmniejsza
zakres zgiecia stawu kolanowego w fazie dynamicznego prze-
niesienia. Jednoczesnie migénie te przy braku normy diugosci
powoduja zwigkszenie czworoboku podparcia podczas wypa-
du, z uwagi na wigksze odwiedzenie w stawach biodrowych.
Badani bez przykurczu mig¢$nia naprezacza powiezi
szerokiej ud charakteryzuja si¢ wiekszym zgieciem po-
czatkowym stawu kolanowego konczyny wykrocznej
w stosunku do koncowego oraz dwukrotnie dtuzszym
okresem przywiedzenia konczyny zakroczne;j.
Pozostate migénie konczyn dolnych nie wykazuja istotnych sta-
tystycznie roznic elastycznosci w poréwnaniu do typu wykroku.

Konflikt interesow:
Autorzy deklarujg brak konfliktu interesow.

PISMIENNICTWO
1. Bochenek A. Anatomia cztowieka. vol 1. Warszawa: Wydawnictwo PZWL

1999. 860-862.

2. Gottschalk F. The functional anatomy of tensor fasciae latae and gluteus
medius and minimus. Division of Orthopaedic Surgery and Department
of Physical Therapy, University of Texas Southwestern Medical Center
Dallas. 1989, 179-189.

3. Coombs R, Garbutt G. Development in the use of the hamstring/qu-
adriceps ratio for the assessment of muscle balance. J Sports Sci Med.

2002;1:56-62.

321



Rafat Stoniak i wsp.

4. Bayramoglu M, Akman MN, KIn¢ S, Cetin N, Yavuz N, Ozker R. Isokinetic
measurement of trunk muscle strength in women with chronic low-back
pain. Am J Phys Med Rehabil. 2001;80:650—655

5. StarrettK. Becoming a Supple Leopard“The Ultimate Guide to Resolving Pain,
Preventing Injury, and Optimizing Athletic Performance. 2015;114-115.

6. Myers TW. Anatomy Trains: Myofascial Meridians for Manual and Mo-
vement Therapists. Edinburgh: Churchill Livingstone, 2009.

7. Orishimo KF, Kremenic 1). Effect of fatigue on single-leg hop landing
biomechanics. J Appl Biomech. 2006;22(4):245-54

322

AUTOR KORESPONDUJACY
Tomasz Tittinger

ul. Mitociriska 95/1, 35-506 Rzesz6w, Polska
e-mail: biuro@fizjokursy.pl

Nadestano: 25.01.2019
Zaakceptowano: 15.02.2019



© Wydawnictwo Aluna

Wiadomosci Lekarskie 2019, tom LXXII, nr 3

PRACA ORYGINALNA
ORIGINAL ARTICLE

MORPHOMETRIC DESCRIPTION OF THE EXCHANGE SEGMENT
OF MICROVASCULATURE OF RATS' SALIVARY GLANDS IN
NORMAL CONDITIONS AND CHRONIC ETHANOL INTOXICATION

Kostyantyn V. Shevchenko, Galyna A. Yeroshenko, Olena S. Yakushko, Kateryna S. Kazakova, Denys R. Kramarenko
UKRAINIAN MEDICAL STOMATOLOGICAL ACADEMY, POLTAVA, UKRAINE

ABSTRACT

Introduction: The state of the segments of the microvasculature, especially exchange one, has a significant effect on the organs’ functions. The results of it’s research can be
objectified by morphometric method.

The aim: to determine the dynamics of changes in metric indices of the exchange segment of microvasculature of rats’ submandibular glands in normal conditions and in
chronic ethanol intoxication.

Materials and methods: 45 albino rats were involved into study. Intact group (n=5) animals were administered with NaCl isotonic solution 4 times a day directly into the
stomach. Experimental group (n=40) animals were administered with 40° ethanol 4 times a day directly into the stomach. Animals were sacrificed on 5, 9, 12 and 30 days by
overdose of thiopental anesthesia. Lobules of submandibular glands were embedded into epon-812 according to standard procedure.

Results: On day 5 of the experiment the outer diameter of the capillary wall significantly reduced (4,91+0,02 um), that is 19,5 % less than the values in controls (p<0,05).
On day 9 of the experiment it was 15,2 % lower than the value of control group (p>0,05). On day 30 of the experiment the outer capillary diameter was 8 % lower compared
to controls (p<0,05).

Conclusions: The early observation showed vasodilatation, confirmed by the constriction of the outer diameter and lumen diameter, accompanied by the thickening of the

vascular wall under the influence of chronic ethanol intoxication. The indices did not come to normal values by the 30-th day of the experiment.

KEY WORDS: rats, salivary glands, capillaries, ethanol intoxication

INTRODUCTION

The oral cavity has a multi-component system of protection
against environmental pathogenic factors. Apparently,
the homeostasis of the oral cavity is determined by many
factors, but, first of all, by the functional activity of the
salivary glands, contributing to both the presence of dental
pathology and somatic human health in general [1].

Saliva, which is the product of secretion of the salivary
glands, is crucial in keeping the normal state of tissues
and organs of the oral cavity. Functions of saliva are
diverse [2]. It has been found that quantitative and qual-
itative changes in saliva greatly determine the resistance
of teeth to dental caries [3].

The problem of alcoholism is considered to be relevant
worldwide, and is ranking third in the mortality rate after
cardiovascular diseases and cancer. The WHO’s statistics
reports about 140 million people suffering from chronic
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alcoholism worldwide, and more than half of them refuse
to contact medical professionals for assistance [4, 5].

Salivary glands of almost all patients with alcohol abuse
showed marked acinar hyperplasia, dilated ducts, granular
and adipose dystrophy of the ductal epithelium. In some
cases minor swelling and stromal fibrosis was detected [6].

The state of the segments of the microvasculature, es-
pecially exchange one, provided with full gas exchange
between the blood, cells and vital substances, has a signit-
icant effect on the body.

Some publications report that experimental hyposaliva-
tion of both endogenic and exogenic nature shows stable
dilatation of the exchange vessels of the microvasculature
throughout the observation [7].

Morphometric method is beneficial for objective analysis
of the resulting data in the structural elements after the
effect of various endogenic and exogenic factors [8].
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THE AIM

The paper was aimed at the determining the dynamics
of changes in metric indices of the exchange segment of
microvasculature of rats’ submandibular glands in normal
conditions and in chronic ethanol intoxication.

MATERIALS AND METHODS
45 outbred albino rats were involved into study. Intact
group (n=>5) animals were administered with NaCl iso-
tonic solution 4 times a day directly into the stomach.
Experimental group (n=40) animals were administered
with 12 mg/kg 40° ethanol 4 times a day directly into the
stomach [9].

The animals were sacrificed under 25 mg/kg thiopental
anesthesia overdose in compliance with the scheduled time
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Fig. 1. Capillary in the lobule of rat’s submandibular
gland on day 5 of the experimental model of chronic
ethanol intoxication. Methylene blue stain. 1000 x
magnification.

Fig. 2. Capillaries in the periacinar connective
tissue of the rats’ submandibular gland on day 30
of the experiment. Methylene blue stain. 1000 x
magnification.

periods (on day 5, 9, 12 and 30). Lobules of submandib-
ular glands were embedded into epon-812 according to
standard procedure [10]. Semi-thin sections were stained
with polychrome stain.

The average values of the outer diameter and diameter of
capillary lumen were measured using the microscope with
digital Biorex - 3 microphotohead with software, adapted
to studies of such type. The thickness of the vascular wall
was calculated according to the formula:

T,,=D,-D/2,

where D, is the outer diameter of the capillary wall,

D, is the inner diameter of the capillary wall,

T, is the thickness of the vascular wall of capillaries.
Statistical processing of the morphometric data has been
carried out using the Microsoft Excel [11].

Animal housing and experiments on them have been
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Table L. The average values of the capillary diameters of the microvasculature of the lobules of rats’ submandibular gland (um)

Capillaries D, D, Tow
Control 6,10+0,05 4,16+0,02 0,92
day 5 4,91+0,02* 3,64+0,02* 0,64
day 9 5,17+0,01%** 3,80+0,02% ** 0,68
day 12 5,34+0,03%** 3,87+0,01%** 0,74
day 30 5,61+0,01%** 3,99+0,02% ** 0,81

Note: * - p < 0,05 compared with controls; ** - p <0,05 compared with experimental group.

carried out in compliance with the “General Ethic Rules
for Conducting Experiments on Animals’, adopted by the
I National Congress on Bioethics and the requirements of
international principles of the “European Convention for
the Protection of Vertebrate Animals Used for Experimen-
tal and Other Scientific Purposes”[12].

RESULTS AND DISCUSSION

The morphometric study has established that the average
values of the outer diameter of the capillary wall of the lob-
ules of submandibular gland was 6,10+0,05 um; the inner
diameter was 4,16+0,02 um. The thickness of the vascular
wall of capillaries was 0,92 um (Table I).

On day 5 of the experiment the outer diameter of the cap-
illary wall significantly reduced (4,91+0,02 um), that is 19,5
% less than the values in controls (p<0,05); similarly, the
diameter of the capillary lumen reduced by 12,5 % (Fig.1).
Its average values were 3,64+0,02 um, red blood cells in the
lumens were deformed. The thickness of vascular wall was
reduced by 30,4 % (0,64 um) (Table I).

On day 9 of the experiment the outer diameter of capil-
laries was enlarged by 5,3 % (5,17+0,01 pm) compared to
day 5; however, it was 15,2 % lower than the value of control
group (p>0,05). The lumen diameter was 3,80+0,02 um,
that was 4,4 % higher the values on day 5 of the experiment
but was 8,7 % lower compared to controls (p>0,05). Simi-
larly, the thickness of vascular wall was tending to change.
It was 6,3 % higher compared to day 5 of the experiment
and 26,1 % (0,68 um) lower compared to controls (TableI).

On day 12 of the experiment the outer capillary diameter
was 5,34+0,03 um, that was 3,3 % higher the values of the
day 9 of the experiment, but was 12,5 % lower compared
to controls (p<0,05). The average values of the lumen
diameter were 3,87+0,01 pm, that was 1,8 % higher the
values of the previous time period of experiment, but was
6,7 % lower the values of controls (p <0,05). The thickness
of the vascular wall was 8,8 % higher compared to day 9 of
the experiment and 19,6 % lower compared to controls (p
<0,05) with the average values of 0,74 um (Table I).

On day 30 of the experiment the outer capillary diameter
of the lobules of submundibular gland was 5,61+0,01 pm,
that was 5,1 % higher the values of day 12 of the experi-
ment but 8 % lower compared to controls (p<0,05). The
inner capillary diameter was 3,1 % (3,99+0,02 um) higher
the values of the previous time period of experiment, that

was 4,1 % lower the values of controls; loose placement of
blood corpuscles was detected in the lumens (Fig.2). The
thickness of the vascular wall was 9,5 % higher compared
to day 12 and significantly 12 % lower compared to controls
(p<0,05) with the average values of 0,81 um (Table I).

The findings of our previous studies have shown the
spasm of arterioles in the lobules of the rat’s submandibu-
lar glands at the early stages of intoxication with ethanol,
which is confirmed by the thinning of the vascular wall
by 41.8%. At the ninth day of the experiment, dilatation,
manifested by the significant enlargement of the outer
diameter and the diameter of the lumen was noted, as well
as thinning of the vascular wall. The rates did not come to
normal by the thirtieth day of the experiment [13].

It has been established that chronic ethanol intoxica-
tion leads to early detection of venous dilatation, which
is confirmed by the significant enlargement of the outer
diameter and diameter of the lumen along with thinning of
the vascular wall. From the twelfth day of the experiment
the metric values were tending to restore. The rates did not
come to normal by the thirtieth day of the experiment [14].
Thus, the established changes in the exchange segment of
the microvasculature are caused by the blood flow decrease
from dilated arterioles on the one hand, and hyperhy-
dration of the amorphous component of the intercellular
substance of the connective tissue of the stroma of the rats’
submandibular gland lobules on the other hand, at the
early stages of the experiment. The findings of our study
are in concordance with the findings of other researchers
[1,7], who studied the effect of ethanol and 1% methacrylic
ester on the mucous membrane of the masticatory type.
However, the authors established a more pronounced
reaction of the exchange segment of the microvasculature
of the glandular zone of hard palate and gums of rats due
to direct exposure of the irritating factor to the surface.
The submandibular glands are mediated indirectly by the
bloodstream and, to a small extent, retrograde ethanol pen-
etration through the duct system of the glands. The above
reduces the manifestations of microcirculation disorders
by an average of 10%.

CONCLUSIONS

The morphometric study has established that chronic
ethanol intoxication affects the exchange segment of the
microvasculature of the lobules of submandibular gland.
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The early observation showed vasodilatation, confirmed
by the constriction of the outer diameter and lumen di-
ameter, accompanied by the thickening of the vascular
wall. From day 9 of the experiment the metric values were
tending to restore.

The indices did not come to normal values by the 30-th
day of the experiment.
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ABSTRACT

Introduction: Cervical canceris animportantissue of gynecologic oncology. The awareness of this disease, the attitude towards HPV vaccination and cytological screening play
an important role in decreasing morbidity and mortality due to cervical cancer.

The aim: To assess the various aspects of knowledge regarding cervical cancer, risk factors for this disease, the role of HPV infection and the attitude to primary (vaccination)
and secondary (cytological screening) prevention among young women.

Materials and methods: The study was performed using CAWI method based on original questionnaire in electronic form. Online completing of the survey was voluntary
and anonymous.

Results: The study was conducted in a group of 2058 women aged 19-33. In total 98.4% of respondents came across the term“cervical cancer’, 84.1% knew that cervical cancer
could be prevented and the following were identified as the main risk factors: cervical cancer in closest relatives (85.3%) and HPV infection (81.9%). Although according to 82.0%
of women HPV infection can be prevented by vaccination, only 18.4% of respondents were vaccinated. The main reason for non-vaccination was lack of knowledge about the
availability of the vaccine (41.2%) and high price (32.0%). Of the unvaccinated people, 63.5% declare their will to be vaccinated in the future. Concerning secondary prevention,
98.6% of the respondents admitted that they knew the term “cytological examination’, 89.0% indicated that this examination detected the presence of pre-cancerous lesions,
and according to 58.4% of respondents, this test should be performed after sexual initiation. Despite the fact that 80.5% of respondents confirmed the fact of beginning sexual
activity (44.4% of them had more than 1 partner), 17.1% of the respondents admitted that they didn’t go to gynecologist yet. Approximately 84% of respondents believe that
the amount of information on cervical cancer prophylaxis and HPV infections currently providing is insufficient.

Conclusions: The basic terms regarding primary (vaccination) and secondary (prophylactic tests) prevention of cervical cancer have been widely known. However, the knowledge
about specific risk factors, sexual behaviors contributing to HPV infection and, consequently, the ability to self-identify as belonging to higher risk group is insufficient. It is
justified to conduct educational activities regarding the assessment of risks related to cervical cancer addressed to young women. Together with education, HPV vaccination
and secondary prevention programs require financial support.

KEY WORDS: cervical cancer, risk factors, prevention, HPV, vaccines, awareness

STRESZCZENIE

Wstep: Rak szyjki macicy jest istotnym problemem ginekologii onkologicznej. Swiadomos¢ choroby, nastawienie do szczepien przeciwko HPV oraz profilaktycznych badan
cytologicznych, odgrywaja istotna role w redukgji zachorowalnosci i Smiertelno$ci z powodu tej choroby.

Cel pracy: Ocena poziomu wiedzy na temat raka szyjki macicy (RSM), czynnikéw ryzyka tej choroby, w tym roli zakazenia wirusem HPV oraz stosunku do profilaktyki pierwotnej
(szczepienia) i wtdrnej (cytologiczne badania przesiewowe) wsréd mtodych Polek.

Materiaty i metody: Badanie wykonano metoda CAWI (Computer Assisted Web Interview) wykorzystujac autorska, 27-pytaniowa ankiete kwestionariuszowa w formie
elektronicznej. Wypetnienie ankiety byto dobrowolne, anonimowe, wykonane online.

Wyniki: Badanie przeprowadzono w okresie 11.2018—01.2019 w grupie 2058 kobiet w wieku 19—33 lata. Z ogdtu badanych, 98,4% respondentek zetkneta sie z pojeciem rak
szyjki macicy, 84,1% wiedziata Ze mozna zapobiegac wystapieniu RSM, a jako gtéwne czynniki ryzyka wskazano: wystepowanie RSM u najblizszych krewnych (85,3%) oraz
zakazenie wirusem HPV (81,9%). Pomimo, iz wedtug 82,0% kobiet mozna zapobiegac infekcji HPV poprzez szczepienie, jedynie 18,4% respondentek zostata zaszczepiona,
gtéwnym powodem nieszczepienia byt brak wiedzy o dostepnosci szczepionki (41,2%) oraz jej wysoka cena (32,0%). Sposréd oséb niezaszczepionych, 63,5% deklaruje che¢
zaszczepienia sie w przysztosci. W zakresie profilaktyki wtomej, 98,6% respondentek przyznato, ze zna pojecie badanie cytologiczne, 89,0% wskazato, ze badanie to wykrywa
obecnos¢ zmian przednowotworowych i RSM, a wedtug 58,4% respondentek powinno by¢ ono wykonane po inicjacji seksualnej. Pomimo iz 80,5% badanych potwierdzito fakt
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rozpoczecia wspofzycia ptciowego (z czego 44,4% zadeklarowato wspotzycie z >1 partnerem seksualnym), 17,1% respondentek przyznato, ze nie byto jeszcze u ginekologa.
Okoto 84% badanych uwaza, ze ilos¢ informacji na temat profilaktyki RSM i zakazeri HPV docierajaca obecnie jest niewystarczajaca.

Whioski: Podstawowe pojecia z zakresu profilaktyki pierwotnej (szczepienia) i wtdrnej (badania profilaktyczne) raka szyjki macicy okazaty sie powszechnie znane. Natomiast
wiedza na temat poszczegélnych czynnikéw ryzyka raka szyjki macicy, zachowan seksualnych sprzyjajacych zakazeniu HPV i w konsekwencji umiejetnos¢ identyfikagji siebie
w kontekscie przynaleznosci do grupy podwyzszonego ryzyka jest niewystarczajaca. Reasumujac: zasadne jest prowadzenie dziatan edukacyjnych dotyczacych oceny ryzyk
zwigzanych z RSM kierowanych do mtodych kobiet. Rownolegle z edukacja, w celu zwiekszenia dostepnosci, wsparcia finansowego wymagaja programy szczepien przeciwko

HPV i profilaktyki wtérnej.

SLOWA KLUCZOWE: rak szyjki macicy, czynniki ryzyka, profilaktyka, HPV, szczepienia, swiadomos¢

INTRODUCTION
Cervical cancer is an important issue of gynecologic on-
cology. According to the GLOBOCAN report, 570,000
new cases of this type of cancer were reported worldwide
in 2018 and the number of deaths exceeded 300,000 [1].
This problem is particularly conspicuous in African co-
untries (incidence rate is 40/100,000 and mortality rate is
20/100,000). Both indices are much lower in European co-
untries, but there is a clear difference between the countries
of Central and Eastern Europe and Western Europe (mor-
bidity rate: 16/100,000 vs. 6.8/100,000, respectively and
mortality rate 6.1/100,000 vs. 2.1/100,000, respectively).

Cervical cancer is currently the sixth most common
(accounting for 4.0%) malignant tumor among women.
In recent years, there has been a steady, slow downward
trend in the incidence of this cancer. According to the
latest reports from the National Cancer Registry (NCR)
in Poland, in 2010 there were 3078 new cases (morbidi-
ty rate: 10.3/100,000) and 1,735 deaths (mortality rate:
5.1/100,000) reported [2].

Among the EU countries Poland is distinguished by
a higher mortality rate due to cervical cancer, which results
from the late diagnosis; app. 40% of patients are diagnosed
in the advanced stage, and only 27% of women regularly
performed cytological tests (Pap smears) [2]. The survival
analysis indicates that as a country we have one of the
lowest 5-year relative survival rates (app. 54.0%) as com-
pared to European countries (app. 67.0%) [2]. In majority
of cases, carcinogenesis in cervical cancer is associated
with chronic human papilloma virus (HPV) infection [3].
Other risk factors include maintaining sexual contact with
multiple partners and early age of beginning sexual activity,
immune disorders and long-term smoking. Likely factors
such as: long-term use of hormonal contraception, vaginitis
(inflammation of the vagina), some sexually transmitted
diseases (STDs) (e.g. chlamydiasis, trichomoniasis, infec-
tion of herpes simplex virus 2 [HSV2]) may accelerate the
process of carcinogenesis [4]. An established way to reduce
the risk of developing cervical cancer is anti-HPV vaccina-
tion, which should be done before sexual initiation. There
are currently three vaccines available in the EU: 2-valent,
4-valent or 9-valent vaccine that can be used as part of
routine vaccinations for girls aged 11-12 and women up
to 26 years of age, previously unvaccinated or those who
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have not completed the full, 3-dose vaccination schedule
[5]. Unfortunately, the availability of vaccinations against
HPYV in Poland is hampered by the lack of funding in the
childhood immunization programs, which is only partial-
ly compensated through preventive self-governmental
programs.

In Poland, the subject of cervical cancer has been present
in mass media for years. Since 2007, the annual edition
of the European Cervical Cancer Prevention Week has
been organized, a ministerial program of free-of-charge
prophylactic tests is being conducted, there are also inter-
net portals addressed to young women: www.hpvukobiet.
net.pl, www.jestemprzytobie.pl, www.zaszczepsiewiedza.
pl, www.koalicajacervicalcancer.pl and numerous groups
in social media. Unfortunately, there is a lack of feedback
from the addressees of educational messages, including the
answer to the question to what extent available information
meets information needs and how it translates into know-
ledge/awareness of cervical cancer. In Polish publications
assessing knowledge and awareness of cervical cancer,
the conclusions about the low level of knowledge and the
lack of awareness of disease risk and the possibilities of
prevention are mentioned [6—11].

This study aims to assess the level of knowledge about
cervical cancer and to contribute to the understanding
of young women’s attitudes towards cervical cancer and
disease prevention.

THE AIM

The aim of the study was to assess the level of knowledge
of young women about cervical cancer and risk factors
for the development of this disease, in particular the role
of HPV and the possibility of prophylactic vaccination, as
well as the assessment of knowledge and attitude of young
women to cytological screening.

MATERIALS AND METHODS

The study was conducted using the CAWI (Computer As-
sisted Web Interview) based on original questionnaire, in
which the respondents were asked to complete the survey
in electronic form online. The questionnaire was prepared
with use of Google Forms tool, placed between November
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Table I. Baseline characteristics of studied population.

Studied group
(N=2058)
Age
mean (SD) 22.8(3.8)
range 19.0-33.0
median 220

Age (intervals)

19-20 763 (37.1%)

21-24 731 (35.5%)

25 and above 564 (27.4%)

Place of residence

countryside 307 (14.9%)
city <10,000 102 (5.0%)
10,000-100,000 479 (23.3%)

>100,000 1170 (56.8%)

School/work

college 1295 (62.9%)
work 644 (31.3%)
other 119 (5.8%)

Smoking
no 1311 (63.7%)
occasionally 499 (24.2%)
yes 248 (12.0%)

Number of sexual partners

not yet sexually active

402 (19.5%)

1

742 (36.1%)

2018 and January 2019 on popular discussion groups in one
of social media platform. It contained 27 questions, which
covered the following areas: knowledge, primary preven-
tion - vaccinations, secondary prevention - screening
based on cytological tests, sexual behavior description and
expectations regarding information on cervical cancer and
HPV prophylaxis. Closed questions were asked with a no-
minal scale (YES/NO/DON’T KNOW), multiple-choice
semi-open questions and Likert scale questions from 1 to
10 points, where the value of “1” was the minimum level,
and 10 points - the maximum level.

STATISTICAL ANALYSIS

All statistical calculations were carried out using the StatSo-
ft Inc. statistical package STATISTICA (2014) (data analysis
software system), version 12.0, www.statsoft.com and the
Excel spreadsheet. In case of the two related variables
model, Student’s t-test or the Wilcoxon matched-pairs si-
gned-ranks fest was used. Chi-square independence tests
were used for qualitative variables. In order to determine
the relationship, power and direction between variables,
the correlation analysis was used by calculating the Pearson
and/or Spearman correlation coefficients. In all calcula-
tions, p = 0.05 was assumed as the level of significance.

RESULTS

The study was conducted in a group of 2058 women aged
19-33. Baseline characteristics of the studied population
in terms of age, place of residence, occupational situation
(school/work), health-related behaviors (smoking) and

sexual behaviors (number of sexual partners), are presen-
ted in Table I.

2-3 529 (25.7%
( . ‘) In the study population, almost all respondents (98.4%;
4-5 186 (9.0%) n=2025) came across the term “cervical cancer”, 81.9%
more than 5 199 (9.7%)
B Lowtertile 7/ Middle tertile High tertile

_ 18% 16,3% 16,1%
X 16% 13,3% 7 15,0%
2 14% 7
S 12% 11,0%
= s 10,1% ’
g 10%
(0]
o 8%
8 6% 5,2% 5,1%
o
g 3,6% 3,3%
(O]
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Fig. 1. Subjective respondents assessment of the level of own knowledge about cervical cancer on a scale of 1-10 points.
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Table Il. Correlation between the answer to the question: “How would you rate your knowledge about the occurrence of cervical cancer”and the indicated

risk factors.
Answt.er: This is not Answer: This is a risk P-value
arisk factor factor
Occurrence of cervical cancer in relatives 0.0001
average level of knowledge in self-evaluation (SD) 6.3(2.3) 5.6(2.2)
median 7.0 6.0
Age > 50 years 0.0114
average level of knowledge in self-evaluation (SD) 5.6(2.3) 5.8(2.1)
median 6.0 6.0
Alcohol consumption 0.0001
average level of knowledge in self-evaluation (SD) 56(2.2) 6.4(2.2)
median 6.0 7.0
Smoking 0.0001
average level of knowledge in self-evaluation (SD) 55(2.2) 6.0 (2.2)
median 5.0 6.0
The use of hormonal contraception 0.1094
average level of knowledge in self-evaluation (SD) 56(2.2) 5.8(2.2)
median 6.0 6.0
Early age of sexual initiation 0.0100
average level of knowledge in self-evaluation (SD) 5.3(2.1) 6.8 (2.0)
median 5.0 7.0
Many sex partners 0.0100
average level of knowledge in self-evaluation (SD) 5.0(2.1) 6.4 (2.1)
median 5.0 7.0
HPV infection 0.0100
average level of knowledge in self-evaluation (SD) 43(2.0) 6.1(2.1)
median 4.0 6.0
HIV infection 0.9627
average level of knowledge in self-evaluation (SD) 57(2.2) 5.7 (2.4)
median 6.0 6.0
Recurrent genitourinary infections 0.0001
average level of knowledge in self-evaluation (SD) 58(2.2) 5.4(2.2)
median 6.0 5.0

(n=1685) indicated that the cause of cervical cancer may be
HPYV infection and 84.1 % (n=1731) agreed with the state-
ment that the occurrence of this disease can be prevented.
Participants of the study were asked to make a self-as-
sessment of knowledge about cervical cancer on a scale
of 1-10 points. In the whole study population, an average
of 5.7 points (SD 2.2, median 6.0) was obtained, where
18.9% of the respondents indicated the level in the range
of 1-3 points (lower tertile recognized by the authors as
low level of knowledge), 57.7% in the range of 4-7 points
(middle tertile, considered as moderate level) and 23.3%
in the range >8 points (upper tertile, high level) (Fig. 1).
To the question: “What do you think may be a risk factor
for cervical cancer?” the highest percentage of respondents
indicated cervical cancer diagnosed in closest relatives
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(85.3%; n=1755) - not a significant risk factor and HPV
infection (77.7%; n=1600). The early age of sexual initiation
pointed out every fourth respondent. The distribution of re-
sponses in the whole studied population is shown in Fig. 2.

The relation between self-assessment of own knowledge
about cervical cancer with the risk factors for the deve-
lopment of cervical cancer indicated by the respondents
was analyzed. Respondents who indicated as a risk factor
the occurrence of cervical cancer in close relatives and
recurrent genitourinary infections - which in fact are not
risk factors [4] - assessed their level of knowledge about
cervical cancer statistically significantly lower compared
to individuals who did not indicate these risk factors
(p=0.0001). On the other hand, women who indicated
the following risk factors: HPV infection (p=0.01), early
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Fig. 2. Risk factors for cervical cancer identified by respondents in studied population.
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Fig. 3. Reasons for not-vaccinating against HPV.

sexual initiation (p=0.01), many sexual partners (p=0.01),
age >50 years (p=0.0114), alcohol consumption (p=0.0001)
and smoking (p=0.0001) assessed their level of knowled-
ge about cervical cancer statistically significantly higher
compared to individuals who did not indicate these risk
factors (Table II).

There was no statistically significant correlation between
the identification of cervical cancer risk factors and the age
and place of residence of surveyed women.

Respondents (n=430), who in the question about cervi-
cal cancer risk factors indicated all the following: HPV
infection, early age of sexual initiation and many sexual
partners, e.g. risk factors well known from the literature to

correlate with cervical cancer [4] showed, that their ave-
rage declared level of knowledge about cervical cancer is
7.1/10 points (median 8.0) and for other women (n=1628)
5.3/10 points (median 5.0) and this difference is statistically
significant (p = 0.0001).

When analyzing the level of awareness of cervical
cancer risk factors in the study population, it turned out
that only 15.7% (n=324) of women answered “yes” to
the question: “Are you at higher risk of cervical cancer?”,
55.9% (n=1151) respondents answered “no”, and 28.3%
(n=583) were unable to give a precise answer. In the
group of women who declared having 4 and more sexual
partners, i.e. in the individuals who should be included
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Table I1l. Comparative characteristics of women declaring/denying being at high risk of cervical cancer.

I am in a high-risk group

YES NO DON'T KNOW
(N=324) (N=1151) (N=583)

Number of sexual partners
| didn’t have intercourse yet 39(9.7%) 250 (62.2%) 113 (28.1%)
1 82(11.1%) 454 (61.2%) 206 (27.8%)
2-3 87 (16.4%) 272 (51.4%) 170 (32.1%)
4-5 46 (24.7%) 94 (50.5%) 46 (24.7%)
More than 5 70 (35.2%) 81 (40.7%) 48 (24.1%)

Have you been vaccinated against HPV?
yes 59 (15.8%) 238 (63.6%) 77 (20.6%)
no 223 (15.9%) 787 (56.3%) 389 (27.8%)
don't know 32(12.3%) 117 (44.8%) 112 (42.9%)
I'm in the process of vaccination 10 (41.7%) 9 (37.5%) 5(20.8%)
Do you smoke?

no 178 (13.6%) 796 (60.7%) 337 (25.7%)
occasionally 76 (15.2%) 267 (53.5%) 156 (31.3%)
yes 70 (28.2%) 88 (35.5%) 90 (36.3%)

in the group of higher risk of cervical cancer (n=385),
the highest percentage were those who believed that
they do not belong to this high risk group. Also among
women non-vaccinated against HPV and smokers, the
highest proportion were those believing they were not
at high risk.

The characteristics of women in terms of self-assessment
of belonging to cervical cancer risk group and selected risk
factors are presented in Table IIL.

PRIMARY PROPHYLAXIS - VACCINATIONS
INTHE STUDIED POPULATION

To the question: “Have you been vaccinated against HPV?”,
18.2% (n=374) of respondents answered positively, while
the negative answer was given by 68.0% (n=1399) of the
respondents. The most common incentive/vaccination
proposal came from parents (58.8%; n=220), pediatricians
(15.8%; n=59), gynecologists (6.2%; n=23) and other pe-
ople (19.2%; n=72).

Analysis of the declared level of knowledge among
women vaccinated against HPV showed a statistically
significant higher average in relation to the whole studied
population (6.3/10 points vs 5.5/10 points, p=0.0001). As
the reason for not-vaccinating, the respondents showed the
lack of knowledge about the existence/availability of the
vaccine (41.2%; n=577) and its high price (32.0%; n=447).
The distribution of responses in the studied population is
shown in Fig. 3.

Interestingly, asking unvaccinated individuals (n=1399)
“Would you vaccinate against HPV in the future?”, 63.5%
(n=1063) of respondents answered in the affirmative,
expressing a willingness to vaccinate, only 7.0% responded
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negatively (n=118) and 29.5% (n=493) women answered:
“I do not know”. People, who as the reason for not-vacci-
nating indicated a high price, were asked: “If you have not
been vaccinated because of the high price of vaccination,
what price would be acceptable for you?” In response to
this question, women indicated PLN 256.6 as the average
acceptable price for vaccination (SD PLN 196.0; median
PLN 200.0). In the study group, only 8 women indicated
the need for a full refund of vaccination as a condition for
joining vaccinations.

SECONDARY PROPHYLAXIS
— CYTOLOGICAL TESTS
The main goal of prophylactic cytological examination
according to the respondents is detection of pre-cancerous
lesions and detection of vaginal inflammation (91.6% and
48.5% respondents, respectively). The full structure of the
answers to the question: “What does the cytological exa-
mination assess?” is shown in Fig. 4

In the whole analyzed population 17.1% (n=352) wo-
men indicated that they have not visited gynecologist
yet, sporadic visits were declared by 19.0% (n=390)
women, and visits once a year 29.4% (n=606) and more
than once a year declared 34.5% (n=710) participants.
To the question: “Did you have a Pap smear?” 62.4% of
women answered in the affirmative, 36.3% responded
negatively, while 1.3% were unsure of having this test. The
vast majority of respondents (58.4%) indicated that the
first cytological examination should be performed after
sexual initiation. The full structure of the answers to the
question “When should the first cytological examination
be performed?” is shown in Fig. 5.
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Fig. 5. The distribution of the answers to the question “When should the first cytological examination be performed?”

The analysis of the declared level of knowledge among
women who have not yet visited the gynecologist (n=352)
showed a statistically significant lower average in relation
to the population who had at least one gynecological visit
(n=1706) (5.0/10 points vs. 5.8/10 points, p=0.0001).

In total 85.3% of the respondents answered that the amo-
unt of information on cervical cancer and HPV prophylaxis
currently providing is insufficient.

DISCUSSION

In presented study, including one of the largest groups of
young women in Poland [12-17] ever, in which the know-

ledge of cervical cancer, risk factors as well as primary and
secondary prevention was tested, the CAWI method was
selected using a ready-made tool in the form of a Google
form (https : //www.google.com/intl/pl/forms/). Thanks to
the widespread access to the Internet, also in rural areas
the online research is becoming a more and more popular
research method. According to the CBOS report 2018,
access to Internet in young people population (<34 years)
amounted to 96.0%, while according to educational level it
was 76.0% and 92.0% for individuals with secondary and
higher education, respectively [18]. The distribution of
respondents in presented study (14.9% people were living
in rural areas and 100% were <33 years) confirms the lack
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of systemic bias of studied sample by limiting the scope of
the research tool.

Poland is a country with a higher incidence (+ 15%) and
higher mortality (+ 70%) due to cervical cancer compared to
the average level in EU countries [2]. This is associated with
a lower, compared to other countries, rates of early diagnosis
of this disease due to lower awareness of young women about
cervical cancer risk factors, lack of conviction about the need
to participate in cytological screening and low rate of HPV
vaccination [2,19-21]. These observations were confirmed
in earlier studies (Sawaryn D 2011, Ulman-Wlodarz I 2011,
Cichonska M 2012, Pacewicz M 2012, Baran W 2013, Szykula
A 2013, Kalinowski P 2014, Medrela-Kuder E 2014, Stefanek
A 2014, Leszczynska K 2015, Gawron 7.2016, Sulima M 2016,
Jankowska P 2017) [5-16,18,22].

In presented study, as many as 85.3% of respondents indicated
the occurrence of cervical cancer in close relatives as a risk factor
for the disease (for which a definite causal relationship with the
development of cervical cancer was not described in the litera-
ture). At the same time, the well-recognized risk factors for this
disease, such as HPV infection, many sexual partners and an
early age of sexual initiation were significantly less frequently
indicated, by 77.7%, 47.2% and 25.9% respondents, respectively.
Higher rates in terms of a large number of sex partners (68.0%)
and early sexual initiation (52.0%) as risk factors for cervical
cancer were also reported by Sulima et al [22].

Among all respondents, 58.4% indicated the time of sexual
initiation as the recommended beginning of prophylactic cy-
tological tests. At the same time, approximately 17.0% of the
surveyed women confirmed that they have had no visit in gy-
necologist yet, although 44.4% of the entire analyzed population
admitted to having sex with two or more partners. The obtained
result indicates a discrepancy between theoretical knowledge
and behavior in practice and should be an important element
of future educational campaigns. Preventive screening test is an
extremely important instrument having a direct impact on the
increase of detection of cervical cancer in the early stages and, as
a consequence, increasing the chances for patient to be cured/
prolong life. In countries that successfully implemented pre-
ventive tests, a systematic decrease in mortality was observed.
In Sweden in 1965, the incidence of cervical cancer was 20 per
100,000 women, while in 2012 it dropped to 6.5 per 100,000.
The number of women reporting for Pap smears increased at
the same time to 82% [23]. In the United Kingdom, a 74% drop
in the mortality rate due to cervical cancer has been noted over
the past 40 years (24% in the last decade), among others because
women have been persuaded to participate in the cervical can-
cer prevention program - participation in screening programs
currently reaches up to 74% women [24].

In Poland, recognizing the legitimacy of population prophy-
laxis, in 2005 the Act introducing the National Program for
Counteracting Cancer Diseases in 2006-2015 was adopted. In
spite of information and education activities, media campaigns
and personal invitations for testing, it failed to be successful
in the form of decreasing morbidity and mortality rate due to
cervical cancer [25,26]. The percentage of women qualifying
for screening and participating in the program was 21-23% of
which onlyapprox. 7% applied thanks to the received personal
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invitation (complete data is unknown due to the lack of registers
and participation of the private gynecological services market)
[27]. Undoubtedly, it is necessary to thoroughly analyze the re-
asons for the lack of success of the Program in order to propose
other, more effective tools leading to the increase of awareness
and encouragement for preventive examinations.

Due to the prevalence of HPV, which is also the most com-
mon cause of sexually transmitted infections and the proven
association between HPV infection and cervical cancer, WHO
recommends prophylactic vaccination, which should be perfor-
med before sexual activity, preferably between 11 and 12 years of
age. In Poland, vaccinations against the human papillomavirus
(HPV) are included in the Protective Vaccine Program for 2019
in the category of “Recommended vaccinations’, which means
that they are not financed from the budget of the Ministry of
Health [28]. Undoubtedly, high costs are a barrier to the genera-
lization of vaccinations (in presented study 32% of respondents
indicated the price as factor of not-vaccination against HPV),
but other reasons indicated by the respondent included lack
of knowledge about the existence of the vaccine (the highest
percentage) (41.2%) and lack of belief in effectiveness (8.4%)
as well as a risk of post-vaccination complications (9.2%). The
positive thing is that by asking unvaccinated persons about their
willingness to vaccinate in the future, over 63.0% of respondents
answered in the affirmative. An important factor contributing
to higher vaccination rate is the increase in the awareness of
parents, who according to our study in 58.8% cases encoura-
ged their children to vaccinate. A similar recommendation
was issued by Ganczak et al. highlighting the need to educate
parents [29]. The average, acceptable price level for all vaccina-
tions indicated by respondents is approximately PLN 256.0. In
terms of financing, free HPV vaccines offered by certain local
governments within the framework of health promotion and
preventive programs may be supportive.

Lack of awareness of the existence of vaccinations in the
studied population is undoubtedly an important element of
future educational activities. Evidence of the positive effect of
educational activities was observed in many countries, inclu-
ding Denmark, where the level of HPV vaccination in 2018
was 73% [30]. It seems that a good channel to reach the target
group could be social media, which is also confirmed by the
wide participation of young women in our study, conducted
via Internet.

CONCLUSIONS

1. Basic terms regarding cervical cancer, primary (vacci-
nation) and secondary (prophylactic examinations) pre-
vention have been well-known in the study population.

2. Knowledge about individual risk factors of cervical
cancer and, consequently, the ability to identify oneself
in the context of belonging to the group of higher risk
is insufficient and requires improvement.

3. Due to the discrepancy between theoretical knowledge
and behavior in practice, it is important to encourage
women to implement appropriate pro-health attitudes,
including performing regular cytological screening tests
and participation in vaccination.
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4. HPV vaccination rate should be increased thanks to
educational activities aimed at young women and pa-
rents of teenagers, informing about the availability of
the vaccine and the benefits of its use, and by effectively
reducing the price of vaccination and/or free access
within health programs.

5. Due to the lack of information on cervical cancer and
principles of prevention of this disease reported by the
respondents, an educational campaign using social
media should be considered.
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ABSTRACT

Introduction: Scientific information sources point to the significant effectiveness of curettage of uterine cavity (CUC) as a diagnostic and treatment mode of gynecologic
oncology. Today the anesthesia service is able to satisfy virtually all the requirements of a surgeon and a female patient, however, some institutional factors, as for example
postoperative recovery of consciousness, and factors influencing it, remain unaddressed.

The aim: to explore the possibilities of influence of different combinations and dosages of medical preparations used to provide monitored anesthesia care of CUC, to change
the time of postoperative recovery of patient’s consciousness.

Materials and methods: an interview of 96 patients by VAS, studies of cortisol, insulin and glucose levels in blood serum, measurements of time from the end of surgery to
the awakening and complete recovery of consciousness and statistical processing of the results have been conducted.

Results: A combination of 50 mq of dexketoprofen and half-dose drugs for narcosis can hasten the postoperative wake-up time by 38%, while maintaining dosages can prolong
by 37% on the contrary. There is a dose-dependent effect of drugs for narcosis on the time of full post-operative recovery of consciousness. The reduction of their dosages by
half can reduce this time by almost 40%.

Conclusions: the dosage modification of anesthetic drugs and their combinations may have a significant effect on the time of postoperative awaking and complete recovery

of consciousness in female patients after CUC. As a result, it has a positive physiological, psychological and social effect.

KEY WORDS: outpatient gynecology, curettage of uterine cavity, time of postoperative recovery of the consciousness

INTRODUCTION

The growing speed of social and economic development t
poses a number of specific challenges to the healthcare in-
dustry. One of them is early recovery of proper qualities of
life indicators of a patient after operative intervention. That
is why the outpatient medicine becomes more and more
popular. [1] These days in hospital environment of one day
not only consulting assistance is provided but also diagnostic
and treatment operative interventions are performed. Due
to low injury rate, the possibility of rapid recovery after
operative intervention and the absence of necessity for
women to leave current affairs, the gynecology of one day
has gained widespread popularity [2; 3]. Among the number
of outpatient gynecological operations, the leading place is
curettage of the uterine cavity (CUC) as one of the most
effective diagnostic techniques of outpatient gynecology [4].
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Scientists pay attention to a significant place of pathology
of endometrium [5] and neoplasms of the uterine cavity
among the total number of pathologies of the organs of
the female genital sphere [6]. Information from the Center
for Medical Statistics of the Ministry of Health of Ukraine
shows that in 2017, under the conditions of local medical
and preventive treatment facilities, almost 140,000 such
interventions were conducted that were not related to
termination of pregnancy [7].

The anesthetic achievement for a period of its history
accounts for many variants of anesthesia, each element of
which appeared and worked out in accordance with the
requirements of a surgeon and a patient [8; 9]. Today, in the
sphere of outpatient gynecology, anesthesia has reached the
level where it can fully provide any anesthetic and surgical
requirements during operational intervention. In everyday
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practice, with the objective of ensuring proper monitored
anesthesia care of various combinations of antihistaminic
and pro-kinetic preparations are used for narcosis, narcotic
and non-narcotic analgesics, local anesthetic agents, etc.
However, the depressive effect on the consciousness of
certain product groups prolongs postoperative recovery of
patients. The question of the time limits of such recovery of
women after outpatient gynecological operations remains
without due attention: the influence of combinations and
dosages of anesthetic medical preparations on the duration
of postoperative depression of consciousness, the influence
on the life quality of women in the early postoperative
period after outpatient operational interventions has not
been studied yet.

As indicated by publications of world scientists, the study
of the impact on the life quality of a significant number of
medical and socio-medical factors in various fields of med-
ical science [10; 11]. Particularly, in the field of gynecologi-
cal surgery, the issues of changing the life quality under the
influence of pain [12], psycho-physiological peculiarities of
gynecological diseases, the therapy of which includes the
surgical stage [13], etc. are currently considered.

Concerning postoperative recovery of consciousness,
there are publications in which authors give the data of
their studies of changes in the cognitive-intellectual sphere
in the early postoperative period [14], self-identification of
a person [15], depending on dosages of preparations used
during anesthesia. The work of scientists from New Mexico
(Yen T et al.) appears to be interesting. In their works they
stated the practical achievements, gained under investi-
gation of external shock therapy in sedation. A research
was performed on the speed of postoperative recovery of
consciousness and self-identification in time and space
using different induction preparations [16].

It is necessary to operationalize the difference between
such concepts as “awareness” and “consciousness”. With
the characteristics of the post-procedure and functional
recoveries of CNS, depending on the need to perform one
or another action relative to the patient, both concepts
can be used. As for example Pasichnyk G.P. in his article
uses the term “awareness” [17]. Analyzing it, we see that
the data obtained during the BIS-monitoring and Aldrete
scale characteristics were used to determine the moment
of the possibility of restoring the physiology of the upper
respiratory tract (tracheal extubation) and patient trans-
fer to the postoperative department, in other words, the
registration of the final autoregulation of the basic physio-
logical characteristics of the organism. At this, the author
points out that the termination of personal observation
of the patient and transporting him to the postoperative
department is already possible for the assessment on the
Aldrete scale at least in 8 points (motion activity 21 and
consciousness =1 point). The possibility of continuing, even
not individual, but competent observation of the patient,
separates the limits of the use of the terms “awareness” and
“consciousness”. Under the conditions of outpatient oper-
ational medicine, leaving the patient without competent
observance is possible only if the consciousness is restored,

that is, not only the basic physiological functions, such as
hemodynamics, vascular tone, spontaneous breathing, etc.,
but also the full adequate restoration of self-identification
as a personality, of his body in space and time, awareness
and opportunity to formulate the purpose of life, correct
implementation of elementary instructions of medical
personnel, critical thinking. Only upon these conditions,
the patient can be safely transferred to the general ward,
and to stay not under the care of a physician. In such a
case the patient transfer to a general ward is possible only
after getting of 10 maximum possible Aldrete scale. Thus,
the anesthesiologist can be sure that in the conditions of
adequate post-operative analgesia the manifestation of
the possible presence of an accentuation of personality
traits of patient will not threaten life and health of him
or people around. This question is especially important
when working with the category of oncological patients
with gynecological disorders. The somatopsychic aspect
of oncological diseases can have a significant pathogenic
effect on the structure of the individual, to destroy the es-
tablished positive dominant, endanger the mental integrity
of the individual and his mental health in general. Such an
influence is especially important when taking into account
the patients’ life quality of gynecological hospital of one
day. Staying of a patient under the care of a physician up to
a total recovery of consciousness (not “awareness”!) is an
important psychological factor with a sanology effect for
both participants in the social relations of the “doctor-pa-
tient” system. The patient obtains calm and assurance in
the necessity and urgency of providing medical care by a
qualified medical worker in case of such need. The anesthe-
siologist, in his turn, has confidence in the impossibility of
its occurrence after transfer to the general ward, the safety
ofleaving the patient without direct qualified supervision.

JUSTIFICATION OF STUDY

As s clear from the above mentioned, the period of postop-
erative recovery of consciousness has a significant influence
on patients’ life. Although, the outpatient anesthesiology of
gynecologic hospitals of one day has not been investigated
by the time characteristics of postoperative recovery of
consciousness of patients after minor endo-uterine oper-
ational inventions. Possibility of influence and this factor
is an important tool when working with such a specific
cohort as women with oncological diseases. Specification of
influential mechanisms on time of postoperative recovery
of consciousness should give anesthesiologists practical
recommendations for improving the life quality of patients
of gynecological hospital of one day.

THE AIM

The objective of our work is to study the possibilities of
influence of various combinations and dosages of med-
ical preparations, used for anesthesia service of CUC,
to change the time of postoperative recovery of patient’s
consciousness.

337



Maryne A. Georgiyants et al.

Table I. Anthropometric and age characteristics (M + m)

Characteristic Group | (n=32)

Group Il (n=32) Group lll (n=32)

Age 41,6+1,45 41,8+1,58 44,8+1,15
Height 165,4+1,05 166,5+1,14 166,3+1,25
Body weight 71,8+2,43 66,9+2,04 68,8+2,41
Body weight index 26,3+0,95 24,2+0,80 24,3+1,19
6
) 4,9
4,6 ‘
4
= 3,7
g 3,3
~qE-; 3
= 2,4
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Group |
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Group |l Group Il

Fig. 1. Time of recovery of patient’s consciousness after CUC in conditions of various kinds of anesthesia (M £m);
the differences are statistically significant between the indicators of all groups (p < 0,05).

MATERIALS AND METHODS
During 2017 on the basis of SI “Grigoriev’s institute for
medical radiology of National Academy of Medical Sci-
ences of Ukraine”, 96 female patients of working age with
diagnostic and treatment purposes were maintained the
curettage of uterine cavity. Women were included in the
study after obtaining informed consent. Eligibility criteria
have become: age of patients from 21 to 55 years; need for
diagnosis of tumors or surgical removal of polyps in the
uterine cavity and / or cervical canal; anesthetic risk for
ASA I-1I. Exclusionary criteria in their turn have become:
the need for urgent intervention; severe accompanying
pathology to a large extent exceeding the degree of surgi-
cal-anesthetic risk; chronic diseases in the stage of exacer-
bation; liver disease in violation of its metabolic functions.
The intervention was carried out in hospital environment
of one day. All women left the clinic on the operation day.
All women were randomly divided into ITI groups, 32 patients
in each. The anthropometric and age characteristics of the group
did not have statistically significant differences (p>0,05) (Table I)
10 minutes prior to operational invention, all patients
received intravenous preanesthetic medication, which
consisted of atropine 0.01 mg / kg, diphenhydramine hydro-
chloride 0.15 mg/ kg, and ondansetron 4 mg. The difference
between the groups was the difference in medicamentous
combinations and doses of anesthetic management. The
group I is the observational group: anesthetic management
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consisted of a combination of propofol 2 mg / kg, fentanyl
2 mg / kg and ketamine 2 mg / kg;

In patients of the group II, the same combination
was used for the anesthesia as for patients of the group
I, but additionally, as a preanesthetic medication a
preparation was inserted “on the table” from the group
of non-steroidal anti-inflammatory agents (NSAIA),
namely dexketoprofen at a dose of 50 mg. The medica-
mentous combination for the patients of group III was
the same as of group II; however, the difference was the
reduction of dosage for noninhalation narcosis (ketamine
up to 1 mg/ kg and fentanyl up to 1 mcg / kg).

At the appearance of signs of awakening, such as mimic
and motor activity, impression of respiratory movements,
an additional infusion of propofol at a dose 0of 0.03 mg / kg
was performed every 2 following minutes. The average
duration of operational intervention was 7.00 + 0.308 min.
in the group I and up to 7.84 + 0.288 min. in the group
ITI. There are no statistically significant differences in the
duration of the operation between the groups.

The time marking to awakening and complete recovery
of consciousness began with the end of the operational
intervention. The starting time of the awakening (the time
of awakening) was recorded at the occurrence of arbitrary
movements, mimic emotions and eye-opening. Complete
recovery of consciousness was recorded when the patient
received 10 points on the Aldrete scale.
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Table II. Time history of stress markers at the stages of the study under CUC (M + m)

Characteristic Groupl (n=32) Groupll (n=32) Grouplll(n=32)
Cortisol 1 (hmol/I) 456,7+13,42 451,8+15,82 446,0+11,07
Cortisol 2 (nmol/I) 488,4+14,14 474,3+16,38 472,5£11,55
Cortisol 3 (nmol/I) 534,5+15,27 513,4%+17,20 509,3+12,02
Insulin 1 (mcEd/l) 10,0+0,38 11,1+£0,45 10,5+0,45
Insulin 2 (mcEd /1) 8,2+0,36 %3 10,4+0,44 9,5+0,41
Insulin 3 (mcEd /1) 4,6+0,23 >3 6,5+0,27 5,9+0,25

C/11 (nmol / mcEd) 1,0+0,0 1,0+0,0 1,0+0,0
C/1 2 (nmol / mcEd) 1,240,071 >3 1,160,013 1,2+0,00
C/I'3 (nmol / mcEd) 2,440,026 >3 2,0+0,013 2,0+0,01
Glucose 1 (mmol/Il) 4,7£0,17 4,3+0,15 4,5+0,19
Glucose 2 (mmol/Il) 5,6£0,25 5,4+0,30 5,2+0,23
Glucose 3 (mmol/Il) 8,1+£0,383 8,1£0,38 6,9+0,32

Note: 2 — the differences are statically significant p<0,05 between the following biochemical stress markers in comparison with the group Il, * - p<0,05

in comparison with the group Il (p<0,05).

14
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Time (min)
E~Y ()} 00

N
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Group Il

Fig. 2. Time of recovery of patient’s consciousness after CUCin conditions of various kinds of anesthesia (M +m).

In order to control the proper level of analgesia, patients
were offered inquiry on a VAS scale.

For the purpose of objectification of the pain level, the follow-
ing stress markers were chosen: serum levels of cortisol, insulin,
glucose. The determination of serum of cortisol and insulin
was performed by ELISA technique with the sets of reagents
“SSS-EIA-Steroid-Cortisol” and “Insulin-EIA-BEST”, respectively.

The serum glucose level was measured by calorimetric
method using the “Liquick Cor-GLUCOSE” diagnostic
kit. Cortisol-insulin index (C/I), which was calculated
mathematically by the formula 1, was also studied.

Formula 1. Calculation formula C/I is developed by
Panin L. E. [18]

Cx(cortisolinthestudyphase) * 100 % /C 1(cortisolpreoperatively )

s Ix(insulininthestudyphase) = 100 % /I 1(insulinpreoperatively )

During the study, the pain level was monitored three
times: for the first time, the survey and monitoring of labo-
ratory parameters were performed prior to operation in the
patient’s presence in the ward (before she was transferred
to the manipulation room in order to reduce the level of
psycho-emotional stress, which theoretically could have
an effect on the level of the laboratory parameters under
study). The results of the first study were used in the fol-
lowing as control and are marked with the number”1”. The
second checkpoint was the time of consciousness recovery
and was designated as number “2”. For the third time the
control of the pain level was carried out one hour after the
second; marking - “3”.

Statistical processing of results was performed using thr
computer program for Windows the SPSS 19 (USA). The
analysis of the studied parameters with regard to the nor-
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Table lI1. Survey findings of patients on VAS before and after the CUC under the conditions of various kinds of anesthesia (M = m)

Characteristic Group | (n=32)

Group Il (n=32) Group lll (n=32)

VAS 1 (points) 0,1+0,05 0,1+0,05 0,1+0,05
VAS 2 (points) 3,0+0,17 2,740,153 3,4+0,18
VAS 3 (points) 4,3+0,20 4,1+0,20 4,4+0,18

Note: * — differences are statistically significant in comparison with the group Il (p<0,05).

mality of distribution was performed by the Shapiro-WilkK’s
test. Descriptive statistics for quantitative indicators were
represented as average arithmetic and standard error of
the mean - M = m. For the determination of distinctions
between independent samples Student’s test was used. The
level p<0,05 was considered as significant.

RESULTS

When investigating the timeframes of postoperative
recovery of consciousness after curettage of uterine
cavity, it was found that the average time of awakening
in the observational group was 3.3 + 0.4 min. When
using dexketoprofen in combination with ketamine and
fentanyl in full doses (group II), this time increased
by 37% and amounted to 4.5 + 0.4 min. Half dose
reduction of ketamine to fentanyl (group III) led to a
significant reduction in time of awakening (by 38%)
compared to the observational group, that is, it reached
only 2.1 £ 0.3 min. (Fig.1)

The time for complete restoration of consciousness in
the groups I and Il was 11.4 + 0.7 and 11.2 *+ 0.5 min-
utes, respectively. Statistically significant differences
between these groups were not detected (p> 0.05). For
patients of the group III, this time was considerably
less than that in other study groups and lasted just over
6.5 minutes, which was about 60% of the time when
complete consciousness was recovered in groups I and
II (Figure 2).

Results of monitoring survey of biochemical stress
factors are represented in the table II. Keeping watch
over the growth of stress level with the course of time

Differences are statistically significant between bio-
chemical markers of stress during runtime, namely by
comparison of groups I and II, I and III, and 2" and 3™
monitoring points (p<0,001).

Characteristics of survey findings by VAS is the following
and is represented in the table III.

DISCUSSION

Before starting the discussion about time response
characteristics of postoperative recovery of female
patients of CUC, it is necessary to prove the analgesic
effectiveness of all anesthetic techniques under
investigation. Significant difference between C/I 2 in-
dicators in all groups are explained by the effectiveness
of dexketoprofen, as the preparation of intraoperative
anesthesia of minor gynecological operational inter-
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ventions. This can be seen in the table II, in which the
direct indicators of C/I are described.

We see that C/I in the group I is higher than the same
indicator in groups II and III. The same picture can be
seen by the example of insulin indicators. The difference
between levels of insulin 2 in groups I and II, as well as
in groups I and III (table II) testifies to the expediency of
using dexketoprofen as part of the intravenous anesthesia
of CUC as an additional one.

The subjective measurement of the pain syndrome
level, presented by the results of the VAS scale, shows
that all three of the investigated methods of CUC an-
esthesia are effective. VAS 2 indicators, shown in table
III in all groups is less than mark “4”, which indicates a
low level of early postsurgical pain syndrome that does
not require additional anesthesia.

To the above mentioned data, it makes sense to re-
mark on the indicators of VAS 2 and C/I 2, which in
group III are greater than those of group II (table II
and III). Their reliable statistical differences may in-
dicate a decrease in the effectiveness of the analgesic
component of anesthesia in group III. However, the
numerical characteristic of the pain syndrome level for
VAS in patients of group III is also less than 4 points,
which proves the allowability of such a decrease.

In examining indicators C/I and VAS indicators, obtained
an hour after the recovery of consciousness, we observe an
increase in the intensity of pain syndrome without a clear
regularity of correlations of indicators of stress factors, which
is explained by the full completion of the analgesic effect of
preparations for narcosis. The conclusion is drawn on the
expediency of considering the pain relief that occurs during
this time period as postoperative, and the search for specific
types of analgesia is appropriate for the struggle against pain
in patients after the CUC.

V.G. Bayda and co-author (2008) argue that there
is an influence of a combination of anesthetic group
preparations on the tine of postoperative adaptation of
patients of the one-day hospital [19]. However, their
studies do not cover such a subtle aspect of this process
as the time to recover consciousness after the end of op-
eration. Such a time has been investigated in patients,
who have undergone, although minimally invasive, but
requiring complete hospitalization, operations [20].

In order to deepen knowledge on the time of post-
operative recovery of consciousness in groups of am-
bulatory patients, the analysis of the data presented
in fig. 1 has been carried out, which proves that the
strengthening of the analgesic component of monitored
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anesthesia care, together with the preservation of the
total dosage of ketamine and fentanyl, prolongs the
recovery time of the patients. Currently, additional
anesthesia, along with the dose reduction of anesthetic
preparations, is able to accelerate the recovery time
almost by a factor of two, which may be explained
by a decrease in pain perception. Although NSAIDs
do not have a direct influence on the perception and
treatment of pain impulse with the central nervous
system, however, the inhibition of the formation of
prostaglandins synthesized from arachidonic acid
by inhibition of cyclooxygenase in the tissues of the
uterus under curettage of the uterine cavity reduces the
sensitivity of the nociceptive receptors of the cerebral
cortex to histamine and bradykinin. On the other hand,
the inhibition of perception is relatively enhancing
the effect of the hypnotic component of anesthesia. A
significant difference in the recovery time of patients
in group III (by almost 50%) compared with groups
I and II (p <0.05) indicates dose-dependent clinical
efficacy in reduction of ketamine and fentanyl doses.

An authentic statistical difference between the tem-
poral rates of awakening of patients of the groups I and
IT, which is shown in fig. 1 indicates the effectiveness
of dexketoprofen as an additional analgesic preparation
for minor gynecological operational interventions that
can affect the time of postoperative recovery due to
additional analgesic effect.

Regarding the time of complete recovery of conscious-
ness (fig. 2), based on the lack of statistical significance be-
tween the groups I and II and its presence between groups
I and II, as well as between II and III, we can assert that
the possibility of influencing the investigated parameters
by temporal pharmacodynamics dose-dependent effects
of preparations for anesthesia without the effect of an
additional analgesic component.

The obtained results indicate a significant effect of the
combination of 50 mg of dexketoprofen and half-doses of
ketamine and fentanyl at the time of postoperative recovery
of consciousness of patients after CUC. Such a combination
may be used by practicing anesthesiologists for the purpose
of life quality improvement of patients, that must undergo
CUC under the conditions of gynecological hospital of
one day, the correspondence of monitored anesthesia care
of the CUC to the principles of the multimodal strategy
of case management “Fast Track Surgery” and outpatient
medicine in general.

Scientists should pay attention on the fact, that in the
study only injectable preparations of anesthetic drugs were
used. A rightful place in the outpatient anesthetic unit is
occupied by inhalation anesthetics, the use of which, as
is known, also provides a rapid postoperative recovery
of consciousness. However, due to the high cost of these
preparations and the absence of an institution on the ba-
sis of which the research was carried out on material and
technical equipment for their use, the influence of the use
of inhalation anesthetics during CUC for the duration of
the postoperative recovery of consciousness of patients in

the gynecological hospital was not carried out. This fact
opens the door to the further study of this issue.

CONCLUSIONS

As a part of the study of time-response characteristics of

postoperative recovery of consciousness of working age

patients, which under the conditions of one-day hospital
were made CUGC, it was found that:

1. The anesthesia of female patients, which underwent
CUC in 1 hour after recovery of consciousness must
be considered in post operational context, to which the
influence of intraoperative analgesia is smoothened over;

2. A combination of 50 mg of dexketoprofen and prepa-
rations for narcosis in half-dose is able to speed up the
time of postoperative awakening by 38% in comparison
with classic medicamentous anesthetic combination,
retaining the dosages - alternatively to increase by 37%;

3. There is a dose-dependent influence of preparations for
narcosis for the time of total postoperative recovery of
consciousness; their under dosing when combined with
dexketoprofen at a dose of 50 mg is able to reduce this time
almost by 40% and may be used by practicing anesthesi-
ologists for the purpose of improvement of life quality of
female patients, which were indicated the CUC under the
conditions of gynecological hospital of one day; correspon-
dence of monitored anesthesia care of CUC to the principals
of multimodal strategy of interventional case management
«Fast Track Surgery» and outpatient medicine in general.
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ABSRTACT

Introduction: There is a problem of choosing the optimal method for eliminating choledocholithiasis in accordance with one The lack of satisfactory results from the use of
existing methods of surgical correction explains the constant interest of specialists to this problem, requires the improvement of the commonly accepted and the search for new
approaches to the treatment of this concomitant disease.

The aim: To substantiate the use of individual assessment at the stage of preoperative preparation for the purposeful differential tactic of surgical treatment of the biliary sepsis.
Materials and methods: The basis of our research was the results of the analysis of treatment of 112 patients with biliary sepsis who were on treatment from 2010 t0 2017 in
the surgical clinic N 2. An assessment of systemic inflammation performed according to the recommended criteria of the Chicago Interventional Conference on Intensive Care
(USA, 1992). The systemicinflammatory response syndrome (SIRS) was determined in the presence of 2 or more symptoms: 1) tbody> 38 ° Cor <36 °, 2) heart rate> 90/ min;
3) breathing frequency> 20 / min; 4) white blood cell count> 12 109 /1 or <4 % 109/ ; or> 10% immature forms (SOFA score 4, 27 + 0.6 points).

Results: Based on the received pre-operative score, we proposed to optimize the differentiated selection of individualized surgical tactics, taking into account the available
baseline conditions, to radically eliminate the cause of biliary sepsis and evaluate the measures of initial conservative therapy. In the course of work, anamnestic unit, clinical
unit, laboratory-instrumental block used. The initial severity of the condition of each particular patient is calculate according to the received sum of points for each information
block, which allows at the stage of preoperative preparation to standardize all patients in accordance with their score.

Conclusion: Thus, the ball assessment of the severity of the condition of patients allows us to determine not only the optimal tactics, the size and type of surgical correction,
but also to determine the effectiveness of the selected composition of preoperative preparation and postoperative treatment, carrying out its dynamic assessment.

KEY WORDS: acute cholangitis, biliary sepsis

INTRODUCTION

Biliary sepsis (BS) - a set of systemic inflammatory reac-
tions that occur in response to a local infectious process
in the biliary tract [1].

According to modern ideas, there is a close pathogenetic
relationship between mechanical jaundice (M]), acute
cholangitis (AC) and biliary sepsis (BS): under certain
conditions, M] can be complicated by the development
of AC, which in some cases is transformed into BS. So, if
GC is a localized pathological process, the basis of which
is the inflammatory effect of the bile duct, then the BS is
a systemic inflammatory reaction of the organism to the
purulent process located in the bile ducts [2]. Accordingly,
BS is a qualitatively new pathological state, is fundamen-
tally different from GC and therefore requires special
approaches to diagnosis and treatment. Thus, established
that cholestasis and biliary tract infection are factors con-
tributing to the transformation of MJ in AC, but with the
help of these factors, it is impossible to explain the existing
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differences in terms of the occurrence and severity of AC
course in patients with MJ of different genesis. Among the
factors of pathogenesis that contribute to the development
of the BS, a special role is played by: - ischemia of the liver
with MJ, which causes inhibition of the function of hepato-
cytes and RES cells (Kupfer cells, sinusoidal endothelium,
Ito cells, Pit cells) that provide local immunity activity [5].
The phenomenon of enterogenous bacterial translocation,
associated with the cessation of bile into the intestine, as
well as damage to the membranes of the enterocytes of
the mucous membrane, which determines the possibility
of germs into the portal and further - systemic blood flow,
which leads to the development of the syndrome of the sys-
temic inflammatory response (SIRS). Reducing the portal
blood flow with increasing MJ due to the partial effect of
“dumping” blood leads to the generalization of infection
and the development of SIRS. Biliary hypertension, which
increases with AC, as pressure from the secretory pressure
of the bile is supplemented by the colonization of bile ducts
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by gas-forming bacteria, leads to stretching in the hepatic
beams of the intercellular cracks and a breakthrough into
the Disse space in the liver sinuses of infected bile. Chol-
angiovenous and cholangiolymphatic reflux, which arise in
AC as a result of a sharp (over 300 mm water) increase in
pressure in the bile ducts, accompanied by a massive release
into the systemic circulation of mycorrhiza and endotox-
ins, enhances the development of SIRS. The significance
of these factors in the pathogenesis of the BS is evident,
but a number of issues concerning the characteristics
of the development of the SIDS are unclear and require
further resolution. Thus, extremely insufficiently studied
mechanisms that determine the developmental time and
the severity of bacteriocholia in progressive cholestasis
in patients with MI, which is the cause of various types
of diseases of the organs hepatopancreatoduodenal zone.
Also little studied and interpreted contradictory ways of
development of both portal and systemic bacteremia and
endotoxemia in progressing AC [6].

Biliary sepsis (as a systemic inflammatory reaction in
AC) has its own peculiarities that distinguish it from ordi-
nary wart sepsis: often a lightning-fast, frequent develop-
ment of liver abscesses, multiple organ failure syndrome,
the presence of a pronounced secondary immunodeficien-
cy, primarily due to inhibition of the reticuloendothelial
system of the liver [4].

Interest in the BS is largely determine by the unsat-
isfactory results of treatment over the past 20 years, as
evidenced by high numbers of lethality - from 11% to
64% in multiple organ failure by 3-4 systems, even with
timely surgical procedures. At the same time, the largest
percentage of deaths are given to emergency operations
(33.0-60.0%) due to severe concomitant pathology. When
refusing surgical treatment, acute purulent cholangitis
gives 100% lethality [7].

Preoperative preparation of the BS is limited to the most
necessary and carried out for a short time, pursuing the main
goal - stabilization of hemodynamics. Surgical treatment,
initiated within 24 hours from the time of admission, yields
the best results with a mortality rate of 17.0%. Delay with
operation up to 72 hours increases the mortality to 50.0%. In
order to prepare patients with BS, a preliminary decompres-
sion of the biliary system proposed. The implementation of
the first stage of decompression operations dictated by the
need for restoration of liver functions and the normalization
of homeostasis, as the high mortality after radical operations
in patients with BS, in many respects, is due to the discrepancy
between the compensatory capacity of the liver and the weight
of surgical intervention. Long-term obstructive cholestasis
and ascending biliary infection a accompanied by severe dis-
organization of the structure and function of the liver, which
leads to the fact that even a minimal trauma and anesthesia
may appear as a trigger for the development of numerous
complications: liver failure, peritonitis, and bleeding, leading
to high lethality, even after palliative surgery - 30% [3].

Asan alternative to the surgical method of decompensa-
tion in the preparation of patients for radical surgical inter-
vention used through the hematopoietic cholecystoholan-

344

giostomy or through the hematopoietic papilloprotectomy.
This procedure, in most observations, allows to achieve
an adequate decompression of the biliary system and to
gain time for the correction of concomitant pathology. To
date, there are two main accesses to the biliary duct system,
which allow for revision and rehabilitation of the common
liver and bile ducts by minimally invasive methods. The
first one - due to papillary access, combines endoscopic
methods of audit and sanation of the common bile duct by
means of the influence on the sphincter of Oddi:

1) ERCPG in conjunction with EPST;

2) ERCPG in conjunction with endoscopic balloon papil-
lodication;

3) ERCPG in conjunction with nausea bleeding drainage
or endoprosthesis (as a temporary measure for unsuc-
cessful endoscopic extraction of stones).

The second - flow access, combines the methods of audit
and sanation of the common bile duct through the hole in
its wall during a laparoscopic operation or operation with
minilaparotomic access, as well as in the postoperative
period:
1) through the bladder duct,
2) by choledochotomy.
There is a problem of choosing the optimal method for
eliminating choledocholithiasis in accordance with one The
lack of satisfactory results from the use of existing methods
of surgical correction explains the constant interest of spe-
cialists to this problem, requires the improvement of the
commonly accepted and the search for new approaches to
the treatment of this concomitant disease.

THE AIM

To substantiate the use of individual assessment at the stage
of preoperative preparation for the purposeful differential
tactic of surgical treatment of the BS.

MATERIALS AND METHODS

The basis of our research was the results of the analysis of
treatment of 112 patients with BS who were on treatment
from 2010 to 2017 in the surgical clinic Ne 2.

An assessment of systemic inflammation performed
according to the recommended criteria of the Chicago
Interventional Conference on Intensive Care (USA, 1992).
The systemic inflammatory response syndrome (SIRS)
was determined in the presence of 2 or more symptoms:
1) t body> 38 ° C or <36 ° C, 2) heart rate> 90 / min; 3)
breathing frequency> 20 / min; 4) white blood cell count>
12x109/1or <4 x 109 /1; or> 10% immature forms (SOFA
score 4, 27 + 0.6 points).

RESULTS AND DISCUSSION

The method of ballroom individual assessment at the stage
of preoperative preparation, which substantiates the pur-
poseful selection of differentiated surgical tactics. Directly
determines the method of its realization in accordance with
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Table I. Anamnestic block of the developed scale.

A 60-69 years 70-79 years 80-1 years
e
J 1 2 3
female male
Sex
1 2
1-7 7-14 14-21 121
Duration of cholestasis (days)
1 2 3 4
Table I1. Clinical block of the developed scale.
37-37,9 38-38,9 399
Fever °C
1 2 3
1000-700 700-500 300 |
Diuresis ml
1 2 3
. ) ) compensation subcompensation decompensation
Liver cirrhosis
1 2 3
compensation subcompensation decompensation
Diabetes mellitus
1 2 3
HF I HF I HF 1l
Heart failure
1 3 5
Table lll. Laboratory and instrumental block of the developed scale.
9-14,9 15-19,9 207
Leukocytosis, 109
1 2 3
) 50-99 100-199 200-299 3001
Bilirubinemia, umol / L
1 2 4
90-80 79-60 59-40 139
Prothrombin index, %
1 2 4
destructive cholecystitis Diameter of TBT Diameter of TBT
USG criteria 10-20 mm 120 mm
2 2 3

the initial severity of the condition of patients with the BS
in the form of a ball assessment according to the criteria
of 3 blocks of primary information for a particular patient:
1) Anamnestic,
2) Clinical,
3) Laboratory and instrumental blocks.
The anamnestic information unit (Table I) consists of a
ballroom assessment of the criteria: age (gradation at age
intervals: 60-69, 70-79, over 80 years), sex (female, male),
duration of jaundice (1-7, 7 -14, 14-21, more than 21 days).
The clinical information block (Table II) consists of the
following criteria: temperature (37-37.9, 38-38.9, over
39 ° C), diuresis (1000-700, 700-500, less than 300 ml per
day), evaluation clinically significant concomitant somatic
pathology (liver cirrhosis, diabetes in the stage of compen-
sation, subcompensation, decompensation, heart failure
- HF1, HF2 - 2A (2 bales), 2V (3 bales), HF3.
Laboratory-instrumental information unit (Table IIT)
consists of the following criteria: the value of peripheral

leukocytosis (9-14,9; 15-19,9; more than 20 x 10° / 1);
total bilirubin (50-99, 100-199 , 200-299, more than 300
pmol / L) and the prothrombin index (90-80%, 79-60%,
59-40%, less than 39%), the results of the USG study (signs
of destructive cholecystitis - increase in size, thickening
and wall infiltration, inequality, fuzziness and double
contour, positive ultrasound Murphy symptom, presence
of echo changes in the parevasical zone, signs of degree
and duration of jaundice per diameter TBT - 10-20mm,
more than 20mm).

The initial severity of each individual patient hospital-
ized in the clinic will be calculate according to the amount
received for each information block, which allowed us at
the stage of preoperative preparation to standardize all
patients according to their score in the following groups:
1) Low risk of postoperative complications (A) - 10-15

points;
2) Average risk of postoperative complications (B) - 16-25
points;
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3) High risk of postoperative complications (C) - 26-30
points;

4) Super-high risk of postoperative complications (D) - 31
points and above.

Based on the received pre-operative score, we proposed

to optimize the differentiated selection of individualized

surgical tactics, taking into account the available baseline
conditions, to radically eliminate the cause of BS and eval-
uate the measures of initial conservative therapy.

In the course of work, anamnestic unit, clinical unit, lab-
oratory-instrumental block used. The initial severity of the
condition of each particular patient is calculate according
to the received sum of points for each information block,
which allows at the stage of preoperative preparation to
standardize all patients in accordance with their score.

Based on the received preoperative score, one can opti-
mize the differential choice of surgical tactics and preop-
erative preparation of patients with BS.

1) group A with low risk of postoperative complications
(10-15 points) shows the implementation of a one-stage
radical elimination of the causes of purulent cholangitis
by surgical techniques (laparotomy, low-invasive - lap-
aroscopic, endoscopic), based on the conditions of a
separate surgical clinic, depending on its equipment,
accumulated experience performing similar interven-
tions and qualifications of the prepared surgical team;

2) in the groups of high-C (26-30 points) and ultra-high-D
(31 balls and above) the risk of postoperative complica-
tions shows a unambiguous choice of the stage tactics of
surgical treatment: at stage 1, low-traumatic palliative
spontaneous dosage biliary decompression is performed
by non-invasive technologies (endoscopic - stenting,
EPST in addition to the displays by nocobiliary drain-
age), and already in 2 stages after stabilization of the
functional state of the liver and reduction of the ball
scoring of the initial severity of the condition of the
patient with BS, to carry out radical treatment to erad-
ication of biliary pathology invasive or traditional open
methods depending on the conditions of surgical clinics;

3) group B in the average (16-25 points) of the risk of post-
operative complications requires a dynamic assessment
of the severity of the condition under the influence
of initial preoperative conservative therapy. If in the
monitoring process the score decreases, the patient may
perform a one-stage radical elimination of the cause of
the BS. If in the dynamics of the assessment does not
change, then patients need unambiguous implementa-
tion of the stage tactics of biliary decompression with
the predominant use of low-traumatic sparing dosage
surgical techniques.

More rational method for treating of biliary sepsis is a sur-

gical intervention from the mini-accessory in conjunction

with supra-duodenal choledochotomy and the extraction
of concrements by the Fogarty catheter and the Dormita
basket, with the washing of the bile ducts with a warm
solution of furatsillin it was known [3]. Unfortunately, there
are currently not enough publications that would point to
a differentiated approach to the treatment of cholangitis.
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In this regard, it is promising to conduct research aimed
at the selection of differentiated treatment in severe biliary
sepsis against acute cholangitis with the use of mini-access.

Hawasli et al. note that in the acute blockade of the distal
part of the common bile duct (acute biliary pancreatitis,
acute obstructive cholangitis), the EPST is carried out as an
emergency procedure. We have shown that all patients in
accordance with the given scale may be divided into groups
that would require urgent surgical intervention. It is also
recommended to use different techniques and methods
of surgical intervention, depending on the severity of the
patient’s condition.

AM. Paganini, E. Lezoche argue that the stenosis of a
large duodenal papilla shows EPST, which can be per-
formed both before and after cholecystectomy. According
to Y. Ochi, K. Mukawa et al. Endoscopic balloon dilatation
is indicated for the treatment of cholelithiasis complicated
by mechanical jaundice, with pronounced disturbances of
the coagulogram (liver cirrhosis, coagulopathy, constant
admission of anticoagulants), as well as in the narrow gen-
eral bile duct containing small concrements. In all other sit-
uations, in the presence of appropriate equipment, removal
of choledocholithiasis may occur intraoperatively during
laparoscopic or with mini access to cholecystectomy.

We have recommended in patients with a low risk of
postoperative complications provide an one-step radical
elimination of the causes of purulent cholangitis by surgical
techniques (laparotomy, noninvasive - laparoscopic, endo-
scopic). In a group of moderate risk of postoperative com-
plications, recommended to conduct dynamic assessments
of the severity of the condition. If the risk in the dynamics
decreases, patients undergo one-step radical correction. If
in the dynamics of the assessment does not change, then
patients need unambiguous implementation of the stage
tactics of biliary decompression with the predominant use
of low-traumatic sparing dosage surgical techniques. In
patients of the high-risk group, according to our data, we
provide a step-by-step surgical treatment with the use of
initially less traumatic palliative sparing metered biliary
decompression with minimally invasive technologies is
recommended, and after stabilization of the functional state
of the liver, a radical elimination of biliary pathology by a
minor invasive or traditional open method, depending on
the conditions of the surgical clinic.

CONCLUSIONS

Thus, the ball assessment of the severity of the condition
of patients allows us to determine not only the optimal
tactics, the size and type of surgical correction, but also to
determine the effectiveness of the selected composition
of preoperative preparation and postoperative treatment,
carrying out its dynamic assessment.
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ABSTRACT

Introduction: In recent years, NAFLD is considered as the key of the so-called metabolic inflammation, in which the intestinal microbiota plays an important role.

The aim: To determine the effect of small intestine bacterial overgrowth on the liver structural and functional parameters in children with obesity and overweight.
Materials and methods: The object of the study was 89 children with obesity/overweight. Depending on the presence of SIBO based on the results of the hydrogen breath
test with glucose, the patients were divided into 2 groups: first (I) consisted of 31 children with SIBO, the second (I1) included 58 children without SIBO. All the patients under
study performed a general blood analysis and a biochemical blood test, immuno-enzyme test method with insulin level determination HOMA index calculation. For diagnostics
of the liver steatosis, transient elastography with the CAP (controlled attenuation parameter) function was carried out using FibroScan® 502 touch (Echosens, Paris, France).
Results: According to fibroscan data, the presence of SIBO in obese children can lead to raise of CAP level; liver steatosis was diagnosed in 22 patients (70.9%) of the 1st group
and 24 patients (41.4%) of the 2 group (p<0,05). We found significant differences in the the ratio of neutrophils and lymphocytes (NLR) (p <0.05). The average glucose level
and HOMA index were significantly higher in SIBO group (p<0,05). The analysis of risk factors of SIBO showed that metaholic syndrome and NAFLD as the risk factors for SIBO
development (p<0,05).

Condlusions: SIBO has an effect on the structural and functional characteristics of the liver resulting in higher insulin and glucose level, higher NLR level and greater prevalence

of NAFLD.

KEY WORDS: nonalcoholic fatty liver disease, small intestine bacterial overgrowth, children, obesity

INTRODUCTION

Childhood obesity has become a worldwide epidemic
nowadays. According to World Health Organization
(WHO), overweight and obesity affect more than 42 mil-
lion children under the age of 5 years. At the same time, the
prevalence of the consequences of this problem is growing:
every second child with severe obesity has manifestations
of the metabolic syndrome (MS) [1, 2, 3]. The prevalence
of non-alcoholic fatty liver disease (NAFLD), which is the
hepatic manifestation of MS, reaches 5-18% in countries
in Asia, 30% in Europe, and its incidence in the child
population is about 8-10% [4, 5]. It is known that in most
cases the accumulation of fat in hepatocytes is a fairly be-
nign condition, but in a certain number of patients (about
3-5%) the pathological process leads to the development
of non-alcoholic steatohepatitis (NASH) with the further
formation of fibrosis and cirrhosis. The latter consequence
is the formation of portal hypertension and hepatic-cell
insufficiency. The cases of liver transplantation in children,
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the need for which was caused by the terminal stage of the
NAFLD, have already been described [6].

In recent years, NAFLD is considered as the key com-
ponent of the so-called metabolic inflammation, in which
the intestinal microbiota plays an important role [7, 8].
Microbiota is involved in regulation of the both inflam-
matory and anti-inflammatory homeostasis, and in the
accumulation of triglycerides in the liver (Fig. 1).

Patients with obesity are characterized by a certain
composition of microflora with a relatively low proportion
of Bacteroidetes and a predominance of Firmicutes. The
microbiota composition of people with steatohepatitis even
without obesity also has alow proportion of Bacteroidetes,
which can lead to the multiplication of other bacteria that
are more effective in extracting and storing energy [9].

Firstly, the metabolites produced by microbio-
ta-short-chain fatty acids-can act as energy storage form
and modulate the signaling pathways of the host organism
metabolism. Participation in the accumulation of lipids in
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Fig.1. Complexassociation between NAFLD and
intestinal dysbiosis. FFA, free fatty acid; NAFLD,
nonalcoholic fatty liver disease; TLR, toll-like
receptor; FIAF, Fasting-induced adipocyte
factor; IRS: Insulin receptor substrate, LPS,
Lipopolysaccharides; SCFA Short-chain fatty
acid; IR insulin resistance.

the liver occurs by enhancing the intestinal absorption of
monosaccharides, thereby increasing hepatic lipogenesis
and being suppressed by the fasting-induced adipocyte
factor, resulting in the accumulation of triglycerides in
adipocytes [10].

Secondly - the intestinal epithelium is a natural barrier
to prevent the translocation of harmful bacteria and their
elements into circulation. NASH patients are usually char-
acterized by small intestine bacterial overgrowth (SIBO)
which can damage intestinal joints and increase its perme-
ability. SIBO also induces hepatic expression of the TLR-4
receptors and the release of IL-8, which stimulates the
inflammatory response. Consequently, intestinal dysbiosis
is the cause of increased secretion of lipopolysaccharides
(LPS), the constituent components of the intestinal bacte-
rial membranes, and inflammation caused by it during the
development of NAFLD [11]. In support of the hypothesis
on the influence of microflora in the NAFLD development,
numerous experimental studies are available; it is showing
that normalization of the microbiota helps to prevent the
development of fatty liver disease [12, 13]. It should be

noted that, despite of numerous studies, the molecular
mechanisms involved in this process in children and ado-
lescents have not been fully determined yet.

THE AIM

To determine the effect of small intestine bacterial over-
growth on the liver structural and functional parameters
in children with obesity and overweight.

MATERIALS AND METHODS

The object of the study was 89 children with obesity/over-
weight, who were on treatment at the Children’s Gastroen-
terology Department of the State Institution “Institute of
Gastroenterology of NAMS of Ukraine” Depending on the
presence of SIBO based on the results of the hydrogen breath
test with glucose, the patients were divided into 2 groups:
first (I) consisted of 31 children with SIBO, the second (II)
included 58 children without SIBO. The objective study,
anthropometry with BMI calculation were conducted.
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Table I. Anthropometric indicators of study groups

I group (n=32)

Il group (n=58)

Parameters, units P
(M +m) (M+m)
Age, year 12,8+2,5 12,0+ 2,7 0,2
Male gender, n (%) 22 (68,75) 25 (43,1) 0,2
BMI, kg / m2 255+3,5 242 +2,5 0,2
Waist circumference, cm 87,0+3,6 81,1+3,2 0,04
Thigh circumference, cm 60,2 +4,5 56,9+ 8,5 0,07
Note. p - significance of differences
Table Il. Data of general blood analysis
. I group (n=31) Il group (n=58)
Parameters, units p
M+m M+m
hemoglobin, g /1 140,2 £ 11,7 134,7 £22,1 0,0003
erythrocytes, 10'%/I 47+03 57 187 0,003
hematocrit, % 369+2,7 359+2,9 0,7
leukocytes, 10%I 6,03+1,3 6,1£1,5 03
neutrophils / lymphocytes 2,3+26 1,5£07 0,0003
platelets, 10%/I 2948 + 61,7 311,6 +88,8 0,03
ESR, mm/h 135+738 11,8 £6,7 0,3

Note. p - significance of differences

The presence of obesity / overweight was determined by
the standard sigma deviations of BMI values for age and sex
according to WHO recommendations [14]. The presence of
abdominal obesity was diagnosed with a waist circumference
(WC) of a patient that exceeded 90 percentiles for the corre-
sponding age and sex according to the recommendations of
the International Diabetic Federation (IDF) [15].

All the patients performed a general blood analysis and
a biochemical blood test with the determination of the
total protein, total bilirubin, ALT, AST, GGTP levels using
the biochemical analyzer Stat Fax 1904 Plus, Awareness
Technology (USA). The content of insulin in serum was
determined by the immuno-enzyme test method with
HOMA (Homeostasis model estimation) index calculation.
A quantitative determination of the concentration of IL-6,
IL-10, TNF-a in serum was carried out using ELISA.

Diagnosis of the small intestine bacterial overgrowth was
performed according to the breath test with glucose loading
with gas analyzer “Gastro” Gastrolyzer of Bedfont Scientific
Ltd (UK). For diagnostics of the liver steatosis, transient
elastography with the controlled attenuation parameter
(CAP) measurement was carried out using FibroScan® 502
touch (Echosens, Paris, France).

Diagnosis of NAFLD was established in case of liver ste-
atosis being detected according to CAP level and exclusion
of the secondary etiological factors of steatosis in children
with overweight / obesity.

The statistical analysis was carried out using the Statistica
program. Under normal distribution conditions, the data were
presented as the mean (M) and standard deviation (m). The
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significance of differences between the groups was assessed
using Students t-test. The difference was considered reliable
atavalue of p less than 0.05. In the absence of a normal distri-
bution, the data was displayed using the median and quartiles,
and the difference between the groups was estimated using the
Mann-Whitney test. Analysis of risk factors was performed
with calculation of odds ratio (OR).

RESULTS

ANTHROPOMETRIC DATA
Analyzing the anthropometric data, it was found that the ab-
dominal type of obesity prevailed in children with SIBO - the
waist circumference was higher in 1 group than in the second
group (p = 0.04) (Table I). Abdominal obesity was diagnosed
in 16 (51.6%) of the 1 group and in 25 (43.1%) of the 2 group.
It should be noted that metabolic syndrome (according
to IDF) was diagnosed in 6 (19.3%) patients of SIBO group
and 5 (15.6%) patients of 2 group.

BLOOD ANALYSIS
The data of the general clinical analysis of the blood are
presented in Table II.

Children of SIBO+ group had higher level of ESR in com-
parison with SIBO- group, but difference was not significant.
As can be seen from the table, there were significant differ-
ences in the ratio of neutrophils to lymphocytes - in the group
with bacterial overgrowth it was significantly higher (p <0.05).
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Table IIl. Parameters of carbohydrate metabolism in studied patients

1 group (n=31)

Il group (n=58)

Parameters, units p
Mzm M=zm
Insulin, mU/I 256+16,8 24,3 £22,1 0,1
Glucose, mmol/I 49+08 55+0,5 0,003
HOMAT1-IR 6,7+0,8 51+1,2 0,04
Note. p - significance of differences
Table. IV. Cytokine profile of the patients
Mediana Min-max 25;75
Cytokines | group Il group 1 group Il group 1 group Il group
(n=31) (n=58) (n=31) (n=58) (n=31) (n=58)
IL-6 1,3 1,2 0,1- 560 0,1 -349,1 0,3-3,0 03-32
IL-10 2,7 4,8 0,2-20,8 0,1-310,0 1,3-83 1,5-94
TNF-alpha 0,8 0,5 0,1-320 0,1-170,3 0,2-20 02-20
320
300
280
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Fig. 2. CAP level distribution in studied group

CARBOHYDRATE METABOLISM
Interesting data were obtained by analyzing the carbohydrate
metabolism parameters of patients (Table III). So, although
the average glucose level did not go beyond the normal level,
in the group without SIBO it was significantly higher, and
conversely, insulin resistance (IR) was greater in the group
with bacterial overgrowth.

Indices of the content of various cytokines (IL-6, IL-10
and TNF-alpha) are presented in Table I'V.

It was found that the median level of IL-10 in patients in the
2 group was 1.8 times higher than in the 1 group (Tab. IV).

FIBROSCAN DATA
Significant differences were observed in the analysis of
CAP level (Fig. 2).

According to fibroscan data, the presence of SIBO in
obese children led to raise in CAP level (tab. V); liver
steatosis was diagnosed in 22 patients (70.9%) of the 1st
group and 24 patients (41.4%) of the 2nd group. In addi-
tion, different degrees of steatosis were observed. In SIBO
group S1 degree was observed in 7 patients (22.6%), S2 - in
9(29.0%) and S3 - in 6 patients (19.3%), while in children
without SIBO the maximum degree of steatosis was ob-
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Table V. Basic statistical indicators characterizing the structure of the liver

M+m Median IQR (25%-75%)
Parameters, units 1 group Il group 1 group Il group 1 group Il group
(n=31) (n=58) (n=31) (n=58) (n=31) (n=58)
Liver stiffness (kPa) 46+1,3 42+1,0 4,2 4,0 36-5,1 36-47
CAP (dB/m?) 262,7 + 20,1 200,7 +21,9 265,0 200,5 246,5-274,5 179-218
Table VI. Risk factors for SIBO
Factors, n (%) I group (n=31) 1l group (n=58) OR 95%Cl
Obesity 18(58,1) 30(51,7) 1,29 0,54-3,11
Overweight 12(38,7) 19(32,7) 1,49 0,57-3,92
Abdominal obesity 16 (51,6) 25 (43,1) 1,40 0,58-3,37
Hyperinsulinemia 18 (58,1) 23 (53,4) 2,10 0,87-5,11
NAFLD 22(19,3) 24 (41,4) 3,46 1,36-8,82
Metabolic syndrome 6(32,3) 9(15,5) 3,54 1,12-11,64

served in only 4 (6.9%) patients, the 1 degree of steatosis
in 9 patients (15.6%); S2 - 11 patients (18.9%).

Also we observed that liver stiffness showed a tend to be
higher in SIBO+ children.

RISK FACTORS

The analysis of risk factors of SIBO was carried out,
according to them it is possible to carry out metabolic
syndrome and NAFLD as the risk factors for SIBO devel-
opment (tab. VI).

DISCUSSION

Previous studies have already confirmed the relationship
between the intestinal microflora and the development of
fatty liver disease. It is known that metabolic profiles differ
between children with and without obesity, as well as with
and without NAFLD, and a significant contribution to these
differences is made by the state of the entero-hepatic axis
[15]. Intestinal microflora is involved in the development
of obesity and MS by enhancing the interaction between
the intestinal bacterial products and Toll-like receptors 4
(TLR4).

According to the studies in patients with nonalcohol-
ic steatohepatitis (NASH) there are specific changes in
the microflora and the amount of alcohol produced by
Escherichia is increased. This results in intestinal wall
intracellular connections disruption, the concentration in
the portal blood of ethanol and other metabolic products
of bacteria and their constituents - amino acids and lipo-
polysaccharides elevation [16].

Excessive reproduction and growth of microflora pro-
mote a cascade of reactions of oxidative stress, parenchymal
inflammation and fibrogenesis. Thus, studies by Italian,
American, Finnish scientists have shown that a high con-
tent of aromatic amino acids and branched chain amino
acids in the plasma, as products of the vital activity of the
intestinal microflora, is associated with the development
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of obesity-related MS. Metabolism is also disturbed by
changes in the carnitine cycle, which leads to damage to the
nucleotide, lysolipids, and activation of proinflammatory
markers [17, 18, 19, 20].

The increase in lipopolysaccharide levels is associated
with an increase in tumor necrosis factor-alpha (TNF-a)
gene expression in the hepatic tissue, which confirms the
role of endotoxemia in the development of steatohepatitis
[16]. It has been shown that SIBO with steatohepatitis is
associated with an increase in hepatic expression of TLR4
and the release of interleukin-6 and 8 (IL) -8 [9]. In our
study, we did not find differences between the levels of the
proinflammatory cytokines TNF, IL-6 and IL-10 in obese
patients, depending on whether or not they had SIBO.
Perhaps the fact is that previous studies were conducted in
adults, and among our patients, the inadequate exposure
of SIBO has not yet led to significant changes in these
indicators.

Since the early 1970s, adipose tissue has been recognized
as the link between inflammation and metabolism, demon-
strating that endotoxin enhances the release of free fatty
acids from visceral adipose tissue [8]. The identification
of chronic release of cytokines such as TNF-alpha from
adipose tissue has triggered a wave of studies showing
that obesity presents a complex and integrated immune
system of adipose tissue that includes both congenital
and acquired components [9, 10]. Within this network,
multiple innate pathways of inflammatory signals such as
inflammasomes, lysosomes, NF-kB, and JNK contribute to
metabolic destruction [11-14]. These acute inflammatory
signals cannot always counteract the metabolic adaptation
to excessive nutrition and in fact may be required for an
adequate response in adipose tissue. Proinflammatory
cascades within adipocytes are required for adipogenesis
and hypertrophy of adipocytes with a change in the high-
fat diet (HFD) (15). Within a short time, the HFD in mice
induces IR regardless of inflammation and is characterized
by NKT-mediated alternative activation of resident tissue
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macrophages of adipose tissue [16, 17]. Thus, inflammatory
responses in this context probably represent an adaptive
response that allows the expansion of healthy adipose tissue
and effective fat storage [18].

On the one hand, SIBO can induce the activation of blood
leukocytes with the help of circulating LPS, on the other
hand the metabolic inflammation in obesity stimulates the
bone marrow for leukopoiesis [19]. In our study children
with SIBO had higher level of ESR but the significance of
differences wasn’t sufficient, also we observed the higher
neutrophil-to-lymphocyte ratio (NLR) level in SIBO group
that indicates signs of more intensive inflammation in
obese children with SIBO.

Several studies have demonstrated the importance of
NLR as an indicator of subclinical inflammation in coro-
nary artery disease. It has been shown that high levels of
NLR could predict a risk of recurrence in patients with
various malignancies [20]. The study of Mehmet Asil et
al. showed that the neutrophil-to-lymphocyte ratio was
higher in patients with steatohepatitis than in patients
with simple steatosis and healthy controls. Taking into
account that the difference between patients with simple
steatosis and healthy controls was not statistically sig-
nificant, the increased neutrophil-to-lymphocyte ratio
in the patients with steatohepatitis can be attributed to
a low level of systemic inflammation accompanying the
hepatic inflammation [21]. Also it has been shown that
neutrophil-to-lymphocyte ratio increases with increasing
grade of non-alcoholic fatty liver disease in patients with
type 2 diabetes, and may be a convenient marker to follow
progression of non-alcoholic fatty liver disease [22]. We've
calculated ratio of relative count and it was significantly
higher in patients with SIBO, we suppose that this ratio
also can be considered as inflammation index that can be
useful in NAFLD patients.

We also found an increase in glucose and insulin levels
in patients with SIBO that can be explained by the anabolic
properties of microflora. Also it is known that the small
intestine plays a key role in glucose regulation and diabetes
pathogenesis. The central role of small intestinal motility on
the development of SIBO was highlighted in a recent study;
the authors concluded the primacy of altered small intesti-
nal motility on the development of SIBO. SIBO is present
in up to 40% of patients with diabetes with diarrhea [23].

One potential explanation for this effect might be the fact
that the microbiotas of obese individuals have an increased
capacity to breakdown non-digestible carbohydrates and
produce short-chain fatty acids, which would be subse-
quently absorbed, metabolized to more complex lipids
in the liver, and then stored in adipose tissue [8, 24, 25].

Indeed, as we see association between NAFLD and SIBO
can have bilateral character. Children with SIBO have
inverse metabolic and functional liver profile and also
NAFLD seem to be a risk factor for SIBO development in
this group of patients.

The limitations of the study are due to the fact that the
diagnosis of hepatic steatosis was not established on the
basis of the “gold standard” - the morphological study of

liver biopsy, but on the basis of the method of noninvasive
diagnostics - transient elastography of the liver with deter-
mination of the CAP function. However, it should be noted
that in most studies on the effect of SIBO on the course of
NAFLD, the routine ultrasound was used as the basis for
the diagnosis of steatosis, which is significantly inferior to
fibroscan in sensitivity and specificity.

CONCLUSIONS

Thus, SIBO has an effect on the structural and functional
characteristics of the liver resulting in higher insulin and
glucose level, higher NLR level and greater prevalence of
NAFLD. We can assume that NAFLD as far as MS are the
risk factors for SIBO development in obese children.
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ABSTRACT

Introduction: Considering significant gap of convincing knowledge in the field of cardiovascular effects of prolactin and its role as a stress hormone in men precise investigations
of these peculiarities has become necessary.

The aim of this study was to find out the relationship of prolactin concentration with parameters of arterial stiffness in hypertensive men with low testosterone.

Materials and methods: In total 83 men were examined including 27 apparently healthy individuals as the control group. Physical examination, ABPM, non-invasive evaluation
of arterial stiffness and central hemodynamics parameters, answering AMS questionnaire, evaluation of total testosterone and prolactin levels using ELISA were performed.
Results: Initially 56 hypertensive patients were divided into 2 groups with regard to their total testosterone level: group 1included 31 hypogonadal men, group 2 - 25 male
patients who had their testosterone concentrations within the normal range. Prolactin levels appeared to be significantly higher in hypertensive men with lower testosterone,
they had more unfavorable parameters of arterial stiffness and the difference between 1 and 2 group in terms of central a0SBP and aoPWV became statistically significant.
Prolactin concentration was not related with RWTT and index Aix% 75, a significant correlation was observed between prolactin and aoPWV. A strong correlation was found
between prolactin concentration and psychological symptoms in AMS.

Conclusion: Our study suggests the positive association of prolactin concentration with psychological domain of andropause symptoms and worse parameters of arterial
stiffness among hypertensive men with androgen deficiency.

KEY WORDS: hypertension, androgen deficiency, prolactin, arterial stiffness

INTRODUCTION

Prolactin is known as a multifunctional pituitary hormone
presented by a non-glycosylated protein which contains a
simple polypeptide chain of 198 amino acids. Prolactin is
synthesized and secreted by lactotropic pituitary cells in
diurnal rhythm, with its highest levels early in the morning.
The expression of its receptor is present in most peripheral
organs. The most prominent physiological role of prolac-
tin is the maintenance of lactation, but the effect of this
hormone also manifests itself in metabolic, osmotic and
immunoregulatory mechanisms [1].

Experimental studies conducted even 30 years ago
showed that prolactin has positive chronotropic and
vasoconstrictor effects [2]. In subsequent years, some
reports suggested a discrete role of prolactin in car-
diovascular system depending on its concentration
in the blood. High normal prolactin levels correlated
with parameters associated with hypertension, while
high or very high levels of prolactin (above reference
values) might adversely affect endothelial function and
perhaps other markers of atheromatosis [3]. The level of
prolactin in the blood is higher in men with a significant

Wiad Lek 2019, 72, 3, 357-361

increase of blood pressure (BP), while reducing of its
concentration may benefit the BP control. According
to Georgiopoulos et al., prolactin levels correlate with
BP values, possibly by the mechanism of increasing of
arterial stiffness, with no correlation with other tradi-
tional factors of cardiovascular risk. According to the
evaluation of many surrogate markers, for example,
endothelial and microcirculatory function, BMI, and
the fact of existence of atherosclerotic plaques, there
was no association between prolactin levels and athero-
sclerosis in women in early menopause, while men were
not included into the study [4]. In studies of next years,
prolactin receptors were discovered in atherosclerotic
lesions of the coronary arteries [5], which further indi-
cates the probable role of prolactin in atherosclerosis.
A recent analysis of Georgiopoulos et al. showed that
in women below 55 years of age prolactin is an inde-
pendent predictor of changes in the pulse wave velocity
(PWYV) over time, and a high normal level of circulating
prolactin suggests changes in hemodynamic parameters
and deterioration of endothelial function in healthy
postmenopausal women [6].
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The given data for women disagree with the results
obtained in the investigation of male population. It was
noted by Corona et al. that in a large number of men
who had been consulted about sexual dysfunction, the
decrease in plasma level of prolactin was associated with
a worse lipid profile and glycemic parameters, as well as
a higher incidence of metabolic syndrome and erectile
dysfunction [7]. According to the data of Reuwer et al.
the systemic concentration of prolactin did not appear to
be different in apparently healthy men from such women
characterized by development of coronary artery disease
during the observation period and those who did not
suffer from cardiovascular diseases, patients with higher
levels of prolactin did not show to have notably increased
risk of CAD [5]. The association of daily fluctuations of
circulating prolactin with decreased endothelial function
in men with arterial hypertension was also described [8].
Subsequently, Haring et al. found an independent posi-
tive association of prolactin concentration with a higher
10-year cardiovascular and total mortality [9]. A similar
result was obtained by Corona et al. - prolactin level was
considered as an independent predictor of cardiovascular
events in men with erectile dysfunction [10]. In spite of the
previous data, later Therkelsen et al. using the information
from the analysis of 4053 participants of the Framingham
Study did not find any association of prolactin with certain
cardiovascular risk factors [11].

Prolactin was also suggested to be a stress hormone
which could alter BP level but its correlation with anxiety
and depressive symptoms were clearly described most-
ly for female population [12]. Although the numerous
studies show the negative impact of prolactin elevation in
cardiovascular diseases (CVD), the global assessment of
prolactin levels in patients with CVD, particularly in males,
was not performed.

THE AIM

Since the previous studies were not gender-specific and
did not describe in detail the characteristics of vascular
remodelling depending on the level of circulating prolactin,
the aim of this study was to find out the relationship of
prolactin concentration with parameters of arterial stiffness
in hypertensive men with low testosterone.

MATERIALS AND METHODS

To accomplish the aim of the study after obtaining writ-
ten informed consent, 83 men were examined including
27 apparently healthy individuals who were included
into the control group. All the study participants in-
cluding the control group were comparable by age and
anthropometric parameters, and were subjected to
physical examination, daily blood pressure monitoring,
non-invasive evaluation of arterial stiffness and central
hemodynamics parameters using the BPLab VasoTens
system. The following parameters were studied: the aortic
pulse wave velocity (aoPWYV), the reflected wave transit
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time (RWTT), function (dP/dt), aortic augmentation
index (AIXao), Aix% 75 (normalized for the heart rate
of 75 bpm), ambulatory arterial stiffness index (AASI),
central aortic systolic blood pressure (central aoSBP).
Blood samples were obtained from study subjects in the
morning hours (8 am-10 am). Levels of serum prolactin
and total testosterone were assessed using a set of reagents
«Accubind», USA. All the study participants filled in
the AMS (Aging Male’s Symptoms) questionnaire which
is a 17-item self-report questionnaire for identifying
middle-aged and older men with androgen deficiency.
The results of the study were statistically analyzed using
software packages Microsoft Excel 2016 and Statistica 6.0
(license number AXXR712D833214FANS5). The results
were considered as statistically significant if p-value was
less than 0.05. The data is presented as the median and
interquartile interval.

RESULTS

Initially 56 hypertensive patients were divided into 2 groups
with regard to their total testosterone (TT) level: group 1
included 31 hypogonadal men, while remaining 25 male
patients had their TT concentrations within the normal
range and were grouped together as the group 2. The mean
age of participants was 57.4 £ 7.2,55.5 £ 7.2and 53.1 £ 8.0
for group 1, group 2 and control subjects respectively. Sta-
tistically significant difference between group 1 and group
2 regarding office systolic BP, office diastolic BP and heart
rate was not found.

As it was mentioned before, all study participants were
interviewed for symptoms of possible androgen deficiency
using AMS questionnaire. According to calculations of
total AMS score, patients’ symptoms were evaluated in
psychological, somatovegetative and sexual domains [13].
A total score was calculated based on Lickert scale for
each question. Total AMS scores of 37-49 and >49 points
which are classified as “moderate symptoms” and “severe
symptoms” respectively, were peculiar for 90.3% of patients
of Ist group and 64% of patients of 2nd group, besides the
strongest correlation was seen between total testosterone
level and sexual domain (Table I). In addition, a strong
correlation was found between prolactin concentration and
psychological symptoms. Somatic items did not correlate
significantly with named hormones.

The main characteristics of study groups are shown in
the Table I.

Seeing the contributing role of prolactin level in the
development of predominantly psychological symptoms
of androgen deficiency arises the need for the evaluation
of its possible role in clinical settings with reference to the
course of hypertension in these patients. Parameters of 24h
ABPM and indicators of arterial stiffness were assessed for
this purpose.

The group of patients with low testosterone level were
characterized by higher values of mean 24 h SBP com-
pared to men with normal testosterone level. It was also
noticed that more patients of group 1 have non-favourable
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Table I. Characteristics of study groups.

Group 1 (hypertensive men

Group 2 (hypertensive men Control group

Parameters with low TT) with normal TT) (n=27)
(n=31) (n =25) ~
TT, ng/mL 1.56 [1.27; 1.82]*# 3.08 [2.55; 3.72]* 4.25[2.89; 4.83]

Prolactin, pg/mL 12.62[10.55; 15.49]*#

10.45[9.18; 12.61] 10.26 [5.11; 12.11]

AMS score: 41 [38; 46]°#
-total score 7 14:9]
-somatovegetative domain :
. . 13 [9; 171*#
-psychological domain
-sexual domain 13[8: 17744

33 [28;37]* 28 [22; 30]*#
6 [4; 8] 5 [4;8]
10 [8; 13]* 9[7; 12]*#
11[8; 14]* 9[6; 13]*#

Note: * - p<0.05 compared to control group, # - p<0.05 compared to group 2;

TT - total testosterone, AMS — Aging Male’s Symptoms Score

Table II. Parameters of central hemodynamics and arterial stiffness of study participants

Group 1 (hypertensive

Group 2 (hypertensive men Control group

Parameters men with low TT) (n = 31) with normal TT) (n = 25) (n=27)
Central aoSBP, mm Hg 128 [122; 134]*# 124 [121;132]* 116 [114;119]
aoPWV, m/s 11,219,1; 11,81*# 10,1 [9,4;10,6]* 8,1[7,6; 8,6]
RWTT, ms 128 [126; 135]* 125[123;137]* 118.5[106.3; 130.8]
Aix %75 -28.5[-36.8; -18.5]* -27.5[-36.4;-19.0] -34[-37.5; -30.5]
AASI 145.5[129.8; 167.3] 140.5[115.3; 165.8] 135.5[119.3; 147.8]

Note: * - p<0.05 compared to control group, # - p<0.05 compared to group 2
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Figure 1. Correlation between prolactin level and aoPWV.

circadian pattern of BP (69% of non-dippers in 1 st group
vs. 45% in 2nd). The correlation of prolactin with these
parameters turned out to be non-significant. Prolactin
levels appeared to be significantly higher in hypertensive
men with lower testosterone (median 12.62 [10.55; 15.49]
versus 10.45 [9.18; 12.61] ng/mL (P=0.037) in group 2 and
10.26 [5.11; 12.11] ng/mL (P=0.0007) in control group).

However, the correlation of prolactin with testosterone was
insignificant (P=0.1).

In the matter of central aortic SBP, it appeared to be
significantly higher in patients with lower values of total
testosterone compared to those without androgen deficien-
cy and control subjects. There were also notable differences
in parameters of arterial stiffness (Table II).
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As demonstrated in Table II, men with low testosterone
level who were also characterized by higher prolactin level
had more unfavorable parameters of arterial stiffness and
the difference between 1 and 2 group in terms of central
aoSBP and aoPW'V became statistically significant.

Further analysis showed that prolactin concentration was
not related with RWTT (r=0.172; P=0.24 and index Aix%
75 (r=0.907; P=0.87). In contrast, a significant correlation
was observed between prolactin and aoPWV (r=0.87;
P=0.017) (Figure 1).

DISCUSSION

The question about the consequential role of prolactin in
processes of vascular remodelling in CVD has recently
arisen and lead to the continuing of in-deep investigation
of mechanisms of action of this hormone in the develop-
ment of cardiovascular pathology. Most studies concen-
trate on prolactin level as a contributor to atherosclerosis
in women in menopause, and the same data for men are
not widely available. The notable finding of the current
study is the demonstration of significant correlation of
prolactin level with parameters of arterial stiffness, that
is a0PWYV and AASI, as well as with indicators of central
hemodynamics (central aoSBP). Central BP is determined
among others by stroke volume, peripheral resistance
and arterial stiffness, emphasizing the role of the last as
a key antecedent factor for BP elevation. Thereby, adverse
cardiovascular effects of excess or upper boundary values
of prolactin can be argued [4].

Several possible ways of the impact of prolactin levels
in vascular remodelling were suggested, among them in-
fluence on vascular tone, mediation of low-grade inflam-
mation and induction of smooth muscle cell proliferation
are well described [14, 15].

Previous studies have described the association of
prolactin with an increase in BP, especially among post-
menopausal women [4, 16]. Similar results have been
shown in our study conducted among men.

Numerous studies conducted predominantly on male
population have shown the regulating role of prolactin
in acute psychological stress response but the type of
hormonal reaction on stress in these studies are incon-
sistent. Our data correspond to the results received by
Lennartsson et al., who demonstrated hormonal response
to the general physiological stress activation with an in-
crease in prolactin level. The present study revealed the
correlation between the score of psychological domain
in AMS questionnaire and prolactin concentration but
these results are limited by the fact that the magnitude of
psychological stress and levels of other stress hormones
were not investigated so the correlations shown in our
study cannot be used to assess the causality [17].

The probable mechanism of depressive disorders in
hyperprolactinemia suggests the reduced ability of neu-
rons in tubulofundibular region to produce dopamine
and the excessive expression of prolactin receptors in
the brain [18].
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CONCLUSIONS

In conclusion, our study suggests the positive association
of prolactin concentration with psychological domain
of andropause symptoms and worse parameters of ar-
terial stiffness among hypertensive men with androgen
deficiency. These findings may be in use for further
evaluation of prolactin as a predictor of poor prognosis
of CVD.
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ABSTRACT

Introduction: Cyclophosphamide has wide spectrum usage as first-line drug in cancer chemotherapy that is why a detailed study of its effect on individual cell populations is
of great interest for science and practice. The interaction of the nervous, immune and endocrine systems plays essential role in the homeostasis maintaining.

The aim: This study aimed to investigate the ultramicroscopic changes that occur in the parathyroid glands and thymus of male rats after cyclophosphamide administration.
Materials and methods: Twenty-four WAG matured male rats were divided randomly into two groups. The first group served as control and was provided 0.9% soluble sodium
chloride. The second group received cyclophosphamide in a dosage 200 mg/kg of body weight of animal by intramuscular single injection. All animals were sacrificed on the 7
and 30" day after injection. Parathyroid gland and thymus specimens were dissected out and processed for electron microscopy.

Results: The results showed that cyclophosphamide exposure caused marked ultramicroscopic changes in rats parathyroid glands and thymus. On the 7 day afterimmunosuppression,
the nuclei of parathyrocytes have deep wavy invaginations, amount of the organelles that participate in the protein synthesis is reduced to a minimum in the cytoplasm of the
chief cells. Characteristic feature is the appearance of numerous plasma cells and active macrophages in thymus. There is a tendency to normalization of the parathyroid structure
on the 30" day after administration of cyclophosphamide and reduction of mitotic activity of lymphocytes in thymus, which points to the development of involution process.

Conclusions: This data can be successfully extrapolated from experimental animals to humans.

KEY WORDS: Immunosuppression, Parathyroid glands, Thymus, Ultrastructure, Cyclophosphamide

INTRODUCTION
The concept of the parathyroid glands® structure has been
formed during hundreds of years due to the development
of microscopic technique and biological sciences [1]. Mod-
ern technologies have helped to obtain information about
the ultramicroscopic structure of the parathyroid glands
and their numerous compounds at different levels of the
organization [2]. However, there are plenty of questions,
the answers to which have not yet been found.
Parathyroid glands are aimed at sustaining one of the
main components of the normal functioning of the body
- calcium [3].The interaction of the nervous, immune and
endocrine systems plays an essential role in the homeo-
stasis maintaining [4].On the one hand, hormones affect
the immune reaction rate; on the other hand, the activity
of immunocompetent cells depends on the endocrine
status of the organism [5].This is a reason to assume that
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the disturbance of one of the components of this complex
status can lead to the imbalance of others. Moreover, the
interaction between the immune system and bony tissue
is beyond the doubt [6]. However, the morphogenetic in-
fluence of the immune system on the parathyroid glands
has not been extensively studied yet. Therefore, in the case
of treatment of patients with bone and joint pathology
by immunotropic medications the effect of this group of
drugs on the condition of the parathyroid glands must be
taken into account.

Recent studies show that different types of immunotropic
medicines have a significant role in the reducing endocrine
diseases’ risk factors. The parathyroid glands have a pro-
nounced ability to rebuilding of their structure under the
influence of various endogenous and exogenous factors
[7,8]. However, the authors mostly focus on immunolog-
ical and immunohistochemical studies of the parathyroid
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glands while the morphological aspects remain practically
unexplored [9].

The thymus is a primary lymphoid organ that provides
the microenvironment required for the development of
T-lymphocytes. Many investigators have reported that
thymus actively respond to a huge variety of exogenic
and endogenic factors [10-12]. Therefore, one of the most
promising directions in the problem solving of maintaining
homeostasis is the study of the immune system due to the
influence of immunotropic medications [13-14]. In the last
few decades, chemotherapeutic drugs are widely used in
healthcare settings as well as in the treatment community
of cancers and other diseases. Unfortunately, acute and
chronic dosing of chemotherapeutic agents is associated
with numerous side effects. Cyclophosphamide has wide
application as first-line drugs in cancer chemotherapy for
various tumors that is why a detailed study of the drug’s
effect on individual cell populations and the timing of their
recovery under various administration schemes is of vast
interest for science and practice [15].

Proceeding from all above-mentioned electron micro-
scopic study of the immune and endocrine system organs’
structural features is essential for the development of new
approaches for effective immunocorrection of the immune
and endocrine systems [16-17].

THE AIM

This research aimed to investigate the ultramicroscopic
changes that occur in the parathyroid glands and thymus
of male rats after cyclophosphamide administration.

MATERIALS AND METHODS
ANIMALS

The following experimental work was conducted on
24 WAG matured male rats with initial body weight 180-
200 g. White rats were used in the experiment because the
structure of their organs of the immune and endocrine sys-
tems is not fundamentally different from those of humans.
Keeping and manipulation of animals were carried out in
compliance with national and world norms of bioethics [18,
19]. Experimental protocols were approved by the ethical
committee of the Faculty of Medicine, Kharkiv National
Medical University.

EXPERIMENTAL DESIGN

Rodents were randomly divided into two groups. The first
group served as a control and was provided 0.9% soluble
sodium chloride. The second group of animals received
cyclophosphamide in a dosage 200 mg/kg of body weight
of animal by intramuscular single injection. Rats used in
the study were culled by cervical dislocation of the neck and
tissue samples were collected on the 7"and 30™ day after the
injection. The parathyroid glands were extracted according
to the original method, which has been described in detail

in the patent[20]. The thymus was dissected with adjacent
adipose and connective tissue in order to save its structure
for further investigation.

ELECTRON MICROSCOPY

Materials for electron microscopy studies were further
immersed in Karnovsky’s fixative, postfixed in 1% osmium
tetraoxide for 1hour, dehydrated in an increasing ethanol
series, infiltrated and embedded in EponAraldide resin.
Ultrathin sections were cut with UMTP-4 ultramicrotome.
The ultrathin sections were mounted on copper grids, dou-
ble-stained with uranyl acetate and lead citrate and observed
in EM-125 transmission electron microscope (TEM).

RESULTS

The parenchyma of the parathyroid glands of the control
group of animals is represented mainly by chief cells, which
contain numerous membrane-limited secretory granules
as well as usual cytoplasmic organelles. Chief cells play
an essential role in calcium homeostasis by releasing the
appropriate amount of parathyroid hormone to maintain
normal blood calcium levels. Chief parathyrocytes are
organized as cords or clusters of cells supported by a loose
connective tissue in which capillaries are embedded.
Membrane interdigitations are well developed and form
extensive complexes. Desmosomes also occur, but less
frequently than interdigitation. In addition, the chief cells
are classified into light cells and dark cells showing differ-
ent functional phases of a single cell type. It is presumed
that individual cells undergo periods of active secretion
followed by periods of physiologic rest.

The cytoplasm of active chief cells in the parathyroid
glands of the control group animals is finely granular and
contains an abundant narrow rough endoplasmic reticu-
lum, numerous dictyosomes of Golgi apparatus and occa-
sional granules of glycogen, numerous secretory granules,
and rare cilia. The nuclei are oval or spherical with occa-
sional shallow invaginations. Inactive chief cells contain
rare cisternas of rough endoplasmic reticulum and small
Golgi apparatus, few secretory granules, and abundant
glycogen. Lipid inclusions are membrane-limited and they
are also prominent in many of inactive chief cells (Fig. 1).

The oxyphilic parathyrocytes derived from chief cells as
aging or some metabolic derangements. They are observed
either singly or in small groups between chief cells. Elec-
tron microscopy of the control series rats has shown that
oxyphils are found in less number. The size of oxyphils is
larger than size of chief cells. The cytoplasm of oxyphils is
filled with numerous rod-shaped mitochondria. Organelles
involved in protein synthesis are reduced to a minimum.
Glycogen and lipid droplets are found in almost all cells,
in some, there are single secretory granules.

On the 7* day after immunosuppression, most of parathy-
rocytes have irregular shape, clear boundaries and well-de-
fined intercellular contacts. Active chief cells are fewer than
in rats of the control group. Some cells shrink and contain
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Fig. 1. Parathyroid gland of the control rat (7th day). TEM.
Magnification x8000.

(P — chief parathyrocyte, N — nucleus, NU- nucleolus, | — interdigitation,
G - secretory granules.

signs of apoptosis. The nuclei of chief parathyrocytes are
shifted to the periphery. They are irregular in shape and
contain deep wavy invaginations, chromatin condenses.
The electronic density of the nuclei increases in comparison
with the control group of rats. The chromatin is located in
the form of clumps on the periphery of the nucleus.

The cytoplasm of the chief cells contains poorly devel-
oped organelles and infrequent secretory granules. The
Golgi apparatus is small and relatively inconspicuous.
There are numerous lipid droplets and lysosomes. The
number of mitochondria increases; they have a bean-
shaped or oblong form with deep transverse cristae and an
increased electronic density of their matrix. The capillaries
are distended, slightly curved, and narrowed along the
whole length. Additionally, some capillaries are marked
with erythrocyte aggregations (Fig. 2).

Lastly, the oxyphills increase dramatically in number on
the 7 day after immunosuppression. General structure
of the oxyphills has no significant changes in comparison
with control rats.

On the 30" day after the administration of cyclophospha-
mide to rats, the morphological pattern of the parathyroid
glands at the ultramicroscopic level of the organization is
different. At the same time, there is a tendency to normal-
ization of the shape of cells and their nuclei. In the field of
vision there are single dark cells. Some parathyrocytes have
electronically dense nuclei with invaginations. The number
of secretory granules in the cytoplasm is visually reduced in
comparison with control animals. Lipid droplets of various
electron densities are located on the periphery of parathy-
rocytes. There are single blood capillaries with a smaller
diameter than in the slides of the control animals (Fig. 3).

The cellular composition of the cortex of the intact ma-
tured rats’ thymus is represented by two main populations
- lymphocytes and REC (reticuloepithelial cells). Lympho-
cytes of the control group animals’ thymus have a regular
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Fig. 2. Parathyroid gland of the experimental rat (7" day). TEM.
Magnification x8000.

DP — dark parathyrocyte, A — signs of apoptosis, NU- nucleolus,
M — mitochondria.

rounded or slightly elongated shape with a smooth outer
surface and characterized by high nuclear-cytoplasmic ra-
tio. Small lymphocytes predominated in the inner layer of
the thymus cortex. Their large, rounded nuclei are localized
somewhat eccentrically, sometimes are invaginated, and
have compact chromatin. The narrow electron-enlightened
cytoplasm contains single spherical mitochondria and
many free ribosomes.

Well-developed agranular endoplasmic reticulum is rep-
resented mainly by tubules and cisterns. The elements of
the smooth endoplasmic reticulum are connected with the
cisterns of the granular endoplasmic reticulum and the cell
membrane. The mitochondrial matrix of lymphocytes is
characterized by a significant electron-optical density. The
lysosomal apparatus is represented by primary lysosomes,
secondary lysosomes, and residual bodies.

The medium-sized lymphocytes were detected, the nuclei
of some of them had 2 nucleoli. In the subcapsular zone of
the thymus, lymphoblasts, the precursors of T lymphocytes,
were detected. In subcapsular and, less, in the cortical
zones are located mitotically dividing cells, a characteristic
feature of which is the presence of dilated tubules of the
endoplasmic reticulum near the plasmalemma (Fig. 4).

Within 7 days after the administration of cyclophos-
phamide, the ultrastructure of lymphocytes has a typical
structure: chromatin in the form of lumps located along
the periphery of the nucleus, a thin cytoplasm contains
ribosomes and polysomes, sometimes there occur mito-
chondria.

Along with this, a large number of dark lymphocytes ap-
pear, representing a special pool of cells. They have smaller
dimensions, vague boundaries, an electronically dense
nucleus with condensed chromatin, a narrow cytoplasm
rim around it with practically indistinguishable organelles.

Characteristic feature of the ultramicroscopic structure of
the thymus after the application of cyclophosphamide is nu-
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Fig. 3. Parathyroid gland of the experimental rat (30" day). TEM.
Magnification x8000.

(P — chief parathyrocyte, N- nucleus, G — secretory granules,

BC —blood capillary.

Fig. 5. Thymus cortex of the experimental rat (7™ day). TEM.
Magnification x8000.

L — lymphocyte, DR — dark lymphocyte, PI — plasma cell, N- nucleus,
Cp — cytoplasm.

merous plasma cells, apparently migrating to the parenchyma
of the organ from perivascular spaces. They have a rounded
shape, large size, smooth contours. Nucleus of various sizes,
irregular shape, invaginated, often located eccentrically,
electronically dense, contain condensed chromatin. The cyto-
plasm is filled with dilated tubules of a granular endoplasmic
reticulum with electronically dense contents. Only a light
perinuclear region, poor in organelles, is preserved. Some-
times rounded mitochondria with destroyed cristae occur.

Many active macrophages are noted, as can be seen from
the presence of secondary lysosomes and residual bodies
in their cytoplasm. This picture is similar to electron
microscopic changes in the structure of the thymus in
involution, which indicates its active response to the use
of an immunosuppressant (Fig. 5).

Fig. 4. Thymus cortex of the control rat (7*" day). TEM.
Magnification x8000.

L- lymphocyte, Lb — lymphoblast, N — nucleus of the lymphocyte,
(Ch — chromatin, Cp — cytoplasm.
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Fig. 6. Thymus cortex of the experimental rat (30" day). TEM.
Magnification x8000.

L — lymphocyte, M — macrophage, Iz — lyzosomes, N- nucleus,
Cp — cytoplasm.

30 days after the administration of cyclophosphamide,
the general features of the ultramicroscopic structure of the
thymus are similar to those of the control group of animals.
The presence of a large number of plasma cells is observed,
the distinctive feature of which is the presence of dilated
and deformed tubules of the granular endoplasmic retic-
ulum filled with electron-dense contents, which indicates
a disturbance of the metabolism of immunoglobulins with
a shift towards intracellular accumulation. Distinctively
seen their clock-face chromatin pattern where small dots
symmetrically rim the nuclear membrane according to
numbers on a clock.

Within eyeshot, the number of large macrophages increases,
a large round or oval nucleus with a predominance of decon-
densed chromatin, numerous mitochondria, and lysosomes in
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the cytoplasm. Sometimes appear eosinophils and neutrophils of
atypical structure. There is an increase in the number of connec-
tive tissue elements of the thymus stroma, in particular, collagen
fibers, in comparison with the control group of animals (Fig. 6).

DISCUSSION

The principal change in the parathyroid glands of exper-
imental rats compared to control animals of a similar age
is the transformation of the population of active chief cells
into inactive cells in less active stage of their secretory
cycle. Ralph Y.C. reported that after the administration of
methotrexatum active chief cells are fewer than in rats of
the control group [21]. Moreover, cells were characterized
by an electron-transparent cytoplasm which contained few
organelles and secretory granules. A similar condition was
reported by Toneto M. G. et al. [22]

Fournier C. et al. suggested that administration of high
doses of cyclophosphamide is based on its ability to inhibit
the proliferation of any metabolically active cells [15]. This
allows us to explain the tendency to a decrease in all the
organelles that are involved in protein synthesis. Kafetzis
L. D. observed that the initial response (within 24 hours) to
parathyroid suppression caused by heavy metals in rabbits
was depletion of secretory granules, however, chronically
stimulated chief cells had similar numbers of granules to
cells in control rabbits [1].

Ge Q. and Zhao Y. were the first who discover that the
administration of immunosuppressive drugs could lead to
transformation of the nuclei and formation of the numer-
ous invaginations of the nuclear envelope [21].

Avilova et. al. investigated the impact of xenobiotics on
the thymus ultramicroscopic structure and revealed similar
immunosuppressive effect as during administration of cy-
clophosphamide. Was observed thymocyte loss with more
active process of involution due to activation of apoptosis
and appearance of degenerative changes [10].

In research of Elmore S.[11] thymus has been shown to
be a sensitive target organ following exposure to immuno-
toxicants and endogenous corticosteroids, and a decrease
in size or weight is often one of the first noted measures
of compound-induced effects with cortical lymphocytes
being especially susceptible. Therefore, changes in thymus
histopathology and architecture are considered to be of
particular relevance for immunotoxicity screening.

CONCLUSIONS

1. The results showed that cyclophosphamide exposure
caused marked ultramicroscopic changes in the rats’
parathyroid glands and thymus. On the 7th day after
the administration of cyclophosphamide parenchyma of
the parathyroid glands consists of mainly inactive chief
cells. The nuclei of the parathyrocytes are shifted to the
periphery and have deep wavy invaginations. Amount of
the organelles that participate in the protein synthesis is
reduced to a minimum. The outcome of thymus investi-
gation allows to trace clearly the propensity to accidental
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involution development: there is a large number of dark
lymphocytes, plasmocytes, macrophages.

2. There is a tendency to normalization of the shape of
parathyrocytes and their nuclei on the 30" day after
the administration of cyclophosphamide to rats. In the
field of vision, there are active dark chief cells, which
may indicate the resumption of active synthesis of the
parathormone. Reduction of lymphocytes mitotic activ-
ity, the presence of a large number of plasmocytes and
macrophages with a characteristic structure, prolifera-
tion of connective tissue indicates the development of
involutive processes in the thymus.

3. Investigating dynamic ultrastructural changes of para-
thyroid gland and thymus indicating intensive reactions
of this organs to exogenous effects, cause huge interest
in further study of their structure in immunostimula-
tion, the results of which will be reflected in our future
publications.

4. The results of a comprehensive evaluation of the morpho-
logical structure of rats’ parathyroid glands and thymus
at the ultramicroscopic level complement and extend the
theoretical understanding of the interaction between
endocrine and immune system. Revealed changes may
be related to the generality of embryonic development
of the parathyroid gland and thymus.
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OCENA POZIOMU KONCENTRACJI IRYZYNY U KOBIET
ZWYSILKOWYM NIETRZYMANIEM MOCZU PO ZASTOSOWANIU
ZEWNETRZNEJ NEUROSTYMULACJI MAGNETYCZNE)
(EXTRACORPOREAL MAGNETIC INNERVATION - EXMI)
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STRESZCZENIE

Wstep: W Polsce nietrzymanie moczu (NTM) to dziewiaty co do czestosci zgtaszany problem zdrowotny. Wystepuje on u 15,4% kobiet powyzej 60. roku zycia (dane Gtéwnego
Urzedu statystycznego z 2016 roku). Poszukiwanie optymalnych metod leczenia tego schorzenia oraz obiektywnych metod oceny skutecznosci terapii stanowi wyzwanie dla
interdyscyplinarnego zespotu spegjalistéw.

Cel pracy: Ocena koncentragji iryzyny u kobiet z wysitkowym nietrzymaniem moczu po zastosowaniu zewnetrznej neurostymulacji magnetycznej (ExMI).

Materiaty i metody: Do badan wiaczono 52 kobiety z wysitkowym nietrzymaniem moczu, ktére przydzielono losowo do grupy eksperymentalnej (n=28) i grupy kontrolnej
(n=24). W grupie eksperymentalnej wykonano 12 zabiegéw zewnetrznej neurostymulacji magnetycznej (ExMI). W obu grupach w ocenie poczatkowej i koricowej wykonano:
ocene poziomu koncentragji iryzyny oraz stopien nasilenia nietrzymania moczu przy uzyciu The Revised Urinary Incontinence Scale (RUIS).

Wyniki: Po terapii w grupie eksperymentalnej wykazano istotny statystycznie wzrost koncentraji iryzyny oraz istotne statystycznie zmniejszenie stopnia nasilenia nietrzymania
moczu. Nie wykazano istotnej statystycznie korelacji miedzy poziomem koncentragji iryzyny i stopniem nasilenia nietrzymania moczu.

Whioski: Istnieje potrzeba dalszych badan parametrdw biochemicznych w ocenie dysfunkcji miesni dna miednicy

SEOWA KLUCZOWE: wysitkowe nietrzymanie moczu, zewnetrzna elektrostymulacja magnetyczna, iryzyna

ABSTRACT

Introduction: In Poland, urinary incontinence (UI) is the ninth in frequency of reported health problem, which occurs in 15.4% of women over 60 years of age (data of the
Central Statistical Office of 2016). The search for optimal treatment methods for this disease and objective methods for assessing the effectiveness of therapy is a challenge for
an interdisciplinary team of specialists.

The aim: To examine the effect of Extracorporeal Magnetic Innervation (ExMI) on the Irisin concentration in women with stress urinary incontinence.

Materials and methods: A total of 52 women were included in the analysis: 28 participants were allocated to the experimental group (EG) and 24 to the control group (CG).
EG patients completed ExMI therapy, whereas no therapeutic intervention was applied to the CG. Irisin concentration, severity of urinary incontinence (RUIS) were measured
in all women at the initial and final assessments.

Results: By comparing the initial and final assessment results we have been able to demonstrate a statistically significant differences in the measured variables in the EG.
No statistically significant differences in the measured variables were reported for the (G at the initial and final assessments. No correlation was observed between the Irisin
concentration results and severity of urinary incontinence in the EG at the final assessment.

Conclusions: There is a need for further studies of biochemical parameters in the assessment of pelvic floor muscle dysfunction.

KEY WORDS: stress urinary incontinence, extracorporeal magnetic innervation, Irisin
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WSTEP

W Polsce nietrzymanie moczu (NTM) to dziewigty co
do czestosci zglaszany problem zdrowotny wystepujacy
u 15,4% kobiet powyzej 60. roku zycia (dane Gléwnego
Urzedu statystycznego z 2016 roku) [1]. Wedtug WHO
choroba, ktéra dotyczy minimum 5% spoleczenstwa na-
bywa status choroby spotecznej [2]. Dane te jednoznacznie
pokazujg, ze poszukiwanie optymalnych metod leczenia
tego schorzenia oraz obiektywnych metod oceny skutecz-
nosci terapii stanowi wyzwanie dla interdyscyplinarnego
zespolu specjalistow.

Etiopatogeneza nietrzymania moczu byla przedmiotem
badan wielu autorow. Wedlug teorii integralnej przyczyna
wysilkowego nietrzymania moczu jest ubytek kolagenu
i elastyny w $cianie pochwy lub/i niewydolnos$¢ anato-
micznych struktur otaczajacych pochwe, jak réwniez zwia-
zanych z nig mie$ni, wigzadel i tkanki tacznej dna mied-
nicy [3]. Badania wykazaly réwniez, Ze w mechanizmie
trzymania moczu role odgrywa takze migsien dzwigacz
odbytu. Przy wysitku dochodzi do odruchowego skurczu
okolocewkowych wiokien tego migsnia. Badania histopato-
logiczne przysrodkowych pasm miesnia dzwigacza odbytu
wykazaly, ze zawierajg one dwa typy wlokien: wtdkna typu
I (wolnokurczliwe) i wtokna typu II (szybkokurczliwe).
Przy wzroscie ci$nien $rédbrzusznych do zabezpieczenia
cewki moczowej przed wyciekiem moczu wymagany jest
udzial widkien szybkokurczliwych [4]. Natomiast status
biochemiczny tego mig¢snia ulega zmianom, powodujac
wzrost liczby wldkien wolnokurczliwych i jednoczesnie
zanik widkien szybkokurczliwych (niezbednych do
amortyzacji wzrostu ci$nien srodbrzusznych). Pozwolito
to na wysuniecie teorii, ze podstawowym mechanizmem
powstawania wysitkowego nietrzymania moczu (SUT —
stress urinary incontinence) u kobiet jest wlasnie zanik lub
uposledzenie funkcji widkien typu II dzwigacza odbytu
[5]. Przemiana wldkien mie$niowych typu II w typ I jest
korzystnym, fizjologicznym mechanizmem adaptacji do
wysitku w innych mig$niach szkieletowych, jednakze gdy
mechanizm ten wystepuje w otoczeniu cewki moczowej
wywoluje efekt negatywny w postaci SUI. Wysitkowe
nietrzymanie moczu u kobiet zwigzane jest rowniez
z niewydolno$cig aparatu wi¢zadlowego podtrzymujacego
cewke moczowg (koncepcja ,hamaka”) i/lub zwiotczeniem
zwieracza cewki moczowej, ktdre jest nastepstwem zmian
w ukladzie migsniowo-powieziowym dna miednicy [6, 7].
Wzmocnienie tego ukladu stanowi cel nadrzedny w te-
rapii wysitkowego nietrzymania moczu. Cel ten mozna
osiggnac za pomocyg metod fizjoterapeutycznych, takich
jak: ¢wiczenia mig$ni dna miednicy, elektrostymulacje,
biofeedback i zewnetrzng neurostymulacje magnetyczna
(ExMI — Extracorporeal Magnetic Innervation). ExXMI jest
to metoda wygodna, nieinwazyjna i bezbolesna. Pacjent
siada w ubraniu na specjalnie skonstruowanym fotelu
zabiegowym. W siedzisku fotela umieszczona jest gtowica
terapeutyczna, ktéra wytwarza pole magnetyczne o wyso-
kich wartosciach indukgji elektromagnetycznej (2Tesle)
oraz czestotliwo$¢ 10-50 Hz. Pole magnetyczne dziala
na witékna ruchowe nerwdéw sromowych i trzewnych.

Aktywacja pompy sodowo-potasowej i depolaryzacji
neuron6éw ruchowych powodujg torowanie impulséw
w plytkach nerwowo-migéniowych, ktére wyzwalajg skurcz
mies$ni w unerwionym obszarze [8, 9]. Migénie jako organ
endokrynny podczas aktywnosci fizycznej wydzielajg lo-
kalne hormony tkankowe — miokininy, ktérych aktywnos¢
wplywa na komunikacje miedzy tkankami i metabolizm
organizmu. Jedna z tych miokinin - iryzyna (Ir), opisana
po raz pierwszy w 2012 roku przez Bostrém i wsp. [10]
jest fragmentem blony typu I zawierajacej biatko 5 do-
meny fibronektyny typu III (ENDCS5 — fibronectin type I11
domain-containing protein 5). Ir jest wydzielana z mie$ni
szkieletowych w odpowiedzi na wysilek fizyczny i indu-
kuje brazowienie bialej tkanki ttuszczowej oraz przemiang
zmagazynowanej w mig¢$niach energii w energie cieplna, co
w rezultacie powoduje zwiekszone zuzycie tlenu i wigksza
dostawe energii [10-13].

CEL BADAN

Celem badan byla ocena koncentracji iryzyny u kobiet
z wysilkowym nietrzymaniem moczu po zastosowaniu
zewngtrznej neurostymulacji magnetycznej (ExMI).

MATERIALY | METODY

PROJEKT BADANIA
W okresie od marca do maja 2017, 71 kobiet z nietrzyma-
niem moczu zostalo zakwalifikowanych do randomizo-
wanych badan klinicznych z grupg kontrolng. Podzialu na
grupy dokonano za pomoca prostego, losowego wybierania
kopert, ktore zawieraly numer przydziatu do grupy z wyge-
nerowanej komputerowo tabeli liczb losowych. Na pierw-
szym etapie 16 kobiet zostato wykluczonych (14 z nich nie
spelniato kryteriow wlaczenia, a 2 odmowily uczestnictwa).
Nastepnie 55 kobiet zostato losowo przydzielonych do grupy
eksperymentalnej (GE) i grupy kontrolnej (GK). Lacznie 3
uczestniczki nie skonczyly badania: 2 kobiety wycofaly sie
w trakcie 4-tygodniowej interwencji z GE, a 1 kobieta z GK
nie pojawita si¢ na badaniach koncowych. W zwigzku z tym
52 kobiety ukonczyly badanie (GE n=28; GK n=24). W celu
zwigkszenia jakosci raportowania wykorzystano Consolida-
ted Standards of Reporting Trials (CONSORT) (Ryc. 1) [14].

U wszystkich kobiet przed terapia przeprowadzono
wywiad dotyczacy okolicznosci, w ktorych dochodzi do
gubienia moczu, wystepowania schorzen wspolistniejacych
oraz wykluczono przeciwwskazania do terapii. Rodzaj nie-
trzymania moczu zostal potwierdzony za pomocg diagnozy
lekarskiej oraz dodatkowo za pomocg The Questionnaire
for Urinary Incontinence Diagnosis (QUID). QUID jest
6-punktowym kwestionariuszem dotyczacym objawdw
nietrzymania moczu, ktéry zostal opracowany w celu
zdiagnozowania rodzaju nietrzymania moczu. QUID ma
akceptowalne cechy psychometryczne i jest powszechnie
stosowany w badaniach klinicznych [15].

Kryteria wlaczenia do badan stanowily: wiek 60 lat
i powyzej, zdiagnozowane wysitkowe nietrzymanie
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Ryc. 1. Schemat badania.

moczu oraz wykluczenie przeciwwskazan do terapii
(utrudniony kontakt z pacjentem, czynny proces nowo-
tworowy; gora,czka; ostre stany zapalne; $wieze ztamania
w obrebie miednicy; przebyte zabiegi chirurgiczne w ob-
rebie miednicy; zaburzenie czucia w obrebie miednicy;
guzy i mie$niaki macicy; obnizenie macicy 3. stopnia;
hemoroidy; infekcje drég moczowych lub rodnych; po-
wazne oslabienie i/lub wada zwieracza cewki moczowej;
zakrzepica zyl glebokich; ostre infekcje; arytmia serca;
rozrusznik serca; choroby neurologiczne). Natomiast
kryteria wykluczenia z badan stanowily: wiek ponizej
60 lat, zdiagnozowane naglace i mieszane nietrzymanie
moczu; odbyte w ostatnich trzech miesigcach interwencje
terapeutyczne w leczeniu nietrzymania moczu (¢wiczenia
mies$ni dna miednicy, magnetoterapia, elektrostymulacja,
biofeedback) oraz wystepowanie wyzej wymienionych
przeciwskazan.
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METODY OBIEKTYWIZACJI EFEKTOW TERAPII
U wszystkich kobiet przed terapig oraz bezposrednio po
jej zakonczeniu dokonano:

1. Oceny stopnia nasilenia nietrzymania moczu, przy
uzyciu The Revised Urinary Incontinence Scale (RUIS).
RUIS to walidowana, pieciostopniowa skala, ktérg mozna
wykorzysta¢ do oceny stopnia nasilenia nietrzymania mo-
czu i monitorowania wynikéw leczenia. Wynik 0-3 - brak
nietrzymania moczu; 4—8 — fagodne nietrzymanie moczu;
9-12 — umiarkowane nietrzymanie moczu, a wynik 13 lub
powyzej — cigzkie nietrzymanie moczu [16].

2. Oceny poziomu koncentracji iryzyny.

Od kazdej uczestniczki pobrano 6 ml krwi na czczo
w probowkach z lekiem przeciwzakrzepowym EDTA.
Wykorzystany zestaw to test immunoenzymatyczny
(ELISA) BIOVENDOR IRISIN ELISA nr kat.: RA-
GO18R, Brno, Republika Czeska. Wykorzystany test jest
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Tabela I. Analiza poréwnawcza wszystkich badanych zmiennych w ocenie poczatkowej miedzy GB | GK.

. GE GK
Zmienna Statystyka (n=28) (n=24) p value
Koncentracja Iryzyn X 8,73 6,26
ja Iryzyny 0,052
(ng/ml) SD 1,76 2,05
RUIS X 9,64 7,79
0,051
(punkty) SD 4,09 2,10

n — liczba obserwacji; x — $rednia; SD — odchylenie standardowe, p value —

poziom istotnosci

Tabela Il. Analiza pordwnawcza wszystkich badanych zmiennych w ocenie poczatkowej i koicowej w GE i GK.

GE (n=28) GK (n=24)
Zmienna Statystyka Ocena Ocena p value Ocena ) p value
. Ocena koncowa
poczatkowa koncowa poczatkowa

Koncentracja X 8,73 10,67 6,26 6,66
Iryzyny 0,000* 0,063

(pg/ml SD 1,76 2,29 2,05 2,28

RUIS X 9,64 7,53 7,79 8,35
0,001* 0,234

(punkty) SD 4,09 3,56 2,10 2,71

n — liczba obserwacji; x - $rednia; SD — odchylenie standardowe, p value —

testem kompetycyjnym, w ktérym oczyszczony antygen
rywalizuje z antygenem w badanej prébce o wigzanie
z przeciwcialem, ktére zostato unieruchomione w dotku
plytki. Zestaw stuzy do ilo§ciowego oznaczania iryzyny
w ludzkim osoczu. Przeciwciato poliklonalne rozpozna-
jace natywna iryzyne reaguje z szeregiem wczesniej okre-
slonych standardowych biatek rekombinowanej iryzyny
lub probek w konkurencji na plytce powleczonej iryzyna.
Nastepnie przeprowadza si¢ reakcje barwna z substratem
(TMB), w wyniku ktorej powstaje niebieskie zabarwie-
nie. Reakcje zatrzymuje si¢ poprzez dodanie kwasnego
roztworu, w konsekwencji czego nastepuje zmiana
barwy z niebieskiej na z6itg. Absorbancj¢ zmierzono
przy 450 nm w czytniku ELISA. Wygenerowano krzywa
standardowg, wykreslajac $rednig absorbancje otrzy-
mang dla kazdego standardowego stezenia w stosunku
do odpowiedniego stezenia iryzyny (pg/ml). Obliczanie
stezen probek iryzyny przeprowadzono przez interpola-
cje wzoru krzywej regresji 4-parametrowego réwnania
logistycznego.

METODA TERAPEUTYCZNA

Pacjentki z GE poddane byly terapii przez 4 tygodnie,
z 3 sesjami w tygodniu po 15 minut. W terapii wykorzy-
stano urzadzenie NeoControl (Neotonus Inc., Marietta,
GA, USA). Zastosowano nastepujgce parametry pola
elektromagnetycznego: 2.0 Tesla; 50 Hz, “on” - 8 s, “of
” - 4 s; intensywnos$¢ od 20% do 100%. Intensywno$¢
stymulacji elektromagnetycznej byla dostosowywana
do maksymalnej wartosci tolerowanej przez pacjentke.
W grupie kontrolnej nie prowadzono Zadnej interwencji
terapeutycznej.

poziom istotnosci; *wyniki istotne statystycznie

ANALIZA STATYSTYCZNA

Analize statystyczng zebranego materialu przeprowadzo-
no w programie Statistica 10.0 firmy StatSoft. Do analizy
zmiennych postuzono si¢ zaréwno testami parametrycz-
nymi, jak i testami nieparametrycznymi. Wybér testu
parametrycznego uwarunkowany byt spelnieniem podsta-
wowych jego zalozen, tj. zgodnosci rozkladéw badanych
zmiennych z rozkladem normalnym, ktére zweryfikowano
testem Shapiro-Wilka. Do oceny zmienno$ci wewnatrz-
grupowej w dwodch populacjach postuzono si¢ testem
t-Studenta dla zmiennych zaleznych. Do oceny roéznic
miedzy dwiema grupami postuzono si¢ testem t-Studenta
dla zmiennych niezaleznych. Korelacje¢ miedzy badanymi
zmiennymi przeprowadzono przy uzyciu wspolczynnika
korelacji rang Spearmana. Za poziom istotnosci statystycz-
nej przyjeto p<0,05.

WYNIKI

W tabeli I przedstawiono statystyki opisowe i wyniki testu
t-Studenta dla wszystkich badanych zmiennych w ocenie
poczatkowej w GE i GK.

Poréwnujac wartos¢ p testu t-Studenta z poziomem
istotnosci a =0,05 wykazano brak istotnych statystycznie
roznic miedzy wynikami GE i GK w ocenie poczgtkowej.
Swiadczy to o jednorodnosci badanych grup.

W tabeli II przedstawiono statystyki opisowe i wyniki
testu t-Studenta dla poréwnania wynikow wszystkich
badanych zmiennych w ocenie poczatkowej i koncowej
wGEiGK

Poréwnujac wartos¢ p testu t-Studenta z poziomem
istotnosci a =0,05 wykazano istotne statystycznie roznice
we wszystkich badanych zmiennych w GE, natomiast nie
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Tabela lll. Analiza poréwnawcza wszystkich badanych zmiennych w ocenie koricowej miedzy GB i GK

GE

GK

Zmienna Statystyka (n=28) (n=24) p value
Koncentracja Iryzyn X 10,67 6,66
Ja lryzyny 0,000*
(ug/ml) SD 2,29 2,28
RUIS X 7,53 8,35
0,350
(punkty) SD 3,56 2,71

n — liczba obserwacji; x — $rednia; SD — odchylenie standardowe, p value — poziom istotnosci; *wyniki istotne statystycznie

wykazano istotnych statystycznie réznic we wszystkich
badanych zmiennych w GK.W GE wykazano istotne
statystycznie zwiekszenie poziomu koncentracji iryzyny
i zmniejszenie stopnia nasilenia moczu.

W tabeli III przedstawiono statystyki opisowe i wyniki
testu t-Studenta dla wszystkich badanych zmiennych
w ocenie koncowej w GE i GK.

Poréwnujac warto$¢ p testu t-Studenta z poziomem
istotnosci a =0,05 wykazano istotne statystycznie roznice
w wynikach koncentracji iryzyny oraz nie wykazano istot-
nych statystycznie réznic w wynikach stopnia nasilenia
nietrzymania moczu miedzy GE i GK w ocenie konicowe;.

Na ostatnim etapie badan w GE dokonano korelacji
miedzy wynikami koncentracji iryzyny i stopnia nasile-
nia nietrzymania moczu (RUIS) w ocenie konicowej. Nie
wykazano korelacji istotnych statystycznie (r= - 0.007).

DYSKUSJA

Opublikowane przez Bostrom i wsp. w 2012 roku bada-
nia [10] rozpoczely dyskusje nad czynnikami, ktore maja
wplyw na ekspresje iryzyny. Dostepne badania pokazuja, ze
do czynnikéw tych nalezg: wiek [17, 18], rodzaj aktywnosci
fizycznej i poziom wytrenowania [19-22], masa ciala [23,
24], jak réwniez choroby wspolistniejace [25-28] Zgodnie
znaszg wiedzg niniejsze badanie jest pierwszym, w ktéorym
oceniano ekspresje tej miokininy podczas aktywnosci
mie$ni dna miednicy. Wyniki pokazaly istotny statystycz-
nie wzrost koncentracji Ir po zastosowniu zewngtrznej
neurostymulacji magnetycznej w grupie starszych kobiet
z wysitkowym nietrzymaniem moczu. Wykazano réwniez
zmniejszenie stopnia nietrzymania moczu ocenianego za
pomoca The Revised Urinary Incontinence Scale. Korelacja
wynikow koncentracji Ir i stopnia nasilenia nietrzymania
moczu w grupie eksperymentalnej w ocenie koncowej nie
wykazala wynikow istotnych statystycznie, jednak warto
zwrdci¢ uwage na ujemny kierunek korelacji — wyzszy
stopien nietrzymania moczu wigzat si¢ z nizszym po-
ziomem koncentracji iryzyny. Nasze badanie traktujemy
jako badanie pilotazowe i planujemy jego kontynuacje
z uwzglednieniem dodatkowych zmiennych (parametry
antropometryczne, choroby wspolistniejace). Przeprowa-
dzone analizy sg probg odpowiedzi na pytanie, czy poziom
koncentracji miokinin moze stanowi¢ marker wskazujacy
na dysfunkcje miesni dna miednicy oraz by¢ przydatny
w obiektywizacji efektow terapii. We wcze$niejszych ba-
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daniach podjelismy probe oceny koncentracji miostatyny,
uzyskujac jej istotny spadek po zastosowaniu zaréwno
zewngtrznej neurostymulacji magnetycznej (ExMI) [29],
jak i ¢wiczen mie$ni dna miednicy (PEMT — pelvic floor
musckle training) [30].

WNIOSKI

1. Wyniki przeprowadzonych badan wykazaly istotny
statystycznie wzrost koncentracji iryzyny i zmniejszenie
stopnia nietrzymania moczu po zastosowaniu zewnetrz-
nej neurostymulacji magnetycznej.

2. Istnieje potrzeba dalszych badan parametréw bioche-
micznych w ocenie dysfunkcji miesni dna miednicy.
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ABSTRACT

Introduction: Nowadays, the study of biological safety of modern cationic surface-active antiseptics with a wide antimicrobial spectrum has acquired particular importance.
The aim was to study antimicrobial effectiveness of antiseptics decamethoxin, miramistin and their influence on nuclear DNA fragmentation and cellular cycle.

Materials and methods: A comparative microbiological study of antimicrobial efficacy and a cytometric study of the effect of decamethoxin 0,02% and miramistin 0,01%
on the cellular cycle were carried out.

Antimicrobial activity of decamethoxin and miramistin was estimated by their minimal inhibitory and minimal microbicidal concentrations against opportunistic microorganisms
using serial double dilution technique. Decamethoxin and miramistin cytotoxicity on anterior corneal epithelial cells, after their two-week daily instillation into the eyes of a
Vistar line male rats was studied using flow cytometry. The parameters of epithelial cellular cycle, nuclear DNA fragmentation and apoptosis under the influence of antiseptics
were registered.

Results: High antimicrobial effect of decamethoxin and miramistin against Gram-positive, Gram-negative bacteria with the significant advantages of decamethoxin were
found (p<0,001).

Decamethoxin caused minimal influence on anterior corneal epithelial cells, the insignificant decrease of their proliferation index, low increase of apoptosis (0.68%), no
difference of mitotic activity (p>0.05). But the use of miramistin resulted in the significant increase of nuclear DNA fragmentation, decrease of proliferative activity (p<0.05).
Conclusions: Higher antimicrobial effect against a wide range of opportunistic pathogens is proved in decamethoxin 0,02% comparably to miramistin 0,01% (p<0,001). In

prolonged antiseptic use of the first one there were found no cytotoxic and no pro-apoptotic effects on the epithelium (p<0,05).

KEY WORDS: antiseptics, apoptosis, decamethoxin, decasan, flow-cytometry, miramistin, cytotoxicity

INTRODUCTION
Antiseptic drugs have gained a prominent place in medi-
cine and pharmacy among the wide range of antimicrobial
agents, having been used in medicine for a long period of
time. Antiseptics are known to be chemicals and biological
agents, which possess the ability to inhibit the reproduc-
tion of microorganisms (bacteriostatic action) and to kill
them (bactericidal action), providing effective treatment
of purulent-inflammatory diseases and the prevention
of infectious complications. Antiseptics are medicines
containing antimicrobials or their combination and they
are permitted in accordance to the law for use in medical
practice [1, 2].

Antiseptic drugs are well known to obtain high antimi-
crobial activity in non-toxic doses to the patient. Compar-
ing the activity of antiseptics and antibiotics, it is necessary
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to note the higher antimicrobial effectiveness of antibiotics.
But, at the same time, there is essential difference between
the minimum effective concentration of the antibiotic in
the organism that provides the antimicrobial action and
the maximum concentration, which does not cause nega-
tive influence on the patient’s organism. Such an indicator
for antiseptics is known as the index of effectiveness of
medicinal antiseptic drugs. It is known that skin, mucous
membranes have a higher resistance to the damaging effects
of chemicals and drugs in comparison with body tissues.
Due to these properties, it is possible to use topical higher
concentrations of antiseptic drugs, comparably to biose-
curity antibiotic doses for internal organs cells [1, 3, 4].
Antiseptics, which possess a wide spectrum of antibac-
terial, antifungal, antiviral action, and effectively eradicate
resistant pathogens of infectious diseases, are acquired of
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particular importance. Detergents (surface-active sub-
stances) occupy an important place in antiseptics among
the well-known assortment of antiseptic agents of different
groups. Quaternary ammonium compounds (QACs),
which during the last century were characterized by high
antimicrobial efficacy in the fight against pathogens of in-
fectious complications, are worthy of particular attention
[1, 5]. The high index of biocompatibility of antiseptics,
containing quaternary nitrogen in its structure, opens up
new perspectives of their in-depth comprehensive study
and multi-vector application [6-9].

That is why, an in-depth study of the biological safe-
ty of modern QAC antiseptics with high microbicidal
properties, is relevant too. Among them modern QAC
antiseptic drug decamethoxin (DCM; 1,10-Decamethylene
bis (N, N-dimethylmethoxycarbonylmethyl) ammonium
dichloride) is known. Decamethoxin has been developed
and introduced into medical practice by the Ukrainian
scientists [3, 10, 11].

Nowadays, many years of experience of the effective clin-
ical use of this antiseptic have been accumulated. But, there
is a need for in-depth study of DCM effect on the eukaryotic
cell. There is still the lack of the knowledge of molecular
mechanisms of the QAC effects on the fragmentation of the
genetic material (nuclear DNA) and the cycle of epithelial
cells. Therefore, these studies are important for broadening
the perceptions about the properties of the agents, along with
the study of the antimicrobial properties of antimicrobial
agents on the basis of quaternary ammonium.

One of the contemporary research areas is the flow cy-
tometry method, which, in contrast to the classical micro-
biological methods, can provide information on molecular
changes at the level of the eukaryotic cell, assessing the
cytotoxic properties of the drugs. This method is suitable
for the analysis of drugs, including antiseptics, because it
allows one to accurately determine the content of nuclear
DNA in individual cells and the distribution of cells in
accordance with the phases of the cell cycle [12, 13].

THE AIM

The aim of our research work was to study of antimicrobial
effectiveness of modern antiseptic drugs as decamethoxin
and miramistin, based on the QAC, and their influence on
nuclear DNA fragmentation and cycle of eukaryotic cell.

MATERIALS AND METHODS
In the work, a comparative microbiological study of an-
timicrobial efficacy and a cytometric study of the effect
on the cell and its cycle of surface-active antiseptic drugs
based on DCM and miramistin (MR) produced by the
pharmaceutical industry of Ukraine were carried out. In
the research there was used the ready-made dosage form
of an antiseptic based on DCM, containing decamethoxin
200 pg/ml.

The other QAC antiseptic miramistin (Benzyldi-
methyl[3-myristoilamine)propyl]ammonium chloride

monohydrate), containing miramistin 100 ug / ml, was
chosen as a comparison preparation. Both drugs for the
experiment were purchased at the pharmacy network at
our own expense.

The microbiological study of the antimicrobial activity
of antiseptic drugs required determination of minimal
inhibitory (MIC) and minimal microbicidal (MmCC)
concentrations of DCM and MR against clinical strains of
opportunistic isolates of microorganisms as Staphylococcus
aureus (n=126), Enterococcus faecalis (n=18), Escherichia
coli (n=89), Enterobacter spp. (n=39), Klebsiella pneumoni-
ae (n=12), Acinetobacter baumannii (n=209), Pseudomonas
aeruginosa (n=127), Proteus mirabilis (n=34), Candida
albicans (n=35). There was used serial double dilution
technique in accordance with standard methodological
recommendations [14]. The analysis of antimicrobial ef-
fectiveness of ready-made dosage forms of an antiseptics
DCM and MR, were carried out by means of comparison
of indexes of antiseptic activity (IAA). In accordance
with the well-known method, IAA, which indicates the
efficacy of the drug, should be at least higher than “4”.
This index was defined for both antiseptics in accordance
with the well-known standard method by the ratio of the
concentration of the active antiseptic substance in its offi-
cinal medicinal form to the MIC of the same drug for the
relevant pathogen [4].

The effect of DCM and MR antiseptic drugs on nuclear
DNA fragmentation and epithelial cell cycle was studied
by flow cytometry in the experiment in vivo. Experi-
mental studies were performed on male rats of the Vistar
line, at the age of 3 months with a body weight of 150 g,
which were kept under standard vivarium conditions in
National Pirogov Memorial Medical University, Vinnyt-
sya. Animals were kept in the light mode: from 7:00 to
19:00 - light period (12 hours), from 19:00 to 7:00 — dark
period (12 hours).

Corneal epithelial cells (CEC) were selected as a model
of a single layer of epithelial cells in the whole organism for
the research of in vivo cytotoxic action of drugs and their
effects on the cell cycle. The use of CEC to study the effects
of drugs, in particular antiseptics, on cell division according
to phases of cell cycle and nuclear DNA fragmentation was
based on the natural ability of the anterior epithelium of
the cornea to complete the cycle of cell changes for 14 to
21 days, which in turn allowed us to investigate with the
highest accuracy the smallest changes in the vital functions
of individual cells of the whole organism, their proliferative
activity and apoptotic death [13, 15].

Depending on the studied antiseptic drug, the animals
were divided into two experimental groups per 10 animals
in each there were used: DCM - in the main monitoring
group and MR - in the comparison group. Both antiseptics
were installed to the right of the rats’ eyes 4 times a day
for 14 days. In all rats, involved in the research, left eyes
were intact ones.

To reduce the influence of the circadian rhythm on the pa-
rameters of the cellular cycle of the corneal anterior epithelium,
the collection of material for the cytometric study was carried

375



Oleksandr A. Nazarchuk et al.

Table I. The characteristics of antimicrobial activity of antiseptic drugs, based on decamethoxin and miramistin

Clinical isolates of

Decamethoxin (0,02 %)

Miramistin (0,01 %)

microorganisms Number MIC* (ug/ml) MCC** (ug/ml) MIC* (ug/ml) MCC** (ug/ml)
S.aureus 126 1,760,12 3,40+0,27 3,32+0,21 6,61+0,42
E.faecalis 18 1,50+0,19 3,65+0,42 5,03+0,75 10,07+1,44
E.coli 89 4,15+0,29 7,30+0,40 8,75+0,63 16,50+0,69
A.baumannii 209 27,92+1,58 57,5142,97 41,93+2,16 75,00£3,36
Paeruginosa 127 48,99+3,41 97,70+5,73 65,51+3,22 87,86+2,58
Pmirabilis 34 56,67+4,78 88,33+3,93 47,50+3,25 91,67+3,46
Enterobacter spp. 39 10,70+0,99 20,83+1,86 12,51+1,42 23,43+1,49
K.pneumoniae 12 11,06+1,44 21,15+1,67 14,11+2,40 24,63+2,48
C.albicans 35 8,39+0,51 15,36+0,90 17,50+1,05 28,57+1,50

*- minimal inhibitory concentrations; **- minimal cidal concentration.

out in the morning - from 10:00 to 11:00, and then the animals
underwent euthanasia according to the ethical principles.

Under anaesthesia (10 mg/kg propofol intraperitoneally),
under the control of the binocular microscope, a blade of a
disposable microsurgical knife keratoma was used to collect
the entire cornea of the CEC limited by limb. Subsequently,
the preparation of samples of CEC cell suspensions for per-
forming flow cytometric analyses was performed using a
special kit CyStain DNA Step 2 (Partec, Germany). In each
resulting sample of nucleic suspensions, 20.000 events were
recorded at one and the same flow rate (2 ml/sec). Fluores-
cence control was performed using a special DNA standard of
trout erythrocytes marked DAFI (Partec, Germany). During
the flow cytometry of nuclear suspensions of PE on DNA
histograms, a number of peaks were recorded. The first peak
was placed in Channel 200 at 1024 channels for the most
suitable for analysing the content of DNA on a linear scale,
by adjusting the gain in the desired channel and scale [14].
To exclude unwanted alarm, the limit 20 was set. The analysis
of the received DNA histograms was performed using multi-
functional scientific-research flow-cytometer Partec Pas and
analytical program FloMax (Partec, Germany).

The flow cytometry method allows to determine the
percentage values of the cells that are in the phase of DNA
synthesis (S-phase), as well as in the phases GOG1 (with
DNA content = 2 s, post-mitotic cell), G2 + M (tetraploid/
cells in which directly mitosis and there was a replication of
DNA). The analysis of the special indices obtained during
flow cytometry allowed to evaluate the proliferative activity
of the cells under study and the peculiarities of their death
by apoptosis under the influence of QAC antiseptic agents
[12, 13, 16, 17]. The statistical processing of the received
CEC cell cycle parameters was performed separately for the
right and left eyes using the Student’s parametric t-criterion
and the Man-Whitney nonparametric criterion [18].

RESULTS
The research of antimicrobial activity has demonstrated high
bacteriostatic and bactericidal action of antimicrobial drugs
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based on DCM and MR against a wide range of opportunistic
pathogens. As evidenced by the investigated relevant minimal
microbicidal concentrations of DCM and MR, there was found
high antimicrobial activity of both drugs against prominent
Gram-positive microorganisms (S.aureus, E. faecalis). Predomi-
nantly, Enterobacteria (E.coli, Enterobacter spp., K. pneumoniae),
as well as non-fermentative gram-negative representatives of
the Acinetobacter genus, has been found to have high sensitivity
to both of the studied antiseptic drugs (table I).

Also, DCM and MR have possessed effective fungistat-
ic and fungicidal effects on yeast-like fungi of the genus
Candida. Clinical isolates of Proteus spp. and Pseudomo-
nas spp. were found to had obtained lower susceptibility
to DCM and MR Corresponding high values of MCC of
DCM (88,33+3,93 pug/ml and 97,70+5,73 pug/ml) and MR
(91,67+3,46 pg/ml and 87,86+2,58 ug/ml) indicated their
low bactericidal properties against Pmirabilis and Paerugi-
nosa. The analysis of the antimicrobial activity of antiseptic
agents DCM and MR, by an IAA, has demonstrated signifi-
cant advantages of the dosage form containing the first one.

The IAA of DCM, was 6 times higher than the same cri-
teria in MR-based antimicrobial agent against enterococci
(p<0,001); predominated 4 times IAA of MR against S.au-
reus (p<0,001), 4 times - in the case of E.coli, (p<0,001), 3,3
times — Acinetobacteria (p<0,001), 2,2 times - in the case of
Klebsiella (p<0,01), 2 times higher — other Enterobacteria
(p<0,001). The advantages of 4 times higher antifungal
effectiveness of DCM-based antiseptic was found against
C.albicans (fig. 1; p<0,001).

Despite vivid resistance of Gram-negative pathogens as
Pmirabilis and Paeruginosa to DCM and MR, the sufficient
activity of an antiseptic medicinal product containing
0,02% DCM has been established. According to the data
of TAA, predominating criteria IAA, which exceeded
minimum acceptable threshold and were respectively 1,8
and 2,8 higher than the same ones in antiseptic medicinal
product containing 0,01% of MR (p<0,001).

Asaresult of this study, the absence of objective changes
in the eyes of rats was observed in the long-term use of
DCM and MR. Following a cytometric study after two
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Fig. 2. DNA-histogram of nuclei suspension of the corneal epithelium: a) the administration of DCM-based antiseptic for 14 days (OD); b) intact comparison eye (0S).

weeks of application of the antiseptic drugs, an evaluation
of the distribution of cells in the phases of the cell cycle
was performed. In the observation study group after daily
instillations of DCM in conjunctival cavity for 14 days there
were evaluated further criteria of the distribution of cells
in the phases of the cell cycle as GOG1 (93,13+0,99) %, S
(4,1240,57) %, G2+M (2,75+0,43)% (fig. 2; 3).

After the administration of antiseptic DCM, there has
been found no significant difference between the percentages
of CEC cells (4,12+0,57) %, which were registered in their
phase of DNA synthesis (S-phase) in comparison with the
intact eye (4,88+0,39) % (p>0,05). After the course of DCM
administration, the average values of the number of CEC
cells present in the GOG1 phase, which characterized mitotic
activity, did not differ from those of the GOG1 in the CEC of
the eyes which did not receive antiseptic instillations (p>0,05)
The percentage rate of G2+M was lower by 1,04% when
DCM having been used than in control eye. The observation
demonstrated insignificant difference with this indicator of
intact eyes. A detailed analysis of DNA-histograms has shown
the complete acceptability of the variation coeflicient (CV),
which was (5,94+0,16)% for GOG1 peak of CEC when DCM

had been used. And CV did not differ from the same criterion
in CEC of intact eyes (5,87+0,15) % (p>0,05; fig.3).

The results of cytometric studies showed that that the
index of proliferation of IP (6,87 £ 0,99%) in 1,3 times was
lower under two-weekly daily every six hours instillation
of DCM than in epithelial cells of CEC intact eyes. Under
the 14 days influence of DCM on CEC cells, the minimal
signal changes were recorded on DNA histograms that
corresponded to nuclei of cells containing DNA <2 sec-
onds in the range of SUB-GOD1. An insignificant increase
in the value of the apoptosis index (APO) of CEC cells
treated with DCM for 14 days was found to be 0.68% in
comparison with this indicator in the epithelial cells of
the cornea of the intact eye. The difference was statisti-
cally insignificant (p> 0.05), which seemed the absence of
nuclear fragmentation of DNA in corneal epithelium with
long-term use of DCM.

Under the experimental study of the daily installation
of MR antiseptic for a two-week period the CEC cell cycle
was characterized by a distribution of cells which differed
slightly from those of intact cells. According to received
data there was found the significant difference between
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Fig. 3. The cytometric characteristics of the parameters of the cell cycle of CEC with in vivo long-term use of antiseptic decamethoxin in the experiment.
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Fig. 4. The cytometric characteristics of the parameters of the cell cycle of CEC with in vivo long-term use of antiseptic miramistin in the experiment.

the values of the cell cycle phases GOG1 (95,62+0,19) %, S
(2,45%0,17) %, G2+M (1,93£0,04)% of the experimental
eyes and of comparison ones (p <0.05). The prolonged use
of MR resulted in the significant increase of cells in the
GOGI phase (4.63%) in comparison with intact ones and

fragmentation in the nuclei of epithelial cells has been
demonstrated, which was subjected to 5.22% daily MR
exposure over a two-week period. At the same time, in
intact cells, the level of nuclear DNA fragmentation did
not exceed (7.2 £ 0.63)%, which was 1.73 times less than

3.69% compared to cells managed with DCM. with this antiseptic. It was found, that the average values

A comparative analysis of the GOG1 peak variation

of the index of proliferation (4.38 + 0.19) in the use of MR

coeflicients in the use of MR (CV = 6.13 + 0.14%) and  were significantly lower, than the proliferative activity of

intact CECs (CV = 6.09 *+ 0.36%) showed valid CV
values, and a lack of a significant difference between
their values (p>0.05) confirmed the proper quality of
DNA-histograms in accordance with generally accepted
requirements. In the use of MR during the S-phase of the
epithelial cell cycle, suppression was found to be 2.55%
of DNA synthesis in the nuclei of the CEC cells (2.45
+ 0.17%), which was significantly lower than in intact
epithelium (p<0,05; fig. 4).

In the study group, after 14 days of MR administration
on DNA histograms there were observed peaks, indicating
a decrease in the percentage of cells in the G2+M phase
in 2.1 times less than in intact CEC cells (p<0,01). Ac-
cording to the obtained values of the interval SUB-G0G1
(12,42 £ 0,46)%, a significant increase in the level of DNA
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intact cells (6.09 £ 0.36%) only in 1.3 times (p<0,05; fig. 4).

After the application of the MR-based antiseptic drug
solution, there was found no significant difference between
the percentage content of CEC cells (4,12 + 0,57)% that
were in the phase of DNA synthesis (S-phase) compared
with the intact eye (4.88+0.39) % (p>0,05).

DISCUSSION

QAC antiseptic agents contain a nitrogen atom, which is
directly linked to four alkyl groups of varying complexity,
which have a variable structure. The unique chemical struc-
ture, physical and chemical properties of the DCM realize
its high therapeutic, prophylactic antimicrobial activity.
Bioequivalence of DCM is significantly dependent on the



THE RESEARCH OF ANTIMICROBIAL EFFICACY OF ANTISEPTICS DECAMETHOXIN, MIRAMISTIN AND THEIR EFFECT...

presence in the composition of the molecule of L-menthol,
which could be as of synthetic origin so as obtained by
the biological extraction method from peppermint. [3, 5,
10, 11]. The mechanism of antimicrobial effect of DCM
and MR is realized by reducing the surface tension and
violation of the permeability of the cell membrane of the
microbial cell, transmembrane transport of molecules,
osmotic balance ions, nitrogen and phosphorus exchange,
activation of proteolytic enzymes, lysis and autolysis of
microorganisms [1, 3].

A comparative study of the sensitivity of 689 clinical
strains of opportunistic pathogenic microorganisms,
causative agents of infectious complications in severely ill
patients with surgical pathology, who were treated at the
intensive care units showed a high sensitivity of Staphylo-
cocci and Enterococci to DCM and MR antiseptic drugs.

The high bacteriostatic and bactericidal effectiveness of
these antiseptics against the Gram-negative representatives
of enterobacteria (E.coli, Enterobacter spp., K.pneumoniae)
and non-fermentative Gram-negative microorganisms as
A.baumannii.

The advantages of the DCM-based antiseptic were found
on the basis of the values of IAA, which exceeded 2-4
times the corresponding parameters of MR (p<0,001). In
spite of the high concentrations of DCM and MR, needed
for ensuring bactericidal action against clinical strains of
microorganisms Pmirabilis and Paeruginosa, there were
found relevant values of IAA of drug, containing 0,02% of
DCM, to exceed the minimum allowable threshold, having
proved its efficacy against mentioned pathogens. IAA of
DCM also were 1,8-2,8 times higher than similar values of
the antiseptic, containing 0,01% MR (p<0,001).

In the process of developing, manufacturing and inves-
tigation of antiseptic drugs for medical purposes, the issue
of biocompatibility of a medicinal product always poses a
challenge, leading to the need for modern research with
quantitative and qualitative analysis of cell cycle perfor-
mance through flow cytometry along with traditional
microbiological, biochemical, pharmacological and phar-
maceutical techniques.

The unique selective antimicrobial membran-directed
action of QAC antiseptics has been proved due to many
in vitro studies on protoplast and spheroplast cell-models.
Besides of high biosafety, there was proved the cytotoxic
effect and suppression of proliferation of fibroblasts in some
QAC and cationic-active surfactant antiseptics (octenisept,
polyhexamethylene biguanid, chlorhexidine digluconate)
[19]. The ability of some of them (chlorhexidine digluco-
nate) to stimulate apoptosis of cells, autolytic and necrotic
cell death were proved [20].

According to the research data some scientists estimated
in vitro cytotoxic effect of therapeutic antimicrobial con-
centrations of such cationic active detergents as cetylpyr-
idinium chloride and miramistin on L929 fibroblast and
keratinocyte cell line HaCaT. There is insufficient data on
the cytotoxic action on human cells in vivo and the need
for further research in the use of some QAC surface-active
antiseptic agents [21].

According to the experimental data there was estimated
absence of a significant difference between the number of
epithelial cells in the phase of DNA synthesis after durable
application of DCM and in the intact CEC (p>0,05). This
proved the absence of any negative effect of DCM antiseptic
drug, with its prolonged use, on the state of proliferative
activity of the cells of the anterior corneal epithelium.

There was found, that after the daily administration of
an antiseptic DCM, the number of cells, capable for the
synthesis of DNA during the S-phase, did not change and
corresponded to the number of CEC cells in the inactive
eye. At the same time, it was found that the number of
epithelial cells, which did not lose the ability to synthesize
DNA in the S-phase after prolonged use of an antiseptic
based on MR, significantly had decreased in 2.04 times
than in intact epithelium (p<0,05).

Flow-cytometric studies have shown that after long-term
use of the DCM antiseptic drug, there was not found its side
effect on the mitotic activity of CEC. This was proved, by in-
significant difference between the number of postmithotic
CEC cells after administration of DCM and isotonic sodi-
um solution (intact eyes) respectively (p>0,05). After daily
action of DCM for 14 days, the tetraploid cells, in which
the replication of DNA had been finished and mitosis took
place, were proved to have no significant difference from
CEC cells, in which antiseptic had not been used (p>0,05).

As a result of flow-cytometric analysis of apoptotic activity
in CEC cell, there was proved a significant increase in 1.73
times of the rate of DNA fragmentation in the nucleus of ep-
ithelial cells, which had been undergone two-week everyday
effect of miramistin (p<0,05). Insignificant features of nuclear
DNA fragmentation, registered in the nucleus of CEC cells,
strictly affirmed that prolonged use of DCM-based antiseptic
did not provide pro-apoptotic effect in the epithelium.

As aresult of experimental imaging of the daily two-week
exposure of the DCM-based and MR-based antiseptics
into CEC cells, there was no significant difference in the
proliferation index (p>0.05), when long duration of DCM
administration had been used. This indicated no inhibitory
effect of mentioned antiseptic agent on the proliferative
activity of the epithelium. The minimal insignificant dif-
ferences in the corresponding parameters of the cell cycle
of the CEC have been experimentally determined by the
equally strictly synchronized rate of proliferation and
apoptotic death of the epithelial cells in intact eyes and
eyes with two-weekly introduction of DCM.

CONCLUSIONS

1. The antiseptic drug, containing 0.02% decamethoxin,
has high antimicrobial properties against a wide range
of pathogens of infectious complications (S.aureus,
E.faecalis, E.coli, Enterobacter spp., K.pneumoniae,
A.baumannii, Paeruginosa, Pmirabilis) as evidenced
by the corresponding indexes of activity of antiseptics,
which exceeded the minimum acceptable threshold,
and also were 1.8 - 6 times higher than similar indexes
of antiseptic drug miramistin (0.01%; p<0,001).
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2.

The daily two-week use of an antiseptic drug decame-
thoxin (0.02%) in vivo is does not affect the cytometric
parameters of the cell cycle, in particular on the mitotic
activity of the epithelium and the number of cells,
capable to synthesize the DNA during the S-phase,
while at the same time the antiseptic drug miramistin
(0.01%) reliably leads to the 2.04 times decrease of the
number of epithelial cells and is accompanied by 1.73
times increase in the rate of nuclear DNA fragmentation
(p<0,05).

Prolonged use of an antiseptic drug decamethoxin is
characterized by a strictly synchronized rate of prolif-
eration and apoptotic death of epithelial cells, which
indicates the absence of cytometric signs of cytotoxic
action and pro-apoptotic effects.
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ABSTRACT

Introduction: Cardiac arrhythmia often occurs in the gestational period of pregnant women, contributing to the development of complications of pregnancy, childbirth and
perinatal pathology, which requires a more thorough examination of pregnant women and antiarrhythmic treatment, which in turn increases the risk of complications pregnancy
and childbirth. Many types of arrhythmias occur in women without structural damage to the cardiovascular system.

The aim s to study the occurrence of cardiac rhythm disturbances in healthy pregnant women, depending on the gestational age, the number of previous pregnancies, infectious
diseases during pregnancy, and arrhythmia analysis, which required antiarrhythmic treatment. Materials and methods: Retrospectively 60 individual cards of pregnant women
were studied. An ECG monitoring was performed to identify the arrhythmia.

Results: Among the arrhythmia were: supraventricular and ventricular extrasystoles, unstable paroxysmal tachycardia. All cases of arrhythmia were without lengthening QT
interval. Sinus tachycardia was significantly more common in combination with anemia. Heart rhythm disorders are associated with emotional excitement.

Conclusions: Most violations of the heart rate occurred in the second trimester of pregnancy. With concomitant anemia, sinus tachycardiais significantly more common, and sinus
bradycardia is associated with an enlarged uterus in compression of the inferior vena cava. With the increase in the number of pregnancies, the risk of heart rhythm disturbances
increases. However, the past infectious diseases of the bronchopulmonary system during pregnancy did not significantly affect the occurrence of rhythm disturbances. The

appointment of antiarrhythmic drugs was observed in all pregnant women whose cards were included in the study.

KEY WORDS: cardiac rhythm disturbance, pregnancy

INTRODUCTION

Violation of the heart rhythm (VHR) is a violation of the
frequency, rhythm and sequence of excitation and con-
traction of the heart. They are the most common compli-
cations from the cardiovascular system that occur during
the gestational period and occur in 50% of pregnant
women [1, 2]. VHR can contribute to the development
of other complications of pregnancy (malignant gestosis,
miscarriage and fetal hypotrophy), complications of labor
(violations of contractile activity of the uterus, bleeding)
and perinatal pathology [3]. Many types of arrhythmias
can occur in healthy women during pregnancy. In addi-
tion, the VHR require additional careful monitoring of the
pregnant woman, the decision of the method of birth and
the definition of obstetric tactics. The presence of VHR
can contribute to an increase in maternal mortality. In
addition, the spread of VHR significantly increases during
pregnancy in healthy women, as well as with diseases of
the cardiovascular system, compared with non-pregnant
women [4]. According to some authors [3], arrhythmias
are detected in 15.7% of pregnant women. It should be
noted that 43% of them are functional arrhythmias that
occur without organic damage of the heart. In addition,
the occurrence of malignant gestosis, fetal hypotrophy is
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much more common in pregnant women with arrhyth-
mias, even under the condition of inorganic origin [3, 5].
Studies have been conducted that link the emergence of
VHR with electrolyte disorders or as first manifestations
of diseases that manifest themselves after pregnancy,
which has become a provoking factor for them [4].

Physiological changes that occur during pregnancy,
namely, an increase in the volume of fluid in the body by
40-50%, leads to an increase in cardiac output and, conse-
quently, mechanical overload of the woman’s heart [1, 6],
which in turn activates the ion channels and contributes
to arrhythmias. Equally important in the mechanisms
of arrhythmias is the physiological increase in the heart
rate, contributes to the shortening of the intervals on the
ECG, namely the intervals PQ and QT, which contribute
to arrhythmogenesis [7, 8]. It should be noted that the
development of pregnancy is not accompanied by the
emergence of specific changes in the structure of the heart,
contributing to the emergence of the VHR [5]. However,
in the study of literary sources, there is an insufficient
number of publications that reflect an analysis of car-
diac rhythm disturbances in pregnant women without
cardiovascular damage, but VHR can be threatening to
the fetus and mother.
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THE AIM

The aim is to study the occurrence of cardiac rhythm dis-
turbances in healthy pregnant women, depending on the
gestational age, when arrhythmias, the number of previous
pregnancies, infectious diseases during pregnancy, hemo-
globin parameters and arrhythmia analysis, which required
antiarrhythmic treatment, were first recorded.

MATERIALS AND METHODS

Retrospectively 60 individual cards of pregnant women
and women in childbirth of the Central Regional Clinical
Hospital of Vinnitsa, Ukraine were analyzed. Criteria for
inclusion in the study: cards of healthy pregnant women,
who had identified any VHR. The criteria for exclusion
from the study were: the presence of congenital or acquired
heart defects, increased blood pressure, presence of VHR
before pregnancy. The design of the study included estimat-
ing the gestational age when the VHR was first recorded,
the number of previous pregnancies, infectious diseases
during pregnancy, and hemoglobin. An electrocardiogram
and ECG monitoring was performed to identify the VHR,
the results of which were presented in an individual card
or described during a doctor’s appointment. All pregnant
women underwent ultrasound examination of the heart
to exclude structural changes. The average age of pregnant
women was 17-36 years.

All pregnant women were prescribed antiarrhythmic
drugs (beta-blockers, calcium channel antagonists, ver-
apamil groups) due to poor subjective tolerability of the
VHR. In one case, urgent measures were taken, such as
cardioversion.

All the data obtained as a result of the study were pro-
cessed using the SPSS software using variational statistics
methods with the deduction of the mean M, the standard
deviation S, the average error of the average value m, the
reliability criterion t, the reliability value p. Statistically
significant differences were considered for p <0.05. The
investigated quantities are given in the form (M £ m). Pair
group comparisons were carried out by nonparametric
Mann-Whitney methods.

RESULTS AND DISCUSSION

In the study of cards, it was found that 54 pregnant (90%)
VHR appeared in the second trimester of pregnancy and
5% pregnant had VHR in the third trimester, which may
be due to the appearance of an increase in the standing of
the diaphragm [3, 9], the appearance of active fetal move-
ments that may increase as a result of the appearance of
humoral-metabolic changes in the body of a woman or
hypoxia of the fetus [10]. Important role in arrhythmogen-
esis is played emotional excitement which contributed to
re-visit to the doctor [9, 11]. Among the VHR were: supra-
ventricular extrasystoles (SVE) in 51 (85.0%), ventricular
extrasystoles (VE), which in all cases were combined with
SVE in 38 (63.33%), unstable supraventricular paroxysmal
tachycardia in all cases from the AV node in 11 (18.33 %)
and unstable monomorphic ventricular paroxysmal tachy-
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cardiain 4 (6.66%). The appearance of unstable paroxysmal
tachycardias in healthy pregnant women did not affect
the hemodynamic parameters. Their appearance can be
explained by changes in the vegetative nervous system,
which is confirmed by several other authors [9, 11]. The
predominant predominance of extraordinary contractions
over paroxysmal tachycardia is confirmed by other stud-
ies [1, 10]. Only 3 pregnant VHR appeared in the third
trimester and this was a combined disorder in the form
of SVE and VE. All cases of VHR were hemodynamically
stable. In the study of the QT interval, normal indicators
were noted, the occurrence of paroxysmal tachycardias
was not associated with a lengthening of the QT interval.

Sinus tachycardia occurred in 52 pregnant women
(86.67%), sinus bradycardia in 8 (13.33%), in which symp-
toms of the inferior vena cava (dizziness, nausea, lowering
of blood pressure lying on the back) were noted. In pregnant
women with sinus tachycardia, hemoglobin parameters were
included in the study. It was found that 37 patients with sinus
tachycardia (61.66%) had grade I anemia (p <0.001). When
comparing the heart rate in pregnant women with anemia
and without it, 108 + 3,41 and 96 + 2,32 beats / min (p <0,01)
were revealed. Correction of hemoglobin level contributed to
a decrease in the heart rate and improvement of the general
condition of the pregnant woman, and also decreased the
subjective feeling of palpitation and irregularities in the work
of the heart. According to other authors [11], about 37% of
cases of pregnancy in women with VHR took place against
the background of anemia of 1-2 degrees. In 31 women
(59.62%) with sinus tachycardia, according to the data of
individual cards, an ultrasound examination of the thyroid
gland was performed. All indicators were in the normal
range. The findings suggest that in pregnant women with-
out cardiovascular diseases, various VHR appear that have
stable hemodynamics, but are poorly tolerated and require
antiarrhythmic drugs and more dynamic monitoring from
a cardiologist. In this category of women, the occurrence of
VHR can be associated with repeated pregnancy, later gesta-
tion and the development of anemia. The literature describes
the changes in the electrical systole of the heart, electrolyte
imbalance in pregnant women against the background of
cardiovascular diseases. We noted that in healthy pregnant
women, VHR is more associated with emotional instability
and the occurrence of additional factors, such as anemia. The
study of the vegetative status of healthy pregnant women can
be considered in prospective studies with the development
of preventive measures.

Pregnant women were also divided into 2 groups de-
pending on the number of previous pregnancies: the first
group (one or two pregnancies) 50 people, the second
group (three or more pregnancies) - 10 people who had
paroxysmal arrhythmias [11].

In addition, an analysis was made of the appearance of
the VHR depending on the previous history of infectious
diseases during pregnancy, which was included in the
study. Two groups are formed: the first group includes
pregnant women who have had infectious diseases of
the bronchopulmonary system (acute respiratory viral
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diseases, bronchitis, pneumonia) during pregnancy, and
the second group - without the transferred diseases. The
number of women in the two groups was 18 and 42, respec-
tively. VHR in the groups were found without significantly
significant indicators, possibly due to small samples.

CONCLUSIONS

Thus, the vast majority of violation of the heart rhythm in
healthy women appears in the second trimester of pregnan-
cy, needs additional cardiologist consultation during this
period. Most often there are supraventricular extrasystoles,
sinus tachycardia. Sinus tachycardia significantly (p <0.001)
occurs more often with concomitant anemia. When tachy-
cardia occurs, it is additionally necessary to evaluate the level
of hemoglobin, the correction of which helps to reduce the
heart rate. Sinus bradycardia occurs at signs of constriction
of the inferior vena cava with an enlarged uterus, which
requires the training of a pregnant woman to change the
position of the body during sleep. With an increase in the
number of pregnancies a woman’s risk of heart rhythm
disorders increases. Accordingly, such women require more
detailed examination and control by the cardiovascular
system in most cases, the appointment of antiarrhythmic
drugs. The past infectious diseases of the bronchopulmonary
system during pregnancy do not significantly affect the onset
of the violation of the heart rhythm.
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ABSTRACT

Introduction: The relevance of scientific research is determined by the significantimportance of lifestyle in preserving and strengthening the health of the population especially
young people what determines the future of any society. Among the numerous youth lifestyle characteristics, particular attention is paid to behavioral factors, including the
presence of bad habits. Data of scientific publications indicate a significant prevalence in student environment of tobacco-smoking, consumption of alcohol and other manifestations
of unhealthy behavior, which are powerful factors of the risk of developing non-communicable diseases, injuries and other health disorders.

One of the most important tasks is the formation and establishment of a healthy lifestyle among medical students, because in the future they will not only treat patients, but
also carry out professional activities for the prevention of diseases and risk factors for their development, correcting and overcoming already existing risk factors. Doctors must
be conscious supporter of healthy lifestyle and serve as a role model for their patients.

The aim: To identify the features of prevalence of tobacco use, alcohol and energy drinks among medical students and justify ways of counteraction based on the results of own
sociological research, scientific literature, WHO program and strategic documents.

Materials and methods: An anonymous questioning was covered 948 students of institutions of higher medical education including 34.5% of men and 65.5% women. It had
been used bibliosemantic, sociological and medical-statistical methods.

The information base of the study included program and strategic documents of WHO, sources of scientific literature, data of own research. Statistical processing of the obtained
results was carried out using generally accepted medical statistics methods using licensed programs (SPSS, STATA, Statistica 10.0 and MS Excel XP).

Results: The results of the study indicate a sufficient significant prevalence in the student environment of tobacco, alcohol and energy drinks. Third part of students consumes
tobacco, of which 15.2 per 100 respondents are regular smokers with experience, 9.3 per 100 respondents smoked 10 or more cigarettes a day.

A new negative trend is the use of hookah by almost half of the interviewed students and consumption of electronic cigarettes (8.5 per 100 respondents), what must be taken
into account when substantiating counteraction ways. Three quarters of the respondents consume alcohol. Despite the prevailing consumption of low-alcohol beverages and wine
by respondents, every seventh of the respondents consumes strong drinks. The reason for the worrying is the fact that 13.6 + 4.7 in 100 respondents combine the consuming
of energy drinks with alcohol. By 4.9 per 100 students interviewed, energy drink increases the desire to drink alcohol.

Conclusions: The revealed connection between tobacco, alcohol and energy drinks consumption among medical students proves the need for an integrated approach to reduce
the prevalence of risk factors in the context of a healthy lifestyle.

KEY WORDS: life-style, student youth, risk factors, unhealthy habits, healthy lifestyle, prevention
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INTRODUCTION
The relevance of scientific research is determined by
the significant importance of lifestyle in preserving and
strengthening the health of the population especially young
people what determines the future of any society.
Among the numerous youth lifestyle characteristics,
particular attention is paid to behavioral factors, including
the presence of bad habits [1-3].
It is proved that the consumption of tobacco and alcohol is
a powerful risk factor for the development of non-infectious
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diseases, injuries, other health disorders. These risk factors
make a significant contribution to the formation of the burden
ofillness, including disability and mortality, lead to significant
economic costs in the healthcare system, which is a significant
financial burden on families and communities [4-8].

Taking into account the stated in a number of strategic
and program documents of the International and European
regional level, priority is given to the issues of combating
consumption of tobacco, harmful and dangerous consump-
tion of alcohol [9].
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Recently, a significant number of scientific publications
indicate an increasing prevalence of a relatively new risk
factor for the development of diseases, namely energy
drinks. This is especially true for young people, among
which the use of energy is becoming very popular.

Knowledge of the scale of the problem, features and
trends in different groups of the population, the root
causes of the choice of unhealthy behavior can justify the
directions of counteraction with proven effectiveness. That
is why studying the prevalence of leading factors in the
development of youth health issues is extremely relevant
in terms of an adequate response to existing challenges.

The relevance of this topic is substantially increased in
relation to the environment of students of higher medical
education institutions, who in the future will have to car-
ry out professional activities to prevent diseases and risk
factors for their development, to provide assistance in
correcting and overcoming already existing risk factors.
It is clear that they themselves should be a role model for
their patients, so the formation and establishment of a
healthy lifestyle among future physicians is an extremely
important task.

Therefore, according to the WHO experts, the priority
task of all countries of the world should be to improve
preventive work in national health systems, to actively
develop a healthy lifestyle and to have a responsible attitude
towards their health in different groups of the population,
starting with the youngest age.

This requires in-depth study of the peculiarities and
trends of the prevalence of unhealthy habits among differ-
ent contingents of the population, especially children and
youth, monitoring and evaluation of these phenomena,
formation of the principles of a healthy lifestyle, responsible
attitude towards their health, prevention and correction of
behavioral risk factors on an individual, group and popu-
lation levels, advocacy, information and awareness raising
among the population, advocacy and advancement of
healthy lifestyle issues in all policies with the participation
of the whole society using national approaches.

THE AIM

To study the prevalence of tobacco use, alcohol and energy
drinks among medical students and justify ways to reduce
the prevalence of harmful habits among future physicians
based on the results of own research, data of scientific liter-
ature, taking into account the priorities of WHO program
and strategic documents in the field of disease prevention
and healthy lifestyle.

MATERIALS AND METHODS

The research was conducted on the basis of Bogomolets
NMUwithin the framework of research work «Scientific
substantiation of personnel support of public health ser-
vice» (2017-2019). An anonymous questioning was covered
948 students of institutions of higher medical education,
namely Bogomolets National Medical University, Kyivand

the Ukrainian Medical Dentistry Academy of the Ministry
of Health of Ukraine, Poltava. 34.5% of males and 65.5%
females were included in the set sample. By age distribu-
tion, the largest group was formed by students aged 20-25,
whose proportion was 80,9%, while respondents under 20
and over 25 accounted for 13.3% and 5.8%, respectively.

The work uses a series of informative research methods
based on the base of a systematic approach, including a
bibliosemantic method - for studying world and domestic
experience on the researched questions, sociological - to
detect the prevalence of bad habits among students of the
institutions of higher medical education, medical and sta-
tistical methods - for collecting, processing and analyzing
the statistical information obtained during the study. The
sociological research among medical students was conduct-
ed with use the questionnaire included 30 issues of closed
and semi-closed type. to study the to study attitude of future
doctors to smoking, use of alcohol and energy drinks.

The information base of the study included program and
strategic documents of WHO, sources of scientific literature
and data of own research.

Statistical processing of the obtained results was carried
out using generally accepted medical statistics methods
using licensed programs (SPSS, STATA, Statistica 10.0 and
MS Excel XP).

RESULTS AND DISCUSSION

In the new European policy “Health-2020”, the priority goal
is to strengthen health for all and to reduce inequities in
the context of health. At the same time, the focus is on the
need to ensure universal coverage of public health services,
primarily preventative, from birth and throughout whole
life. Priority areas for action include investing in health at
all stages of human life, empowerment of rights and oppor-
tunities of citizens, as well as solution of the most current
problems of non-infectious and infectious diseases [9].

In this context, a critical role is played by the formation of
a healthy lifestyle and the prevention of bad habits, starting
at the earliest age as possible.

Advanced strategies for prevention and correction of
various risk factors are outlined in strategic documents
of the global, regional and national levels. Of particular
interest are integrated strategies, in particular the Global
Strategy for the prevention and protection from non-com-
municable diseases and the Global Plan of action for the
prevention and protection from non- communicable
diseases 2013-2020.

According to these documents, the European Action
Plan for the Implementation of the European Strategy for
the Prevention and Protection from Non-Communicable
Diseases for 2012-2016 has been developed and approved
by the World Health Organization (WHO) in the Euro-
pean Region. In addition, in the majority of countries,
the Global Strategy for the Reducing of Harmful Alcohol
Consumption is being implemented, the European Action
Plan for the Reduction of Harmful Alcohol Consumption
for 2012-2020 [10-13].
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Implementation of strategic and program documents in
the national context requires scientific support, with the
identification of the features and trends of the phenome-
na to which the measures of influence are directed, their
critical analysis, etc.

Analysis of the scientific literature showed a significant
prevalence of harmful risk factors for the development of
diseases in the population of Ukrainian youth, including
students of higher educational institutions [14-18].

According to the results of the study of the prevalence of
smoking, up to 40% of the polled young people recognized
the presence of this bad habit. Moreover, the polynomial
frequency was quite significant and amounted to 8 ciga-
rettes a day [19].

Of particular concern is the variety of ways of tobacco
consumption, in particular, the hookah smoking, which
is relatively new for the Ukrainian youth population. This
way of entering the body in addition to the total harm
from nicotine, is also dangerous as a source of infectious
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pathogens. The results of a sociological survey showed that
almost two thirds of the respondents smoked a hookah at
least once in their life, at the same time 8% of respondents
confirmed hookah smoking sporadically or regularly. The
situation is complicated by the significant prevalence of
alcohol consumption. Among those respondents, 35.9%
consumed alcoholic beverages at least once a week. At the
same time, 13.7% of respondents indicated the consump-
tion of strong alcoholic beverages, 9.1% — wines, 7.7% -
low-alcohol beverages [19].

An important characteristic of the formation of health of
young people is often a low level of physical activity, which
requires in-depth study and development and implemen-
tation of strategies aimed at overcoming hypodynamia and
improving health [20].

Comprehensive research aimed at the prevention of
non-communicable diseases among young people and
students, it was found that regardless of the level of the
institution and the profile of education, risk factors for
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ill-health are quite common. They lead to the development
and progression of various non-communicable diseases.

In the course of the study, among the students of higher
educational institutions of medical, technical and human-
itarian areas, the established habit of drinking alcoholic
beverages was detected, 5.4 + 1.2% of the respondents
confirmed and smoking, which 26.8% of the respondents
confirmed. The results of the study established the existing
need to substantiate a set of measures to form the basis of
a healthy lifestyle for students [21].

Researchers are unanimous in their opinion about the
need to ensure the optimization of preventive activities in
the integrated delivery of medical care. At the same time, em-
phasis is placed on preserving and strengthening the health
of school and student youth for the prevention of numerous
infectious and non-infectious diseases. This important and
complex process depends on the timely identification of risk
factors for the development of diseases, their correction,
monitoring and evaluation of the health of young people
and students, hardening and health promotion [22].

Preventive and health work requires a certain restruc-
turing of the organization of the educational process in
institutions of higher education, with the aim of leveling
situations that adversely affect the health of students. In
this context, the active involvement of specialists in the
psychological and social services, the use of an intersec-
toral approach to solving the health problems of students
are proposed [23].

The results of our sociological research on the prevalence
of harmful habits among students of institutions of higher
medical education showed that tobacco is used by 38.0 +
3.3 per 100 respondents. Regular smokers are 15.2 £ 3.9 per
100 respondents, periodic (episodic) - 22.8 + 3.7. Some stu-
dents pointed to isolated cases of tobacco consumption. At
the same time, 53.6 £ 2.9 per 100 respondents indicated that
they do not smoke and are indifferent to nicotine (Fig. 1).

Among the causes of smoking, 24.5 + 4.5 per 100 in-
terviewed students indicated a calming effect, 8.8 + 4.9 -

holding time in waiting, 5.3 £ 5.0 — an example of friends,
61.3 * 3.2 — other reasons (Fig.2).

According to the intensity of tobacco consumption,
respondents distributed as follows: 18.6 + 2.8 per 100 re-
spondents smoked up to 10 cigarettes a day, 8.3 - from 10
to 20 cigarettes, 1.0 — more than 20 cigarettes a day.

Among different ways of using tobacco, students pre-
ferred hookah, which was indicated by 48.0 + 4.0 per 100
respondents. Traditionally, the using of cigarettes was high,
which was confirmed by 39.6 + 4.3 per 100 respondents.
The using of electronic cigarettes was confirmed by 8.5 +
5.3 per 100 respondents. The combination of different ways
of using tobacco was indicated by 3.9 per 100 respondents.

Smoking among students is often combined with alcohol
use. Among students who smoke, 90,0 per 100 respondents
drink alcohol, among those who do not smoke - 70,9, re-
spectively. The calculation of the chi-square indicates the
significance of this difference, since the calculated value
(27.0) exceeds the table (9.6).

The results of the research of the prevalence of alcohol
consumption among students of higher medical education
institutions showed that it was used by 76.1 £ 2.0 per 100
respondents. Only less than a quarter of respondents (23.9 +
3.7) indicated that they do not consume alcoholic beverages.

Atthe same time, visits to places where alcoholic beverag-
es are consumed once a week have been confirmed by 24.5
+ 3.6 per 100 respondents, twice a week — 16.4 + 3.8, more
than three times a week — 11.1 + 4.0 In general, only less
than half of respondents did not attend such institutions
(48.0 £ 3.0 per 100 respondents).

The most common reason for visiting places where al-
coholic beverages are consumed, students called meetings
with friends - 67.7+2.2 per 100 respondents. Every tenth
respondent indicated holding parties among the reasons
for visiting such places (10.9 £ 4.0). One in six said that
the reason for visiting drinking places was other. At the
same time, 4.8 per 100 respondents indicated the main
reason — the consumption of alcohol (Fig. 3).
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Almost half of the respondents confirmed the alcohol
consumption at weekends (46.3 £ 3.1 per 100 respondents).
Almost 18.5 + 3.8 per 100 respondents were drinking on
holidays. It is worrying that 11.2 + 4.0 per 100 respondents
indicated alcohol consumption during the week.

According to students, the main reasons for alcohol
consumption are the satisfaction (35.4 + 3.5 per 100 re-
spondents), alcohol consumption by friends (7.4 per 100),
and solving existing problems (2.9 per 100 respondents).

Analysis of the models of alcohol consumption by med-
ical students showed that the most frequent drinking is
wine, as indicated by 43.1 + 3.2 per 100 respondents, and
beer, which confirmed 21.8 + 3.8 per 100 respondents. At
the same time, 14.8 + 3.9 medical students called strong
alcoholic beverages the most often for consumption. At-
tention is drawn to the negative fact that 29.4 + 3.6 per
100 respondents mix of different alcoholic beverages when
they are consumed.

When asked whether you drink more alcohol, in the
company or alone, 76.2 2.2 per 100 respondents indicated
that they consume more alcohol in the company. However,
17.0 + 4.1 per 100 respondents answered that it does not
matter, and 2.9 per 100 respondents indicated that they
consume more alcohol alone.

The vast majority of respondents, namely 61.1 + 2.9 per
100 students, indicated that alcohol causes them a good
mood. About a third part (31.8 = 3.8) responded that
drinking alcohol causes a lot of different mood. At the
same time, 3.2 per 100 respondents pointed to aggression
as a result of alcohol consumption, 3.6 per - to sadness.

Almost a third of the respondents (32.3 + 3.7 per 100)
confirmed the fact that smoking was used during the
consumption of alcoholic beverages. At the same time,
17.0 + 4.4 respondents are convinced of the feasibility of
combining of the alcohol consumption with smoking.

Studying differences in the frequency of smoking among
students who consume alcohol and who do not consume
showed that this difference is significant, as the calculated
value of the chi-square (2.5 exceeds the table value (1.9).

The results of the study of the prevalence of energy drinks
consumption among students of higher medical education
institutions showed that they were consumed by 32.5 +
4.5 per 100 respondents. At the same time, 16.6 per 100
respondents indicated that they consume it once a week,
12.3 - twice a week, 3.6 — more than three times a week.

The vast majority of respondents indicated that they
preferred to consume energy drinks during their study
(24.8 + 4.5 per 100 students) and during physical work
(6.7 per 100 respondents).

An analysis of the volume of consumption of energy
drinks per day showed that energy drinks are consumed
once a day by 16.2 per 100 people polled, twice by 3.6, 3
times or more — 3.6.

The volume of simultaneous consumption of energy
drinks (during the disco, during the evening) was 1 bottle
for 17.2 £ 4.3 per 100 students, 2 bottles — 3.6 per 100
students, 3 and more - 3.6 per 100 students.

The purpose of the consumption of energy drinks is
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activation (18.9 + 4.7 per 100 respondents), increase of
physical capacity (10.4), reception satisfaction of taste (9.0).

According to students, the key to choosing an energy
drink is the brand, as was indicated by 17.5 + 5.5 per 100
respondents, the taste, which was confirmed by 45.2 + 4.6
per 100 respondents, ingredients of the energy drink, noted
35.8 + 4.9 per 100 respondents respectively.

The result of cheering the body with energy drinks is an
increase in concentration of attention, as indicated by 23.1
+4.9 per 100 respondents, an increase in physical activity,
which marked 22.7 + 4.9 per 100 respondents, a decrease
in the sense of hunger (5.0 per 100 of respondents). About
a(18.3 + 4.8 per 100 respondents) confirmed the influence
of the use of energy drinks on the mood.

After ashort period after consuming of energy drinks, the
respondents experienced improvement in physical activity
(22.0 £ 4.6 in 100 respondents), increased concentration
(12.0 £4.9 in 100 respondents), and internal calm (3.3 per
100 respondents). However, the next day after awakening,
9.4 per 100 respondents complained of stomach pain, 7.1
per 100 respondents - of internal anxiety.

The reason for the worrying is the fact that 13.6 £ 4.7 in
100 respondents combine the consuming of energy drinks
with alcohol. By 4.9 per 100 students interviewed, energy
drink increases the desire to drink alcohol.

The study of the differences in the frequency of energy
drink consumption among students who drink alcohol and
who do not drink showed that this difference is significant,
because the calculated value of the chi-square — 2.4 exceeds
the table value (1.8).

The relationship established between the different factors
of the risk of developing diseases, in particular between to-
bacco use, alcohol and energy drinks, has been established
in the course of the research, which shows the need for
an integrated approach to reduce their prevalence among
the students and about the potential for positive results in
terms of healthy lifestyle when reducing the prevalence of
even one risk factor.

According to students, the effective ways of forming a
healthy lifestyle and reducing unhealthy behavior are: infor-
mation and education activities at the population level (63.7
per 100 respondents); more general coverage of prevention
issues in the educational process in the institutions of higher
medical education (70.5 per 100 of respondents), intro-
duction of targeted lectures and trainings, master classes
on the issue of correction and management of disease risk
factors (83.4 per 100 respondents), holding of information
campaigns (58.8 per 100 respondents), etc (Table I).

The generalization of the data obtained during the re-
search, as well as the analysis of scientific literature and
recommended international strategies by WHO, allowed
them to be used for the preparation of information materials
and for the holding of a number of information and educa-
tional events. In particular, the negative impact of smoking,
dangerous and harmful consumption of alcohol, the con-
sumption of energy drinks is highlighted for students of the
Bogomolets National Medical University during the sessions
of the Student Scientific Circle of the Department of Social
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Table L. Student assessment of ways of forming a healthy lifestyle and reducing unhealthy behavior (per 100 respondents)

Ways of forming a healthy lifestyle and reducing unhealthy behavior Pim
Introduction of targeted lectures and trainings, master classes 83,4%1,2
More general coverage of prevention issues in the educational process 70,5415
in the institutions of higher medical education Y
Information and education activities at the population level 63,7£1,6
Holding of information campaigns 58,7+1,6

Medicine and Public Health, during scientific conferences,
information and educational events, etc.

During the meetings of the Student Scientific Circle of
the Department of Social Medicine and Public Health to
consider the issues of the influence of harmful factors on
health and counteracting unhealthy behavior, interactive
methods are widely used, including discussions, work in
small groups, brainstorming, case study, business games.

Materials about the situation with the prevalence of
risk factors in the student environment are covered in the
abstracts of the IV International Congress of the Polish
Society of Public Health, an article in the scientific journal
was prepared.

Current experience has shown that informational and
educational activities on correction of unhealthy behav-
ior factors will contribute to the reduction and successful
management of risk factors for diseases, as well as to the
establishment of a healthy lifestyle for students.

CONCLUSIONS

The results of the study indicate a sufficient significant
prevalence of manifestations of unhealthy behavior among
students of institutions of higher medical education. This
is indicated by the prevalence in the student environment
of tobacco, alcohol and energy drinks.

The reason for the worrying is the fact that third part
of students consumes tobacco, of which 15.2 per 100
respondents are regular smokers with experience, 9.3
per 100 respondents smoked 10 or more cigarettes a day.
Along with the consumption of cigarettes, almost half of
the interviewed students indicated the consumption of
hookah, 8.5 per 100 respondents - the consumption of
electronic cigarettes, which must be taken into account
when substantiating counteraction ways.

Significant is the prevalence of alcohol consumption by
students, as indicated by three quarters of the respondents.
Despite the prevailing consumption of low-alcohol beverag-
es and wine by respondents, every seventh of the respondents
consumes strong drinks. At the same time, every fourth
respondent mixes different drinks during consumption of
alcohol. The negative consequences of using alcohol are
the appearance in one third of respondents of aggression,
sadness, or mixed mood. The prevalence of alcohol con-
sumption is associated with tobacco consumption.

Relative to the new unfavorable health trend is the preva-
lence of energy drink consumption by students, which was
confirmed by one third of the respondents. At the same

time, respondents noted short-term effects in the form of
increased work capacity, mood that passed the next day in
anxiety, the appearance of pain in the stomach, etc. Each
seventh of the respondents indicated a combination of
alcohol and energy drinks.

The existing connection between tobacco, alcohol and
energy drinks consumption proves the need for an inte-
grated approach to reduce their prevalence among students
and about the potential for achieving positive results in
terms of healthy lifestyles.

The special aspects and causes of the prevalence of risk
factors of illness and unhealthy behavior among student
youth indicate the need for a complex approach to its
prevention and reduction with the application of modern
adequate methods, forms and methods.
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ABSTRACT

Introduction: Pollen allergy, also called hay fever or pollinosis, is referred to the most widespread allergic diseases. According to different sources, from 5 to 34% of the population
in developed countries are likely to suffer from this condition. Moreover, the majority of patients are young people of working age

The aim: To demonstrate a practical decision of the choice of effective treatment tactics based on component testing in patients with pollen allergy.

Materials and methods: 126 patients with allergic rhinitis / conjunctivitis were randomly selected according to their primary visit during the first week in August of the
current year. Among them, 53 (42.0%) female and 73 (58.0%) male, aged 22-47 years. General laboratory and instrumental investigations, skin prick test with allergen extracts
(Diater, Spain), measurement of total serum and specific IgE by immunoenzymatic assay method using test system “Euroimmun” were performed. Immunofluorescent method
ImmunoCap (Thermo Scientific, Uppsala, Swiss) was used to detect specific components of allergens. The material of investigation was blood serum.

Results: According to the results of skin prick-test, 50% of patients could receive allergen immunotherapy with two different extracts of allergens “Mixture of Weeds” and “Mixture
of Grass”. On molecular investigations, it was detected that this combination was not suitable for any patient (20% of individuals had genuine sensitization to allergens of grass
pollen, including a marker of cross-reactive molecules, 30% of individuals were sensitized with genuine allergens of Artemisia and/or ambrosia).

Conclusions: Based on skin prick-test and molecular diagnostics, the doctor makes a completely different decision on the choice of extracts for allergen immunotherapy
conduction. Component determination of a sensitized profile and high sensitivity of this method enables to reveal a genuine protein, which is the primary cause of allergy

occurrence and administer etiotropic allergen-specificimmunotherapy with the allergen, to which sensitization was detected.

KEY WORDS: component diagnostics, pollen allergy, allergen immunotherapy

INTRODUCTION

It has been over 20 years since the moment of the first con-
cept of allergy diagnostics based on allergen components or
component diagnostics (component-resolved diagnostics,
CRD) [1]. Since then, the volume of knowledge in this area
is constantly increasing, and the quality is improving. Allergy
source is identified at a component level. Components of an
allergen are proteins, which by their structure are very similar
(homologous) and belong to the same protein family, though
they have a completely different source. Implementation of
component diagnostics into practice enables practical doctors
to prognosticate possibility of occurrence of allergy symptoms,
cross reactivity, determine the risks of acute conditions, to
choose optimal eliminating measures, in particular diet in
case of food allergy manifestations, as well as increase the effi-
cacy of allergen immunotherapy (AIT) [2]. The Consensus on
molecular diagnostics WAO-ARIA-GALEN, 2013 is the basic
document to rely on during conduction of component investi-
gations [3]. One of the evident examples, dictating necessity of
conducting component investigations is allergy to plant pollen.

Wiad Lek 2019, 72, 3,391-394

Pollen allergy, also called hay fever or pollinosis, is referred
to the most widespread allergic diseases. According to dif-
ferent sources, from 5 to 34% of the population in developed
countries are likely to suffer from this condition. Moreover,
the majority of patients are young people of working age [4].
Thus, treatment of pollen allergy is among urgent problems
of contemporary allergology. This type of allergopathy is
referred to reactions of type I hypersensitivity, caused by the
synthesis of specific immunoglobulins class E in the body as
aresponse to penetration of allergen molecules, which com-
pose pollen of wind-pollinated plants. Since pollen usually
lands on the mucosa of the eyes and airways, pollen allergy,
asarule, is manifested by conjunctivitis, rhinitis, sometimes
in combination with the inflammation of Eustachian tubes
- eustachitis, and allergic bronchial asthma. Much rarer,
pollen allergens affect the skin (urticaria, Quincke’s edema,
atopic dermatitis), genitourinary system (allergic vulvitis,
vulvovaginitis and very rarely - cystitis and nephritis), gas-
trointestinal tract (gastritis, colitis with diarrhea, vomiting,
other signs of digestive disorders) etc.
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Worldwide, there are over 60 species of plants, pollen of
which can sensitize the body. Throughout a year, three peri-
ods/seasons of exacerbations of allergic manifestations can
be identified in the individuals, sensitized with pollen aller-
gens. The first period - spring - is associated with blooming
of wind-pollinated trees, among which are alder, hazel,
willow, elm, aspen, poplar, birch. In the central regions,
these trees blossom approximately from the second half
of March to early May. Coniferous trees blossom almost
at the same time. The second period - summer - is asso-
ciated with blooming of meadow grasses and some weeds,
for instance, dandelion, ambrosia, ryegrass, foxtail, fescue,
timothy grass, saltwort, wheat-grass etc. These plants start
blooming from the first week of June and to early July. The
third period of pollinosis exacerbation is autumn, which
is associated with weed blooming (mugwort, golden rod,
orach etc.). It starts in the first weeks of September and lasts
till late autumn. However, it should be remembered that
pollination period of these plants can differ depending on
aregion, annual changes of climatic conditions, ecological
problem etc. Most often, overlapping of pollination seasons
is observed. Thus, diagnostics of a causative sensitizer based
solely on calendars of pollination of wind-pollinated plants
is relative. Another important fact is that due to a tiny size,
allergenic pollen can be transmitted with wind for long
distances and provoke sensitization in the regions where
certain plant does not grow. Besides, according to scientific
literature and our monitoring, patients with mono- or
oligosensitization are quite rare, especially among adults,
in whom polysensitization results in significant diagnostic
difficulties [5].

Thus, component diagnostics for patients with pollen
allergy is necessary, at the same time - structural approach
is necessary during interpretation of the results of molec-
ular investigation [6].

THE AIM

Thus, the aim of our research was to demonstrate a prac-
tical decision concerning the choice of effective treatment
tactics based on component investigations in patients with
pollen allergy.

MATERIALS AND METHODS

The investigation involved 126 the individuals, who lived in
Lviv region, with allergic seasonal rhinitis / conjunctivitis,
randomly selected after their first visit in the first week of
August in the current year. Among them, 53 (42.0%) fe-
male and 73( 58.0%) male, aged 22-47 years. The patients
sought consultations of doctors-allergists in Lviv regional
center of clinical immunology and allergology. After being
informed, the patients consented. The diagnosis of allergy
to pollen was based on case history, which indicated a sea-
sonal peculiarity of clinical allergic signs and data of skin
prick-tests with a standard panel, which contained extracts
of allergenic pollen from local sources of allergens, includ-
ing a mixture of weeds (Ambrosia artemisiifolia, Artemisia,
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Atriplex cana, sunflower), mixture of grasses (Bromus,
wheat-grass, rye, timothy grass), as well as extracts of Ar-
temisia, ambrosia, timothy grass (“Immunolog”, Ukraine).
Physiological solution and 0.1% histamine solution were
used as a negative and positive control, respectively. The
results of skin prick-tests were estimated in 15 minutes
according to European standards.

Total serum IgE was measured by enzyme immunoassay
technique using test-system “Euroimmune” according to
instructions of the manufacturer. Immuno CAP (Thermo
Scientific, Uppsala, Swiss) was used for measuring the levels
of specific antibodies IgE class, following instructions of the
manufacturer. Five marker allergens of genuine sensitiza-
tion to pollen of Artemisia (nArt v 1, rArt v 3), ambrosia
(rAmb a 1) and grasses (rPhl p 1, rPhl p 5) were identified.
Besides, two cross-reactive molecules of profilin rPhl p
12 and polcalcin rPhl p 7, which are responsible for cross
reactions between pollens of different sources (including
grasses and weeds), were determined [13]. Levels sIgE>
0.35 KU/I were considered positive.

The research was conducted following the 7' review of
the principles of Helsinki declaration on human rights
(2013) (protocol of ethical commission Ne 6 20.06.2016
from Danylo Halytsky Lviv National Medical University).

RESULTS AND DISCUSSION

By the data of prick-tests, positive results of prick-testing
to a mixture of weeds, Artemisia, ambrosia and a mixture
of grass were found in 50% of patients indicating co-sensi-
tization to various sources of allergens. Monosensitization
to allergens of weed pollen was revealed in 30% of patients,
and monosensitization to pollen components of grasses
was detected in 20% of individuals. It should be mentioned
that prick-test to an extract of weed mixture was negative
in 40% of patients with positive skin reaction to pollen
extracts of Artemisia and ambrosia. Negative results of
skin reaction to an extract of grass mixture were revealed
in 10% of patients with high response (++++) to pollen
components of timothy grass.

Based on serological measuring of IgE to genuine com-
ponents of Artemisia (Artv 1, Art v 3), ambrosia (Amb a
1) and timothy grass (Phl p 1, Phl p 5), the results obtained
in these patients differed from the data of skin tests. Thus,
simultaneous sensitization to pollen allergens of Artemisia,
ambrosia and timothy grass, which was detected in 50% of
patients in skin tests, was not confirmed at molecular level.
Instead, sensitization to Artemisia and ambrosia was found
in 20% of individuals, monosensitization to Artemisia —
in 30%, and monosensitization to allergens of ambrosia
pollen — in 20%. In the majority (70%) of patients with
monosensitization to allergens of weed pollen, specific IgE
to Art v 1 and/or Art v 3, and/or Amb a 1 were identified.

The results of our component investigation have re-
gional peculiarities, which, first of all, depend on climatic
and geographic conditions of a region. By our long-term
monitoring, sensitization to Artemisia, which is common
on the territory of Ukraine, is most often observed in
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patients sensitive to weed pollen. Due to geographic lo-
cation of Western Ukraine, prevalence of sensitization to
this weed is similar to a number of European countries. In
particular, ambrosia pollen is a significant cause of allergy
among residents of Germany, where sensitization to it
constituted 23% (76, 77). In reports from Italy, prevalence
of sensitization to ambrosia is increasing annually and
constitutes approximately 17.08% (78, 79). Prevalence of

sensitization to this pollen also increased in France (82).

Particularly, in the north of France, ambrosia pollen is

considered the third most common cause of pollinosis in

children after grasses and plaintain, and the percentage
of sensitized individuals reaches 21% (83). Concerning

Poland, which borders on Western Ukraine, the research

showed that sensitivity to ambrosia constituted 82.9% (91).

In other investigation, conducted in Poland, sensitization

to ambrosia was observed in 42% of individuals; in 71% of

them, clinical symptoms appeared only after 20 years of age.

Thus, it has been established that the doctor makes

completely different decisions on the choice of extracts for
conduction of allergen-specific immunotherapy based on
skin prick-test and molecular diagnostics. By the results
of skin prick-test, 50% of patients could receive AIT with
two different extracts of allergens “Mixture of weeds”
and “Mixture of grasses” However, based on molecular
investigations, it was found out that such combination
was suitable for none of the patients (20% of individuals
suffered from genuine sensitization to allergens of grass
pollen, including a marker of cross-reactive molecules,
30% were sensitive to genuine allergens of Artemisia and/or
ambrosia). Since diagnostics based on skin prick-tests was
less accurate than conducted molecular investigations for
identification of exact sources of allergens, optimal choice
of AIT tactics for such patients was elaborated based on
molecular investigations. The tactics was as follows:

1. Patients with detected components of grass — Phl p 1/
Phlp 5 (+), Phl p 7/ Phl p 12 (£) were recommended
AIT with an extract of grass pollen;

2. Patients with detected components of ambrosia - Amb
al(+), Artv1/Artv3(-) were recommended AIT with
an extract of ambrosia pollen;

3. Patients with detected major components of ambrosia
pollen —~Amb a 1 (+) and Artemisia pollen — Art v 1/
Art v 3 (+) were recommended AIT with extracts of
ambrosia and Artemisia pollen;

4. Patients with detected components of Artemisia — Amb
al(-), Artv1/Artv 3 (+) were suggested AIT with an
extract of Artemisia pollen;

5. Patients with detected only minor components of
grasses — Phl p 1/ Phl p 12 (+) were not recommended
an extract of grass pollen.

Exact identification of causative sensitizers in patients with

mono- or oligosensitization to pollen, without overlapping

of pollination seasons, is achieved by means of traditional
diagnostics using whole extracts of allergens. In most cases,
patients are sensitized to major components of pollen (for
example, Ole e 1, Bet v 1, Phlp 1, Phl p 5). However, this rule
does not work in the areas with a high allergenic load, for

example, in case of olive pollen in Mediterranean countries,
where Ole el and Ole e 9 are usually considered minor aller-
gens and can be the main sensitizers [7]. Thus, administering
AIT in the areas with a high degree of sensitization to “minor
allergens’, molecular diagnostics can be very important, since
commercial extracts for immunotherapy are standardized
only for major allergens. Thus, patients, sensitized only to
minor allergens, basically, will not be able to receive a sufficient
amount of allergen for successful result of immunotherapy
with the allergen. Even worse consequences are possible - side
effects can occur in patients in case of high concentration of
these minor allergens in the extract [8].

In recent clinical investigations, it has been shown that AIT
with grass pollen extract with one allergen is safe and effec-
tive both in poly- and monosensitized patients [9]. It means
that the allergen extract, used for AIT, is suitable for highly
sensitized patients. CRD helps to obtain information about
a patient’s sensitization to choose an extract for AIT, which
supports the concept of “therapy based on allergen compo-
nents”. Administration of AIT will be expedient if sensitization
to species-specific allergens is confirmed, while in selective
recognition of cross-reactive allergens, in particular, profilins
or CCD - administration of CCD is doubtful [10]. Cross-re-
active allergens are considered to have a limited clinical value
and their qualitative amount in extracts is usually not estimat-
ed. In case of sensitization to “raw” extract (skin prick-tests
and/or positive test for specific IgE), AIT administration is
controversial if response to all components is negative, since
extracts, most likely, will not contain sensitizing molecules.

Proving the importance of immunotherapy administra-
tion based on component diagnostics in three recent pro-
spective investigations of adults and children it was shown
that the results with the use of component investigations
modified previously administered AIT in approximately
half of patients [11, 12].

The data obtained by us confirm the results of our sci-
entific literature on the correct choice of the extract for
AIT on the basis of molecular research. Thus, according
to the results of SPT - 50% of patients in the study group
could receive AIT with two different extracts of allergens
“ Mixture of weeds” and “Mixture of grasses”. However,
according to molecular studies, none of these patients had
this combination (20% had true sensitization to grass pol-
len allergens, including cross-reactive molecule markers,
30% were sensitive to genuine allergens of artemisia and/
or ambrosia). Thus, in half of patients the correct choice of
drug for AIT with the prediction of its high effectiveness
was based on molecular studies.

CONCLUSIONS

1. Patients with pollen allergy, especially those polysensi-
tized, require mandatory conduction of component al-
lergy diagnostics for proper choice of treatment tactics,
correction of therapy at the stage of patient monitoring
and estimation of its efficacy.

2. Component identification of a sensitizing profile ac-
cording to Consensus on molecular allergy diagnostics
and high sensitivity of this method enables to detect a
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genuine protein, which is a primary cause of allergy
occurrence and administer etiotropic allergen-specific
immunotherapy with the allergen, to which sensitiza-
tion was found out.

In the treatment of patients, it is important to use
allergens standardized by activity and controlled for
the presence of major components, which enables to
achieve a maximally high effect of treatment.
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ABSTRACT

Introduction: At the present stage, the medicine development is based on the principles of evidence-based medicine, which requires using of statistical methods and forecasting.
Using statistical analysis and possibilities and mathematical forecasting emphasizes the probability of obtained data in scientific medical research. Identifying the factors that
determine the survival of patients with acute leukemia and pneumonia causes the conduct of this study.

The aim: To create a mathematical model of poor outcome prognosis in patients with acute leukemia, which was complicated by pneumonia, to determine the treatment place
and timely optimize the treatment.

Materials and methods: An electronic database of formalized disease history of 360 patients with acute leukemia and pneumonia was created. The data base contained data
of objective survey and additional research methods. In our study we used non-parametric dispersion analysis of Kraskele-Wallis, correlation analysis with the calculation of
Spierman’s rank correlation coefficients, simple and multiple logistic regression analysis with the calculation of the odds ratio; ROC analysis. The significance level p <0,05 was
considered statistically significant.

Results: [t was determined that with the onset of the lethal outcome of patients with pneumonia, developed on the background of acute leukemia, the indicators of leukocytes,
lymphocytes, neutrophils, platelets, erythrocytes, hemoglobin and immunity indexes (B(CD19+), T(CD4+), (D4+/(D8+, 1gG). According to the results of our study, a mathematical
model of prediction poor outcome in patients with acute leukemia, which was complicated by pneumonia, was created: PPO=exp(-10,317+0,410* B(CD19+) -2,149* 19G)/
[1+exp(-10,31740,410% B((D19+) -2,149* IgG)].

Conclusion: Using in clinical practice the proposed mathematical model of prediction poor outcome in patients with acute leukemia, which was complicated by pneumonia,
will allow determining the treatment place and timely optimizing the treatment program.

KEY WORDS: acute leukemia, prognosis, pneumonia, poor outcome

INTRODUCTION

According to the International Agency for Research on Cancer
(Lyon, France), more than 10 million patients with malignant
neoplasms were registered in the world in 2000, and the num-
ber of new cases is projected to reach 16 million in 2020 [1].
The problem of leukemia is one of the most urgent. Leukemia
is about 8% of the total number of malignant tumors, and are
among the six most common cancers. Every 3 minutes a new
case of cancer is registered in the USA, and every 9 minutes
one of the patients dies [2]. Up to 8 thousand new cases of
oncohematological diseases are diagnosed annually in Ukraine.
The index of morbidity per 100 thousand population at lym-
phogranulomatosis is 2,5; at MM - 1,6; at leukemia - 8,1 [3].
According to official data, the incidence of hemoblastosis in
Ukraine during the last 20 years has increased from 14,7 (in
1991) to 18.9 per 100 thousand population (2014). The absolute
number of newly diagnosed patients also increased [4, 5,6]. The
end of oncohematological diseases is often unfavorable. Timely
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diagnosis provides 2/3 of success in overcoming illness. The
situation with the treatment of acute leukemia in adults remains
unsatisfactory. The frequency of remissions abroad — 50-80%,
in Ukraine it does not exceed 20-40% [7]. The using of inte-
grated therapies allowed prolong the patients’ lives with AL in
remission, up to 3-5 years in 35-40% of cases and to remove the
terms of patients’ disability with chronic blood and lymphoid
tissue diseases [8]. At the same time, the survival prognosis of
patients with AL became worst with infectious complications
(IC), among them the leading role belongs to pneumonia [8].
It is proved that the course of AL is characterized by a high
incidence of IC, which pneumonia is the main one. It occurs
in 53% of hospitalized in the hematological department [9].
Mortality in such cases is quite high and makes up 28% [8].
Progressive increase of pneumonia poor outcome is determined
even modern antibacterial drugs using. The mortality level of
patients with AL and pneumonia reaches to 40% in the intensive
care units [10].
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Table I. 0dds ratio clinical and laboratory parameters influence on mortality, depending on their threshold predictive value of the studied patients

Indexes o — Patients proportion, (%) p
(1-yes, 0-no) Alive Dead

Neutrophils <1,24 10%/I 10,20 5,52-18,83 7,05 43,61 <0,001
Pulse >92 per min. 17,31 9,90 - 30,26 10,57 67,18 <0,001
Leukocytes <3,7 10%/1 60,00 7,60 -473,85 28,57 96,0 % <0,001
Lymphocytes <18,9 % 9,90 4,51-21,76 18,75 69,57 <0,001
B CD19<0,467 g/I 68,85 4,0-1185,95 37,14 100,0 <0,001
TCD19+ >58,13 % 85,79 18,06 - 407,47 14,46 93,55 <0,001
CD4<21,77% 285,0 32,41 -2506,38 784 21,6 <0,001
CD4 <0,71 g/l 28,80 6,14 - 134,98 6,25 95,0 <0,001
CD4/CD8 <1,05 437,0 46,23 -4130,90 4,17 95,0 <0,001
lg G <8,21 g/l 43,54 551-344,13 30,38 95,0 <0,001
FA <22% 14,44 4,19-49,75 8,70 57,89 <0,001
Creatinine >94 mkmol/I 3,84 2,44-6,03 32,30 64,66 <0,001
HB <90 g/I 6,02 3,72-9,73 33,48 75,19 <0,001
Erythrocytes <1,97 10'%/I 36,67 19,21 -70,00 6,61 72,18 <0,001
ESR >33 mm/h 4,63 2,92-7,34 31,86 68,42 <0,001
Platelets<60 10%I 8,50 5,15-14,03 15,49 60,90 <0,001

At the present stage, the medicine development is based
on the principles of evidence-based medicine, which re-
quires using of statistical methods and forecasting. Using
statistical analysis and possibilities and mathematical
forecasting emphasizes the probability of obtained data
in scientific medical research. Identifying the factors that
determine the survival of patients with AL and pneumonia
causes the conduct of this study.

THE AIM

To create a mathematical model for determine the forecast
of pneumonia poor outcome in patients with acute leuke-
mia in order to define patient’s treatment place and timely
optimize the treatment.

MATERIALS AND METHODS

The study was conducted in the hematological center of
“City Multidisciplinary Clinical Hospital Ne4”, Dnipro
(2012-2015 yrs). 360 patients with pneumonia developed
on a background of AL were investigated. The patients
were divided according to the American Thoracic Society
recommendations 2007 [15]: the 1% group consisted of 109
patients with mild and moderate severity of pneumonia,
which developed shortly after hospitalization; the 2™ group
consisted of 65 patients with mild and moderate severity
of pneumonia, which developed at any time, all patients
have risk factors; the 3™ group - 53 patients with severe
pneumonia, which developed shortly after hospitaliza-
tion, all patients have risk factors and patients with late
pneumonia with severe course. In addition, we identified
4™ group - patients with pneumonia poor outcome. This
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group consisted of 133 patients.

Diagnosis of pneumonia and CL form were performed in
accordance with generally accepted clinical, laboratory and
morpho-immunohistochemical studies [1, 2,7, 8,9, 17].

General clinical methods included data of anamnesis,
including anamnesis of oncohematological disease (form,
stage of the disease, its first signs, duration, presence of
B-symptoms, enlargement of liver, spleen, lymph nodes
(LV), number of chemotherapy courses (CT), which pre-
ceded the IC of the broncho-pulmonary system, the pres-
ence of concomitant pathology, anamnesis of pneumonia
(communiyu aquared pneumonia, nosocomial pneumonia
(early, late)); the beginning, the presence of generally ac-
cepted clinical signs; data of pneumonia clinical picture and
complaints (the presence, number and nature of sputum,
the presence, number and type of dyspnea, the time when
complaints began, temperature reaction dynamics); data
of patient’s physical examination, including in dynamics
(data of percussion, auscultation); results of laboratory
methods of research in dynamics ( complete blood count,
biochemical blood test); general sputum analysis; chest
X-Ray in two projections and / or computed tomography
(CT) of the lungs (if necessary in dynamics); to determine
the probable pathogens of pneumonia - bacterioscopic and
microbiological study of sputum and fluid of broncho-alve-
olar lavage (BAL); fibrobranchoscopy to obtain BAL fluid;
immuno-enzymes study - to determine the parameters of
cellular and humoral immunity.

All quantitative and qualitative (nominal) indices were
entered into the electronic database of formalized disease
histories like “object-sign” table. These data gradually and
statistically processed using descriptive and analytical
biostatistics methods implemented in software packages
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Table II. Forecast of pneumonia poor outcome in patients AL according to logistic regression analysis

Prognostic Variables clzeegf;:iS:::nB Stac:::f::;’i::;-o'; i Wald'’s x? Wald'’s p-value x?
Free member of the equation -10,317
TCD19+ % (X1) 0,410 0,162 6,429 0,011
Ig G (x,) -2,149 0,944 5,189 0,023

Logistic equation

y=exp(-10,317+0,410*x,-2,149*x,)/
[1+exp(-10,317+0,410%x,-2,149*x )]

Xi- square

¥*= 65,37 (p<0,001)

Percentage of concordance

93,67 %

Hosmer-Lemeshov Test

0,127 (p=0,999)

Forecasting operating characteristics according to ROC analysis

Sensitivity, % 100,0
Specificity, % 90,48
AUC 0,991
95 % Cl AUC 0,938 - 1,000
P <0,001
Qualitative assessment of the model excellent

“STATISTICA 6.1” (StatSoftInc., Serial No. AGAR909E-
415822FA); Microsoft Excel (Office Home Business
2KB4Y-6H9DB-BM47K-749PV-PG3KT). Median (Me),
as a measure of the central trend, was used to describe
the quantitative indices; interquartile scale ((25%, 75%)
- 25 and 75 percentiles respectively, Q1 and Q3 - first
and third quartiles) to describe the sings variation., The
nonparametric dispersion analysis of Kraskele-Wallis and
a correlation analysis with the calculation of the Spirman
rank correlation coeflicients (p) were used in statistical
analysis of study results. Multiple comparisons were made
with Bonferon and Hill. The statistically significant level
was p <0,05 (5%) [10].

RESULTS

Correlation between mortality and clinical, anamnestic,
laboratory parameters shows the existence of probable
connection between poor outcome forecast and 36 quan-
titative and qualitative sings.

The indicators with statistically significant, average and
high correlation coefficients (0,29 <p <1,0) were selected
for a more detailed analysis of which factors affect on poor
outcome. The next step was - to analyze the effect of quan-
titative and nominal indicators on the mortality of patients
with pneumonia and AL using a simple logistic regression
analysis. Cutoff points were identified using the ROC
analysis — the critical values of the clinical and laboratory
results, which achieved the maximum predictive value of
the indicator to predict the probability of pneumonia poor
outcome [18].

Leukocytes, lymphocytes, neutrophils, platelets, eryth-
rocytes, hemoglobin, B (CD19 +) (g / 1), CD4 + (%),
immunoregulatory index (CD4 + / CD8 +) and IgG (g /1)

showed the most prognostic ability to predict pneumonia
lethal outcome in patients with AL (Tab. I).

The relationship between the signs “died” or “survived”
analyzed using a logistic regression model with a step-by-
step algorithm predictors inclusion [13, 14]. The logistic
equation used as the basis for developing the prediction
model: y = exp (b0 + bl *x1 + ... + bn * xn) / [1 + exp (b0
+bl*x1+..+bn*xn)] ¥, where: y - the result (in our
study - the prediction of pneumonia poor outcome (PPO);
b0 - the free part of the regression equation; bl — bn - re-
gression coeflicients; x1-xn - predictor variables.

If the calculated probability of pneumonia poor outcome
will be less than 0,5, we can assume that the event will not
occur (the patient will not die); if probability more than
0,5 - the poor outcome of pneumonia is reliable.

We received the logistic regression equation parameters
represented as a result of a step-by-step inclusion of inde-
pendent variables. It's presented in tab. IT (only meaningful
factors are included in the table). For quantitative predic-
tors, the index entered in the equation in units values, for
binary 1 - factor is presented, 0 - is not.

We calculated the regression coefficient p during logistic
regression analysis, its error, and x2 Wald statistics. Coeffi-
cient B describes the change of the mortality risk due to risk
factor change for the one unit. We estimated the predictive
precision of the logistic regression equation using the Hi-
square (x2); percentage of concordant - the proportion of
correctly reclassified observations (the closer this figure
to 100%, the higher model quality); Hosmer-Lemeshov’s
consent test and ROC-analysis. The evaluation of logistic
regression equations using Xi-square (x2) showed their
precision, it was determined the statistically significant
level x2 (p <0,001). The proportion of correct prediction
for patients with AL membership of a particular group
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(survivor, died) was 93,67%. This concordance indicator
shows a high degree of consistency in the real distribution
of mortalities and distribution based on the logistic re-
gression equation. Overall consensus actual and estimated
data based on Hosmer- Lemeshov test showed significant
match, because p > 0,05 was for all equations. That allows
us to take zero hypothesis regarding the consistency of the
theoretical and actual results of the disease.

According to the ROC curve’s shape and the area under
it (AUC), we estimated the predictive precision of logis-
tic regression equations. The area under the ROC curve
shows the dependence between the numbers of correctly
and incorrectly classified pneumonia poor outcome cases.
The closer curve to the upper left corner and the bigger the
area under the curve, the better its discriminatory power.
When the AUC s 0.9 - 1, the model’s quality is considered
“exellent”; 0,8 - 0,9 - “very good™; 0,7 - 0,8 - “good”; 0,6 -
0,7 - “average”; 0,5 — 0,6 — “unsatisfactory”; the value less
than 0,5 indicates the model’s unsuitable [18,19].

Thus, it is determined that the proposed prognostic
model - the logistic regression equation has excellent
operational characteristics - sensitivity 100,0%, speciﬁc-
ity 90,48%, area under the ROC curve - 0,991 (p <0.001)
(Table II, Fig. 1).

The constructed logistic models were acceptable relying
on the criterion x2; the percentage of concordation, the
Hosmer-Lemeshov test and the ROC-analysis. The pre-
dicted values (y) in regression models will be always in
ranges from 0 (survived) to 1 (died), regardless of regres-
sion coefficients or x-values. When calculated probability
is less than 0,5, we can supposed that event will not occur
(the patient will not die); otherwise (probability more than
0,5) - the pneumonia poor outcome will be [19].

We propose a detailed scale for predicting the pneumonia
poor outcome (PPO) in patients with AL based on all of
the above calculations:

- up to 0,21 - very low probability of PPO (P <5,24%);

- 0,22 - 0,42 - low probability of PPO (5,24% < R <25,08%);

- 0,43 - 0,55 - average probability of PPO (25,08% < R
<50,50%);

- 0,56 - 0,81 - high probability of PPO (50,50% < R <

90,45%);

- higher than 0.82 - very high probability of PPO (P>

90,45%).

DISCUSSION

Despite the presence of a sufficiently large number of
prognostic and diagnostic scales, which are certainly use-
ful for a physician, which solves the issue of choosing the
treatment place, diagnosis, the severity of pneumonia, we
can’t consider this issue to be finally resolved, especially for
certain categories of patients, in particular for patients with
AL and pneumonia. Earlier the determination of the fore-
cast mortality based on the analysis of leading symptoms
and syndromes, but at present time it is possible to use the
mathematical apparatus [17]. Quantitative analysis pro-
vides an opportunity to determine prognostic evaluation
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Fig.1. Operational characteristics of the forecasting pneumonia poor outcome
logistic regression model in patients with AL according to ROC analysis.

criteria in numerical terms enriching and supporting the
meaningful analysis, making it more evidence, excluding
contradictory methods [17].

The study identified the factors predicting pneumonia
poor outcome in patients with pneumonia, developed on
the background of AL. The study proved that the predic-
tors of the poor outcome were: leukocytes, lymphocytes,
neutrophils, platelets, erythrocytes, hemoglobin, as well
as immunity parameters: B (CD19 +) (G/ L), CD4 + (%),
immunoregulatory index (CD4 +/ CD8 +) and IgG (g /1).
The logistical equation included two of the most influential
indicators - B CD19 + (G /L) and IgG (g /1). It is known
that the main effector cells-killers are T-lymphocytes. They
provide recognition and destruction of cells that carry
external antigens, in particular infectious agents [20]. The
number of these cells is usually lowered in patients with
acute leukemia. The function of B-lymphocytes with the
phenotype B (CD19 +) is the formation of complexes with
antigenic receptors of B-lymphocytes and a decrease in the
threshold of sensitivity of these receptors that stimulate the
functional activity of T-killers [20]. Also, this phenotype,
in terms of its quantitative reduction, characterizes the
redistribution of lymphocytes to the inflammatory site.
Therefore, it is clear that the quantitative decrease of B
(CD19 +) is defined as a predictor of the poor outcome of
such a severe IC, as pneumonia in patients with AL. The
obtained data coincide with the data of other researchers,
which determined the role of the indicator B (CD19 +)
for its increase - as a sign of a favorable forecast; for a de-
crease - as a sign of an unfavorable prognosis in patients
with MM [21].

Using in clinical practice the obtained equation will allow
to predict the pneumonia poor outcome in patient with
chronic leukemia with a small number of parameters that
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are available today in clinics with hematological profile. De-

termination the probability of PPO in patients with AL has

a fundamental value for timely choice the treatment tactics:

- 0,21 - 0,42 - low probability of PPO - it is possible to
treat pneumonia in outpatient settings or in a therapy,
hematologist consultation is necessary;

- 0,43 - 0,55 - average probability of PPO - treatment
in therapy, hematologist consultation in dynamics of
treatment;

- 0,56 - 0,81 - high probability of PPO - treatment in
a hematological hospital, determination of immunity
parameters in dynamics, consideration necessity of ABT
modification;

- more than 0,82 - very high probability of PPO - treatment
in the department of intensive care, optimization of ABT.

CONCLUSIONS

1. Results of our study prove that the forecast of pneumo-
nia poor outcome in patients with acute leukemia is
associated with: leukocytes, lymphocytes, neutrophils,
platelets, erythrocytes, hemoglobin and immunity: B
(CD19+) (G/L), T (CD4+) (%), immunoregulatory
index (CD4+/CD8+) and IgG (g/l).

2. Mathematical modeling is a modern, necessary instru-
ment in medical practice. A mathematical model for
predicting the pneumonia poor outcome in patients
with acute leukemia was created in our study: PPO =
exp (-0.073-0.994 * (leukocytes) + 4.842 * (P. aerogi-
nosa)) / [1 + exp (-0.073-0.994 * (leukocytes) + 4.842
* (R. aeroginosa)].

3. Using in clinical practice the proposed mathematical
model of prediction pneumonia poor outcome in pa-
tients with acute leukemia will allow determining the
treatment place and timely optimizing the treatment
program. If the result of equality is 0,21 - 0,42 - it is

possible to treat pneumonia in outpatient settings or in
a therapy, hematologist consultation is necessary; 0,43 -
0,55 - treatment in therapy, hematologist consultation
in dynamics of treatment; 0,56 — 0,81 — treatment in a
hematological hospital, determination of immunity pa-
rameters in dynamics, consideration necessity of ABT
modification; if result more than 0,82 — treatment in
the department of intensive care, optimization of ABT.
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ABSTRACT

Introduction: Taking into account the patho-immune mechanisms of formation of inflammatory process in periodontium, there is a necessity for in-depth study of the
pathogenesis of periodontal diseases from the position of changes in the reactivity of the organism.

The aim: Carrying out a comparative estimation of phagocytic activity of leukocytes of animals with inflammation in periodontium with altered reactivity.

Materials and methods: Experiments were performed on 30 white rats: Group | - 10 white rats with hypoergic reaction; Group Il - 10 white rats with hyperergic reaction;
Group |11 - 10 white rats with normergic reaction - control group. Slaughter and blood sampling under thiopental anesthesia was performed 7 days after the beginning of the
experiment. The percentage of phagocytic leukocytes - phagocytic index, phagocytic number were determined and the index of phagocytic activity was calculated.

Results: The phagocytic index (Fi,%) decreased by 2,09 times (p <0,05) at hypoergic, it increased by 1,37 times (p <0,05) at hyperergic; the index of phagocytic activity (IFA)
decreased by 1.96 times at hypoergic (p <0.05); growth was 1.94 times (p <0.05) in the hyperergic group of animals. In both experimental groups, the phagocyte number (Fu)
increased hy 6.25% and 41.7%, with hypoergic and hyperergic, respectively.

Conclusions: Different directions of changes of the phagocytic activity were observed: increase of these parameters at hyperergic and decrease at hypoergic. An increase in

phagocyte number was likely to indicate some autonomy of the process of phagocytosis and independence from the reactivity of the organism.

KEY WORDS: periodontitis, serum, phagocytic activity

INTRODUCTION

Diseases of periodontal tissues both of adults and
children are the most common pathology in dentistry.
Generalized periodontitis has not only different manifes-
tations of the clinical picture of the disease of individual
patients, but also in the dynamics of the pathological
process in the periodontal disease of a particular pa-
tient [1]. The development of generalized periodontitis
should be considered as the result of the interaction of
the microbial factor and the patient’s body. Currently,
the influence of microbial, traumatic, immune, vascular
and other local factors in the development of generalized
periodontitis has been studied in various ways. The fea-
tures of the course of the background of the concomitant
pathology of the organism are studied. On the one hand,
the course of the local inflammatory reaction depends
on the immunobiological properties of the body of this
patient, on the other - the inflammation center in the
tissues of the periodontal affects the whole organism.
There occurred the closed circle that worsens the rep-
aration of damaged tissues and restoration of immune
homeostasis [2].
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The reasons for the lack of a steady effect after periodon-
titis treatment can be both dysbiotic phenomena in the oral
cavity with a violation of the stability of normal microflora,
and changes in the reactivity of the organism as a whole.
This is facilitated by the growth of aggressiveness of the
environment, the influence of stress factors, increase in
the number of people with different types of immunode-
ficiency among the population, inappropriate use of anti-
biotics. It is possible that complex therapy of generalized
periodontitis, which includes the use of antimicrobial
agents with a wide spectrum of action, can contribute to
total suppression of the indigenous microflora of the oral
cavity and all parts of the immune defense [3].

Taking into account the patho-immune mechanisms
of the formation of the inflammatory process in the
periodontium, there is a necessity for in-depth study of
the pathogenesis of periodontal diseases from the stand-
point of changes in the reactivity of the organism. The
study of the latter factor is devoted to a series of studies
in which morphological features of the development of
periodontal inflammatory diseases were studied when
the body reactivity changed [4]. In the development of
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inflammatory reaction, an important component is the
elimination of necrotic masses, which have all the signs
of antigenicity and ensure the process of remodeling. The
control over the implementation of these processes is
carried out by the immune system. One of the initiators
of such an organism’s response is macrophages, which
belong to bonded antigen-presenting cells. Taking into
account ambiguous data from scientific sources, we
conducted studies on immunological changes in the
organism of experimental animals in response to altered
reactivity, in particular, phagocytic activity of leuko-
cytes, which may give an explanation of the triggering
mechanisms of damage and, above all, to act purposeful
therapeutic measures.

THE AIM

Carrying out a comparative estimation of phagocytic
activity of leukocytes of animals with inflammation in a
periodontium with altered reactivity.

MATERIALS AND METHODS

Experiments on animals were carried out in accordance
with the European Convention for the Protection of Ver-
tebrate Animals, which are used for experimental and
scientific purposes (Strasbourg, 1986), norms of biomed-
ical ethics and relevant laws of Ukraine. The Bioethics
Commission of the I. Horbachevsky Ternopil State Medical
University violations of these principles were not detected
(Minutes No. 44 of January 15, 2018).

Experiments were conducted on 30 white non-linear
male rats weighing 180-200 g, 5-6 months old, which
were divided into three groups: Group I - 10 white rats
with hypoergic reaction; Group II - 10 white rats with
hyperergic reaction; The third group - 10 white rats with
normergic reaction - control group, which received 1 ml
of saline solution intramuscularly. The modelling of the
hypoergic reaction was carried out by intramuscular ad-
ministration of the alkylating cytostatic cyclophosphamide
(JSC “Kyivmedpreparat’, Ukraine) within 7 days daily at
the rate of 10 mg / kg [7]. The simulation of the hyperergic
reaction was carried out by intramuscular administration
of aimmunostimulant of polysaccharide nature - pyroge-
nal (NIIEM named after M. E Gamaleya RAMS, Russia)
within 7 days daily at the rate of 10 mg / kg per animal in
saline solution [8].

Slaughter and blood sampling under thiopental anes-
thesia was performed 7 days after the beginning of the
experiment.

Determination of phagocytic activity of leukocytes is
based on the ability of polymorphonuclear leukocytes and
monocytes of peripheral blood to adsorb on its surface,
absorb and digest microbial test culture. The following
parameters were determined: the percentage of phago-
cytic leukocytes - the phagocytic index - the number of
leukocytes from the hundred that showed phagocytic
activity, the phagocytic number - the number of microbes
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absorbed by an average of one leukocyte and the index
of phagocytic activity was calculated [9]. Quantitative
indicators were processed by the method of variational
statistics [10].

RESULTS AND DISCUSSION

Under the conditions of the changed reactivity of the
organism, the inflammatory process in the periodontal
tissues appeared, which was manifested by a decrease
in the body weight of the animals, hyperemia, swelling,
bleeding, gum erosion, a decrease in the height of the
gingival papilla, destruction of the circular ligament,
bulging of the root of the tooth, and, as our previous
studies indicated [4, 11], the appearance of periodontal
pockets: at hyperergia - from 110 mm to 550 mm (cov-
ered by the epithelium), with hypoergia - from 88 mm
to 792 mm (with prevalence of necrosis) below the level
of the enamel-cement border, which corresponds to the
average degree of gravity bones of periodontitis. At the
same time, the analysis of the results suggests that there
are certain disorders in the functioning of the immune
system of the animal organism.

Thus, evaluating the spectrum of indicators of non-spe-
cific protection in the blood of experimental animals with
periodontitis, we are convinced that most of them differed
significantly from the control (Table I).

The cells of the monocyte-phagocytic system are direct-
ly related to the development of the inflammatory process
in the periodontal tissues. Substrates of this system play
a key role in the implementation of a wide range of im-
mune responses: from the activation of the pro-inflam-
matory cascade at the initial stages of its development,
to the inclusion of anti-inflammatory mediator products
systems. The evaluation of the condition of cells of the
monocyte-phagocytic system, in particular segmental
neutrophils of peripheral blood, showed that during
hypoergia, the percentage of phagocytes cells decreased,
i.e., the phagocytic index (Fi,%) by 2.09 times (p <0.05),
with hyperergia it increased by 1.37 times (p <0.05). The
analysis of phagocytic activity of leukocytes showed a
decrease in the index of phagocytic activity (IFA) with
hypoergia in 1.96 times (p <0.05). The growth of the
above indicator of the hyperergic group of animals was
1.94 times (p <0.05). However, both hypo- and hyperergic
activity increased the absorbent activity of each phago-
cyte cell - phagocyte count (Fu) of 6.25% and 41.7%, at
hypoergia and hyperergia, respectively.

Thus, discussing the results of the research, due to the
indicator of phagocytic activity of leukocytes, our as-
sumption that it changes with the change in the reactivity
of the organism, was confirmed. The earlier carried out
investigations of the state of phagocytosis in patients with
localized and generalized juvenile periodontitis, chronic
generalized periodontitis in comparison with healthy
beings [6] indicates a low level of phagocytosis in patients
with juvenile periodontitis (46% - 53% of patients), only
6% of patients with generalized periodontitis had reduced
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Table I. Phagocytic activity of blood serum neutrophils of rats with different types of inflammatory reaction (n = 10, M + m)

Indicator Hypoergic reactivity Hyperergic reactivity Control group
Phagocytic index, Fi, (%) 21,60+3,42* 61,70+2,17* 45,10+2,41
Phagocyte number, Fu 2,04+0,10 2,72+0,17* 1,92+0,06
Index of phagocytic activity, IFA 44,10+7,86* 167,80+£10,61* 86,60+5,17

* - deviation of the index is reliably relative to the control group of animals, p <0,05

phagocytosis. Phagocytosis has not changed since the
initial periodontal treatment in all patients, suggesting
that the reduction of phagocytosis can not be a temporary
phenomenon associated with the state of periodontal.
These results suggest that depressed phagocytic reaction
of the patients may be due to defects in polymorphonu-
clear leukocytes. In our case, we explain this by changing
the reactivity of the whole organism. There are other
opinions [12], when the cause of the change in the state
of phagocytosis is called the local flow of P. gingivalis to
the function of polymorphonuclear leukocytes, which
become depressed, which contributes to a greater risk
of developing periodontitis in the future. The study of
phagocytic activity of leukocytes made the authors [13]
to make a conclusion that the presence of sodium fluoride
contributed to a significant increase of the phagocytic
index against Streptococcus oralis, Streptococcus mu-
tans, Streptococcus sobrinus and Streptococcus sanguis.
The authors explain this change by the susceptibility
of bacteria, at the same time, do not exclude the direct
activating effect of fluorides on polymorphonuclear
leukocytes. These studies do not contradict our conclu-
sions. In addition, investigations of the development of
periodontitis with changes in body reactivity are original.
We have independently developed experimental models
of periodontitis, the pathogenesis of this disease can be
studied, preclinical trials of new drugs and treatments
can be conducted on their basis.

CONCLUSIONS

The development of periodontitis of moderate severity
in the form of a hypoergic and hyperergic experimental
model is accompanied by a marked violation in the mono-
cyte-phagocytic system. Different directions of changes of
the phagocytic index and index of phagocytic activity were
observed: increase of these parameters at hyperergia and
decrease at hypoergia. An increase in phagocyte number
was likely to indicate some autonomy of the process of
phagocytosis and independence from the reactivity of the
organism.

The obtained results indicate the presence of vari-
ous mechanisms of development of the inflammatory
process in the periodontium. Accordingly, there is the
question of determining the nature of the inflamma-
tory process in a particular patient for conducting or
not conducting correction of the state of the immune
system or in the direction of immunosuppression, or -
immunostimulation.

REFERENCES

1.

10.

1.

Leus PA. Yevropeyskiye indikatory stomatologicheskogo zdorov'ya
naseleniya [European Indicators of Dental Health of the Population].
Economics and Management in Dentistry (RF). 2012;3:50-54. (In
Russian).

. Avdeev 0. V. Kliniko-patohenetychni osnovy rozvytku ta likuvannya

zapal'nykh ta dystrofichno-zapal'nykh zakhvoryuvan' parodonta
pry rizniy reaktyvnosti orhanizmu [Clinical and pathogenetic basis
of development and treatment of inflammatory and dystrophic-
inflammatory diseases of periodontal disease at different reactivity of
an organism]: author’s abstract of the dissertation for obtaining PHD in
Medical Sciences: specialty 14.01.22“Dentistry”. Lviv National Medical
University named after D. Halytskiy. Lviv; 2013, p. 36. (In Ukrainian).

. Levitskiy A.P, Nikolishin A.K., Stupak Ye.P. i dr. Disbioticheskiye aspekty

patogeneza profilaktiki i lecheniya stomatologicheskikh zabolevaniy
[Dishiotic aspects of pathogenesis of prophylaxis and treatment of
dental diseases]. Problems of ecology and medicine. 2011;15(3-4)
(Annex 1):105. (In Ukrainian).

. Avdeev 0.V. Strukturni zminy parodonta shchuriv pry modelyuvanni

hiporeaktyvnosti orhanizmu [Structural changes in periodontitis of rats
in the modeling of hyporeactivity of the organism]. Clinical Dentistry.
2015;1:24-27. (In Ukrainian).

. Phagocytosis — Past and Future. Edited by Manfred L. Karnovsky, Liana

Bolis. Academic Press; 1982, P. 608.

. Kimura S, Yonemura T, Hiraga T et al. Flow cytometric evaluation

of phagocytosis by peripheral blood polymorphonuclear leucocytes
in human periodontal diseases. Archives of Oral Biology.
1992;37(6):495-501.

. Sposib modelyuvannya hipoerhichnoho parodontyta [Way of modeling

of hypoergic periodontitis: branch innovation]. [0. V. Avdeev]. Register
of sectorial innovations. Edition 36-37. Register. No. 438/37/12. K.
Ministry of Health, Ukrmedpatentinform, 2012. P. 321. (In Ukrainian).

. Sposib modelyuvannya hipererhichnoho parodontyta [Way of modeling

hyperergic periodontitis: branch innovation]. [0. V. Avdeev]. Register
of sectorial innovations. Edition 36-37. Register. No. 437/37/12.
K.: Ministry of Health, Ukrmedpatentinform, 2012. p. 320-321. (In
Ukrainian).

. Imunolohiya: pidruchnyk [Immunology: a textbook]. L.V.Kuznetsova,

V.D. Babadzhan, N.V.Harchenko and others; by editing L.V. Kuznetsova,
V.D. Babadzhan, N.V. Harchenko. Vinnytsya: LLC “Mercury Podillya”;
2013. p. 86-88. (In Ukrainian).

Trukhacheva N.V. Matematicheskaya statistika v mediko-biologicheskikh
issledovaniyakh s primeneniyem paketa statistica [Mathematical
statistics in medical-biological researches using the statistica package].
Moscow: Geotar-Media; 2012. P. 379. (In Russian).

Avdeev 0.V. Flohohennyy vplyv imunotropnoho preparatu na tkanyny
parodonta v eksperymenti [Proinflammatory effect of immunotropic
preparation on periodontal tissue in an experiment]. Bulletin of scientific
research. 2010;3(60):104-106. (In Ukrainian).

403



Oleksandr V. Avdeev et al.

12. Wilton JMA, HurstTJ, Scott EE. Inhibition of polymorphonuclear leucocyte
phagocytosis by Porphyromonas gingivalis culture productsin patients
with adult periodontitis. Archives of Oral Biology. 1993;38(4):285-289.

13. Gutiérrez J, Liébana J, Ruiz M et al. Action of sodium fluoride on
phagocytosis by systemic polymorphonuclear leucocytes. Journal of
Dentistry. 1994;22(5):279-282.

Initiative of the research work of the Chair of Pediatric
Dentistry at the State Institution of Higher Education «I.
Horbachevsky Ternopil State Medical University of the Public
Health of Ukraine» “Study of metabolic homeostasis of the
body in diseases of the oral cavity in people of different ages
and optimization of their treatment and prevention” (state
registration number 0116U004146).

404

Authors’ contributions:
According to the order of the Authorship.

Conflict of interest:
The Authors declare no conflict of interest

CORRESPONDING AUTHOR
Alexander V. Avdeev

State Institution of Higher Education

«l. Horbachevsky Ternopil State Medical University
of the Public Health of Ukraine»

Maidan Voli, 1, 46001 Ternopil, Ukraine

tel .: +380978521694, +380663508440

e-mail: avalexandr@yahoo.com

Received: 30.11.2018
Accepted: 14.02.2019



© Wydawnictwo Aluna

Wiadomosci Lekarskie 2019, tom LXXII, nr 3

PRACA ORYGINALNA
ORIGINAL ARTICLE

THE STATE OF OXIDATIVE HOMEOSTASIS IN CHILDREN
WITH INFLUENZA STOMATITIS

Nataliia 0. Gevkaliuk, Nataliya I. Sydliaruk, Larysa Ya. Posolenyk, Oksana Ya. Vydoinyk, Lesia I. Kuchyrka
STATE INSTITUTION OF HIGHER EDUCATION“I. HORBACHEVSKY TERNOPIL STATE MEDICAL UNIVERSITY”, TERNOPIL, UKRAINE

ABSTRACT

Introduction: The clinical course of acute respiratory viral infections was not sufficiently studied, specially the state of oxidative homeostasis in children with influenza stomatitis.
This fact became the base for our study.

The aim: to characterize the state of oxidative-prooxidant system as one of the factors of non-specific resistance of children™ organism with influenza stomatitis.

Materials and methods: A survey was conducted on 384 children with acute respiratory viral infections aged from 6 months to 12 years, among them 318 had lesions of oral
cavity. The mild form was diagnosed in 52 children, moderately severe - in 185, severe - in 81 children. The control group consisted of children without lesions of oral cavity
(66 people). To analyze lipid peroxidation we used a spectrophotometric determination of diene conjugates. The ceruloplasmin activity and the transferrin saturation in blood
plasma by iron were determined by G. Babenko’s method.

Results: We found the intensification of lipid peroxidation: a significant increase of diene conjugates in serum up to 13.78 %, the level of which depended on the severity
of disease. We also found the activity increase of ceruloplasmin in 1,8 times in patients with severe course of disease. The saturation of blood plasma transferrin by iron was
significantly reduced - for 15.27 % in patients with severe course of influenza stomatitis.

Conclusions: Changes in antioxidant system happend due to the activation of lipid peroxidation, and because of the inability to neutralize toxic metabolites in the children’

body the intoxication syndrome developed.

KEY WORDS: influenza stomatitis, antioxidant-prooxidant balance, oxidation homeostasis

INTRODUCTION
Infectious diseases have aleading role in morbidity ranking
of people all over the world, due to its' widespread distri-
bution, multiorganic injuries, adverse effects. According to
WHO [1], respiratory infections are one of the most wide-
spread causes of child morbidity and mortality. Around
11-13 million people sufter from influenza and Upper
respiratory tract infections (URTI) each year in Ukraine,
that is 95 % of all registered cases of infectious diseases [2,
3] and in the structure of child infections URTI occupies
the first rank position [4]. In this regard, respiratory viral
infections became one of the leading medical and social
problems in world countries and have national importance
in Ukraine [5, 6].

Whereas the leading role in pathogenesis of URTT has
a general toxic, epileptotropic and vasopathic action of
respiratory viruses, the rash on mucous membranes re-
flects the patterns of the infectious process in general [7,
8]. In patients with URTT, non-specific lesions of the oral
mucous membrane are often developed in the form of
catarrhal inflammation - an influenza stomatitis, which
reflects local factors. Undoubtedly, increased susceptibility
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to respiratory viral infections has a close relationship with
various functional mechanisms [9].

THE AIM

The aim: to characterize the state of oxidative-prooxidant
system as one of the factors of non-specific resistance of
children' organism with influenza stomatitis.

MATERIALS AND METHODS

We conducted a survey of 384 children with acute respi-
ratory infections from 6 months to 12 years in order to
study the clinical course of URTI, the identification of
risk factors, and the severity of the course. From the total
number of examined patients, 318 children had lesions of
oral cavity, in which the mild form was diagnosed in 52
children, moderate-severe - in 185 children, severe - in
81 children. The control group consisted of children of
corresponding age groups, patients with acute respiratory
viral infections without lesion in the mouth (66 people).
Formation of clinical groups of children with URTT was
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conducted after a parents' sign of Informed Agreement
for patient and research conduction.

Taking into account the literature data [10, 11, 12, 13,
14] about the role of free radical oxidation in the process
of infectious inflammation, we studied the state of the
prooxidant and antioxidant systems as one of the factors
of nonspecific resistance in children with URTIL. We used
spectrophotometric determination of diene conjugates
(DC) - intermediate products of free radical oxidation of
erythrocyte phospholipids in blood serum using method
of A. Riazeg in the modification of V. B. Gavrilova and M.
N. Myshrokudna [15].

As an indicator of antioxidant activity in blood serum,
we determined the activity of the copper-containing pro-
tein - ceruloplasmin (CP), which was determined with
transferrin (TF) in blood plasma, taking into account its
importance for normal processes of hematopoesis, iron
transport and antioxidant defense, using the method of
G. A. Babenko [16].

All the research methods which were used meet the
requirements for examination of patients and conducting
scientific researches meet the requirements of norms and
principles of bioethics. In carrying out the work, the rules
of patient safety, the rights and canons of human dignity,
as well as the moral and ethical norms in accordance to the
main conditions of the GSP (1996); European Convention
on Human Rights and Biomedicine (dated 04.04.1997); a
set of ethical principles regarding human experimenta-
tion developed for the medical community by the World
Medical Association (WMA) — The Declaration of Hel-
sinki (1964-2000); the Order of the Ministry of Health of
Ukraine Ne281 dated November 1,.2000; a code of ethics
for scientists of Ukraine (2009) are followed and which is
confirmed by the protocol of the Bioethics Commission
of the I.Horbachevsky Ternopil State Medical University
(protocol Ne21 dated January 8, 2014).

RESULTS

It is known that inflammation caused by respiratory viruses
and microorganisms is an inducer of oxidative stress, which
results in appearance of free radicals, whose excessive
amount is limited by the antioxidant system [8,18]. Ac-
cumulation of lipid peroxidation toxic products causes a
change in phospholipid structure of membranes, which can
be analized as one of the possible adaptative mechanisms
of the body in response to infectious and inflammatory
process in patients with URTT.

According to our data all forms of URTI lead to the
intensification of lipid peroxidation: the amount of DC in
blood serum of children with URTI correlated with the
increase of disease severity. In mild form of the disease the
amount of DC was 1.51+0.02 cond.units/ml (in group of
healthy children - 1.44+0.08 cond.units/ml). There was an
accumulation of DC in the blood serum in patients with
URTI of moderate intensity, which was 1.580+0.002 cond.
units/ml. Significant intensification of lipid peroxidation
activity occurred in patients with severe URTI, when the
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amount of DC significantly increased and was 1.670 +
0.001 cond.units/ml. Therefore we established reliable (P
<0.001) increase in amount of DC in serum of all patients
with acute respiratory infections, the severity of which
depended on the severity of disease, which reflected the
activity of inflammatory process.

Activation of lipid peroxidation process in children with
acute influenza stomatitis leads to significant changes in
antioxidant system (AS), activating the production of its
components even in the mild form of the disease. Clini-
cally, in patients with mild form of URT]I, signs of general
intoxication (headache, loss of appetite, sleep disturbance)
and weakly expressed catarrhal phenomena in the form of
rancid and coughing were weakly expressed. An increase in
body temperature to 37.2° - 37.8 °C was observed for not
more than 2-3 days. The overall condition of patients was
evaluated as satisfactory. While studying the antioxidant
activity in serum, we found that activity of ceruloplas-
min in patients with URTT of mild form is significantly
higher (P <0.01) than in the control group and raises up
to 48.19+0.81 cond.units (in group of healthy children -
37.16+0.52 cond.units). Further activation of AS occurs in
patients with severe URTI, when the activity of the CP is
59.85+0.55 cond.units.

At the same time, all the signs of influenza intoxication
were expressed in the examined children: body tempera-
ture increased to 39 °C and was accompanied by dizziness,
general weakness, chills, noise in the ears, pain in the eye-
balls, myalgia and arthralgia, sweating, sleep disturbances;
tracheitis was accompanied by an overhead dry cough.
The effects of local factors reflect non-specific changes
in oral cavity: catarrhal stomatitis, serous inflammation,
manifested by hyperemia, swelling of the mucous mem-
brane of gums, lips, cheeks, the appearance of impressions
on the cheek’s mucous membrane along the line of teeth
contact, increase and bleeding of gums papillae. Nonspe-
cific changes were due to the effect of taking medications,
which led to a violation of the acid-base balance of the oral
fluid, dysbiosis, local immunity, hypovitaminosis, which
we confirmed in laboratory [19].

In children with severe course of pathological process,
the activity of CP increased in 1.8 times compared to con-
trol and raised up to 67.23£1.50 cond.units. In the clinical
picture, this form of pathology dominated by symptoms
of central nervous system intoxication, which was mani-
fested by nausea, vomiting, nasal haemorrhage, seizures,
delusions, short-term loss of consciousness, meningeal
symptoms. The febrile reaction, which lasted 3-7 days,
corresponded to the severe course of the disease. Sharp
impairment of the general condition in which hyperther-
mic, neurotoxic syndromes occurred, was studied as severe
course of disease. Catarrhal phenomena as coughing,
congestion and mucous secretion from the nose, pain and
sore throat, dry cough were present. Attention was drawn
to hyperemia of the face, conjunctivitis, lacrimation, eye
shine, moderate cianosis of the lips. The red lobe of the
lips is covered with blisters and serous exudate or suffo-
cated bloody crust. On the lips and nostrils often appeared
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herpes rashes. Local manifestations in the oral cavity were
manifested by catarrhal stomatitis, dryness, multiple rashes
on the mucous membrane of the mouth with a tendency
to merge and the formation of extensive erosive surfaces.

It is known that important role in children susceptibil-
ity to infection, especially in early childhood when other
mechanisms of protection are not yet completely formed [8,
9], plays a bacteriostatic effect of the transferrin (TF) [10,
12]. The study of TF saturation by iron, which is provided
by the ferroxidase activity of the CP, showed the following
results. In the mild form of acute respiratory infections in
children, the saturation of plasma TF was significantly lower
in comparison with healthy children - 0.178+0.002 cond.
units. (0.190+0.002 cond.units in the control group). In acute
respiratory infections in the form of moderate-intensity sat-
uration of blood TF was 0.165+0.003 cond.units. The most
significant decrease in saturation of blood TF (P <0.001)
was in patients with severe URTT - 0.161£0.001 cond.units.

DISCUSSION
It is known that in human body, the regulator of copper
balance is ceruloplasmin - a protein with properties of
enzymes specific to serum, which has protective, anti-in-
fectious function in the form of antibodies and in the
composition of the properdine-complementary system.
Transferin, being a metalloprotein of blood, refers to fac-
tors that block free radical oxidation and, together with
ceruloplasmin, forms a prooxidation-antioxidant buffer
system of blood involved in the maintenance of oxidative
homeostasis. Insufficiency of iron and iron-binding pro-
teins has a secondary effect on the immune system and
the function of leukocytes, which affects the mechanism
of protection of the host from the invasion of microorgan-
isms and viruses. As a result of infectious agent action, the
child" body undergoes changes that lead to a violation of
metabolic processes, including the metabolism of trace
elements, which result in the distortion of the stability and
strength of organometallic compounds in biological fluids.
The dynamics of ceruloplasmin activity, the saturation
of blood serum transferrin and the content of protein frac-
tions are sensitive tests, which may indicate the morpholog-
ical changes in mucous membrane of child oral cavity. This
fact is partially confirmed by information from a number
of authors [10, 20, 21], which indicate that the complete
elimination of morphological changes is accompanied by
the normalization of protein metabolism.

CONCLUSIONS

Respiratory infections lead to increase of activity in one of
the most powerful antioxidant enzymes — ceruloplasmin in
blood serum, which stimulates the process of hematopoesis
and regulates the blood function with the transferrin, on
the background of significant decrease in the saturation of
its iron. As a result of our clinical and laboratory studies,
there was a disturbance in transportation of transferrin and
ceruloplasmin in the body of children with viral influenza

stomatitis, the depth of which depends on the severity
and duration of the disease. As the severity of acute viral
stomatitis increases, the lipid peroxidation activity increas-
es, what is confirmed by the indexes of diene conjugates.
Due to the lipid peroxidation activation, changes occur in
the antioxidant system - the development of components
of antioxidant protection of transferrin and ceruloplas-
min. Because of the inability of detoxification systems to
neutralize toxic metabolites in the body - an intoxication
syndrome develops. Such changes in the functioning of
the antioxidant defense system, in our opinion, are the
manifestation of compensatory reactions and indicate a
gradual increase in the level of catabolic processes with
increasing severity of the disease, which must be taken into
account when choosing the optimal method of treatment.
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ABSTRACT

Introduction: For primary health care patients with concomitant morbidity are usual phenomena. Combination of gastropathy with arterial hypertension s increasingly being studied.
However, the assessing of the medical and economic effectiveness of treatment of patients with concomitant morbidity still methodologically challenging. The issue aggravated by
different cushion programs aimed to alleviate financial burden to indigent population. These cover non-expensive drugs with probable hazard to concomitant morbidity.

The aim: to evaluate the effectiveness of the gastropathy risk reduction program in patients with arterial hypertension (AH).

Materials and methods: data on 150 patients with AH collected by panel design with dynamic cohort traced up to 17 years. We have elaborated a program for the prevention
of gastropathy in patients taking antihypertensive therapy. Program is based on regulations of the Ministry of Health of Ukraine, adapted clinical guidelines, and other official
sources of information, since holistic prevention of gastropathy is not depicted in any source. Two main cohorts were distinguished: those in prevention program (PP) and patients
with usual treatment. 6 built in cohorts (GroupN°0-N25) helped to diversify PP across groups of different severity. Event of interest was incidence or aggravation of gastropathy
(gastroduodenitis mainly). We used Poisson model to study average treatment effect of PP on annual number of aggravations.

Results: The main effect of program participation is significant in a model of fixed effects (8 =-0.269; p = 0.0156), and even more supportive in the mixed model ( =-0.282;
p = 0.0097). Other components with a variable “PP participation’, namely participation in the program given the group, participation in the program given GP duration,
participation in the program given compliance, appeared to be nonsignificant, that suggest absence of substantial selection bias due to non-randomness of allocation. The
greatest risk reduction due to program participation was in patients of Group0, that is, in patients with hypertension who do not receive antihypertensive therapy. In groups
Ne1-Ne5 with more aggressive hypertension treatment the effects of program participation are obvious but less pronounced.

Conclusions: The elaborated program differentiates patients by groups and furthermore allows one to consider each patient characteristics, taking into account income, age,
gender, progression of the disease, comorbidity, drugs the patient takes. The established program based on cooperation of patient, general practitioner, and gastroenterologist.
We reduced selection bias due to possible randomness blemishes in allocation to the PP by control function method. The main effect of program participation is significantin a

model of fixed effects (B =-0.269; p = 0.0156), and even more supportive in the mixed model (f = -0.282; p=10.0097).

KEY WORDS: program of prevention, risk, assessment of efficiency

INTRODUCTION

According to the World Health Organization, there is a
rapid population aging throughout the world. In Ukraine,
the proportion of people over 65 in 2016 was almost 16%
while by the United Nations scale, the old population
considered with the proportion of people over 65 more
than 7%. Demographic changes caused by aging lead to a
numerous consequences for society that have repercussion
to all spheres of our lives. Delay in economic development,
declining household incomes, lack of investment, reduc-
tion of consumer basket, employment problems, insuffi-
cient pension provision, tax increase, family composition,
deterioration of living conditions, increased emigration

Wiad Lek 2019, 72, 3, 409-417

movements, increased need for medical care and social
services for the elderly, etc. Therefore, the modern concept
of the health system goes along with “healthy aging” and
requires comprehensive measures, both from the state and
from the health care system. Among such measures should
be the prevention of the incidence and exacerbations of
chronic diseases.

According to the data of Health Ministry of Ukraine
[1], circulatory system diseases occupy the first place in
the structure of the morbidity prevalence in Ukraine. For
example, in 2012 this indicator reached 31.48% (58 385.70
per 100 thousand), in 2015 - 30,95% (52 956.9 per 100
thousand), in 2016 - 30,67% (52,970.4 per 100 thousand).
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At the same time, the third place was occupied by diseases
of the digestive system: in 2012 - 9,74% (18 058.10 per 100
thousand), in 2016 - 9,93% (16 998.1 per 100 thousand)
and 2016 - 9,74% 16 825.5 per 100 thousand).

With an increase in the life expectancy the probability of
simultaneous existence of different diseases is increasing,
which leads to a number of issues that are needed to be
addressed. The problem of polymorbidity is one of the most
difficult in medical practice. Mutual influence of diseases and
medical pathomorphosis significantly change the clinical
manifestation, the natural course of each, and the probabil-
ities of complications. In addition, it causes deterioration in
the quality oflife, difficulties in the diagnostic and treatment.
Prescribing the drug, it is necessary to keep in mind its possi-
ble positive or negative impact on the concomital pathology.

For primary health care patients with concomital morbidity
are usual phenomena. Combination of gastropathy with arte-
rial hypertension is increasingly pervasive. It is obvious that,
with high blood pressure as conspicuous symptom, arterial
hypertension is diverse and multifaceted. The diversity of
the course of arterial hypertension and its combination with
other diseases are among most common topics for research,
still the assessment of effectiveness of combined pathologies
treatment faces challenges on methodological ground [2].

THE AIM

The aim was to evaluate the effectiveness of the gast-
ropathy risk reduction program in patients with arterial
hypertension.

MATERIALS AND METHODS
Data on 150 patients with AH collected by panel design with
dynamic cohort traced up to 17 years. Two main cohorts
were distinguished: those in prevention program (PP) and
patients with usual treatment. Event of interest was incidence
or aggravation of gastropathy (gastroduodenitis mainly). We
also discerned sub-cohorts: (i) patients with hypertension
that did not receive antihypertensive therapy and without
complaints related to the organs of the gastrointestinal tract
(group 0), (ii) those treated with anticoagulants and (or) with
antiaggregates (group 1), (iii) patients treated with non-ste-
roidal anti-inflammatory drugs (group 2), (iv) patients with
resistant AH (group 3), (v) patients on medications that
reduce the tone of the lower esophageal sphincter (group
4), (vi) patients treated with antihypertensive drugs only.
In the course of the study, outpatient cards were retro-
spectively examined followed by prospective observation
of patients. The main cohort included 100 patients of
retirement age with arterial hypertension with different
duration (at most 17 years) complicated by gastropathies
originated in the course of antihypertensive therapy. The
control cohort included 50 retirement age patients with
arterial hypertension of varying duration (at most 17
years old) but without gastropathy developed. Data on
the natural course of both diseases were collected with the
assistance of attending physician.
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PROGRAM DESCRIPTION

We have elaborated a program for the prevention of
gastropathy in patients taking antihypertensive therapy.
Program is based on regulations of the Ministry of Health
of Ukraine, adapted clinical guidelines, and other official
sources of information, since holistic prevention of gast-
ropathy is not depicted in any source.

The program differentiates patients by groups and fur-
thermore allows one to consider each patient characteris-
tics, taking into account income, age, gender, progression
of the disease, comorbidity, drugs the patient takes. The
general principles are the same for all patients aimed
to prevent the incidence and following exacerbations
of gastropathy are balanced nutrition, normalization of
body weight, active lifestyle, abstaining from bad habits,
reduction of psycho-emotional overload.

The established program based on cooperation of patient,
general practitioner, and gastroenterologist. The general
approaches are complemented with particular activities
identified under delineated groups of patients with essential
hypertension. One of the prime goal is to achieve compliance.

We used mixed Poisson model to study average treatment
effect of PP on annual number of aggravations. The statis-
tical justification for the testing of the effectiveness of the
prevention program (PP) based on the methods of eliciting
“Average treatment effect” (ATE). These methods are called
to correct the bias of treatment effects estimators primarily
due to violation of the randomness of the program’s assign-
ment, in particular the bias imposed by self-selection.

TREATMENT EFFECT ESTIMATION

The general rule of the techniques is to take into account
unobserved heterogeneity, which, in particular, leads to
a biased test of the effectiveness of the treatment in case
of its correlation with selection into treatment regiment,
say, into main and control cohorts. If the PP performance
indicator is y, and the vector w contains PP components,
we are interested in the effect w on y in the structural model

E(y|w,c) =a + bw (1)

where a and b may be confounded with both observed
(covariates) and unobserved heterogeneity and ¢ represents
such heterogeneity.

b is not a constant because of the conditioning on un-
observed heterogeneity, that is, we estimate the average
(partial) treatment effect (ATE) averaged over the sample:

b= E(bpopulation) = E(b sample)'

In the presence of the set of covariates x, which include, in
particular, the components of the program, we can identify
the average partial effect given x: E(b|x). To validate the
use of independent variables x as proxy variables to c, it
is necessary to fulfill 2 conditions of redundancy x and c.

1. The vector x is redundant (or ignorable) given wand c:

E(y|w,c,x) = E(y|w,c) = a + bw 2)

2. In the first two conditional moments of w, c is re-
dundant given x:

(i) E(w|cx) = E(w|x);

(ii) Var(w|c,x) = Var(w|x) 3)
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As was demonstrated by Wooldridge, J.M. (2004, £.3.1)
under these conditions ATE of w on y has unbiased esti-
mator [3]:

ATE = E{[w - p(x)]y/Var(x)} (4)

with p(x) and Var(x) are respectively the mean and the
variance of vector w.

There are several types of ATE appraisers (4) for meeting
the conditions (2) and (3). We chose an evaluator based on
the redundancy of the vector w given covariates x present
due to the lack of reliable instrument variables. Analytical
techniques are based on the proposals of Rosenbaum and
Rubin (1983), known as ignorability of treatment condi-
tioned on covariates x, namely:

(a) E(y,Jxw) = E(y, |05 (b) E(y,[x;w) =E(y,[x)  (5)

wherey, andy, are the values of dependent variable (an-
nual number of gastroduodenitis aggravations) in patients
allocated to control and experimental (treatment) cohorts.

The idea (5) is straightforward: if there is sufficient in-
formation in the variable x about the allocation to PP, the
expected values of dependent variable do not depend on the
allocation status in the presence of x. In other words, even if
Y, and y, are correlated with w; this correlation is explained
by x, and, consequently, is not necessary in the presence of x.

An effective method for evaluating ATE given ignorabil-
ity of treatment conditions (5) is a control function method
[4]. By this method, the control functions of x (g (x)) are
added to the linear predictor 1, w to control the violation
of the randomized allocation of the program, that is:

E(y|x,w) = u, + aw + g (x) + w[g, (x) - g (x)] (6)

The coefficient a evaluates ATE. If the control functions
are linear in x, then the expression (6) is simplified to:

E(y|x,w) = u, + aw + B x + w[x - X]0 (7)

with the normalization of the values of the covariates x by the
means X. Decentralization is important to ensure unbiased esti-
mation of a (ATE), which is confounded with wX0 otherwise.

The type of model is determined by the nature of the
effect measurement and the link functiony = f (w|6, x). In
the study the effectiveness of PP (y,) is measured in annual
number of gastroduodenitis aggravations in the patientiin
the year j, that calls for Poisson model with the dependent
variable “annual number of exacerbations”. The specifica-
tion of the model depends on the organization of the data,
which in the study for N patients have a panel structure:

Yu Y *nz Mi1p
Yoo A1 X122 X2p
Yie Xkl Xk2 Xip
YN1 XN XN12 XN1p
YnN2 XnN21 XN22 XN2p
YNt Xnnn w2 XNip

where the first index indicates the patient’s number, and
the second denotes the year of observation; for predictors
the third indicates the predictor number (1, ..., p). So, the
first patient is traced k years. Accordingly, the number of
exacerbations of duodenitis is indicated by y, ...,y .. In
the first year, the values of p predictors for the first patient
are X, pe. 00X, while in the last year they are XX e

Given the Poisson distribution of dependent variable we
opted for log link function.

The basic equation of logistic regression for such a plan
has the form:

y,~Poisson(u,)

u=log(b +b x, +bx +...+b x ) (8)

where x, - independent variables (factors of patient and
aggravation episode),

y,— the number of exacerbations of gastroduodenitis,
observed in the patient i in the period t.

log - function of natural logarithm,

b, - regression coeflicient on j variable.

Estimation of the model parameters was carried out
by MCMC algorithms using Gibbs sampler realized in
WinBUGs software.

The composition of predictor set was determined by
their suggested effects on the incidence and aggravations
of gastroduodenitis. Predictors organized as follows:

- patient characteristics: age, gender, marital status,
smoking status, obesity, comorbidity load measured by
Charleson index, PP allocation (participation) status, AH
duration;

- patient by year data: annual income, occupation status,
served by the social welfare status, stage and degree of hy-
pertension, annual expenses for treatment of hypertension,
annual number of AH related hospitalizations, annual size
of reimbursement, annual costs of AH treatment, main
drug for the treatment of hypertension, doctor’s note of
patient non-complaiance, GP related complaints;

- patient by year by exacerbation data: erosion presence,
Hp presence.

In the hierarchical mixed model, we also included de-
sign elements such as: serial index (patients are organized
in series by the place and time of inclusion in the study),
physician ‘s code to make allowance for physician practice,
patient’s number.

FIXED EFFECTS AND MIXED MODELS

To measure risk shifts due to participating in the program,
we have applied fixed effects and mixed models. The mixed
model is padded out by three additional variables: the index
of series, the number (code) of the district (doctor’s code),
the patient’s number. The sample formed in series by time
and place of inclusion in the study, presumably heteroge-
neous by composition, in particular by the ratios of patients
with GP. Of course, accounting for such heterogeneity of
the fragments of the general sample is desirable to accurate
assessment of the risk of GP aggravation and its shift due
to PP participation. It is hard-to-tackle with fixed effects
model, since the series capture random effect nature (lack

411



Anastasiia A. Akhmedova et al.

gon 1000
I

Frequency

Frequency

400
1

200
1

200
1

1 1 1 H I 1 I| 1 IIII 1 ' '
3 3. 3 a3 2 A o
Fixed effects model Mixed model

i —
[ =]
20
i | 520700,
- oSt
02,850a50"
o o
235 oﬂo%ﬂ'
o20" elogtanly
i ) e
T oZo'a L aleu? o' o
L Ooq,o b o) Ognn
o
o
£ Tpd _opRd 0
& o o
3 o ﬂou"-‘ 08‘,‘5% &
z A o
E 2 o 4P
- T o8 oo
g v o oty
2 o5
‘2 oo Er
ol :
- 5
] oo
=
=3
il ®
- o
W >
- correlation coef. = 0.883
=
|
T T T T T
-2.0 ~1.5 -1.0 -0.5 0.0

Fixed effects Poisson model

Fig 1. Histograms of distributions of expected risks reduction due to
participation in program by fixed effects and mixed Poisson models

of clear sensible gradations or expected deviations from
the mean, though so called pulling toward mean tendency
is obvious). Analytically, for each series, its effect on the
risk of GP is estimated, provided normal distribution with
zero mean. That is, the random effects inclusion does not
shift the expected risk, but modifies its value in each of
the series. That is why the effect is estimated by the sigma
parameter. The larger the sigma, the greater the risk devi-
ations in individual series.

A similar logic of inclusion the site (physician) and the
patient’s personal effects as random. It is not possible to
take into account the peculiarities of the individual med-
ical practice and the patient’s individual response to the
proposed treatment otherwise. Therefore, we processed
data both by the fixed effects model and by mixed model.

Randomized effects rendered by a complex covariance
matrix structure with a clear hierarchical nesting effects,
namely: the model’s residuals are nested into the individual
effects of patients due to panel data organization, the latter
are nested into physician effects which in turn are nested
into series.

ATE IDENTIFICATION
The identification of ATE is implemented in the linear
predictor of the models as:

beta*Treatment + beta I* Treatment*Group + beta2* Treat-
ment*bi +

beta3* Treatment*AH duration + beta4*treatment*-
Complaints + ...

where Treatment is participation in PP, b, is individual
patient i effect, ... stands for other predictors.

The main parameter of ATE test is the beta coefficient,
whose identification from the bias due to violation of the
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Fig 2. Biplot of estimates of expected risks reduction due to participation
in program by fixed effects and mixed Poisson models

randomization of allocation into PP is ensured by including
constituents of w[x - X]0 in (7):

- component beta2* Treatment*bi, bi expresses the individ-
ual effect of the patient, which is centered by assigning
the function generating its prior values a normal law
with zero mean b[i] ~ dnorm (0, tau) in the text of the
code. In fact, the individual patient effect absorbs all
possible patient’s characteristics not included into model
(unobserved heterogeneity), thus providing a powerful
proxy variable for unbiased test of ATE. Having beta2
insignificant indicates absence of substantial bias in the
ATE estimation due to the randomness violation of the
allocation to PP by unobserved patient’s characteristic;
participation in the program, given sub-cohort (beta I* Treat-
ment*Group), the positive effect shows smaller PP effect
(compared to the standard program) in a given group
against “healthiest” Group 0 used as reference;
participation in the program, given AH duration (beta3* Treat-
ment*AH duration), the negative effect indicates the augment
in gain due to participation in the program (compared with
effect of the standard program) given progressed in time
(presumably more serious and resistant to manage) AH;
participation in the program given complaints
(beta4*treatment*Complaints), the positive effect of the
effect indicates the additional gain due to participation
in the program (compared with the standard program)
in the presence of GP related complaints.

In addition to the important content, these effects are
parts of w [x - X] 0 in (7) to identify the ATE effect.

IMPLEMENTATION AND SOFTWARE
The powerful modern driver for the implementation of
hierarchical mixed models, which includes our model
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structure, are MCMC algorithms. We chose the most elab-
orate and powerful Gibbs sampler. The analytical program
module is written in WinBUGS, which is the abbreviation
for Bayesian inference using Gibbs (software). The pro-
cessing of mixed model was carried out in the WinBUGS
package version 1.4. Preliminary data preparation, as well
as the study of convergence in the Markov chains, was car-
ried out in the framework of the mathematical analytical
system R version 3.1.0 on the basis of the CODA package.
All of the above graphic images are also created in the R
environment (GRAPHICS package). Fixed effect Poisson
model was processed by GLM procedure.

RESULTS AND DISCUSSION

To evaluate the effectiveness of the proposed PP for patients
with hypertension in terms of GP risk reduction, we first
applied a simpler Poisson fixed effects model. To focus on

[ = ——
o ™ I B ——
1 i
1
- N -
= [
o
5
. | -
=
i 1 ;
w0 i i
= 'n. : i
1 ]
- i
- H i
Fi1 134E) = D58 e DLAES
g 5
i) T 1
L] 1

Presence of complaints

Fig 4. Box plots of distributions of risk reduction estimates due to program
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Fig 6. Box plots of distributions of risk reduction estimates due to program
participation across groups with complaints

significant effects with meaningful interpretation, we used
function STEP of the statistical system R. The procedure
reduced the set of predictors from 27 to 16 without signifi-
cant reduction of AIC (the value decreased from 1557.4 to
1540.3) with the difference A = 17.1, which defines the 0.895
area of hi-squared distribution x2 (11) = 17.1, that is, p =
0.895 being insignificant. The estimations of a model with
a reduced set of predictors are given in Table I.

REGRESSION EFFECTS ESTIMATIONS

In order to more accurately estimate ATE effect and in-
crease the power of the test, we applied a mixed Poisson
model with complete and reduced sets of predictors to
study the robustness of the effects. Mixed model enabled
to include the effects of design elements. Estimates of hier-
archical mixed Poisson model with complete and selected
set of predictors are shown in Tables I and II.
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Table 1. Estimations of regressors effects on annual number of GP exacerbations in patients with AH by fixed effects and mixed Poisson models

Poisson model

mixed Poisson model

Predictors
B P B m P

Constant -0,539 0,269 0,04495 -3,752 3,681 0,30810
Age -0,018 0,051 0,71817 0,013 0,102 0,89926
Gender 0,253 0,092 0,00572 0,122 0,162 0,45136
Marital status (Single) -0,238 0,161 0,13947 -0,240 0,245 0,32592
Occupation (Works) -0,070 0,153 0,64780 -0,138 0,257 0,59309
Served by the social welfare -0,014 0,184 0,94089 -0,103 0,315 0,74233
AH Stage -0,094 0,209 0,65221 -0,650 0,353 0,06582
AH Grade2 0,119 0,215 0,57879 0,284 0,368 0,44081
AH Grade3 0,692 0,468 0,13917 1,589 0,809 0,04957
Smoking (Smoke) -0,248 0,183 0,17508 -0,023 0,291 0,93568
Obesity (present) -0,241 0,114 0,03411 -0,214 0,198 0,27906
AH related expenses 0,051 0,076 0,50271 0,068 0,099 0,49065
# of AH related hospitalizations -0,040 0,079 061318 -0,016 0,106 0,88120
Reimbursement 0,001 0,004 0,75372 -0,004 0,005 0,40435
Income 0,024 0,046 0,59789 0,017 0,061 0,78509
GP related complaints 14,914 1,980 0,00000 10,640 2,039 0,00000
PP participant 0,063 0,246 0,79892 0,231 0,349 0,50866
PP*bi 0,008 0,742 0,99921
Group (2-5 against 0) -2,596 0,402 0,00000 -1,749 0,422 0,00003
Compliance 0,085 0,051 0,09480 0,095 0,073 0,19395
AH duration -0,018 0,009 0,05443 0,007 0,012 0,55513
Complaints*Group1 -10,896 1,618 0,00000 -7,146 1,713 0,00003
Complaints*Group2 -7,799 1,228 0,00000 -5,024 1,315 0,00013
Complaints*Group3 -5,833 0,854 0,00000 -3,951 0,941 0,00003
Complaints*Group4 -3,250 0,437 0,00000 -1,969 0,507 0,00010
PP*Group -0,041 0,060 0,49974 -0,064 0,093 0,49430
PP*Complaints -0,418 0,258 0,10527 -0,110 0,341 0,74786
PP*AH duration -0,029 0,023 0,21556 -0,051 0,031 0,10193

None: Residuals st.dev. (sigma) = 0.514894; Patients effects sigma = 0.53429;
Physicians effects sigma = 0.09999; Subsample (series) effects sigma = 3.66673;

AlCfixed= 1557.4, df=27; AlCmixed = 1421.2, df=28

There is no significant bias effect (PP*bi) due to non-ran-
domness of allocation into PP correlated with unobservable
patients characteristics, B = 0,008 + 0,742 p = 0,999 by the
mixed model (Table II), which advocates the redundancy
of the effect. Thus, the estimation of ATE effect is unbiased
even in the absence of corrective control function. Thus, the
randomness of allocation into PP is tenable. That is, alloca-
tion was independent of the unobserved characteristics of
the natural course of the disease and the individual charac-
teristics of the patient. Randomization of the allocation to
treatments compared is a requirement of evidence-based
medicine, in case of randomness violation there is a pos-
sibility of biased estimation of the treatment effect.

The main effect of ATE is significant in a model of fixed
effects (p =-0.269; p = 0.0156), and even more supportive in
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the mixed model (§ =-0.282; p = 0.0097). Other components
with a variable “PP participation”, namely participation in
the program given the group, participation in the program
given GP duration, participation in the program given com-
pliance, appeared to be nonsignificant and excluded from
the reduced set of predictors. Insignificance of mentioned
effects bear evidence on independency of allocation from
these observed characteristics.

Effect of marital status indicates a substantial reduction in
the risk of GP exacerbations in single patients. This may be
explained by the opportunity to allocate the income, efforts
and time to personal needs, health related needs in particular.

There is substantial increased risk of gastropathy exac-
erbation in patients with higher grades of hypertension as
the consequence of more intensive treatment regimens.
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Table I. Estimations of selected regressors effects on annual number of GP exacerbations in patients with AH by fixed effects and mixed Poisson model

Poisson model

mixed Poisson model

Predictors*

B p B m P
Constant -0,650 0,162 0,00006 -1,224 0,252 0,00000
Gender 0,213 0,084 0,01117 0,167 0,162 0,30042
Marital status (Single) -0,258 0,091 0,00474 -0,326 0,178 0,06720
AH Grade2 0,234 0,092 0,01112 0,406 0,178 0,02288
AH Grade3 0,581 0,192 0,00247 0,344 0,389 0,37598
Smoking (Smoke) -0,295 0,168 0,07965 -0,430 0,273 0,11592
Obesity (present) -0,230 0,107 0,03244 -0,239 0,191 0,21018
PP participant -0,269 0,111 0,01560 -0,282 0,109 0,00970
Group (2-5 against 1) -2,499 0,395 0,00000 -1,898 0,415 0,00000
Compliance 0,081 0,049 0,09806 0,098 0,074 0,18386
AH duration -0,021 0,008 0,00674 -0,007 0,011 0,52843
Complaints*Group1 4,000 0,380 0,00000 4,153 0,381 0,00000
Complaints*Group2 7,008 0,774 0,00000 6,371 0,805 0,00000
Complaints*Group3 8,823 1,163 0,00000 7,621 1,206 0,00000
Complaints*Group4 11,319 1,549 0,00000 9,725 1,587 0,00000
Complaints*Group5 14,472 1,939 0,00000 12,002 1,997 0,00000

Note: Residuals st.dev. (sigma) = 0.281128; Patients effects sigma = 0.53893;
Physicians effects sigma = 0.06552; Subsample (series) effects sigma = 3.49836;

AIC=1403.5, df=16; AlCmixed = 1404.5, df=18
*Predictors chosen by R function STEP

We obtained surprisingly insignificant effect of the
compliance. The possible explanation is confounding com-
pliance effect with PP effect for one of the improvement re-
lated to compliance support. PP effect captures the effect of
compliance on GP exacerbations risk reduction. Assessing
risk in groups 2-5, we see that they have significantly lower
risk compared to group 1, which is due to the fact that the
first group is the most resistant and difficult to treat, since
this contingent experienced the longest treatment with
drugs that increase the risk of gastropathy.

The “Complaints*Group” effect represents the set of
contrasts with no complaints and Group0 as reference
levels. Significant positive effects bear evidences on the
marginal increase in risk due to presence of complaints in
the groups 1-5 compared to that in Group0 patients. Since
Group0 patients had no complaints by definition, in fact the
contrasts “Complaints*Group 1” - “Complaints* Group 5”
express the increased risk of joining complaints in groups
(1-5). The estimates suggest a significant increase in the
risk in the presence of complaints across all groups (1-5)
with the largest increase in the 5%, the least severe group.

The analysis of the information values of the research
design and its individual elements is given in Table III.
In the fixed effects model it is not possible to estimate the
components of variation because they are merged with the
model residual term, inflating the residual variance and
undermining power of study. The advantage of the mixed
model is the ability to identify the variation structure
and evaluate its components, formed by design elements.

Afterward residual component is small, its share does not
exceed 2% in the total variance. The share of the variation
across patients is slightly higher (up to 2.5%). The low
proportion of dispersion of physician individual effects
suggests homogeneity of physicians practices. The greatest
portion takes the series variance across subsamples. That
is, a series of patients clump in time and locations is an
important element of the design, having been accounted
for it increases the power of statistical tests of hypotheses.
In addition, the apparent dominance of the variances of
the design elements over residual variance indicates im-
provement in information value of the mixed model over
fixed effect counterpart.

INDIVIDUAL EXPECTED RISK ESTIMATIONS
The emphasis of the study is on the expected shifts in individ-
ual risks due to participation in the PP ( An,). The problem
is that the patient can participate in one alternative only, and
the risk for the other is a marginal expected value that was
not directly observed. Given the panel design, we have Am,
notation, that is, individual risks by the years of observation.

We evaluated A, both by the model of fixed effects
and by the mix model. Histograms of distributions of the
modeled values As, are displayed (Figure 1) with the basic
distribution statistics as follows: Table IV.

The two-sided criterion for the significance of the differ-
ences asserts the identity of the mean two distributions: t
= 1,14, df = 2522, p = 0,253.

415



Anastasiia A. Akhmedova et al.

Table IIl. Variances shares of design elements (components of covariance structure) estimated by mixed Poisson model under complete and selected

sets of predictors (%)

Components of model covariance structure

Complete predictors set Selected predictors set

Residuals 1,89 0,63

Individual effects of patients 2,04 2,30

Individual effects of physicians 0,07 0,03
Effects of subsamples 96,00 97,04

Table IV. Basic distribution statistics

Model Min 0,25 Median Avg 0,75 Max
Fixed -3,453 -0,470 -0,313 -0,351 -0,170 0,034
Mixed -3,607 -0,558 -0,344 -0,365 -0,090 0,125

These findings support dominating effectiveness of par-
ticipation in PP over usual treatment, since in fact all Arm,
are negative. However, the dispersion of the estimates Arm,
based on the mixed model is significantly higher: F(1346,
1346) = 1.7021, p<2,2e-16 with a dispersion ratio of 1,7,
which is typical for the mixed formulations.

To visualize a joint distribution of estimates Asr, for the
two models, we demonstrate their biplot (Figure 2). Coin-
cidence of the ranks, as well as the tight linear correlation (r
=0.883) are obvious. The difference is only in the scaling,
with greater variation in the mix model estimates.

We also investigated the distributions of PP participation
related individual risk shifts for important factors. Particu-
larly, we were interested in the patterns across sub-cohorts
(Group0-Group5).

The greatest PP related risk reduction was in patients of Group
0, that is, in patients with hypertension who do not receive an-
tihypertensive therapy (Figure 3). In groups Ne1-Ne5 the effects
of program participation are obvious but less pronounced,
especially in the first two groups as the most complicated.
One-way ANOVA Fisher test shows a high significance of the
demonstrated regularities: F(5,1341) = 30.74 with p=1.1e-29.

The risk augmentation due to presence of complaints is
another important issue to consider. However, there is no
significant difference in distributions, since the notches
of two box plots overlap (Figure 4). This is also evident
from one-way ANOVA Fisher test: F (1,1345) = 0.56 with
p = 0.4529.

We observed distributions of risk reduction due to PP
participation by presence of complaints across sub-cohorts
Group0-Group5. Distribution pattern is alike to distribu-
tion across sub-cohorts.

We also studied the distributions of risk reduction due
to PP participation across AH grades, since patients with
higher grades subjected to more intensive AH therapy and,
therefore, to a higher risk of induced exacerbations of GP
which is confirmed by correspondent significant effects
(Tables I and II) (Figure 5). The greatest risk reduction
due to PP participation observed in patients with first
grade of blood pressure, while the second and especially
third degrees reduced the gain due to participation in the
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PP, one-way ANOVA Fisher test suggests significance of
findings: F (2.1344) = 26.67 with p = 1.1e-11 (Figure 6).

CONCLUSIONS

1. We have elaborated a program for the prevention of
gastropathy in patients taking antihypertensive thera-
py. Program is based on regulations of the Ministry of
Health of Ukraine, adapted clinical guidelines, and other
official sources of information, since holistic prevention
of gastropathy is not depicted in any source.

2. The program differentiates patients by groups and further-
more allows one to consider each patient characteristics,
taking into account income, age, gender, progression of the
disease, comorbidity, drugs the patient takes. The estab-
lished program based on cooperation of patient, general
practitioner, and gastroenterologist. The general approaches
are complemented with particular activities identified
under delineated groups of patients with essential hyper-
tension. One of the prime goal is to achieve compliance.

3. Data on 150 patients with AH collected by panel design with
dynamic cohort traced up to 17 years. Two main cohorts
were distinguished: those in prevention program (PP) and
patients with usual treatment. Event of interest was incidence
or aggravation of gastropathy (gastroduodenitis mainly). The
numbers of exacerbations weres analyzed by the Poisson
regression. Model parameters were estimated by MCMC
algorithms with the Gibbs sampler using WinBUGS.

4. The main effect of program participation is significant
in a model of fixed effects (B = -0.269; p = 0.0156), and
even more supportive in the mixed model (p =-0.282; p
=0.0097). Other components with a variable “PP partic-
ipation”, namely participation in the program given the
group, participation in the program given GP duration,
participation in the program given compliance, appeared
to be nonsignificant, that suggest absence of substantial
selection bias due to non-randomness of allocation.

5. The greatest risk reduction due to program participation
was in patients of Group0, that is, in patients with hy-
pertension who do not receive antihypertensive therapy.
In groups Nel-Ne5 with more aggressive hypertension
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treatment the effects of program participation are obvi-
ous but less pronounced.
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ABSTRACT

Introduction: From different points of view, health in general and child health, in particular, constitute the highest value which preserves a significant amount of resource
potential. Child health is understood as his/her state consisting of a certain system of elements (physical, psychological, etc.) each of which, on the one hand, is characterized by
its specificity, and on the other hand, is in a complementary relationship with each other. A process of child health formation is influenced by a large number of various elements
(social, economic, etc.) and the natural environment is one of them. Its compliance with certain rules and standards that form its qualitative status affects life and health both
directly and indirectly, therefore, determination of interdependence between the natural environmental conditions and child health is important for understanding a causal
link between the specified categories.

The aim: To study provisions of international acts and other sources in order to clarify the concept of child health and a role of the natural environment of a proper quality in
the process of its formation.

Materials and methods: the paper examines provisions of international acts, some scientists’ conclusions and other sources. Different authors’scientific viewpoints are studied
with scientific methods in the context of medical and legal components. Within the framework of the system approach, as well as analysis and synthesis, the concepts of safe
natural environment, health in general and child health, in particular, as well asimportance of a safe natural environment for child health are researched.

Review: The concept of health is complex and depends on various factors including proper natural environmental conditions. Presence of dangerous environmental factors
affects occurrence of various children diseases. In the context of the natural environmental security, it is possible to indicate both general and individual natural resources. Their
deterioration may affect its condition at large.

Conclusions: Ensuring child health, his/her proper physical, psychological and other development is impossible without guaranteeing natural environmental security. Consumption
of high-quality natural resources, observance of norms and standards for the environmental security allows the human body to develop fully accumulating relevant resources
and attracting them at the right time. Ensuring the natural environment of a proper quality guarantees a greater range of opportunities for a child in the process of forming,
coming into being and maintaining his/her physical and psychological well-being, which is a prerequisite for exercising his/her other rights and proper fulfillment of his/her
duties in the process of his/her transformation and transition to adulthood.

KEY WORDS: natural environment, safe natural environment, health, child health

Wiad Lek 2019, 72, 3, 418-424

INTRODUCTION

In order to achieve sustainable development, environ-
mental protection shall constitute an integral part of the
development process and cannot be considered in isolation
from it (principle 4 of the Rio Declaration on Environment
and Development [1]). Human beings are at the centre of
concerns for sustainable development. They are entitled
to a healthy and productive life in harmony with nature
(principle 1 of the Rio Declaration on Environment and
Development). Hence, one of the means of implementing
the process of development is the environmental protec-
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tion in general and its natural components, in particular.
Its proper qualitative conditions ensure productivity of
human life and health. At the general theoretical level,
the authors have stated their positions [2-6] with regard
to the factors that may affect health in general and child
health, in particular, in one way or another, but for com-
prehensive understanding of potential threats to a child’s
body, it is necessary to consider the specified issues using
a systematic approach.

From longstanding to emerging hazards, environmental
factors are a root cause of a significant burden of death,
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disease and disability. They range from poor water quality
and access, vector-borne disease and air pollution to toxic
chemical exposures, climate change and degraded urban
environments [7, p. 5]. The natural environment security
is essential for implementing human life activities in con-
ditions which contribute to preservation of his/her health,
or at least do not aggravate it. Such security is of great
importance for formation, development and functioning
of a child’s body, which, by virtue of its immaturity, in-
completeness and insecurity, is more sensitive to various
negative aspects of the environment. Children are particu-
larly vulnerable to many environmental threats, including
a contaminated and unsafe physical environment. This
heightened susceptibility derives primarily from the unique
biological features that characterise the various stages of
development from conception to adolescence. But it is not
just the biology of growth and development that leads to
the special impact of environmental threats on children:
fetuses, infants, children and adolescents are also special in
the way a variety of social and psychosocial factors influ-
ence their exposure as well as the consequent health effects
[8, p. 18]. Let us define the essential characteristics of the
outlined topics and find out possible threats to child health
as a result of various changes of the natural environment,
including those of dangerous nature.

Of all vulnerable populations, children are a unique
section of the population with a particular susceptibility
to environmental agents. Starting at the foetal stage, the
close physiological relationship between a pregnant woman
and the foetus she carries makes the foetus vulnerable to
dangerous agents the mother has been exposed, especial-
ly those affecting development. Many toxic or allergenic
agents present in maternal blood may also be present in
mother’s milk and a number are capable of crossing the pla-
cental barrier. This potential for transfer of environmental
contaminants from the mother to the foetus and the neo-
nate, further reinforces the need to protect pregnant and
breastfeeding women from environmental contamination
as a way to ensure a healthy start in children’s life (para.
5.3 of the Communication from the Commission to the
Council, the European Parliament and the European
Economic and Social Committee - A European Envi-
ronment and Health Strategy [9]).

The degradation of the environment, through air pol-
lution, noise, chemicals, poor quality water and loss of
natural areas, combined with lifestyle changes, may be
contributing to substantial increases in rates of obesity, di-
abetes, diseases of the cardiovascular and nervous systems
and cancer - all of which are major public health problems
for Europe’s population [10]. Reproductive and mental
health problems are also on the rise. Asthma, allergies
[11], and some types of cancer related to environmental
pressures are of particular concern for children [12]. Pol-
luted indoor and outdoor air, contaminated water, lack of
adequate sanitation, toxic hazards, disease vectors, ultravi-
olet radiation, and degraded ecosystems are all important
environmental risk factors for children, and in most cases
for their mothers as well. Particularly in developing coun-

tries, environmental hazards and pollution are a major
contributor to childhood deaths, illnesses and disability
from acute respiratory disease, diarrhoeal diseases, physical
injuries, poisonings, insect-borne diseases and perinatal
infections [13]. Consequently, influence of the natural
environment on child health is both indirect and direct.
From the moment of his/her conception, a process of a
child bearing and giving birth by a mother, child health
may potentially be negatively affected which is directly
dependent on a mother’ lifestyle. From the moment of
birth, the environmental impact on child health becomes
immediate, and, consequently, effects of such impact may
vary, depending on different circumstances.

THE AIM

To study provisions of international acts and other sources
in order to clarify the concept of child health and a role of
the natural environment of a proper quality in the process
of its formation.

MATERIALS AND METHODS

the paper examines provisions of international acts, some
scientists’ conclusions and other sources. Different authors’
scientific viewpoints are studied with scientific methods
in the context of medical and legal components. Within
the framework of the system approach, as well as analysis
and synthesis, the concepts of safe natural environment,
health in general and child health, in particular, as well as
importance of a safe natural environment for child health
are researched.

REVIEW AND DISCUSSION

According to Art. 1 of the Convention on the Rights of
the Child [14], a child means every human being below
the age of eighteen years unless under the law applicable
to the child, majority is attained earlier.

Consequently, a child is defined as a person who, by the
general rule, as a result of his/her life, has not reached the
appropriate stage of both physical and spiritual formation
which is conditioned by his/her behaviour, perception and
awareness of the world.

The protection of children from environmental health
threats is based on international agreements designed to
ensure that children grow up and live in an environment
that is conducive to the highest attainable level of health [1].
In other words, at the international level, legal regulation
of public health, in particular child health, concerning
various threats to health, including those of ecological
origin, is evidence of its importance and necessity directly
for children since they are expected to form quantitative
and qualitative potential of the adult population of the
state. It also plays an important role in development and
prosperity of the state itself. In particular, let us consider
provisions of the relevant legal acts in order to study the
specified issues.
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According to part 1 of Article 12 of the International
Covenant on Economic, Social and Cultural Rights, the
States Parties to the present Covenant recognize the right
of everyone to the enjoyment of the highest attainable
standard of physical and mental health. The steps to be
taken by the States Parties to the present Covenant to
achieve the full realization of this right shall include those
necessary for: (a) The provision for the reduction of the
stillbirth-rate and of infant mortality and for the healthy
development of the child.

In its turn, according to part 2 of Article 6 of the Conven-
tion on the Rights of the Child, States Parties shall ensure to
the maximum extent possible the survival and development
of the child. In other words, one of the responsibilities of
the States Parties is to ensure healthy development of chil-
dren through maintaining an appropriate level of physical
and mental health that cannot be implemented without
taking care of security of the natural environment which
may pose a potential threat. For example, in Estonia, one
of the five strategic goals of the Strategy for Children and
Families 2012-2020 [15] is defined as the rights of children
are guaranteed and a functional child protection system
is created in order to value each child and the kind of safe
environment that supports the development and well-being
of children. Their higher vulnerability is an important
reason to take specific action for this population group
when both assessing and managing risks. Furthermore,
the economic impacts of environment-related childhood
illnesses highlight the need to pay particular attention to
children. This vulnerability and related economic impact
has guided the focus on children throughout the Strategy
and the choice of the specific pollutants to be addressed
(para. 5.3 of the Communication from the Commission
to the Council, the European Parliament and the Euro-
pean Economic and Social Committee - A European En-
vironment and Health Strategy [9]).

According to part 1 of Article 24 of the Convention on
the Rights of the Child, states Parties recognize the right of
the child to the enjoyment of the highest attainable stan-
dard of health and to facilities for the treatment of illness
and rehabilitation of health. States Parties shall pursue full
implementation of this right and, in particular, shall take
appropriate measures: (c) To combat disease and malnu-
trition, including within the framework of primary health
care, through, inter alia, the application of readily available
technology and through the provision of adequate nutri-
tious foods and clean drinking-water, taking into consid-
eration the dangers and risks of environmental pollution.
Hence, the State Parties shall take all measures contributing
to child health at most, including through elimination of
a potential danger and risks of environmental pollution.

Furthermore, the 1997 Declaration of the Environmental
Leaders of the Eight on Children’s Environmental Health
includes the following policy approaches, which may
contribute to the development of policies aimed at the
protection of children in Europe: - Preventing exposure is
the most effective way of protecting children’s health from
environmental threats. Governments should therefore
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develop policies that seek to prevent childhood diseases
by preventing exposures to environmental agents, on the
basis of the precautionary principle. — National policies
should take into account the specific exposure pathways
and doseresponse characteristics of children when con-
ducting environmental risk assessment and setting pro-
tective standards. - Research should be promoted in order
to gain a better understanding of the particular exposure
and sensitivities of infants and children to environmental
hazards. Exchange of information on research results and
the development of regulatory systems should also be
promoted. - Awareness of the environment and health
should be promoted, so as to enable [8, p. 13]. All these
declarations and policy statements show that the commit-
ment to a healthier and safer environment continues at the
highest level. The awareness that children lie at the very
heart of sustainable development makes the protection of
their health and the promotion of their wellbeing a highly
strategic issue. Europe has been at the forefront in recognis-
ing the fundamental rights of children and in establishing
principles such as the right to selfdetermination, health
and sustainable environment, and will continue to play a
leading role in the further development and application of
these principles [8, p. 15].

Consequently, when analyzing provisions of the legal
grounds of the international character concerning the
relationship between child health, natural environmental
security and threats to it, and, therefore, and to child health,
we can conclude that, on the one hand, a child is, by virtue
of his/her state determined by his/her age, perception of
the world, dependence on adults and other factors, is a
special subject, that, in his/her formation, first of all, is
vulnerable to various threats, and it is necessary to pay
attention at this while forming the state policy. On the
other hand, a lack of rational government decisions in the
context of preventing and preserving a proper quality of
the environment will also have an impact on child health
both directly and indirectly.

According to dictionary sources, child health encompass-
es the physical, mental, emotional, and social well-be-
ing of children from infancy through adolescence [16].
Child health is a state of physical, mental, intellectual, social
and emotional well-being and not merely the absence of
disease or infirmity [17]. Health is influenced by a variety
of factors, the main ones being genetic inheritance and the
economic, social, psychological and physical environment.
These factors interact in complex ways, which are specific
for each disease and for specific individuals and popula-
tion groups [8, p. 12]. That is, child health is determined
through a system of appropriate conditions provided by a
set of factors allowing not only to avoid diseases, but also
promote development of a child at the spiritual, intel-
lectual, emotional and other levels. The environment, in
particular its natural component, is not least in this process
of formation, coming into being and strengthening child
health. A growing body of research suggests that increasing
children’s nature interactions can have positive benefits
for their health-related quality of life (HRQOL); however,
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researchers have yet to examine how geographical context
influences this relationship [18].

Pursuant to the Model Law on Environmental Protection
[19] drafted under the auspices of the Council of Europe
and adopted in 1994, along with such natural resources as
air, outer space, water, soil, climate, fauna and flora in their
interaction, the concept of “the environment” includes the
values that form the surroundings created by man, as well
as quality of life and conditions to the extent in which they
have or may have an impact on human welfare and health.
According to para. 2 of part 1 of the Environmental Pro-
tection Act 1990 [20], the «environment» consists of all, or
any, of the following media, namely, the air, water and land;
and the medium of air includes the air within buildings and
the air within other natural or man-made structures above
or below ground. With reference to vocabulary sources
‘environment’ means (a) fauna and flora; (b) soil, water, air,
climate and landscape; and (c) cultural heritage and the
built environment; (and includes occupational health and
safety and projects’ social effects in the non EU-countries)
[21]. The EIB (European Investment Bank) uses the term
‘natural’ to refer to all those processes and components in
the environment, which are spontaneously formed and not,
or minimally, influenced by man [22]. Furthermore, at the
general theoretical level, it is indicated that in an objective
sense, “nature” as used here refers to physical features and
processes of nonhuman origin that people ordinarily can
perceive, including the “living nature” of flora and fauna,
together with still and running water, qualities of air and
weather, and the landscapes that comprise these and show
the influence of geological processes. As such, “nature”
overlaps substantially with “natural environment,” an en-
vironment with little or no apparent evidence of human
presence or intervention, and the two terms have been
used interchangeably [23]. In other words, there are two
concepts related to each other but having a slightly different
meaning, though interrelated and interdependent.

Attribution of the role of the environment in the devel-
opment of diseases, and the development of novel assess-
ment approaches aimed at taking the inherent complexity
and uncertainty of the environment and health interac-
tions into account, remain a subject of intense debate
[24-26]. Although the results of certain studies, which are
often controversial and require in-depth research, show
that interacting with nature is positively associated, for
instance, with the mental health of children and teenag-
ers [27]. Developing the scientific basis to protect child
health will require a sustained effort by many disciplines.
When data are insufficient, the development of a sound
basis to deal with uncertainty may be equally or more
challenging [8, p. 202].

The World Health Organisation (WHO) defines «en-
vironment and health» as including «both the direct
pathological effects of chemicals, radiation and some bio-
logical agents, and the effects (often indirect) on health and
well-being of the broad physical, psychological, social and
aesthetic environment, which includes housing, urban
development, land use and transport» [28]. Obviously,

the specified elements are in a reciprocal relationship
and understood in the context of child health, given that
children have a unique vulnerability. They go through a
succession of distinct developmental and learning phases
e.g. the foetal, neonatal, school-age and pubertal phases.
At each of these stages, a child is vulnerable and exposed
to different agents: an adolescent may be more vulnerable
to attacks on the reproductive system, while a baby is
more vulnerable to dust at ground level. Children also
face a potentially longer exposure to toxicants. In view of
their life expectancy, children are the section of the pop-
ulation likeliest to endure exposure for the longest time
(p- 5.3 Communication from the Commission to the
Council, the European Parliament and the European
Economic and Social Committee - A European Envi-
ronment and Health Strategy [9]). Every persons right to
a healthy environment is a good guiding goal for policies
[8, p. 195].

Policies of the European Community concerning the
environment are aimed at: - preserving, protecting and
improving the quality of the environment, - protecting
human health health (Art. 174 of Treaty establishing the
European Community [29]). Article 174 of the Treaty
provides that Community policy on the environment is
to contribute to, inter alia, the preservation, protection
and improvement of the quality of the environment, the
protection of human health and the prudent and rational
utilisation of natural resources and that it is to be based on
the precautionary principle (part 1 of the enacting clause
of Directive 2001/42/EC of 27 June 2001 on the assessment
of the effects of certain plans and programmes on the
environment). Moreover, in part 3 of Parma Declaration
on Environment and Health, the main problems related
to the environment and health determine: (b) the health
risks to children and other vulnerable groups posed by poor
environmental, working and living conditions (especially
the lack of waterand sanitation) [30, p. 143].

A person’s overall well-being is largely impacted by
whether they live in an environment that supports their
physical health. Included in national environment is
drinking water quality, air quality and total toxic chemical
pollution per square mile. It also encompasses how at risk
a state’s citizens are for chronic, long-term health effects
due to pollution [31]. Understanding of the concept of
impact assessment is quite important since it is regarded as
the application of comprehensive and systematic foresight
in policy-making - is a familiar approach in the environ-
mental field. Many countries have legislation mandating
practices such as environmental impact assessment, strate-
gic environmental assessment and sustainability appraisal.
These are routinely applied in the course of formulating
and implementing policy at the local, national and supra-
national level [32]. WHO defines health impact assessment
as “a combination of procedures, methods and tools by
which a policy, programme or project may be judged as to
its potential effects on the health of a population, and the
distribution of those effects within the population” [33].

In its turn, a safe natural environment is characterized by
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alack of hazards that can affect human health. Such hazards
may have different sources of origin, both natural and others,
which will be a prerequisite for a launch of negative processes
in the natural environment and creation of potentially neg-
ative effects on human health. Since 2010, important new
evidence has emerged, particularly with respect to the links
between air pollution, endocrine disruptors, mercury, and
climate change and several health outcomes, notably major
noncommunicable diseases — including cardiovascular and
respiratory diseases and cancer [30, p. 7]. Trends in expo-
sures to environmental contaminants should be evaluated as
part of a process to define the role of environmental contam-
inants in these and other childhood illnesses. For example,
data on exposures to environmental contaminants associated
with neurodevelopmental disorders in children, such as lead
and mercury, should be considered in conjunction with the
data on neurodevelopmental disorders in children [34].

In other words, any negative factors that can affect the
natural environmental security represent a potential threat
that can be reflected in their various manifestations and,
above all, on child health. For example, in children under
five years, up to 26% of all deaths could be prevented, if
environmental risks were removed [35]. The prevalence
of many childhood diseases varies by race/ethnicity and
family income. For example, children of lower-income
families and children of color are more likely to have had
an asthma attack in the previous 12 months than are white
children and/or children from higher-income families
[36, 37]. Better understanding of differences in the social
distribution of environmental quality can be helpful for
policy, since specific population groups, such as those
on low incomes, children, and the elderly, may be more
vulnerable — mostly due to their health, economic and
educational status, access to health care, and lifestyle factors
that affect their adaptation and coping capacities [38-40].

In the medical sense, the environment includes the sur-
roundings, conditions or influences that affect an organism
(Davis, 1989). Along these lines, Last (2001) defined the
environment for the International Epidemiological Associ-
ation as: «All that which is external to the human host. Can
be divided into physical, biological, social, cultural, etc., any
or all of which can influence health status of populations
...». According to this definition, the environment would
include anything that is not genetic, although it could be
argued that even genes are influenced by the environment
in the short or long-term [41].

Consequently, sources of influence may have both natural
and of different origins, which can affect human health. An-
alysing the latest data on the environment-disease nexus and
the devastating impact of environmental hazards and risks
on global health, backed up by expert opinion, this report
covers more than 100 diseases and injuries. The analysis
shows that 23% of global deaths (and 26% of deaths among
children under five) are due to modifiable environmental
factors [42]. WHO estimates that in developing countries
80% of illnesses and more than third of deaths are the result
of drinking contaminated water. More startling is that ap-
proximately 60% of all infant mortality worldwide is linked
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to water-related infectious and parasitic diseases [43]. The
growing recognition of the multiple factors behind major
public health issues, such as obesity, cancer, mental illness,
and other chronic diseases, as well as the ageing of the Euro-
pean population, have generated an increasing interest in the
role of residential environments and access to green spaces.
Still, the potential of using green space to promote health is
not sufficiently exploited, and is occasionally considered as
an ‘extra, luxury detail in life [44]. Insufficient attention is
paid to the natural potential that could be used to restore,
preserve and improve child health. While public health
experts have traditionally associated environmental health
with the absence of contaminants, toxins, and pollution, they
may have failed to consider an equally valid alternative — how
the environment can improve human health in general and
children’s health specifically [45].

All human beings depend on the environment in which
welive. A safe, clean, healthy and sustainable environment
is integral to the full enjoyment of a wide range of human
rights, including the rights to life, health, food, water and
sanitation. Without a healthy environment, we are unable
to fulfil our aspirations or even live at a level commensurate
with minimum standards of human dignity [46]. When
considering the above provisions in the context of ensuring
a child’s ability to exercise his/her right to health, we should
state that it is not possible in the natural environment that
is threatening him/her. A child’s right to a safe environment
is directly linked to the right to health. In a dangerous
environment, health is quite difficult to maintain at the
proper level and is very easy to lose. There is growing ev-
idence that indicates direct exposure to nature is essential
for children’s physical and emotional health, improving
their cognitive abilities and resistance to negative stresses
and depression [45].

Without a healthy environment, we are unable to fulfil
our aspirations or even live at a level commensurate with
minimum standards of human dignity. At the same time,
protecting human rights helps to protect the environment
[46]. For instance, in the Gabcikovo-Nagymaros Case [47]
(1997), Judge Weeramantry wrote that «[t] he protection of
the environment is...a vital part of contemporary human
rights doctrine, for it is a sine qua non for numerous human
rights such as the right to health and the right to life itself. ..
damage to the environment can impair and undermine all
the human rights spoken of in the Universal Declaration
and other human rights instruments» [48]. Among the
various ways of restoring violated rights, first of all, we can
talk about the judicial system which, using its levers, has an
opportunity to restore the violated right and justice. “Envi-
ronmental justice” is now a growing issue in Europe. It has
at its heart the premise that the current disproportionate
impacts of environmental hazards must be addressed, but it
is also focusing on the availability and use of environmental
resources [49]. However, implementation and enforcement
are difficult [8, p. 195]. For example, Boyle [50] and several
others note that a rights approach to environmental justice
may be potentially problematic in practice. Often states
in Europe and elsewhere have constitutions that maintain
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the ‘right’ to health and ‘sufficient’ environments. Some
include procedural rights also. Yet articulation of these
rights within current legal frameworks proves difficult
[50]. One can distinguish its three directions: - national:
the state of environmental injustice within Europe and
European countries; - international: the extent to which
Europe imposes injustice on other countries; - generational:
the extent to which Europe imposes injustices on future
generations, in Europe and globally [8, p. 192].

In other words, «ecological justice» is characterized by
solving relevant issues, which, on the one hand, are related
to pollution, and on the other hand, the proper use of natu-
ral resources. Each of the identified spheres affects human
health, especially child health, in one way or another, either
directly or indirectly. The degree of dissemination of the
above-mentioned issues, legal regulation, ways of resolving
and their consequences are spreading both geographically
and temporally. In particular, it can relate to one, several
states, and the entire planet. From the time viewpoint, the
effects of such influence can be both short-term and long-
term, those that may occur earlier or over a longer period
of time.

CONCLUSIONS

Inevitably, all rights depend on the environmental security
in general and the natural environmental security, in par-
ticular, but the right to health depends first and foremost.
Ensuring the environmental security directly affects health
of both adult population and children and is a guarantee
of its preservation and improvement. Ensuring the natural
environment of the proper quality guarantees a greater
range of opportunities for a child in the process of form-
ing, coming into being and maintaining his/her physical
and psychological well-being, which is a prerequisite for
exercising his/her other rights and proper fulfillment of
his/her duties in the process of his/her transformation and
transition to adulthood. Appropriate implementation of
the measures aimed at improving and maintaining proper
child health depends on proper ensuring the right to life,
health and the natural environment. In its turn, appropri-
ate legal regulation, both at the level of individual states
and internationally, will allow to define limits of proper
behaviour more clearly, understand results that can be
obtained and ways to restore violated rights, should it turn
out to be necessary.
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ZABURZENIA SNU W CHOROBIE PARKINSONA
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STRESZCZENIE

Zaburzenia snu s3 czesta manifestacja pozaruchowa w chorobie Parkinsona (PD — Parkinson s disease). Sa one zréznicowane, dotycza réznych faz snu, a takze moga wystepowac
w ciggu dnia. Koreluja z szybsza progresja objawdw ruchowych oraz pogorszeniem jakosci zycia pacjentdw. W tym opracowaniu oméwiono fizjologie snu, najczesciej wystepujace
w przebiegu PD zaburzenia snu, takie jak: bezsennos¢, zaburzenia snu fazy REM (RBD-REM sleep behaviour disorder), nadmierna sennos¢ w ciggu dnia (EDS — excesive daytime
sleepiness), obturacyjny bezdech senny (0SAS — obstructive sleep apnea syndrome). Przedstawiono ich przyczyny, manifestacje kliniczna, takze mozliwosci diagnostykii leczenia.
Zwrdcono tez uwage na wspétwystepowanie rznych innych objawdéw pozaruchowych, takich jak: bél, depresja, czy nokturia i ich wzajemne korelagje.

SEOWA KLUCZOWE: choroba Parkinsona, sen, zaburzenia snu, zaburzenia snu fazy REM, RBD, bezsenno$¢, nadmierna sennos¢ w ciagu dnia, EDS

ABSTRACT

Sleep disorder are common non-motor symptoms in Parkinson's disease (PD). They can be found in different sleep stages or appear during the daytime. They correlate with
faster progression of motor problems and lower quality of a patient’s life. Sleep physiology, different sleep dysfunction such as: RBD-REM sleep behavior disorder, EDS — excessive
daytime sleepiness, insomnia, 0SAS-obstructive sleep apnea syndrome, and their clinical manifestation have been presented in this review. Diagnostic and therapy possibilities
have been summarized as well. Particular attention has also been paid to the coexistence of various non-motor symptoms such as pain, depression or nocturia, and their

correlations with sleeping problems.

KEY WORDS: Parkinson’s disease, PD, REM sleep behavior disorder, sleep, sleep disorders, excessive daytime sleepiness, EDS

WSTEP
Sen jest niezbednym elementem pozwalajagcym zacho-
waé rownowage homeostatyczng organizmow zywych.
Umozliwia on konsolidacje pamieci, stymulacje ukladu
odpornosciowego, homeostaze energetyczna. Czlowiek
przesypia srednio 1/3 Zycia. Zaburzenia snu wystepuja
czesto w populacji ludzkiej i obejmujg ponad 80 jednostek
chorobowych. Niejednokrotnie towarzysza takze choro-
bom neurodegeneracyjnym, ktore sg coraz istotniejszym
problemem w zwigzku ze starzeniem sie spoleczenstwa.
W przypadku choroby Parkinsona (PD — Parkinson dise-
ase) moga wyprzedza¢ objawy ruchowe nawet o dekade.
Czesto$¢ wystepowania zaburzen snu w przebiegu PD
szacuje sie na 40 do nawet 90% chorych [1]. Moze to by¢
bezsennos$¢ nocna prowadzaca do odwrécenia rytmu do-
bowego lub zaburzenia ruchowe zwigzane ze snem, takie
jak okresowe ruchy konczyn we $nie (PLMS — periodic
limb movements of sleep) badz zespot niespokojnych nég
(RLS — restless leg syndrome). Inng czesta parasomia wy-
stepujaca w PD sg zaburzenia zachowania fazy snu REM
(RBD-REM sleep behaviour disorder). Najczgstszymi przy-
czynami przerwania cigglo$ci snu u pacjentéow z PD sg
objawy autonomiczne, takie jak: nocturia (79%), zaburzenia
ruchowe spowodowane nocnymi stanami off skutkujacym
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trudno$ciami zmiany pozycji ciala podczas lezenia w 16zku
(65%) [2, 3] lub tez bolesne skurcze nég (55%) [4]. Nie-
rzadko chorzy skarzg sie na zywe sny lub koszmary senne,
ktoérych wystepowanie laczy sie z wysoka wieczorng dawka
lewodopy. Pacjenci doswiadczajg takze nadmiernej senno-
$ci w ciggu dnia (EDS — excessive daytime sleepiness), ktora
moze by¢ zwigzana bezposrednio z nocnymi zaburzeniami
snu, terapig dopaminergiczng, ale takze depresja [2, 5, 6].
Sa to problemy niejednokrotnie niediagnozowane z powodu
niewielkiej sSwiadomosci chorych, samotnego mieszkania,
a takze z powodu ograniczonego dostepu do specjalistow
zajmujgcych si¢ tymi dolegliwo$ciami. Niemniej jednak,
zaburzenia snu istotnie wplywaja na jakos¢ zycia pacjentow
[2], aich nasilenie koreluje z szybszg progresja objawow oraz
pogorszeniem proceséw poznawczych [7, 6].

Niektorzy pacjenciz PD wykazuja poprawe stanu moto-
rycznego tuz po przebudzeniu rano, jeszcze przed zazyciem
leku, ktore zazwyczaj trwa 1-3 godzin. Zjawisko to nazy-
wane jest ,benefitem snu” i jest zglaszane przez 33—-55%
pacjentow z PD; niemniej mechanizm lezacy u jego pod-
staw pozostaje niejasny [8].

Prawidlowe réznicowanie i diagnostyka zaburzen snu
moga mie¢ kluczowy wplyw na przebieg leczenia i poprawe
jakosci zycia pacjentdw.
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FIZJOLOGIA SNU

Sen to stan odmiennej swiadomosci, ktory charakteryzuje sie:

- przyjeciem charakterystycznej pozycji spoczynku;

- zaprzestaniem aktywnosci ruchowej;

- utratg $wiadomego kontaktu z otoczeniem;

- zmniejszong reaktywno$cia na bodzce zewnetrzne;

- pelna odwracalnoscig, mozliwoscig powrotu do pelnej
$wiadomosci pod wplywem adekwatnych bodzcow, cy-
klicznie zmieniajacg si¢ aktywnoscig OUN.

Fizjologiczny sen jest niezbedny do prawidtowego funk-

cjonowania moézgu. Kluczowym osrodkiem snu i czuwania

jest podwzgdrze. Neurony promujgce sen zlokalizowane
sa w obszarze przedwzrokowym przedniego podwzgodrza,
natomiast odpowiadajace za czuwanie w obszarze tylnym
podwzgdrza. Podstawowym o$rodkiem regulujacym pro-
ces snu i czuwania jest jadro nadskrzyzowaniowe(SCN —
suprachiasmatic nucleus) mieszczace si¢ w cz¢sci bocznej
podwzgdrza. Jest ono okreslane jako wewnetrzny ,,zegar
biologiczny”, a jego gtéwnym egzogennym czynnikiem re-
gulujacym jest $wiatlo. SCN otrzymuje informacje $wietlna

z drogi siatkdéwkowo-podwzgdrzowej i wysyla sygnat do

licznych potaczen neuronalnych w innych czesciach pod-

wzgorza oraz szyszynki, gdzie uwalniana jest melatonina.

SCN posiada takze receptory dla melatoniny, wspétdziata-

jac w petli sprz¢zenia zwrotnego z szyszynka. Intensywne

wydzielania i wysokie stezenie melatoniny w nocy wistotny
sposob wplywa na prawidtowy rytm dobowy.

Prawidlowy, fizjologiczny sen sklada si¢ z 4 faz:

NREM 1 — pierwsze stadium snu plytkiego, charak-
teryzuje si¢ zmniejszeniem $wiadomosci, zapisem EEG
- wystepowanie fal alfa i thetha o amplitudzie nieprzekra-
czajacej 75 PV i czestotliwosci 2-7 Hz;

NREM 2 — stadium 2 charakteryzuje si¢ brakiem reak-
tywnosci na bodzce oraz wystepowanie serii fal podobnych
do fal alfa, o czestotliwosci 12-14 Hz i amplitudzie 50 uV
zwanych wrzecionami snu, a takze ujemnych, fal ostrych,
po ktérych wystepuje fala dodatnia nazywana zespotem K;

NREM 3 — sen wolnofalowy, gleboki, charakteryzuje si¢
wystepowaniem fal delta o amplitudzie powyzej 75 uV i
czestotliwosci 2 Hz;

REM - faza snu, w ktorej wystepuja szybkie ruchy gatek
ocznych (Rapid Eye Movement). Na tym etapie snu wy-
stepuje wysoka aktywnos$¢ mozgu, w zapisie EEG dominuja
niskonapieciowe fale szybkie, trojkatne fale (3—5 Hz), tzw.
zeby pily, pojawiaja si¢ marzenia senne, fizjologicznie tej
fazie towarzyszy atonia mi¢$niowa.

Fazy te w ciagu zycia osobniczego zmieniajg swoj sto-
sunek trwania od duzej ilo$ci snu NREM3 w dziecinstwie
do jego skrdcenia z biegiem lat, az do istotnego spadku
odsetka snu wolnofalowego na staros¢.

W prawidtowym, fizjologicznym $nie kazdy cykl 4 faz
trwa w przyblizeniu 90-100 minut. Zazwyczaj w ciagu
nocy wystepuje od 4 do 6 takich cykli.

BEZSENNOSC
Bezsennos$¢ to utrudnione zasypianie lub trudnosci
w utrzymaniu snu wystepujace wiecej niz 3 razy w ty-
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godniu i istotnie uposledzajace funkcjonowanie w ciggu
dnia. W PD zaburzenie to wyst¢puje bardzo czgsto,
wedtug réznych autoréw od 60 do 80% [5, 9] pacjentéw
doswiadcza bezsennosci. Czesto wspolistnieje ona z innymi
zaburzeniami snu, prowadzac do znacznego pogorszenia
funkcjonowania w ciagu dnia.

W przypadku pacjentéw z PD gléwnym problemem
czgsto nie jest samo zasypianie, a liczne przebudzenia
nocne uniemozliwiajace kontynuowanie snu. Przyczyna
tych probleméw moze by¢ nasilenie w ciagu nocy objawow
ruchowych, np. bradykinezy lub sztywnosci mie$niowej,
ktora utrudnia przyjecie wygodnej pozycji ciata badz tez
wystepowanie bolesnych dystonii stanu OFE. Ponadto
ciaglo$¢ snu przerywajg wystepujace w PD zaburzenia au-
tonomiczne (nadmierne pocenie, nokturia). Niewatpliwie
jednak kluczowg role w etiologii bezsenno$ci w PD nalezy
przypisa¢ pierwotnej degeneracji neuronéw w centrach
regulacji snu i czuwania. Niezaprzeczalny jest zwigzek
bezsennosci z zaburzeniami depresyjnymi [10]. Ma on
charakter dwukierunkowy — brak fizjologicznego snu moze
powodowac rozdraznienie, leki i obnizenie nastroju. Z dru-
giej strony objawami zaburzen afektywnych sg problemy
z zasypianiem, wczesne przebudzenia poranne, koszmary
senne. Zaburzenia snu w PD mogg laczy¢ si¢ rdwniez
z terapig [10]. Leki pozwalajace kontrolowa¢ nasilenie
objawdw ruchowych z grupy agonistow receptora dopami-
nergicznego moga nasila¢ uczucie sennosci i konieczno$é
drzemek w ciggu dnia, co skutkuje dezorganizacja pra-
widlowego snu nocny. Jest kilka skal przeznaczonych do
oceny bezsennosci wérdd pacjentéw z PD. Jedng z czesciej
uzywanych jest Parkinson’s Disease Sleep Scale (PDSS)
[11], a takze SCOPA-sleep scale (Scale For Outcomes In
Parkinson’s Disease — Sleep Disturbances) [11]. Pomagaja
one uzyska¢ informacje dotyczaca zaburzen snu. Nalezy
takze bra¢ pod uwagg jako$¢ snu opiekunéw chorych, ktéra
przekltada sie na ich pdzniejsze funkcjonowanie w ciggu
dnia oraz na pielegnacje chorego.

NADMIERNA SENNOSC W CIAGU DNIA

Nadmierna sennos¢ w ciggu dnia (EDS - excesive daytime
sleepiness) jest czesta manifestacjg zaburzen snu w PD,
dotyczy ona wedtug réznych badan 21-50% [5] pacjentow
i nasila si¢ wraz z progresja choroby [12, 13]. Jej istote sta-
nowi niezdolno$¢ do utrzymania stanu czuwania w ciagu
dniaiincydenty niezamierzonego zapadania w sen. Czyn-
nikami ryzyka EDS w PD sa: ple¢ meska, nasilenie obja-
wow ruchowych, dluzszy czas trwania choroby oraz duza
dawka lekéw dopaminergicznych. Skalg stuzaca do oceny
nasilenia tej dolegliwosci jest Epwhort Sleepness Scale (ESS)
[11], ktora bada mozliwos¢ zapadnigcia w sen w réznych
okolicznosciach w ciggu dnia. Badanie polisomnograficzne
pozwala na obiektywna ocene uposledzenia snu w ciagu
nocy, np. bezdech senny, RBD itd., wtérnie mogacych
powodowac wyzej wymienione objawy. Poza powyzszy-
mi, opisuje si¢ rowniez inne czynniki nasilajace objawy
senno$ci w ciggu dnia. Sg nimi terapia dopaminergiczna
(najczesciej polaczenie lewodopy z agonista receptora
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Tabela I. Kryteria RBD wedtug International Classification of Sleep Disorders.

A. Chory skarzy sie na nagte zaburzenia zachowania w czasie snu powodujace uszkodzenie ciata
B. Ruchy ciata podczas snu sg spowodowane marzeniami sennymi

C. Przynajmniej jedno z ponizszych:
urazowe zachowanie podczas snu
bardzo zywe marzenia senne
zaburzenia zachowania podczas snu przerywaja jego ciggtosc
D. W badaniu polisomnograficznym jedna z ponizszych cech:
nadmierna aktywnos¢ w EMG mie$ni brédki (>30% czasu fazy REM)
nadmierna aktywnos$¢ w EMG miesni brédki lub koriczyn i jedno z ponizszych:
masilone zrywania miesniowe koriczyn i ciata
ztozone, gwattowne, agresywne i energiczne zachowanie
brak wytadowan padaczkowych w EEG podczas obserwowanych zaburzen snu
E. Objawy nie sg zwigzane z chorobami psychicznymi, ale neurologicznymi
Inne zaburzenia snu (np. zmory nocne, lunatykowanie) moga wystepowac, ale nie sg przyczyng obserwowanych zaburzen

dopaminergicznego), zaburzenia psychiczne: depresja, lek,
psychoza, objawy ruchowe, a takze bdl [13]. Nadmierna
senno$¢ w ciggu dnia jest takze taczona z utratg neuronéw
majacych receptory dla oreksyny (hipokretyny) w pod-
wzgorzu oraz obnizonymi warto$ciami oreksyny w PMR,
podobnie jak w przypadku chorych na narkolepsje[14].

ZABURZENIA ZACHOWANIA ZWIAZANE
ZFAZA SNU REM

Zaburzenia zachowania fazy snu REM (RBD-REM sleep
behaviour disorder) z nieobecnoscia fizjologicznej atonii
mie$niowej czgsciej dotycza mezczyzn po 50. roku zycia.
W populacji powyzej 60. roku Zycia wystepuja u 0,3-1,15%
0s0b. W potowie przypadkow sg one pierwszym z objawow
PD lub innej synukleinopatii, jak: MSA (Multiple System
Atrophy) czy DLB (Dementia with Lewy Bodies) i moga
wyprzedzaé objawy ruchowe nawet o dekade [1, 5, 15-18].
RBD wystepuje réwniez w przebiegu tauopatiami — cho-
roby Alzheimera czy PSP (Progresive Supranuclear Palsy)
[19], cho¢ ich zwigzek z tymi chorobami jest o wiele rzadszy
niz w przypadku synukleinopatii. RBD moze wspolwy-
stepowac z subtelnymi prodromarnymi zwiastunami,be-
dacymi biomarkerami wczesnej neurodegeneraciji, takimi
jak hyposmia i zaparcia (Tab. I) [20, 21].

Mechanizm powstawania RBD jest stabo poznany.
Dotychczas, doswiadczenia prowadzone na zwierzetach
dowodzg obecnosci kluczowych neuronéw kontrolujacych
faze snu REM w osrodkach mostowych: miejscu sinawym,
jadrach bocznych nakrywki §rédmoézgowia, istocie szarej
okotowodociggowej. Przejscie snu NREM w sen REM re-
guluje system sprz¢zenia zwrotnego pomi¢dzy neuronami
cholinergicznymi (REM-on cell) oraz noradrenergicznymi
i serotoninergicznymi (REM-off). Neurony cholinergiczne
lezag w jadrach konarowo-mostowym (PPN — tegmental
pedunculopontine) 1 boczno-grzbietowym nakrywki (LTD
— tegmental late- rodorsal) jako tzw. REM-on cell zapoczat-
kowujg sen REM i wykazuja zwigkszona aktywno$¢ w tym
stadium, a neurony serotoninergiczne i noradrenergiczne,
odpowiednio zlokalizowane w jadrach szwu (LR) i miejsca
sinawego (LC), czyli tzw. REM-off cell, sa wowczas nieak-
tywne. Dowodzi si¢ ponadto, Ze neurony jadra boczno-

-grzbietowego nakrywki (LTD) sg odpowiedzialne posred-
nio poprzez neurony wstawkowe rdzenia za atoni¢ miesni
poprzecznie prazkowanych tulowia i koniczyn podczas
fazy REM. Neurony GABA-ergiczne i glicynowe dzialaja
hamujgco na motoneurony w rdzeniu kregowym. Redukuja
one takze sygnaly z neuronéw noradrenergicznych i seroto-
ninergicznych (neuronéw ,,promujacych pobudzenie”), co
dodatkowo wzmacnia efekt zwiotczenia mig¢sni. U pacjentow
z RBD hamujgce neurony glutaminergiczne zlokalizowane
w czgsci grzbietowej mostu, neurony GABA-ergiczne jadra
szwu ulegaja degeneracji. Zmiany te prowadza do utraty
fizjologicznej atonii mie$ni podczas snu fazy REM [18, 22].
Dowiedziono, ze u pacjentéw z PD zmiany te pojawiajg si¢
przed neurodegeneracja w obrebie istoty czarnej. Jednak
czas, ktdry dzieli te patologie jest indywidualnie zmienny
i waha si¢ od kilku miesiecy nawet do dekad [22].

Obraz kliniczny RBD jest zrdznicowany. Podczas fazy snu
REM, ktérej towarzyszg marzenia senne, chorzy, u ktérych
brak jest fizjologicznej atonii miesniowej, wykonuja duzo
gwaltownych ruchow. Tre$¢ marzen sennych jest zazwyczaj
bardzo realistyczna i nacechowana negatywnie. Pacjentom
$ni sie, ze s gonieni lub atakowani, biorg udzial w kiot-
niach, bojkach. Poza gwattownymi ruchami konczyn fazie
snu REM mogg towarzyszy¢ rowniez wokalizacje, ptacz lub
$miech i inne dzwigki. W trakcie tych niekontrolowanych
ruchéw chorzy moga dozna¢ urazéw tkanek miekkich,
zlaman, urazéw glowy. Opisywano takze urazy u partne-
row dzielacych tézko z cierpigcymi na RBD. Po obudzeniu
chorzy najczesciej nie pamietaja nocnych epizodow, czesto
jednak wspominaja nieprzyjemng tre$¢ snow [22].

ZESPOL NIESPOKOJNYCH NOG

Zespol niespokojnych noég — RLS (restless legs syndrome),
inaczej zespol Wittmaacka-Ekboma, to wrazenie zmecze-
nia i niepokoju noég, ktéremu towarzysza réznego rodzaju
parestezje: mrowienie pod skorg lub palenie. Rzadko
odczucia te dotycza takze konczyn gornych. Nasilaja sie
wieczorem i w nocy. Charakterystyczng cechg zespotu
jest jego ustepowanie lub znaczne zlagodzenie pod wply-
wem ruchu [23]. Objawy RLS zwykle dotycza konczyn
dolnych i majg charakter obustronny. Moga jednak by¢
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niesymetryczne i wystepowac na przemian w konczynach.
Rzadko wystepuja objawy dotyczace tylko jednej strony cia-
ta, zazwyczaj obejmujg uda i podudzia. Choroba ta w okolo
7-15% towarzyszy PD, co oznacza, ze u tych chorych
pojawia si¢ dwukrotnie czesciej niz w populacji ogdlnej
[6]. Nie dowiedziono jednak, ze wystepowanie RLS wigze
sie z wyzszym ryzykiem zachorowania na PD (Tab. II) [3].

W zapisie polisomnograficznym w zespole niespokoj-
nych nog czgste wystepowanie ruchéw konczyn dolnych
z nastgpowym przebudzeniem (arousal) powoduje frag-
mentacj¢ profilu snu. Czas zasypiania jest wydtuzony,
podobnie jak czas czuwania w nocy oraz czas przejscia
ze stanu snu do stanu czuwania. Wydluzone sg fazy snu
lekkiego NREM 112, z jednoczesnym skroceniem stadiow
snu z powolnymi ruchami gatek ocznych i REM. Badanie
EMG wykazuje okresowe ruchy konczyn dolnych i wywo-
tane nimi krotkotrwate przebudzenia.

OBTURACYJNY BEZDECH SENNY

Obturacyjny bezdech senny (OSAS — obstructive sleep
apnea syndrome) byl opisywany w kilku badaniach do-
tyczacych zaburzen snu w PD [24-26]. Zaburzenie to
zwigzane jest ze zwezeniem drég oddechowych spowodo-
wanych wiotkoscig i zapadaniem si¢ podniebienia migk-
kiego w trakcie snu. Charakteryzuje si¢ wystepowaniem
chrapania, przerw w oddychaniu w trakcie snu powyzej
10 sekund, gwaltownymi wybudzeniami nocnymi, co
natomiast skutkuje obnizeniem jakosci snu, ciggtym po-
czuciem zmeczenia, nadmierng sennoscig w ciggu dnia,
bolami glowy, problemami z koncentracja. Dolegliwos¢ ta
moze dotyczy¢ okoto 2—4% 0s6b w populacji ogolnej [27].
Jej pojawieniu si¢ sprzyjaja: starszy wiek, otylos¢, stan po
zawale serca, udarze mozgu. Sugeruje sig, Ze u pacjentow
z PD OSAS moze wystepowac z wieksza czestotliwoscia
niz w reszcie populacji, jednak nadal brakuje duzych ba-
dan potwierdzajacych te hipoteze [28]. Autorzy opisujacy
wiekszg czestotliwos¢ wystgpowania OSAS u pacjentow
z PD podkreslaja, ze zwigzek z tym moze mie¢ uposledze-
nie ruchow ciala w trakcie snu, spowodowane nocnymi
stanami OFF i spedzanie przez chorych wiekszej ilosci
czasu w pozycji na wznak, ktéra sprzyja zapadaniu si¢
podniebienia migkkiego i wystepowania obturacyjnego
bezdechy sennego [24]. Sugeruje si¢ takze, ze OSAS moze
miec istotnych wplyw nie tylko na jakos¢ zycia pacjentow,
nadmierna senno$¢ w ciagu dnia czy zwiekszeniem ryzyka
chorob kardiologicznych, ale takze sprzyja¢ deterioracji
poznawczej pacjentéw. Zlotym standardem leczenia OSAS
jest stosowanie urzadzenia wywolujacego stale dodatnie
ci$nienie w drogach oddechowych - CPAP (Continous
Positive Airvay Pressure).

DIAGNOSTYKA ZABURZEN SNU

Diagnostyka zaburzen snu opiera si¢ przede wszystkim na
dokfadnym zebraniu wywiadu od pacjenta, a takze w wie-
lu przypadkach od partnera lub rodziny zamieszkujacej
wspolnie z chorym. Duzg czulos$¢ i specyficznosé maja
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liczne kwestionariusze dotyczace zaburzen snu np: PDSS
(Parkinson’s Disease Sleep Scale), Mayo Sleep Questionnaire,
RBD1Q (REM Sleep Behavior Disorder Single-Question
Screen ), RBDSQ (REM Sleep Behavior Disorder Screening
Questionnaire). Moga by¢ one wykorzystane jako badanie
przesiewowe.

Zlotym standardem badan snu jest badanie polisom-
nograficzne, ktére pozwala ma monitorowanie licznych
funkeji organizmu podczas snu i jest narzedziem umozli-
wiajagcym obiektywizacje opisywanych dolegliwosci.

Prawidtowa diagnostyka obejmuje rdwniez réznicowanie
miedzy innymi jednej z najtrudniejszych w rozpoznaniu
parasomni, jaka jest RBD z innymi zaburzeniami moga-
cymi przebiega¢ podobnie (mimicking disorders), takimi
jak: koszmary senne, somnambulizm, napady padaczkowe,
zespol stresu pourazowego, psychozy, delirium. Znakomita
wiekszos¢ tego réznicowania mozna przeprowadzi¢ posit-
kujac si¢ badaniem polisomnograficznym.

POLISOMNOGRAFIA

Badanie polisomnograficzne jest zapisem fizjologicznych
aktywnosci organizmu czltowieka w czasie snu. Sklada si¢
ona z zapisu czynnosci bioelektrycznej mozgu: elektroence-
falografii (EEG), czynnosci elektrycznej serca — elektrokar-
diografii (EKG), aktywno$ci migsniowej — elektromiografii
(EMGQG), analizy ruchow galek ocznych — elektrookulografii
(EOQG), zapisu czynnosci oddechowej oraz saturacji krwi.

W przypadku podejrzenia BRD najwazniejszg czgscia
snu dla badajacego jest faza snu REM, czyli tzw. sen
paradoksalny. Jego nazwa pochodzi od wyst¢pujacych
gromadnie szybkich ruchéw galek ocznych. Faza ta
charakteryzuje si¢ plaskim, nieregularnym rytmem fal
o czestosci 6-10Hz. i wyraznym ksztalcie zebow pily.
Czesto wystepuja takze ostre wyladowania o amplitudzie
do 150 uV, przypominajace ksztaltem iglice — sg to tzw.
iglice PGO (ponto-geniculo-occipital spikes) odpowiadajace
pobudzeniu przenoszacemu si¢ z mostu do struktur uktadu
wzrokowego, tj. do cial kolankowatych bocznych i dalej do
okolicy wzrokowej. Aktywacja tych obszardéw jest uwazana
za przyczyne wzrokowej tresci marzen sennych.

Ruchy gatek ocznych sg kontrolowane za pomocg elek-
trookulografii. Oko ludzkie stanowi dipole elektryczne.
Rogdéwka to biegun dodatni, a siatkéwka ujemny. Rdznica
potencjalow podczas ruchéw gatek ocznych prowadzi do
zmian potencjaléw rejestrowanych za pomocy elektrod
umieszczonych po bokach obu oczu. Ruch taki jest zwykle
jednokierunkowy. Na podstawie EOG uzyskuje sie infor-
macje na temat ruchow gatek ocznych podczas zasypiania
(ruchy wolne, wahadlowe) oraz ruchéw podczas fazy REM
(ruchy szybkie), a takze ruchow powiek i mrugania.

Zapis elektromiograficzy EMG wykorzystuje jako miej-
sce najsilniej wyrazonej wartosci atonii miesniowej okolice
podbrédkowe i brodke. Zapisu dokonuje si¢ przy pomocy
dwoch elektrod dwubiegunowych umieszczonych na obu
brzuscach mie$nia brédkowego. W przypadku nieco-
dziennego wystepowania zaburzen zachowania w trakcie
snu, podczas polisomnografii mozna wykaza¢ brak atonii
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Tabela Il. Kryteria RLS 2012 wedtug International RLS Study Group (IRLSSG).

Kryteria RLS:
« Przymus wykonywania ruchéw koriczyn najczesciej z towarzyszacym nieprzyjemnym odczuciami w koriczynach
- Objawy zaczynaja sie lub nasilajg podczas spoczynku, bezruchu
- Objawy ustepuja lub zmniejszaja sie podczas ruchu
+ Objawy nasilaja sie lub tylko wystepuja wieczorem lub w nocy
« Objawy nie majg zwiazku z innymi chorobami, np. z bélem i obrzekiem ndg, skurczami miesni

mie$ni brodkowych. Elektrody EMG, jak réwniez detekto-
ry akcelerometryczne umieszcza si¢ takze na konczynach
gornych i dolnych.

W panelu badan polisomnograficznych wykorzystywane
sa rOwniez testy, stuzace obiektywnej ocenie konkretnych
zaburzen, jak np. nadmiernej sennosci w ciggu dnia.

MULTIPLE SLEEP LATENCY TEST (MSLT)

Badanie wykonywane w celu diagnozowania nadmierne;j
senno$ci w trakcie dnia. Podczas badania MSLT pacjent
co 2 godziny, pieciokrotnie w ciggu dnia ma mozliwos¢
polozenia si¢ do 16zka i odbycia 20-minutowej drzemki.
Wykorzystujac technike badania polisomnograficznego,
podczas kazdej drzemki oznacza sie czas do zasnigcia.
Sredni czas do zaéniecia (latencja snu) ponizej 5 minut
$wiadczy o patologicznej sennosci. Srednia latencja snu
powyzej 10 minut $wiadczy o braku nadmiernej sennosci.

MAINTENANCE OF WAKEFULNESS TEST (MWT)
—TEST UTRZYMANIA CZUWANIA

Test utrzymania czuwania jest stosowany w medycynie
snu do pomiaru jakosci czuwania w ciggu dnia. Badanie
umozliwia oceng, czy osoba badana jest w stanie utrzymac
czuwanie, mimo przebywania w monotonnych i sprzyja-
jacych zasypianiu warunkach. Badanie sklada sie z czte-
rech 40-minutowych testow, ktére osoba badana spedza
w wygodnym fotelu, znajdujacym si¢ w cichym i stabo
o$wietlonym pomieszczeniu.

LECZENIE

ZABURZENIA NOCNE SPOWODOWANE
ZABURZENIAMI SNU

BEZSENNOSC

Leczenie bezsennos$ci w PD powinno koncentrowac si¢ na
takiej modyfikacji terapii dopaminergicznej, ktéra pozwoli
wyeliminowa¢ problemy ruchowe pojawiajace si¢ w nocy:
stany OFF lub bolesne dystonie wczesnego poranka, jed-
noczes$nie majac na uwadze ograniczenie drzemek w ciggu
dnia. Prawidlowo dobrana terapia dopaminergiczna popra-
wia jako$¢ snu u pacjentéw z PD. Opisywano réwniez po-
prawe jakosci snu po zabiegach glebokiej stymulacji mdzgu
(DBS - deep brain stimulation), co ma najpewniej zwiazek
z poprawa stanu ruchowego [12, 29]. Pomocne moze si¢
takze okaza¢ zwigkszenie dziennej aktywnosci ruchowej.

W ciezszych przypadkach - przewleklej bezsennosci - pro-
ponowana jest terapia poznawczo-behawioralna. Leczenie
benzodiazepinami stosowane jest najczesciej krotkotrwale.
Niewskazane jest przewlekle stosowanie takiej terapii,
poniewaz wywoluje ona liczne niekorzystne efekty, jak
poranna sedacja, zamroczenie, nasilenie niestabilno$ci
postawy oraz uzaleznienie [30].

ZABURZENIA ZACHOWANIA ZWIAZANE

ZFAZA SNU REM

W leczeniu zaburzen zachowania fazy REM rekomendowa-
ne jest stosowanie w pierwszej linii klonazepamu w dawce
0,25-2 mg/d, jednak moze si¢ ono faczy¢ z powiktaniami
takimi jak: nadmierna sedacja, a takze zwigkszone ryzy-
ko upadkéw. Klonazepam zwieksza calkowity czas snu,
poprawia efektywnos¢ snu, wydtuza faze NREM, a takze
zmniejsza liczbe wybudzen. U pacjentéw z PD, u ktérych
wspolwystepuja RBD, zalecane jest zastosowanie mela-
toniny 3—-12 mg/d. Melatonina redukuje epizody RBD
izmniejsza napiecie mig$niowe podczas fazy REM, jednak
leczenie moze by¢ powiklane porannymi boélami glowy,
sennosccig, halucynacjami, objawy te zwykle pojawiaja
sie przy stosowaniu wysokich dawek [22].

ZESPOt NIESPOKOJNYCH NOG

W celu leczenia idiopatycznego syndromu niespokojnych
noég (RLS) rekomenduje sie: zmiang stylu Zycia, wpro-
wadzaniem higieny snu, aktywnosci fizycznej, kapieli
w cieplej i zimnej wodzie naprzemiennie itd. W terapii
farmakologicznej stosuje si¢ w pierwszej kolejnosci
agonistow dopaminy, np. pramipeksol 0,09-0,36 mg/d,
ropinirol 0,25-4 mg/d, alternatywnie stosowa¢ mozna
leki przeciwpadaczkowe, np. pregabaling 150-450 mg/d
lub gabapentyng¢ 900-2400 mg/d.

W przypadkach trudnych do leczenia mozna zastosowa¢
niskie dawki lekéw opioidowych [5] Wtérny RLS leczy si¢
najczesciej przyczynowo, suplementujac witaminy, zelazo
lub leczac chorobe podstawows.

OBTURACYJINY BEZDECH SENNY

Jak juz wspomniano wcze$niej zlotym standem leczenia
OSAS jest urzadzenie wytwarzajace dodatnie ci$nienie
w drogach oddechowych CPAP [3]. Normalizuje ono
oddychanie w godzinach snu, poprawia oksygenacje¢ krwi
oraz architekture snu (przywraca prawidlowe czasy faz
REM/NREM), zmniejsza sennos$¢ w ciagu dnia. Z zalecen
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niefarmakologicznych proponuje si¢ pacjentom kontrole
masy ciala, a takze spanie na boku. W przypadkach trud-
nosci z obracaniem si¢ w pozycji lezacej warto wdrozy¢
¢wiczenia fizjoterapeutyczne oraz zwigkszy¢ leczenie
dopaminergiczne w godzinach nocnych.

ZABURZENIA DZIENNE SPOWODOWANE
ZABURZENIAMI SNU

NADMIERNA SENNOSC W CIAGU DNIA

Istota leczenia EDS jest identyfikacja czynnikow zakldcaja-
cych sen nocny i w miare mozliwosci wyeliminowanie ich.
Konieczna moze by¢ takze redukcja dawek lekow (o ile jest to
mozliwe) nasilajacych nadmierng sennos¢, np. lekdw prze-
ciwdepresyjnych, przeciwpsychotycznych lub nasennych.
Réwnie waznym czynnikiem jest edukacja pacjentow doty-
czaca prawidiowej higieny snu. Jak wspomniano wczesniej
kombinacja leczenia lewodopg i agonistami dopaminy moze
nasila¢ objawy EDS, jednak dowiedziono, Ze sama selegilina,
amantadyna i entakapon nie maja wptywu na EDS. Zastoso-
wanie w leczeniu nadmiernej sennosci ma réwniez srodek
stymulujacy — modafinil [31] w dawce 100-400 mg/d.

PODSUMOWANIE

Zaburzenia snu sg czgstym objawem pozaruchowym w prze-
biegu PD. Ich diagnostyka i leczenie stanowi duze wyzwanie
dla klinicystow, jest jednak bardzo istotnym elementem
holistycznego spojrzenia na chorobe¢. Zaburzenia snu po-
garszaja jakos¢ zycia pacjentow, powoduja szybsza progresja
choroby i moga powodowac powiklania, np. ztamania kosci
lub urazy glowy w przebiegu RBD, ktdre znacznie pogar-
szaja rokowanie pacjenta. Dostepny jest bogaty wachlarz
mozliwosci terapeutycznych, zaréwno farmakologicznych,
jak i niefarmakologicznych, ktére mozna zastosowac, tak
aby istotnie poprawi¢ komfort funkcjonowania pacjenta
z PD, a takze jego opiekundw. Istotne jest dalsze poglebianie
wiedzy na temat zaburzen snu i kolejne badania kliniczne,
poniewaz mimo wielkiego postepu, jaki z kazdym rokiem
dokonuje si¢ w naukach medycznych, w wielu aspektach
sen nadal pozostaje terra incognita.
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ABSTRACT

Introduction: Main functions of the inner nose in humans are respiration and olfaction. Therefore, human needs a large surface of inhalable and exhalable air contact, warming
and moistening. Importance of these organs in animals in phylogenesis before and after the secondary palate development can explain their anatomic and functional designation.
The aim is to find out the functional significance of some anatomic formations of the inner nose and their development peculiarities in phylo-and ontogenesis.

Materials and methods: We used a comparative anatomy method where we compared well-known facts of different animals’ development before and after secondary palate
formation in phylo- and ontogenesis.

Review: Olfactory organ in lower vertebrates develops as canal with two openings through which as a result of water penetration the olfactory ability increases. Sinuses
formation in animals happens after secondary palate formation. Secondary palate in embryo develops by second month of development, and sinuses’ development begins on
the 3-4 month. As a result, upper jaws and facial skull became stronger. Importance of mucous and lacrimal glands of the nose cavity and mucous glands of mouth received
new functions of animal and vegetable food digestion.

Conclusions: development of the secondary palate in warm-blooded vertebrates changed (limited) functional applicability of the lacrimal gland and nasolacrimal canal,
mucous glands of nose and vegetative innervation. Groups of lacrimal, mucous glands of nose and mouth are unified system of primary, neurosecretory reaction to environment.

KEY WORDS: nasolacrimal canal, paranasal sinuses, mucous membrane of nose and mouth, secondary palate in vertebral animals

INTRODUCTION

It is well-known that the main functions of the inner
nose in humans are respiration and olfaction. To make
their work successful and effective a human needs a
large surface of the inhalable and exhalable air contact,
air warming and moistening. It is known that smells are
perceived only with the incoming air and their perception
intensifies due to the sufficient moisturizing either of air or
of the nose mucous membrane (for example, after rain). For
this purpose we need a large surface of the nose mucous
membrane supplied by a complicated configuration and
numerous nasal sinuses and nasal passages. Among theo-
ries about possible functional significance of sinuses there
exists an opinion about their role of skull mass reduction,
resonance improvement, enlargement of the perceptive
membrane, the inner nasal pressure regulation, and nasal
cavity moisturizing by mucin. All these opinions are ana-
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tomically and physically grounded and complementary [1,
2]. Real functional significance of the paranasal sinuses is
unknown. We can't clarify the necessity of tear inference
through the nasolacrimal canal in the inferior nasal meatus
and also vegetative innervations of the nerve vascular plex-
us of the nose submucous layer, while as a result of nerve
irritation of pterygopalatine canal there is an increased
mucous producing in the nasal cavity (Feil Syndrome).
The importance of these organs in animals in phylogenesis
before and after the secondary palate development can
explain their anatomic and functional designation.

THE AIM

Of the research is to find out the functional significance
of some anatomic formations of the inner nose and their
development peculiarities in phylogenesis and ontogenesis.
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MATERIALS AND METHODS

In the research we used a method of comparative anatomy
where we compared well-known facts of different animals’
development before and after secondary palate formation
in phylo- and ontogenesis. Undoubtedly, Haeckel biogene-
tic law cannot be absolute in such investigations, though
morphogenesis with evident signs of recapitulation (con-
cise reiteration of phylogenesis on ontogenesis) cannot
be doubted [3]. Searching for the signs with important
functional significance for ancestors and preserved in a
modern human in a new way explains peculiarities of some
pathological processes. And the way of cognition based on
facts comparing and logic can be effective.

REVIEW AND DISCUSSION

Brain development and walking upright caused changes in
the form of brain and facial skull in humans. Changes in the
nutrition character and organization caused development
of new functional peculiarities of nose and mouth cavity.
Thus, the sense of smell in humans is quite decreased,
and the ability of secreted chemical factors (pheromones)
perception is lost. As a result of the olfactory zone decrease
a human loses olfaction with age and because of being a
high rung on the evolutionary ladder. Phylogenetically the
olfactory organ development can be described this way.
Thus, in invertebrates the olfactory organs are olfactory pits
in different parts of the body covered by ciliary epithelium.
Olfactory pits in the main end of the body first appeared
in chordates.

In lower vertebrates an olfactory organ develops in the
form of the double-layer thickening of ectoderm on the
front end of the head which further form an olfactory pit
opening outwards. Many fish have two disclosing openings:
front and back. Thus, the olfactory organ develops as a
canal with two openings through which as a result of water
penetration the olfactory ability increases. Besides, there
develop different pits to hold water in the canal.

In selahii (sharks and other cartilaginous fish) olfactory
pits through a channel disclose with the mouth cavity; this
way the disclosing olfactory pits with the mouth cavity
(choana) develop.

To strengthen the olfactory function many vertebrates
develop structures increasing the layer of the olfactory
epithelium. It is achieved by development of the nasal folds
and conchae in the nasal cavity, and also by the way of the
supplementary bosom development the mucous membrane
of which doesn’t have olfactory cells. Thus, having first ap-
peared as olfactory facilities paranasal sinuses lost this ability
as a result of the habitat, nutrition and respiration character
changes. Paranasal sinuses formation in animals happens
after the secondary palate formation, which is proved by the
human embryo development. Thus, the secondary palate in
embryo develops by the second month of development, and
sinuses’ development begins on the 3-4 month.

An important condition of preserving effective olfaction
is moist olfactory epithelium. Besides, moist mouth and
nose cavities are important for effective food propulsion

which is especially difficult with the undeveloped sec-
ondary palate. Thus, in land animals nose development
complicates with the lacrimation, nasolacrimal canals, and
mucous producing regulating by the vegetative nervous
system.

In many amphibians and reptiles with the undeveloped
secondary palate nasolacrimal and pterygopalatine canals
(Vidian nerve) open to the nose cavity disclosing with
the mouth cavity. Ontogenesis in the nasolacrimal canal
in humans is widely investigated. The canal development
starts on the early stages of embryogenesis. In the 7mm
embryos (5-6 week of the embryonic development) de-
velops a cavity which presents the beginning of the nasal
orbital furrow development, which is limited by an exter-
nal and submandibular nasal outgrowth. In the area of
the nasal-orbital fracture develops a thickened epithelial
bundle in the upper end of which a tear-bag and lacrimal
canals develop. On the 4™ month (11 week) of development
in the thick nasolacrimo-ectodermal bundle develops an
epithelial canal which is closed by a conjunctiva in the
upper part, and in the lower part by an epithelium of the
lateral side of the nose cavity. By the time of the eyelashes
separating on the 5-7 months of the embryo’s development
happens an upper-membrane canalization, and a bit later
a lower-membrane canalization. An abnormal resorption
delay of the lower membrane may cause an inborn nasal
lacrimal obstruction in newborn babies. Within a normal
development the lower section of the canal is ended by the
Gasner epicanthic fold. In the upper-section of the canal
there are Rosenmuller and Krauser membranes, which
regulate the incoming tear from lacrimal canals into a
tear-bag. Physiological significance of these membranes
is not investigated yet [4, 5]. Nasolacrimal canal opens on
the lateral side of the nose cavity in the front third of the
inferior nasal meatus.

We may assume that these valves used to regulate the
incoming tear in the nose and mouth cavity and used to
be a barrier to the food while the secondary palate was
absent. Practically, all glands of the jaw-facial area (lacri-
mal, salivary, nose and mouth mucous membrane glands)
in humans and other animals are regulated by facial and
trifacial nerves. [6, 7]. Such complicated innervations are
due to the anastomoses between them and also through
vegetative ganglion including sympathetic and parasym-
pathetic fibers (eyelash, pterygopalatine, ear, lower-jaw
bundles). The innervations of the lacrimal gland are ful-
filled by a lacrimal nerve including the anastomoses and
temporal nerve. In the innervations of the lacrimal gland
also takes part a facial nerve bundle - nervus intermedius
(Wrisberg’s nerve), in the structure of the Vidian nerve,
which perforates the bone external orbital part connecting
with the lacrimal gland and zygomatic region skin. When a
person feels worried there appears an irritation of the sym-
pathetic nervous system on the skin of zygomatic region
(innervations zone n. zygomaticofacialis) appears a white
3mm ischemia spot and dry sclera of the corresponding
eye. Transmission these nerves through the bone of the
external orbital side can be explained by peculiarities of
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the phylogenetic development of the facial skull. Due to
Schmalhausen L.I. (1938), in the mammals (platypus, etc.)
orbit is not completely developed and in the direction of
malar and frontal bone is quite vast space displaced by soft
tissues inside of which the nerves are placed. Such a com-
parison explains peculiarities of the anatomic face built.

The trifacial nerve system as well as the vegetative ner-
vous system (pterygopalatine bundle, Vidian nerve) supply
innervations of the nose mucous membrane in the result
of which cells and submucous glands produce mucous
covering the inner surface of the nose and paranasal si-
nuses. Daily from 0,5 to 0,7 liters of mucous are produced.
Lacrimal glands normally produce 0,5-1,0 ml of tears [8, 9].
The exact amount of the tear coming in the mouth cavity
is difficult to calculate, though we assume that it is quite
big. For instance, many patients admit quick lacrimation
while reading in bed which is connected with the change
of the tear flow direction along the nasal lacrimal canal.

Disfunction (large increase) of the mucous production
happens during the neuralgia of the Vidian nerve (Feil Syn-
drom). Intersection of this nerve (Golding-Wood surgery,
1961) decreases mucous production in the mouth cavity
and causes xerophthalmus.

Of great interest is development of the mouth glands
in vertebrates. In fish and water amphibians that live in
water habitat there are no complicated mouth glands.
They appear when animals go on land and serve for
moistening the food and moisturizing the mouth-nasal
cavity. Phylogenetically, mucous glands (unpaired para-
nasal gland in amphibians, sublingual, labial glands and
also poison-producing glands of teeth in reptiles) appear
first. Birds have glands in the palate and sublingual glands
which are especially developed in the granivorous birds
[10, 11]. Development of the big salivary glands is typical
for mammals and connected with the nutrition changes,
secondary palate formation, intensive metabolic processes
and energetic costs. Besides, glands start producing not
only mucous but also serous which is helpful at the primary
stage of digestion. Sublingual and submandibular glands
are probably a rudiment of the reptiles’ sublingual gland
and the parotid gland, developed from buccal glands, is a
new acquisition of mammals.

First animals with the secondary palate appeared in
the middle of the Permian period. This last period of the
Paleozoic era (280 million years ago) was characterized
by a rapid fall of temperature and need to use new more
effective energetic way of nutrition. At the same time giant
equisetum and moss disappeared, forests stepped back to
equator and many amphibians died (cold-blooded), who
could not adapt to cooling down. Secondary palate is a
haemogenetical structure, which means it has similarities
in different species that do not have common origin. In-
dependently it developed in crocodiles, turtles, mammals
and some lizards, which is an example of convergent evo-
lution. Secondary palate turned out to be very necessary
to survive and played a crucial role in the development of
the warm-blooded. With the development of the secondary
palate upper jaws and facial skull became stronger; later
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masticatory teeth appeared. Importance of mucous and
lacrimal glands limited to the nose cavity and serous and
mucous glands of mouth received new functions of animal
and vegetable food digestion.

In humans and animals with the secondary palate nasal
lacrimal glands lost their initial applicability - the mois-
turizing agent in amphibians and reptiles. Probably it’s
the involution of the nasolacrimal meatus. In many cases
meatus lower valve (Gasner membrane) after the child’s
birth closes the nasal lacrimal canal and may be a cause
of the inborn obstruction. Humans phylogenetically and
functionally preserved only the moisturizing function of
the nose mucous membrane (from 1 to 10 ml tears a day),
though if it was the main function the opening of the canal
would be in the upper nasal canal.

Glands innervations of the jaw-facial area are possible
due to the tri-facial, facial, glossopharyngeal nerves, their
anastomosis, and interrelation influencing the vegetative
nervous system.

Trifacial nerve evidently has a prominent functional role,
though facial nerve also including motor nerve, secretory,
sensible fibres and plays role in developing aural sense,
taste, mucous membrane secretion and saliva production.

In reticular bridge formation together with the nucleus of
the facial nerve there is an upper salivary nucleus (nucleus
salivatorius cranialis superior) which is a vegetative inner-
vations center of the submandibular, sublingual and salivary
glands. Salivary, submandibular and mucous glands of the
nose are phylogenetically more ancient as provide nose and
mouth cavity moisturizing within the absent secondary
palate in amphibians and some reptiles which helps in food
propulsion (insects, reptiles with dry surface). Position of
the common nuclei which provide glands’ functioning also
presents such neuroformations” unity. Thus, in humans
salivary and lacrimal glands secret is limited by the nose
cavity after the secondary palate formation. This provides
olfaction and moisturizing of the nose mucous membrane.
Pathological processes development is much connected
with the limitation of the nose cavity by a secondary palate.
Such anatomic built is caused by inborn obstruction of the
nasolacrimal canal, its inflammatory processes and devel-
opment of rhinitis connected with neuritis and neuralgia.

Human salivary glands daily produce from 1,5 to 2 liters
of saliva providing preparation and primary food digestion
in the mouth cavity.

Thus, during phylogenesis nose and mouth cavity were
anatomically and functionally separated. Though, if take
into account common innervations, blood circulations and
reaction to external distracters, in our opinion, such group
of glands (lacrimal, mucous, salivary) can be a unified sys-
tem of primary neurosecretory reaction while contacting
with the environment.

CONCLUSIONS

1. The method of comparing phylo- and ontogenetical
data is effective within the functional meaning of the
human organs.
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2. Phylogenetically the earliest structures of the nose and
mouth cavity in coldblooded which have only primary
cavity (amphibians and reptiles) is nasolacrimal and
Vidian canal, nose and mouth mucous glands, lacrimal
and sublingual glands. They serve for moisturizing and
swallowing the food (insects, reptiles, etc).

3. Ontogenetically nasolacrimal canal starts developing on
the 1* month of the embryonic development. Big sali-
vary glands develop after the secondary palate develop-
ment or simultaneously with it, which produce mucous
secretion first two years after birth. Development of
the perirhinal bosom begins on the 3-4" month of the
embryonic life, after the secondary palate development.
Such ontogenetic sequence of nose, mouth and palate
development is the same as in animals in phylogenesis.

4. Development of the secondary palate in warm-blooded
vertebrates changed (limited) functional applicability
of the lacrimal gland and nasolacrimal canal, mucous
glands of nose and vegetative innervation.

5. Groups of lacrimal, mucous glands of nose and mouth,
big salivary glands are a unified system of primary,
neurosecretory reaction to an environment.

REFERENCES

1. Dzhalibov D, Gasy mov D, Panaxiyan V. Patologiya LOR-organiv pry’
vrodzheny x zuboshhelepnyx anomaliyax. [Dzhalibov D., Gasimov D.,
Panakhiyan V. Pathology of otolaryngology organs in congenital dento
and mandibular anomalies]. Zhurnal LOR-zaxvoryuvan™ [LOR-diseases
Journal]. 2013 2: 54-56. (In Ukraine).

2. PanahiyanV. Sistema profilaktiki i rannego vyiyavleniya vrozhdyonnyih
porokov i nasledstvennyih zabolevaniy v otolaringologii. [Panakhiyan
V. The system of prevention and early identification of congenital
malformations and hereditary diseases in otolaryngology]. Zhurnal
LOR-zaxvoryuvan® [LOR-diseases Journal]. 2010. 6: 32-36. (In Ukraine).

3. Soldatov I. Lektsii po otolaringologii. [Soldatov I. Lectures on
otolaryngology]. M.: Medicine; 1990, p. 23-72. (In Russia).

4. GardnerK, Sekretyi otolaringologii [GardnerK, Secrets of Otolaryngology].
M.: Binom; 2001, p. 136-142. (In Russia).

5. Shmalgauzen |. Osnovyi sravnitelnoy anatomii. [Schmalhausen . Basics of
comparative anatomy]. M.: Uchmedgiz; 1938, p. 17-29, 55-67. (In Russia).

6. Malanchuk V, Chepurny’j J. Travmaty" chni poshkodzhennya orbity i
sl"ozovy"vidny x shlyaxiv [MalanchukV, ChepurnijY. Traumatic damage of
the orbit and lacrimal ducts]. Belaya Tserkov: 2014, p. 38-50. (In Ukraine).

7. Dortzbach R. Ophtalmic plastic surgery. NY: Raven Press; 1994, p.10-34.

8. Pautov N. Sravnitelnaya anatomiya i embriologiya naruzhnogo nosa i
nosovoy polosti [Pautov N. Comparative anatomy and embryology of the
external nose and nasal cavity]. Omsk: dissertation of medical sciences;
1923, p.13. (In Russia).

9. Severtsov A. Morfologicheskie zakonomernosti evolyutsii [Severtsov A.
Morphological patterns of evolution]. M.: Academy of Sciences of the
USSR; 1939, p. 98-128, 234-246. (In Russia).

10. Romer A, Parson T. Anatomiya pozvonochnyih [Romer A, Parson T.
Anatomy of vertebrates]. M.: Mir; 1992, p. 67-120. (In Russia).

11. KerollR. Paleontologiya i evolyutsiya pozvonochnyih [Paleontology and
the evolution of vertebrates]. M.: Mir; 1993, p. 67-143. (In Russia).

The work is a fragment of inter-department al scientific re-
search work of he Department of Human Anatomy named
after M.G. Turkevichand The Department of Anatomy,
Topographic Anatomy and Operative Surgery of the Higher
State Education al Institution of Ukraine “Bukovinian State
Medical University” “Patterns of perinatal anatomy and em-
bryo-typography. Determination of gender-age characteris-
tics of the structure and topographic-anatomical interrelation
so for gans and structuresin human ontogenesis” (state reg-
istration number 0110U003078) and “Gender-age patterns
of anatomy and topography-anatomical interrelation so for
gans and structuresin human ontogenesis. Peculiarities of age
and gender embryo-typography” (state registration number
0105U002927).

Authors’ contributions:
According to the order of the Authorship.

Conflict of interest:
The Authors declare no conflict of interest

CORRESPONDING AUTHOR
Larysa Y. Fedoniuk

I. Horbachevsky State Medical University
Valova street 9, 46000, Ternopil, Ukraine

tel: +380673999143

e-mail: Fedonyuk22Larisa@gmail.com

Received: 25.12.2018
Accepted: 28.02.2019

435



Wiadomosci Lekarskie 2019, tom LXXII, nr 3

© Wydawnictwo Aluna

PRACA POGLADOWA
REVIEW ARTICLE

BIOMARKERY WEWNATRZMACICZNEGO ZAHAMOWANIA

WZRASTANIA PLODU
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STRESZCZENIE

Wewnatrzmaciczne zahamowanie wzrastania ptodu (IUGR — intrauterine growth restriction) jest powaznym problemem klinicznym dotykajacym okoto 10% wszystkich ciaz,
a takze do 15% ciaz blizniaczych jednokosméwkowych. Jest to schorzenie, ktdremu towarzyszy zdecydowanie podwyzszona umieralno$¢ okotoporodowa oraz zwiekszona
$miertelnos¢ ptodéw. Przyczyny IUGR s3 bardzo liczne, a obejmuja etiologie matczyna, ptodowa oraz Srodowiskowa. Wielce istotnym jest fakt, ze IUGR niesie za soba liczne
negatywne nastepstwa zardwno zaraz po urodzeniu, jak i w pdzniejszym okresie zycia. Mimo prowadzonych od wielu lat badar klinicznych, brak jest miarodajnego algorytmu
pozwalajacego na rozpoznanie chorohy we wczesnym stadium, zas brak odpowiedniej terapii zwieksza ryzyko nieprawidtowosc w rozwoju ptodu. W niniejszej pracy przedstawiono
najnowsze dane dotyczace poszukiwania potencjalnych biomarkerdw, ktdrych oznaczanie w trakcie trwania ciazy oraz po urodzeniu we krwi pepowinowej zwiekszytoby precyzje
diagnostyki, profilaktyke i skuteczno$¢ leczenia.

SEOWA KLUCZOWE: wewngtrzmaciczne zahamowanie wzrastania podu (IUGR), ciaza, biomarkery, miRNA

ABSTRACT

Intrauterine growth restriction (IUGR) is a serious clinical problem affecting about 10% of all pregnancies, and even up to 15% of all monochorionic twin pregnancies. This
disorder is accompanied by strongly increased perinatal mortality. IUGR has multiple causes including maternal, fetal, placental, and environmental factors. Importantly, IUGR
is associated with a number of negative effects exerted just after the birth, as well as during the later years of life. Despite multiple clinical trials conducted for many years,
there is no reliable algorithm to diagnose the disease at an early stage, and lack of efficient therapy increases the risk of abnormal fetus development. In this short review, we
present recent progress on potential IUGR biomarkers that could be determined during pregnancy and in the umbilical blood after delivery to provide more accurate diagnosis,
prophylaxis and efficient treatment.

KEYWORDS: intrauterine growth restriction (IUGR), pregnancy, biomarkers, miRNA

WSTEP

Wewnatrzmaciczne zahamowanie wzrastania ptodu (IUGR
— intrauterine growth restriction) jest istotnym problemem
klinicznym i spolecznym, dotyka bowiem okoto 10-15% cigz
[1,2]. Smiertelno$¢ okotoporodowa noworodkéw z TUGR jest
okolo 12-krotnie wyzsza w poréwnaniu do dzieci z prawidiows
masg urodzeniows. Ten patologiczny stan wystepuje, gdy ptod
nie wykorzystuje genetycznie uwarunkowanego potencjatu
wzrastania. Rozwdj plodu jest procesem kompleksowym,
kontrolowanym przez wiele czynnikéw pochodzacych od
matki, fozyska oraz plodu [3]. Z klinicznego punktu widze-
nia JUGR mozna podzieli¢ na proporcjonalny, gdy wszystkie
wymiary noworodka s3 rOwnomiernie zmniejszone oraz nie-
proporcjonalny, gdy obwod glowy i dtugos¢ ptodu odpowiada
wiekowi ciazy, natomiast masa ciala jest znacznie obnizona.
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Powszechnie stosowang metoda diagnostyczng IUGR sg
badania ultrasonograficzne przeprowadzane w trakcie cigzy.
Istotng wskazéwka sg badania wykonane w 11-14 tygodniu
cigzy, bowiem pomiar dlugoéci ciemieniowo-siedzeniowej
(CRL - crown rump lenght) pozwala oszacowa¢ wiek ptodu
z doktadnoscig do 4-7 dni [4]. W kolejnych badaniach USG
w II i III trymestrze cigzy mozna oceni¢ tempo wzrastania
plodu, bazujac na wieku plodu okreslonym w pierwszym
badaniu ultrasonograficznym. Przydatnym takze jest pomiar
obwodu brzucha plodu (AC - abdominal circumference), gdyz
koreluje on z wielko$cig watroby, ktdrej wzrost w przypadku
IUGR jest uposledzony [2].

Wieloletnie obserwacje wskazuja, ze wystepowanie [TUGR
w zyciu ptodowym niesie za sobg konsekwencje w pdzniej-
szych latach Zycia. Zaobserwowano, ze u dzieci urodzonych
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z IUGR czesciej wystepuje otytos$¢, nadcisnienie, cukrzyca
typu II, choroby ukladu sercowo-naczyniowego i oste-
oporoza. Jedng z przyczyn jest dzialanie heterogennych
czynnikéw na DNA plodu, za$ zaburzenia metabolizmu na
tym etapie rozwoju powodujg w nastepstwie nieprawidtowe
dzialanie i rozwoj narzadéw wewnetrznych [4]. Standardo-
wo stosowane prenatalne procedury diagnostyczne IUGR
zostaly wyczerpujaco opisane w publikacjach z 2010 r
120151 [5, 6]. Niewatpliwym utrudnieniem w diagnostyce
IUGR jest wieloczynnikowo$¢ jego przyczyn [3, 7-9], stad,
wraz z rozwojem coraz nowoczesniejszych technik badaw-
czych, rosnie liczba nowych narzedzi diagnostycznych.
Niniejsza praca przedstawia zaktualizowane informacje
obejmujace identyfikacje potencjalnie uzytecznych bio-
markeréw IUGR.

BIOMARKERY tOZYSKOWE

W mechanizmie powstawania IUGR czesto istotng role od-
grywa nieprawidtowa czynnos¢ tozyska, zwigzana z takimi
czynnikami, jak hipoinsulinemia, kwasica metaboliczna
czy niedotlenienie prowadzace do stresu oksydacyjnego.
Jego skutkiem jest wzrost w tozysku i krwi pepowinowej
stezenia malondialdehydu (MDA) oraz aktywnosci ok-
sydazy ksantynowej [10]. W IUGR obserwuje si¢ takze
zwiekszong aktywno$¢ enzymow, takich jak deaminaza
adenozynowa, dysmutaza ponadtlenkowa, peroksydaza
glutationowa, natomiast spada aktywno$¢ katalazy oraz
poziom antyoksydantéw [11]. Bezposrednim skutkiem
niedotlenienia jest wzrost poziomu leptyny w lozysku,
zwigzany ze zwigkszong ekspresja genu leptyny oraz in-
tensywnej syntezy tego biatka w komorkach trofoblastu.
Leptyna stymuluje synteze transformujacego czynnika
wzrostu B (TGFEP - transforming growth factor f3), pelnia-
cego kluczowg role w procesach proliferacji, réznicowana,
migracji, a takze w apoptozie [12]. Zaburzenia w sygnaliza-
cji indukowanej przez TGF prowadzg do nieprawidiowego
metabolizmu sfingolipidow, co wiaze si¢ ze zwiekszona
$miercig komorek trofoblastu, charakterystyczng dla
IUGR [13].

W 2015 roku opublikowano badania, w ktérych dowie-
dziono, ze jako$¢ budowy tozyska zwigzana jest z funk-
cjonowaniem jednego z wazniejszych szlakow sygnali-
zacyjnych JAK-STAT [14]. Jest to Sciezka sygnalowa, za
pomocy ktdrej wiele receptoréw blonowych przekazuje
swoje sygnaly do wnetrza komorek. Szlak ten dziala po-
przez aktywacje kaskady kinaz MAP.W jego sklad wchodza
kinazy z rodziny JAK (JAK1, JAK2, JAK3 i Tyk2) oraz fos-
forylowane przez nie biatka STAT, bedace funkcjonalnymi
czynnikami transkrypcyjnymi (STAT1, STAT2, STATS3,
STAT4, STAT5a, STAT5b i STAT6). Ekspresja STAT3,
STAT2 i STAT5b w przypadku wystepowania wewnatrz-
macicznego zahamowania wzrastania plodu byta znaczaco
nizsza niz w ciazy niepowiklanej. Najistotniejsze roznice
odnotowano wzgledem ekspresji STAT3. Genowi temu
przypisuje si¢ takze wazng role w prawidlowym rozwoju
tozyska. Zbyt mata ekspresja STAT3 moze powodowac ha-
mowanie proliferacji, przedwczesne réznicowanie i apop-

toze komorek tozyska. Dodatkowg interesujacg obserwacja
bylo nastepcze uposledzenie transportu aminokwaséw do
plodu zwigzane z aktywnos$cig SNAT2 (sodium-dependent
neutral aminoacid transporter-2). Bialko to transportuje
glutamine, glicyne, proling i alanine, zatem jego dysfunkcja
moze znaczgco zmienia¢ calkowitg pule (zaréwno ilo$¢,
jak i sklad) dostepnych aminokwasow, niezbednych do
rozwoju komorek ptodu.

W wielu cigzach powiklanych IUGR wykazano wzmo-
zong ekspresje tozyskowego genu PHLDAZ2 (pleckstrin ho-
mology-like domain family A member 2) odpowiedzialnego
za wzrost fozyska [15]. W badaniu przeprowadzonym na
grupie cigzarnych ze stwierdzonym IUGR wykryto korela-
cje miedzy wzmozong ekspresja PHLDA?2 a czgstoscig wy-
stepowania tego schorzenia. Ponadto najwyzsza ekspresja
genu PHLDA?2 wystepowala w najciezszych przypadkach
IUGR. Drugim istotnym odkryciem bylo stwierdzenie, ze
w surowicy krwi cigzarnej stezenie ludzkiego laktogenu
tozyskowego bylo odwrotnie proporcjonalne do stopnia
ekspresji PHLDA2. Cho¢ po skontrolowaniu masy uro-
dzeniowej noworodkéow zaleznos¢ ta nie osiggala istotnosci
statystycznej, autorzy sugeruja, ze wzmozona ekspresja
PHLDA2 moze prowadzi¢ zaréwno do IUGR, jak i do
zmniejszenia wydzielania laktogenu tozyskowego.

Krytycznym etapem rozwoju plodu jest proces angioge-
nezy, natomiast cigze powiklane IUGR czesto charaktery-
zuja sie nieprawidtowym przebiegiem tworzenia naczyn.
Zaburzona rdwnowaga miedzy czynnikami pro- i anty-
-angiogennymi oraz ich receptorami skutkuje nieprawi-
dlowym rozwojem tozyska. W zwigzku z tym dochodzi do
zmiany poziomow czynnikow antyangiogennych, miedzy
innymi takich jak rozpuszczalna fms-podobna kinaza
tyrozynowa-1 (sFltl - soluble fms-like tyrosine kinase-1),
ktéra wigze czynnik wzrostu srédblonka naczyniowego
oraz lozyskowy czynnik wzrostu, tym samym modyfikujac
intensywno$¢ wzrostu naczyn krwionosnych [16]. Obnize-
niu ulegajg natomiast ilo$ci czynnikéw pro-angiogennych,
takich jak neuropilina-1. Jest to transblonowa glikopro-
teina, pelnigcg funkcje koreceptora dla semaforyn, ktére
z kolei odgrywaja istotng role w rozwoju ukladu nerwo-
wego. Obserwuje sie takze niskg aktywnos¢ tozyskowego
czynnika wzrostu (PIGF - placental growth factor), ktory
w sposob nierozerwalny taczony jest z procesem angioge-
nezy, w szczegdlnosci w okresie rozwoju embrionalnego
[17]. Biomarkery fozyskowe, takie jak PIGF obecny w kra-
zeniu matczynym, mogg stac si¢ dodatkowym narzedziem
do identyfikacji IUGR. Prace pilotazowe prowadzone do
tej pory sugeruja, ze niskie poziomy PIGF moga charak-
teryzowac cigze powiklane JIUGR zwigzane ze znaczng
patologia tozyska.

Wazng $ciezke sygnalizacyjna w angiogenezie stanowi
rodzina czynnikdéw wzrostu i receptoréw czynnika wzrostu
$rédblonka naczyniowego (VEGF - vascular endothelial
growth factor) [18]. Jest on réwniez silnym czynnikiem
mitotycznym i chemotaktycznym dla komoérek srodbton-
ka, stymulujac tworzenie nowych naczyn, zwigkszajac
przepuszczalnos¢ juz istniejacych, a takze biorgc udzial
w przebudowie macierzy zewnatrzkomoérkowej [19].
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Zwigkszona aktywnos¢ genu VEGF-A w ludzkim tozysku
wigze si¢ z wezesnym poczatkiem IUGR i jest uwazana za
wtorng odpowiedz na stan hipoksji w macicy, powszechny
w niewydolnosci tozyska [20].

Kolejnym potencjalnym markerem tozyskowym wy-
daje si¢ by¢ czynnik transkrypcyjny p45 NF-E2 (nuclear
factor erythroid derived 2), ktérego aktywnos¢ drastycz-
nie spada w cigzach powiklanych IUGR [21]. Analize
mechanizmu tej regulacji przeprowadzono na modelu
mysim, w ktérym catkowicie wylaczono gen p45 NF-E2,
co spowodowalo znaczne zmiany niedokrwienne lozy-
ska. W efekcie, duzo cze$ciej wystepowalo zahamowanie
wzrastania ptodu. Wydaje si¢ wiec, ze oznaczanie p45 NF-
E2 mogloby stanowi¢ bardzo wazny element wczesnego
wykrywania IUGR.

Istotng role w prawidlowym rozwoju tozyska pelnig takze
biatka szoku cieplnego (HSP - heat shock proteins), funk-
cjonujace jako biatka opiekuncze regulujace prawidlowe
formowanie biatek [10, 22]. Zmniejszona ekspresja dwdch
z nich, HSP-27 oraz HSP-70 skutkuje aktywacja enzymu
kaspazy-3, prowadzac do apoptozy komdrek tozyska.

BIOMARKERY MATCZYNE

Identyfikacja biomarkerow, ktore bylyby charakterystyczne
jedynie dla IUGR jest zadaniem do$¢ trudnym, bowiem
jak wykazalo wiele badan, etiologia schorzen, takich jak
wczesny lub pdzny stan przedrzucawkowy i IUGR wydaje
sie mie¢ wspdlne podloze i wiele parametréow ulega takim
samym zmianom. Zaobserwowano m. in., ze we krwi
matek wzrastalo stezenie sFlt1, a takze markerdéw standéw
zapalnych - wysoce wrazliwego bialka C-reaktywnego
(hsCRP - high-sensitivity C-reactive protein) i interleukiny
6 (I1-6), natomiast stezenie PIGF byto nizsze niz w grupie
kontrolnej [23]. Znaczaco wyzszy byl takze stosunek sFlt-1
do PIGE Oznaczanie tych parametréw moze wigc stanowic¢
wazne kryterium przesiewowe, pomocne podczas wstep-
nego diagnozowania IUGR.

Jednym z powszechnie stosowanych badan jest ozna-
czanie poziomu podjednostki  ludzkiej gonadotropiny
kosmoéwkowej (B-hCG) we krwi ciezarnej. Jej stezenie poza
zakresem normy dla wieku cigzowego moze $wiadczy¢
o komplikacjach w pdzniejszym okresie rozwoju plodu.
Obnizone stezenie B-hCG miedzy 11 a 14 tygodniem
trwania cigzy wiaze si¢ z wiekszym ryzykiem poronienia.
Z kolei warto$ci powyzej normy obserwowane w drugim
trymestrze zwigkszaja ryzyko wystapienia nieprawidtowo-
$ci u ptodu, w tym TUGR [24].

Kolejnym genem, ktorego przydatno$¢ diagnostyczna
analizowano jest DLK1 (delta like non-canonical notch
ligand 1), kodujacy biatko regulujace procesy réznico-
wania niektérych komorek, w tym adipocytéw. U kobiet
w zaawansowanej cigzy wzrasta ekspresja genu DLK1, za$
biatko to osigga wysokie stezenie w krazeniu matki pod-
czas poznej ciazy. Wiecej $wiatla na funkcje DLK1 rzucily
badania przeprowadzone w 2016 roku na mysim modelu
z usunietym genem pokazujac, ze to ptod jest zrodiem
matczynego krazacego DLK1 [25].Wzrost zapotrzebowa-
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nia metabolicznego matki z uwagi na rozwijajacy sie ptéd
nasila utlenianie kwaséw ttuszczowych i wystepuje zdecy-
dowanie szybsza reakcja na stany deficytu kalorycznego,
natomiast w przypadku braku DLK1 matczyna odpowiedz
na stan glodzenia byla uposledzona. Stwierdzono takze, ze
poziom DLK1 w krazeniu matczynym koreluje z rozwojem
masy embrionalnej u myszy. Dlatego tez pomiar st¢zenia
DLK1 we krwi matki méglby by¢ cennym wskaznikiem
przy diagnozowaniu zaburzen zwiazanych z predykcja
stabego wzrastania wewnatrzmacicznego.

Do zestawu markeréw IUGR moze dofgczy¢ pentraksyna
3 (PTX3) odgrywajgca zasadnicza role w regulacji podno-
$ci, odpornosci wrodzonej i przede wszystkim w procesach
zapalnych [26]. Mechanizm dzialania tego biatka ostrej fazy
nie jest do konca poznany, jednak stwierdzono znaczny
wzrost stezenia PTX3 we krwi u kobiet w III trymestrze
cigzy powiklanej IUGR. PTX3 produkowane jest przez
wiele komorek, w tym komorki nablonka i srodblonka,
fibroblasty, monocyty, leukocyty, makrofagi i komorki
dendrytyczne, co zwigksza jego przydatno$¢ w ocenie
progresji IUGR.

BIOMARKERY U NOWORODKOW Z IUGR

W prawidtowym rozwoju tkanek ptodu wazng funkcje
pelnia insulinopodobne czynniki wzrostu IGF-I i IGF-1I
(IGF - insulin-like growth factor) [27]. Zaobserwowano,
ze delecja ludzkiego genu IFG-I wigzala si¢ z silnym
uposledzeniem wewnatrzmacicznego wzrastania, zatem
oznaczanie jego poziomu we krwi mogtoby by¢ przydat-
nym, wspomagajacym kryterium diagnostycznym. IGF
moga wigza¢ si¢ z 6 specyficznymi biatkami (IGFBP - IGF
binding protein), ktore funkcjonuja jako inhibitory aktyw-
no$ci IGE Za zniesienie tej inhibicji odpowiadaja m. in.
dwie proteazy ADAM 12 degradujaca IGFBP-3 i IGFBP-5
oraz PAPP-A degradujaca IGFBP-3 i IGFBP-4, co skutkuje
odblokowaniem aktywnosci IGE. Oba enzymy produko-
wane przez komorki trofoblastu podczas cigzy uwalniane
sa do krwi plodowej, przechodzg do tozyska, a nastgpnie
do krazenia matki. Ich stezenie we krwi matki wydaje
sie odzwierciedla¢ wartosci obecne we krwi plodu [28].
Obnizone ilosci ADAM12 i PAPP-A mogg wskazywac na
uposledzenie wzrastania plodu. Interesujacg obserwacja
byto stwierdzenie, ze jesli redukcja ilosci ADAMI12 lub
PAPP-A wystepowala miedzy 10 a 14 tygodniem cigzy,
nizsza byta takze masa urodzeniowa. To sugeruje, ze
wlasnie te tygodnie cigzy decyduja o prawidlowej lub nie
masie urodzeniowej.

TUGR wigze si¢ z ogélnym ryzykiem opo6znienia neuro-
rozwojowego [29]. Ciekawym potencjalnym kandydatem
diagnostycznym jest biatko S100B nalezgce do bogatej
rodziny kwasnych bialek S100 wigzacych wapn [30].
Wystepuje w cytoplazmie komdrek wysciétki splotu na-
czynidwkowego astrocytoéw i oligodendrocytow, z ktérych
jest aktywnie uwalniane. S100B bierze udzial w regulacji
metabolizmu komoérek centralnego ukladu nerwowego,
ich proliferacji oraz w wewnatrzkomoérkowym przeka-
zywaniu sygnalow [31]. W stezeniach nanomolarnych
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MikroRNA (miRNA) powstaja w jadrze komdrkowym w procesie transkrypcji przeprowadzanej przez polimeraze RNA Il (lub I11), a nastepnie na skutek
szeregu modyfikacji tworzy sie pre-miRNA. Po przetransportowaniu do cytoplazmy i kolejnych modyfikacjach powstaja dwuniciowe struktury posiadajace
18—25 nukleotydéw. Jedna ni¢ (antysensowa) ulega degradacji, natomiast druga ni¢ (wiodaca) tworzy tzw. kompleks RISC (RNA-induced silencig
complex). Dalsze dziatanie, w zaleznosci od stopnia komplementarnosci kompleksu miRNA/RISC i docelowych transkryptow, moze zachodzic poprzez
dwie drogi: 1. przy wysokim stopniu komplementarnosci nastepuje degradacja transkryptu, 2. cze$ciowa komplementarnos¢ powoduje blokowanie
funkgji rybosoméw. W obu przypadkach zahamowany jest proces translagji.

pobudza wzrost i réznicowanie neurondw i astrocytow,
zmniejszajgc uszkodzenia wywolane stresem, natomiast
w stezeniach mikromolarnych dziala juz niekorzystnie,
stymulujac apoptoze neurondw, produkcje czynnikéw
prozapalnych oraz wydzielanie czynnika martwicy guza
TNF-a (tumor necrosis factor a) przez komorki mikrogleju.
Wykazano, ze ilo$¢ biatka S100B wzrasta u noworodkéow
z IUGR, u ktorych zdiagnozowano nieprawidlowe prze-
plywy w badaniu ultrasonograficznym metoda Dopplera
badz krwawienie dokomorowe. Ponadto, zaobserwowano
takze zwiekszony poziom enolazy specyficznej dla tkanki
nerwowej (NSE - neuron-specific enolase) [32,33]. Badania
prospektywne wykazaty obecnos$¢ podwyzszonych stezen
biatka S100B oraz neuronalnej enolazy u pacjentéw z IUGR
w wieku 2 lat, co korelowalo z gorszymi wynikami rozwoju
ukladu nerwowego [34]. Cho¢ oba parametry znalazty juz
zastosowanie w biochemicznej diagnostyce poudarowych
uszkodzen modzgu, moga takze by¢ wysoce skuteczne
w rozpoznawaniu IJTUGR.

MIKRORNA JAKO NOWE NARZEDZIE

W DIAGNOSTYCE IUGR

Jednym z najnowszych, obiecujacych narzedzi w diagno-
styce IUGR wydaje si¢ by¢ oznaczanie mikroRNA, matych,
18-25 nukleotydowych niekodujacych czasteczek, ktore
pelnig wazng role pozytywnych lub negatywnych regula-
toréw procesow posttranskrypcyjnych, w tym modyfikacji
epigenetycznych. Odkrycie miRNA w 1993 r. zapoczatko-
walo nowy etap poznawania regulacji ekspresji genow [35].
Dotychczas opisano okoto 1900 réznych miRNA, z czego
duza cz¢s¢ wystepuje w tozysku [36]. Poprzez zwiekszong
degradacje mRNA lub blokowanie translacji zmieniajg

poziom ekspresji bialek i w warunkach fizjologicznych
kontrolujg prawidlowy rozwoj i funkcjonowanie komarek
i tkanek (Ryc.1) [37]. Szczegdlnie dynamicznie te procesy
zachodza w czasie cigzy, natomiast wiele badan wykaza-
to, ze nieprawidlowa ekspresja miRNA wiaze si¢ z cigza
patologiczna.

Charakterystyczny dla miRNA jest fakt, Ze w pierwszym
trymestrze cigzy zwigkszona jest ekspresja tej grupy cza-
steczek, ktore zwigzane s3 z kancerogeneza, angiogeneza
oraz z procesami antyapoptycznymi, natomiast w trzecim
trymestrze cigzy najbardziej aktywna jest ta grupa, ktéra
reguluje procesy réznicowania i antynowotworowe. Inte-
resujacg z punktu klinicznego jest obserwacja, ze w suro-
wicy matki wystepuja znaczne ilosci miRNA zwigzanych
z tozyskiem, ktorych profil zmienia si¢ w trakcie trwania
ciazy, a co szczegolnie istotne, ich poziom wykazuje wy-
soka stabilnos¢ [38]. Stad tez pojawia si¢ coraz wigksza
liczba prac oraz duze nadzieje wigzane z opracowaniem
wieloelementowych zestawow testowych identyfikujacych
te grupy miRNA, ktdére pozwola na wczesng diagnostyke
IUGR. Dodatkowym atrybutem miRNA jest wystepowa-
nie ich we wszystkich plynach ustrojowych (m.in. osocze,
plyn moézgowo-rdzeniowy, §lina, siara, mleko, mocz), co
szczegolnie istotne moze by¢ podczas badan prowadzonych
na noworodkach z malg masg urodzeniows.

Interesujacych danych dostarczylo retrospektywne
badanie we krwi matczynej zalezno$ci miedzy profilem
ekspresji grupy miRNA zwigzanej z chorobami sercowo-
-naczyniowymi i moézgowo-naczyniowymi a IUGR [39].
I tak, wykazano, ze nastepowal statystycznie istotny spadek
6 rodzajow miRNA (100-5p, 125b-5p, 146a-5p, 199a-5p,
221-3p, 574-3p), a kolejne trzy wykazywaly tendencje
spadkowa (17-5p, 103-3p, 195-5p). Przy zastosowaniu mi-
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kromacierzy stwierdzono, ze miRNA-10b, miRNA-363 oraz
miRNA-149 zaangazowane s3 w proces rozwoju fozyska, za$
ich wysoka ekspresja wystepuje w IUGR [40]. Zablokowanie
tych czasteczek z zastosowaniem sekwencji antysensowych
spowodowalo znaczacy wzrost ekspresji gendéw kodujacych
czynnik transkrypcyjny regulujacy angiogeneze (KLF-4),
transportery neutralnych aminokwaséw (SNAT11SNAT?2)
oraz transporter leucyny (LAT2). Zmiany te bezposrednio
zwigzane s z odpowiednim przeptywem krwi w lozysku

oraz dostarczaniem niezbednych substancji odzywczych
dla ptodu.

PODSUMOWANIE

Biezgca diagnostyka na podstawie oceny ogoélnokliniczne;j
jest niewystarczajaca, przede wszystkim ze wzgledu na
wieloczynnikowe podloze IUGR. Brak prostych testow dia-
gnostycznych krwi jest najwieksza przeszkoda w rozwijaniu
skutecznej terapii tego schorzenia. Na przestrzeni ostatnich
lat ukazato si¢ szereg prac, w ktorych poszukiwano specy-
ficznych markeréw mogacych wzbogacic¢ palete czynnikow
diagnostycznych IUGR [41-43]. Co ciekawe, niektore
z nich oznaczane sa podczas diagnozowania wielu innych
chorob, zas dopiero niedawno wykazano ich potencjalng
przydatno$¢ takze w ocenie IUGR.

Préby identyfikacji wezesnych biomarkerdéw oznacza-
nych we krwi kobiet z podejrzeniem IUGR, jak rowniez
dalsza analiza wybranych parametréw w lozysku, krwi
matki oraz krwi pepowinowej zwigkszytaby istotnie za-
réwno precyzje diagnostyki, profilaktyke, jak i skutecznos¢
leczenia. Rdwnie waznym wydaje sie mozliwo$¢ uzyskania
narzedzi prognostycznych dla ewentualnych pdzniejszych
nastepstw u pacjentow z IUGR. Rozwdj nowych technik
analitycznych, wykorzystujacych takze metody biologii
molekularnej, stwarza realng mozliwo$¢ wczesnego wy-
krywania standéw patologicznych, jednoczesnie znacznie
ograniczajgc inwazyjno$¢ czy bolesnos$¢ badania, a zwigk-
szajac efektywnos¢ diagnostyczna.

Praca powstata w trakcie realizacji tematéow nr 502-03/6-
086-02/502-64-112 oraz 503/6-086-02/503-01 Uniwersytetu
Medycznego w Lodzi.

PISMIENNICTWO

1. Groom KM, Poppe KK, North RA, McCowan LM. Small-for-gestational-
age infants classified by customized or population birth weight
centiles: impact of gestational age at delivery. Am J Obstet Gynecol.
2007;197(3):239.e1-5.

2. Dall’Asta A, Brunelli V, Prefumo F, Frusca T, Lees CC. Early onset fetal
growth restriction. Matern Health Neonatol Perinatol. 2017;18;3:2.

3. Rodriguez A, Tuuli MG, Odibo AQ.First-, Second-, and Third-Trimester
Screening for Preeclampsia and Intrauterine Growth Restriction. Clin
Lab Med. 2016;36(2):331-51.

4. Barker DJP. Adult consequences of fetal growth restriction. Clin Obstet
Gynecol. 2006;49:270 -283.

5. Jasiniska EA, Wasiluk A. Wewnatrzmaciczne ograniczenie wzrastania
ptodu (IUGR) jako problem kliniczny. Perinat Neonat Gin. 2010;3(4):
255-261.

440

6. Radon-Pokracka M, Huras H, Jach R. Intrauterine growth restriction -
diagnosis and treatment. Przeg| Lek. 2015;72:376-382.

7. Sharma D, Shastri S, Sharma P. Intrauterine growth restriction: antenatal
and postnatal aspects. Clin Med Insights Pediatr. 2016;10:67-83.

8. Roifman M, Choufani S, Turinsky AL et al. Genome-wide placental DNA
methylation analysis of severely growth-discordant monochorionic
twins reveals novel epigenetic targets for intrauterine growth
restriction. Clin Epigenetics. 2016;8:70.

9. Bernstein IM, Horbar JD, Badger GJ et al. Morbidity and mortality among
very-low-birth-weight neonates with intrauterine growth restriction.
Am J Obstet Gynecol. 2000;182:198—206.

10. Gurugubelli Krishna R, Vishnu Bhat B. Molecular mechanisms of
intrauterine growth restriction. J Matern Fetal Neonatal Med.
2018;31(19): 2634-2640.

11. Biri A, Bozkurt N, Turp A, Kavutcu M, Himmetoglu 0, Durak I. Role of
oxidative stressin intrauterine growth restriction. Gynecol Obstet Invest.
2007;64(4):187-92.

12. Tzschoppe A, Struwe E, Rascher W et al. Intrauterine growth restriction
(IUGR) is associated with increased leptin synthesis and binding
capability in neonates. Clin Endocrinol (Oxf). 2011;74(4):459-466.

13. Chauvin S, Yinon Y, Xu J et al. Aberrant TGFp signalling contributes
to dysregulation of sphingolipid metabolism in intrauterine growth
restriction. J Clin Endocrinol Metab. 2015;100(7): E986—-E996.

14. Borg AJ,Yong HEJ, Lappas M et al. Decreased STAT3 in human idiopathic
fetal growth restriction contributes to trophoblast dysfunction.
Reproduction. 2015;149:523-532.

15. Janssen AB, Tunster SJ, Heazell AEP et al. Placental PHLDA2 expression
is increased in cases of fetal growth restriction following reduced fetal
movements. BMC Med Genet. 2016;17.

16. Palmer KR, Kaitu'u-Lino TJ, Cannon P et al. Maternal plasma
concentrations of the placental specific sFLT-1 variant, sFLT-1 e15a,
in fetal growth restriction and preeclampsia. J Matern Neonatal Med.
2017;30:635-639.

17. Benton SJ, McCowan LM, Heazell AEP et al. Placental growth factor as
a marker of fetal growth restriction caused by placental dysfunction.
Placenta. 2016;42:1-8.

18. Koczy-Baron E, Kasperska-Zajac A. The role of vascular endothelial
growth factor in inflammatory processes. Postepy Hig Med Dosw.
2014;68:57-65.

19. Zamarian ACP, Araujo Janior E, Daher S et al. Evaluation of biochemical
markers combined with uterine artery Doppler parameters in fetuses
with growth restriction: a case—control study. Arch Gynecol Obstet.
2016;294:715-723.

20. Szentpeteril, Rab A, Kornya L et al. Gene expression patterns of vascular
endothelial growth factor (VEGF-A) in human placenta from pregnancies
with intrauterine growth restriction. J Matern Fetal Neonatal Med.
2013;26:984-989.

21. Kohli S, Hoffmann J, Lochmann F et al. p45 NF-E2 requlates
syncytiotrophoblast differentiation by post-translational GCM1
modifications in human intrauterine growth restriction. Cell Death Dis.
2017;8.

22. Hromadnikova |, Dvorakova L, Kotlabova K et al. Circulating heat shock
protein mRNA profile in gestational hypertension, pre-eclampsia &
foetal growth restriction. Indian J Med Res. 2016;144(2):229-237.

23. Kwiatkowski S, Dotegowska B, Kwiatkowska E, Rzepka R, Torbe A, Bednarek-
Jedrzejek M. ACommon Profile of Disordered Angiogenic Factor Productionand
the Exacerbation of Inflammation in Early Preeclampsia, Late Preeclampsia, and
Intrauterine Growth Restriction. PLoS One. 2016;11(10): €0165060.



BIOMARKERY WEWNATRZMACICZNEGO ZAHAMOWANIA WZRASTANIA PLODU

24,

25.

26.

2].

28.

29.

30.

31.

32.

33.

34.

Sirikunalai P, Wanapirak C, Sirichotiyakul S et al. Associations between
maternal serum free beta human chorionic gonadotropin (B-hCG) levels
and adverse pregnancy outcomes. J Obstet Gynaecol. 2016;36(2):178-182.
(leaton MAM, Dent CL, Howard M et al. Fetus-derived DLK1 is required
for maternal metabolic adaptations to pregnancy and is associated with
fetal growth restriction. Nat Genet. 2016;48:1473—1480.

Ibrahim MI, Ammar EM, Ramy A et al. The association between pentraxin
3 in maternal circulation and pathological intrauterine fetal growth
restriction. Eur J Obstet Gynecol Reprod Biol. 2015;185:1-8.

Cowans NJ, Spencer K. First-trimester ADAM12 and PAPP-A as markers
forintrauterine fetal growth restriction through their roles in the insulin-
like growth factor system. Prenat Diagn. 2007;27(3):264-71.

Kasimis C, Evangelinakis N, Rotas M, Georgitsi M, Pelekanos N,
Kassanos D. Predictive value of biochemical marker ADAM-12 at first
trimester of pregnancy for hypertension and intrauterine growth
restriction. Clin Exp Obstet Gynecol. 2016;43(1):43-47.

Najjar S, Pearlman DM, Alper K et al. Neuroinflammation and psychiatric
illness. J Neuroinflammation. 2013;10(1).

Schroeter ML, Sacher J, Steiner J et al. Serum S100B represents a new
biomarker for mood disorders. Curr Drug Targets. 2013;14:1237-12438.
Steiner J, Bogerts B, Schroeter ML et al. ST00B protein in
neurodegenerative disorders. Clin Chem Lab Med. 2011;49:409—424.
Velipasaoglu M, Yurdakik M, Ozyiincii O, Portakal 0, Deren 0. Neural
injury markers to predict neonatal complications in intrauterine growth
restriction. J Obstet Gynaecol. (Lahore) 2015;35:555—-560.

Mazarico E, Llurba E, Cumplido R et al. Neural injury markers in
intrauterine growth restriction and their relation to perinatal outcomes.
Pediatr Res. 2017;82:452-457.

Mazarico E, Llurba E, Cabero L et al. Associations between neural
injury markers of intrauterine growth-restricted infants and
neurodevelopmentat 2 years of age. ] Matern Neonatal Med. 2018:1-11.

35.

36.

37.

39.

40.

41.

42.

43.

Lee RC, Feinbaum RL, Ambros V. The C. elegans heterochronic gene
lin-4 encodes small RNAs with antisense complementarity to lin-14.
Cell. 1993;3;75(5):843-854.

Chiofalo B, Lagana AS, Vaiarelli A et al. Do miRNAs Play a Role in Fetal
Growth Restriction? A Fresh Look to a Busy Corner. Biomed Res Int.
2017;2017:6073167.

0'Brien J, Hayder H, Zayed Y, Peng C. Overview of MicroRNA Biogenesis,
Mechanisms of Actions, and Circulation. Front Endocrinol (Lausanne).
2018;3;9:402.

. (@i M, Kolluru GK, Ahmed A. Small Molecule, Big Prospects: MicroRNA

in Pregnancy and Its Complications. J Pregnancy. 2017;2017:6972732.
Hromadnikoval, Kotlabova K, HympanovaL, Krofta L. Gestational hypertension,
preeclampsia and intrauterine growth restriction induce dysregulation of
cardiovascular and cerebrovascular disease associated microRNAs in maternal
whole peripheral blood. Thromb Res. 2016;137:126-40.

Thamotharan S, Chu A, Kempf K et al. Differential microRNA expression in
human placentas of termintra-uterine growth restriction that requlates target
genes mediating angiogenesis and amino acid transport. PLoS One. 2017;12.
Cetinl, Mando C, Calabrese S. Maternal predictors of intrauterine growth
restriction. Curr Opin Clin Nutr Metab Care. 2013;16(3):310-9.
Sotiriadis A, Figueras F, Eleftheriades M et al. First-trimester and
combined first- and second-trimester prediction of small-for-
gestational age and late fetal growth restriction. Ultrasound Obstet
Gynecol. 2019;53(1):55-61.

Spencer R, Ambler G, Brodszki J et al. EVERREST prospective study:
a 6-year prospective study to define the clinical and biological
characteristics of pregnancies affected by severe early onset fetal growth
restriction. BMC Pregnancy Childbirth. 2017;23;17(1):43.

Konflikt interesow:
Autorzy deklarujg brak konfliktu intreséw

AUTOR KORESPONDUJACY
Ludmita Zylinska

Zakfad Neurochemii Molekularnej
Uniwersytet Medyczny

ul Mazowiecka 6/8, 92-215 £6dz, Polska

tel: 42272 5680

faks: 42272 5679

e-mail: ludmila.zylinska@umed.lodz.pl

Nadestano: 23.07.2018
Zaakceptowano: 20.02.2019

441



Wiadomosci Lekarskie 2019, tom LXXII, nr 3

© Wydawnictwo Aluna

PRACA POGLADOWA
REVIEW ARTICLE

INTEGRATED ESTIMATION OF THE DEMOGRAPHIC SITUATION
IN UKRAINE - FORECAST FORTHE FUTURE

Zhanetta A.Chornenka, Tetiana I. Domanchuk
HIGHER STATE EDUCATIONAL ESTABLISHMENT OF UKRAINE «BUKOVINIAN STATE MEDICAL UNIVERSITY», CHERNIVTSI, UKRAINE

ABSTRACT

Introduction: The demographic situation in the country is largely due to the state of the economy and reflects the medical and social conditions of the population, which in
turn testify to the state of the economy, the health care system, education, culture, and other factors.

The aim: Analysis and comparison of the demographic situation in Ukraine with the EU countries, forecast for the future.

Materials and methods: The statistical materials of the Center for Medical Statistics of the Ministry of Health of Ukraine 2012-2016 were processed. A medical-statistical
analysis of the system’s performance indicators for the five components carried out; an assessment of the performance of the health system according to the WHO approach
with certain modifications used.

Review: Having analyzed the statistics of the last years in Ukraine, the birth rate in 2017 decreased as compared to 2016, in January-April 2017 there was a natural decrease
in the population, while migration processes in Ukraine exceeded immigration beyond its borders. In connection with the antiterrorist operation in the east of the country and
the beginning of active hostilities in the region, the population was significantly reduced to 43 million people. Life expectancy has also changed, and today the average life
expectancy in Ukraine is 71 years (66 years are men, 75 are women).

Conclusions: It is necessary to concentrate efforts on solving current problems - economic birth control, adequate social protection of families with children and the elderly,
promoting a healthy lifestyle, ensuring the availability of quality medical care and education, which in turn will ensure an increase in the duration of a full active life.

KEY WORDS: demographic situation, demographic crisis, mortality, fertility, integral evaluation of indicators, average expected life expectancy

INTRODUCTION

The population of the country is a component of the state,
a pledge of security, the basis of social development in
general. According to the Ministry of Health, the demo-
graphic situation in Ukraine is deteriorating every year,
depopulation occurs, and, consequently, the production
forces are reduced quantitatively.

In conditions of stable unhurried development, the main
method of foreseeing a relatively near future is extrapo-
lation of existing trends. In the era of reforms, forecasts
become extremely difficult, although the demand for them
is dramatically increasing. What will happen in a year, ten,
and fifty? We are trying to detail what kind of changes will
occur in the demographic situation of the country because
of a radical change in the social and economic situation.

In recent decades, most countries in the world are trying
to assess and strengthen their health systems to increase
the positive impact on public health. The starting point for
improving the health system at various levels is the assess-
ment of its current state, the analysis of effectiveness and
effectiveness. The report of the World Health Organization
(WHO) proposed measures and methodology for compar-
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ative evaluation of health systems. These measures reflect
progress in achieving the three fundamental goals of health
systems: 1) improving the health status of the population
(both in terms of level and social equity); 2) observing the
principle of equity in the allocation of financial resources,
providing protection against financial risk; 3) increasing
the sensitivity of the system to the expectations of the
population in matters not related to health.

However, the need for an evaluation of activities to
determine the extent to which the various links and the
overall system is reaching the end results is rapidly grow-
ing because of the need to meet the population’s needs for
affordable medical care in conditions of limited funding
and lack of resources. Therefore, the development of a
system of balanced indicators that allow us to comprehen-
sively evaluate the effectiveness of the health care system
and further optimize medical care is extremely urgent in
modern conditions.

The main reason for the aggravation of the demographic
crisis in Ukraine is a decrease to the critical level of the birth
rate. Only half of the population necessary for reproduction
provided bythe current demographic state indicates. To
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Table L. The main demographic indicators for Ukraine

Ne Demographic index 2012 2013 2014 2015 2016
Number of
1. of the population (yew): 45633 45553 45426 42929 42760
- Total
-men 20976 20962 20918 19787 19717
-women 24476 24409 24327 22971 22872
2. Demographic burden per 1000 persons 421 425 432 443 452
3. Number of live births (yew) 520705 503657 465882 411781 379089
4. Number of deceased (yew) 663139 662368 465882 594796 583642
5. Natural increase -142434 -158711 -66414 -183015 -186612
Average life expectancy: 71,15 71,37 71,37 71,38 70,33
6. - men 66,11 66,34 66,25 66,37 64,56
-women 76,02 76,22 76,37 76,25 76,11
Mortality of children under one year: 2496 2309 2124 1896 1689
7 - boys
- girls 1875 1721 1532 1422 1311
8. Maternal mortality 65 68 71 62 59
Migration movement of the population: 726226 675942 542506 533278 51178
- arrived
% - retired 664382 644029 519914 519045 52469
- migration increase 61844 31913 22592 14233 10643
date, Ukraine has already crossed the border of the decline MATERIALS AND METHODS

in the birth rate, which is the irreversible destruction of
the country’s demographic potential, which leads to a loss
of conditions for the restoration of the population. The
process of reducing fertility caused in modern conditions
is of a global nature and by a number of economic, social,
and biological causes.

Comparison of statistical indicators with other countries
shows that according to the main indicators of natural
changes in the population - fertility, mortality, natural
increase - Ukraine is not only after the countries of the
West, but also the republics of the former USSR. In terms
of fertility, it occupies the penultimate place among them
and the countries of Europe, the death rate of the popula-
tion is the second among the countries of the continent,
according to the level of child mortality, its indicators are
among the top ten indicators for European countries, by
the expected life expectancy (67 years) - one hundred and
ninth place In the world, when in 1994 occupied the eighty
seventh place.

THE AIM

The aim of writing the article was to analyze the current
state of the demographic situation in Ukraine and the fac-
tors influencing it, comparing the demographic situation
of our country with the EU countries and considering a
conceptual forecast for the future.

In our work, the statistical materials of the Center for

Medical Statistics of the Ministry of Health of Ukraine

2012-2016 were processed; literary and scientific sources

analyzed in accordance with the methods for evaluating

the performance of health systems.
Accordingly, for the purpose of research it is necessary
to solve the following tasks:

« study of existing methods for assessing the performance
of the health care system, an analysis of their compliance
with modern requirements and information support ca-
pabilities for determining a set of performance indicators;

« study of a set of indicators of the effectiveness of the
health care system in Ukraine on the preservation and
promotion of health;

« investigating factors that hamper the development of the
health care system and the rationale for improving the
performance of the future health care system.

To calculate the performance indicators of the national sys-

tem, we used statistical information and data from a num-

ber of studies. The medical-statistical analysis carried out
of the system’s effectiveness indicators in five components:
the level of health, the scale of health inequalities, and the
degree of sensitivity of the system to the expectations of
the population, the fairness of the burden of spending on
health and the structural effectiveness of the system.

For the calculations, the evaluation of the health system
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performance used according to the WHO approach with
certain modifications, additions and clarifications, based
on the capabilities and needs of the national health system.

The main demographic indicators for Ukraine presented
for the last 5 years in Table I.

REVIEW

The state of the Ukrainian health systemcan be character-
ized as a crisis, based on its most important result of activity
- public health indicators, , primarily due to the high level
of overall mortality (16.3 per 1000 population) and low life
expectancy at birth. The demographic crisis has observed
around the worldin recent decades. Annual population
decline occurs in many countries. Governments of some
countries, taking into account such a negative trend, are
pursuing an appropriate migration policy, seeking compen-
sation for losses from migrants. However, the indigenous
population in them is declining. This is practically all
European states, as well as the United States, Russia, Japan
and a number of other countries.

The reason for the population decline in the world was
a significant decline in the birth rate, which began in the
1950s and 1960s. Now the population continues to grow
only in the states of Africa and Asia (the highest rates are
in India and China), which is caused by the traditions that
still exist, as well as the poverty and illiteracy of a significant
part of the people.

The first national All-Ukrainian Population Census took
place in Ukraine on December 5, 2001 (the previous one
held in 1989). According to this census, the population of
Ukraine was 48 million 457 000 people. This figure was
significantly less than in 1989 - 51 million 452 thousand
people. These data indicate the continuation of a rapid fall
in the birth rate in Ukraine. During the period between the
two censuses, the total population of Ukraine decreased by
3291.2 thousand people, or by 6.3%.The largest population
in Ukraine was recorded in early 1993 - 52 244.1 thousand
people. Since that time and until December 5, 2001, de-
mographic losses amounted to 3,787.0 thousand people;
72% of these losses is a natural decline in the population.
According to the census, from 1989 to 2001, part of the
urban residents almost did not change, more than two
thirds of the population of Ukraine lives in urban areas.

Although in recent years the rates of maternal and child
mortality in Ukraine have improved due to the intro-
duction of modern perinatal technologies, in particular
obstetric care with the participation of family members,
the demadication of childbirth, etc., the expected life ex-
pectancy is lower than that registered in the early 90s and
is 70.33 years (men - 64.56, women - 76.11). All this takes
place against the background of a significant improvement
in health and a reduction in the mortality rate in most of
the developed countries of the world and leads to a signif-
icant gap in the magnitude of life expectancy in Ukraine
and European countries (Table II).

If we analyze in more detail the statistics of recent years
in Ukraine, the birth rate in January-April 2017, according
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to the State Statistics Service, was 116,907 children, while
in the same period in 2016 this figure was 128530 children.
In January-April 2017, there was a natural decrease in the
population by 85,387 people, whereas in January-April
2016 this figure was 74,379 people. At the same time, the
number of those who came to the country exceeded the
number of those who left the country for 2612 people in
January-April this year, for the same period in 2016, when
this figure was 6,256 people.

The population of Ukraine at the end of 2016 was 42
million 584.5 thousand people, which, according to the
State Statistics Service of Ukraine, 176 thousand people
less than it was at the end of 2015. In the spring of 2014,
after the annexation of the Crimea and the formation of an
anti-terrorist operation zone in the east of the country in
connection with the beginning of active military operations
in the region, the population of Ukraine adjusted and sig-
nificantly reduced to 43 million from 45 million people. In
the future, this indicator decreases from month to month.

The life expectancy has also changed; today the average
life expectancy in Ukraine is 71 years (66 years - men, 75 -
women). According to this indicator, Ukraine ranks 52nd
among the countries of the world. The overall mortality
rate has increased in all areas, especially in agricultural
areas, where the share of elderly people in the population
is twice that in cities. To make the population the same
as in 1991, it is necessary to raise the birth rate to 2.2-2.3
children per both parents. Today, this figure in Ukraine
is almost half, what it was in 1990 and is 1.1 children per
family. Coming out of this population decreases annually
by almost 350 thousand people.

In demographic terms, Ukraine has become one of the
worst countries in the world. First of all, it is caused by an
ineffective policy towards the least protected segments of
the population. The decrease in the birth rate led to the
fact that today about 30% of the population is people who
get retired (people more than 65). For 14 million retirees
there are 18 million working people, of which only 7 mil-
lion are in the material sphere of production. If this trend
continues, then there is a real threat that by 2025 the pop-
ulation of Ukraine will decrease to 25-30 million. Under
such circumstances, population preservation should be the
main demographic strategy of the state today.

DISCUSSION

The demographic situation in Ukraine is characterized not
only by depopulation it has acquired the properties of an
acute demographic crisis, the main signs of which are unfa-
vorable changes not only in quantity but also in the health of
the population[8]. A modern demographic situation can be
defined as a crisis situation precisely because depopulation
is accompanied by a significant deterioration in people’s
health, which is manifested in a decrease in the average life
expectancy.The tendency of significant deterioration in the
health of children and adolescents is progressing [10]. The
problem of improving the health of the population today has
become a problem of its elementary preservation.
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Table I1. Expected duration of life in Ukraine and some EU countries.

Average life expectancy

Country Populationsize (million) Total fertility rate
men women

Ukraine 42,8 66,2 76,4 1,50
Austria 8,7 79,1 84,0 1,47
Italy 60,7 80,7 85,6 1,37
Germany 82,2 78,7 83,6 1,47
Poland 38,0 73,7 81,7 1,32
Romania 19,8 71,4 78,7 1,52
Slovakia 54 733 80,5 1,37
Hungary 9,8 72,3 79,4 1,44
France 66,7 79,5 86,0 2,01
Czech Republic 10,6 75,8 82,0 1,53

Radioactive and technogenic pollution of the atmo-
sphere, soils, and reservoirs in most areas leads to muta-
tions and damage to genes. The consequence of this is a
decrease in the birth rate, an increase in deformity among
newborns, the spread of hereditary diseases and the like.
Ecological safety of the population remains catastrophic.
Atmospheric pollution adversely affects every third inhab-
itant of Ukraine, and 28% in general breathe air, dangerous
to life. According to the Ministry of Health of Ukraine
for 2017, cardiovascular diseases cause almost 67% of all
deaths of Ukrainians [9].The prevalence of diseases among
the population over the past 10 years has grown by 38%.

There are prerequisites for reducing morbidity and dis-
ability, some increase in life expectancy, which, however,
do not lead to fundamental changes in the quality of health,
to a transition from a rather backward to a more modern
model of health. This option is possible with a significant
increase in living standards, improving the environmental
situation, when viewing the ideology of the Ukrainian
health care system and increasing its funding by 40-50%.

In order to solve the critical demographic situation in the
country, in our opinion, are: encouraging the population to
create two- and three-child families through propaganda
and material incentives; prohibition of abortion; transfer
of state attention to two- and three-child families, and not
to large families, as the main regulator of the demographic
situation; improvement of the economic state of the state,
since the impoverishment of the majority of the population
adversely affects the demographic situation; decrease in the
death rate of newborns (now the birth rate in Ukraine and
Japan is almost the same - 11.5 children per 1000 inhab-
itants, but in Japan, the death rate of children is 6.2% per
1000 inhabitants, and in Ukraine - 13.4%) [7].

In addition, demographic problems require the devel-
opment of a scientifically based comprehensive program
to overcome the demographic crisis that would cover not
only the issues of simple reproduction of the population,
but also its development in a broad social context [2]. It is
necessary to develop a modern ideology of the demograph-
ic development of Ukraine, it is necessary to strengthen

scientific developments in the field of demographic and
gender studies, and their financial support.

In matters of family policy and fertility, the main goal
is the formation of a system of personal and public values
aimed at creating a family with two children, strengthen-
ing and enhancing its educational potential as the main
environment for the reproduction of the population
[6]. The objects of direct attention of the state should be
young families and families with children.In the field of
improving health, reducing mortality and increasing the
life expectancy of the population, measures are needed to
improve the quality oflife, prevent harmful and dangerous
production factors, improve the sanitary, epidemiological,
and environmental situation, reform the health care sys-
tem, and stimulate positive changes in people’s behavior
and way of life.

CONCLUSIONS

Thus, in modern conditions, when the population of
Ukraine continues to be in a state of uncertainty, the
evaluation of effectiveness plays a significant role in the
progressive development of the health care system, because
an undeveloped, unjustified economic strategy at the state
level will lead to an even greater demographic crisis.

In order to improve the demographic situation, the state
needs to direct socio-economic policies to address the most
acute problems: stimulating fertility, increasing medical
care, enhancing protection and remuneration, improving
living conditions and introducing a healthy lifestyle, and
creating a broad network of state and non-government
social services.
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ABSTRACT

Introduction: The studying of the comorhidity of skin diseases is a priority scientific direction in modern dermatology. Comorbid conditions aggravate the course of the underlying

disease, reduce the effectiveness of diagnosis and treatment can lead to chronization of the process, disability of patients. Understanding of the commonality of pathogenesis
and the mutually complicating nature of comorbidity makes a possible to prescribe individual rational treatment.

The aim of the study was search and analysis of the data of review, experimental and clinical scientific and medical publications on the issues of the comorbidity of LP.
Materials and methods: an analysis of the studying of the scientific and medical literature was shown. Searching was carried out through the PubMed/MEDLINE portal from
the databases of the National Center Biotechnology Information, U. S. National Library of Medicine, National Institute for Health and Clinical Excellence, as well as the portals
«Scientific Electronic Library eLIBRARY.RU», «Russian Science Citation Index (RSCI)» and «Index Copernicus».

Conclusions: The main global trends of comorbidity of LP are determined. The results of these studies can form the basis for updating of clinical guidelines for the management

of patients with LP at the international and local levels.

KEY WORDS: comorbid conditions, lichen ruber planus, rational treatment

INTRODUCTION

The studying of the comorbidity of skin diseases is a
priority scientific direction in modern dermatology. Un-
derstanding of the commonality of pathogenetic aspects,
clinical alertness and timely diagnosis of comorbid condi-
tions allow to conduct individual rational treatment aimed
at the treatment of dermatosis associated with comorbid
disorders. It is known that comorbid conditions are exact-
ly aggravate the course of the underlying disease lead to
chronization of the process, disability of patients, reduce
the effectiveness of diagnosis and treatment, which leads
to increased economic costs of the health care system as
well as premature death of the working population. [1, 2].
Nowadays the dermatologist works in close cooperation
with the therapist, cardiologist, rheumatologist, endocri-
nologist and oncologist, which is the key to improving and/
or preserving the quality of life of patients suffering from
combined pathology. Previously, the interest of scientists
studying the associations of dermatoses was focused on
atopic dermatitis and psoriasis and the interest of research-
ers has shifted towards rare dermatoses now. A number of
studies on the LP comorbidity have been published, which
demonstrate a new perspective on this problem.

Wiad Lek 2019, 72, 3, 447-451

THE AIM

The aim of the work was search and analysis of the data of
review, experimental and clinical scientific and medical
publications on the issues of the comorbidity of LP over
the past five years.

MATERIALS AND METHODS

Searching was carried out through the PubMed/MEDLINE
portal from the databases of the National Center Biotech-
nology Information, U. S. National Library of Medicine,
National Institute for Health and Clinical Excellence, as
well as the portals «Scientific Electronic Library eLIBRARY.
RU», «Russian Science Citation Index (RSCI)» and «Index
Copernicus».

REVIEW AND DISCUSSION

The LP is a chronic inflammatory immuno-dependent
dermatosis of unknown etiology with a specific type of
cell-mediated skin reactivity and a pronounced autoim-
mune mechanism in the bullous clinical form [3]. LP
affects 0.2-4% of the general population as a whole, mostly
women (63-67%). Comorbid conditions of LP can be the
result of both its transformation, including malignant and
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iatrogenic medication effects [4, 5, 6]. The combinations
of dermatosis with various somatic diseases of the gas-
trointestinal tract, cardiovascular, endocrine systems and
hemostasis, as well as rheumatological diseases have been
noted in the previous scientific and analytical reviews. The
specific lesions of the epithelium of the uterus, bladder,
digestive tract, which indicates a possible systemness of
the pathological process in LP have been described. It was
felt, that LP can be combined with a group of dermatoses
having a number of common pathogenetic aspects, such
as impaired keratinization, immune response, metabolism,
endothelial function. There are such dermatosis as psoria-
sis, vitiligo, discoid lupus erythematosus, morphea, lichen
scleroatrophica, pemphigus vulgaris, bullous pemphigoid,
keratoses, keratoacanthoma, squamous cell carcinoma. [7,
8,9,10].

The viral hepatitis C is one of the most well-known asso-
ciation of LP, and its comorbidity with the oral LP (OLP)
is considered a postulate. The HCV seropositivity has
been recorded in 16 % of patients with LP and in 6 times
more frequently with oral form of dermatosis in compare
with control group. [11]. However, in 2017, a group of
Indian scientists has published the results of a survey of
84 patients with a histopathologically verified diagnosis
of lichen planus. The patients have been examined for the
presence of hepatitis B and C, in all 84 cases the results
have been negative. The revealed zero comorbidity allowed
the authors to conclude that screening patients with LP on
viral hepatitis B and C is unjustified, at least in the Indian
population. [12]. The comorbidity of LP with chronic
active hepatitis, biliary cirrhosis, and dyslipidemia have
been also noted in earlier single studies. Some associations
have been confirmed later by more extensive researches.
Thus, a meta-analysis of 7 observational studies with a
total of 5242 subjects revealed an association of LP with
dyslipidemia, which occurred 1.74 times more often than
in the control group. At the same time, lipid metabolism
disorders were manifested by an increase in the level of
triglycerides, low-density lipoproteins, total cholesterol and
a decrease in the level of high-density lipoproteins. [13].
According to the authors, it is necessary to screen lipid
metabolism parameters when establishing the diagnosis
of LP. Concomitant hyperlipidemia may also worsen the
prognosis for recovery in LP patients. The epidemiological
study conducted in Singapore demonstrated that patients
who suffer on LP associated with hyperlipidemia and / or
diabetes mellitus showed a significantly lower degree of
improvement after treatment compared with a group of
patients without such comorbidities. [9, 13].

A high degree of comorbidity of the OLP with pathology
of the gastrointestinal tract and the hepatobiliary system
(76.5 %), disorders of the nervous system (70.5 %), cardio-
vascular system (61.8 %) was found in a small core study
(47 patients) by a group of scientists from the Ural Scientific
Research Institute of Dermatology and Immunopathology.
The dermatosis was less associated with endocrine pathol-
ogy (44.1 %), chronic viral diseases (38.2 %) and diseases
of the genitourinary system (34.5 %). Moreover, the po-
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ly-systemic comorbid pathology was most often recorded
in patients with erosive-ulcerative form of LP [14].

In recent years, new data on comorbid associations of LP
with autoimmune diseases have been appeared. There was
no statistically significant difference in the combination
of the OLP and autoimmune diseases, since the identified
association of 7 % did not significantly differ from the
same indicator of the control group (4 %) [15]. The cu-
taneous form of the LP (CLP) has demonstrated such an
association in an recent extensive study of Thai scientists.
A study of 12,427 patients suffering from LP has shown a
reliable association of dermatosis with systemic lupus ery-
thematosus (multivariate odds ratio (mOR) was 2.87) with
Sjogren’s syndrome (mOR = 3.75) with dermatomyositis
(mOR = 6.34) with vitiligo (mOR = 2.01), with alopecia
areata (mOR =2.82). The identified associations, according
to the authors, need further study and researching of the
mechanisms underlying them, as well as analyzing the role
of autoimmunity in the etiology of LP. [16].

A study of the comorbidity of LP with scleroatrophic
lichen has been also conducted. The authors evaluated
the histopathological characteristics of vulvar biopsies of
31 patients (mean age 69.5 years) with the vulvar form of
the LP and the current scleroatrophic lichen of the vulva
preceding or simultaneous, and also described the clin-
ical features of the comorbidity of these conditions. 30
samples demonstrated a pathological picture of erosive
LP, moreover, 22 samples with elements localized on the
inner surface of the labia minor and 8 ones localized on
the mucous membrane of the vaginal opening. The overlay
of scleroatrophic lichen on the LP was detected in 3 (10
%) patients. The most significant pathological marker of
the identified association was the pattern of regeneration
of the basal layer characteristic of the LP. According to
the authors, the combination of genital lichen planus and
scleroatrophic lichen is not rare. However, the association
of these dermatoses is not sufficiently diagnosed due to the
lack of a characteristic histopathological picture, pathomo-
rphologic errors in the case of the “overlap syndrome” of
lichens, as well as different localization of foci of various
dermatoses requiring multiple biopsies. The authors of
the study revealed a pattern of lichen-comorbid lesions
on the vulva, in which the LP is localized on the inner
surface of the labia minor and the vaginal opening with
scleroatrophic lichen foci on its periphery. Some crucial
pathomorphological and clinical signs showing LP and
scleroatrophic lichen association in vulva area was also
noted. This research gave no answers about frequency
of comorbidity of genital LP and scleroatrophic lichen,
however, the proposed tools help to identify better such
combinations. [17].

Chinese scientists Li D., Chen Q., Hua H. and co-authors
researched 11 electronic databases of clinical studies which
were published before August 2016. These researches were
devoted to the problem of association of OLP and thyroid
pathology. Eight researches were taken for the survey,
four of them with case-control was included in the final
meta-analysis. According to Newcastle-Ottawa scale, the
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average score of four researches was 6.5, chance coeflicient
(CC) was 2.1 (confidence interval 95%). This was indicated
a statistically significant difference in the prevalence of thy-
roid pathology in patients with OLP compared the control
group. Two publications were showed a higher reliable cor-
relation between OLP and hypothyroidism (CC=1.83). The
author's meta-analysis was demonstrated a significantly
higher prevalence of thyroid disease among patients with
OLP compared the control group, that indicates the need
for screening such patients in order to identify thyroid
pathology. However, more studies are required to confirm
the results because of little amount of surveys involved in
meta-analysis [18].

Another study was included 215 patients with OLP
showed significantly high percentage of thyroid diseases,
especially hypothyroidism, and authors assumed the co-
morbidity of these conditions [19]. The results of another
research, published in 2017, were confirmed a possible
connection between the severity of the OLP and serum
autoantibodies titer to thyroperoxidase and thyroid pathol-
ogy. A significant positive correlation between the serum
levels of IL-8 and autoantibodies to thyroperoxidase was
revealed. A significant increase of autoantibodies to thyro-
peroxidase level in blood of patients with the erosive form
of OLP was detected. This can be an indicator of previously
unrevealed thyroid pathology in these patients [20]. In a
recent study of 549 patients suffering from thyroid diseases,
the clinical manifestations of OLP were detected almost 3
times more often than in the control group. The need to
inform endocrinologists about the possible association
between oral mucosa lesion in LP and thyroid disorders
was indicated [21].

It should be noted that the endocrine associations of
LP are not limited to the pathology of the thyroid gland.
A recent study by Indian dermatologists was detected
33 (33%) patients with diabetes of 100 patients with LP
and it was confirmed by high fasting blood glucose level.
Authors emphasized the need to screen blood analysis
among people with lichen planus to control glucose level
[22]. Authors indicated the need for screening a blood
glucose test in patients with LP [22]. Comorbidity of LP
and diabetes mellitus lowers clinical efficacy of dermatosis
treatment, slowing recovery. The authors suggested that
the inflammatory nature of components of metabolic
syndrome plays a significant role in the pathogenesis of
LP. Particularly, hyperglycemia inhibits the proliferation of
keratinocytes and fibroblasts, causes endothelial cell apop-
tosis and reduces vasodilation by blocking the synthesis
of nitric oxide. Furthermore, the final glycation products
activate the NF-«xB signaling pathway, resulting in the
release of pro-inflammatory cytokines and intracellular
oxidative stress [9, 22].

In our opinion, a study devoted to the study of psycho-
somatic disorders associated with LP is quite interesting
as well. In a prospective clinical study of 93 patients with
predominantly CLP (58 women, 35 men; mean age — 47.6
years) the authors identified following data: psychogenic
manifestations of the skin process in 28 (30.1 %) patients;

nosogenic reactions, which were qualified as an adaptation
disorder - in 56 (60.2 %) of them, recurrent depression — in
9 (9.7 %), while stress as a trigger rarely was objective and
significant. Depressive nosogeny, a greater extent, depend-
ed on the prevalence and severity of the skin process and
were accompanied by anxiety-hypochondriac depressive
reaction with decreased mood, irritability, tearfulness,
sleep disorders, psychosomatic hyperesthesia phenomena
contributing to the amplification of itch. Sociophobic reac-
tions and reactions with the phenomena of hypochondria
of beauty were mainly recorded in cases of localization of
lesions in open areas of the body with moderate and minor
severity of dermatosis. Recurrent depressions accompanied
in all cases the classical course of the LP and manifested in
depression, anguish, anxiety, and thoughts of hopelessness
and feeling of own inferiority [23].

Iranian scientists studied the connection between OLP
with psychological stress appearance. The authors studied
45 scientific papers for the period from 1985 to 2014, iden-
tified in the main bases for the following search subjects:
“oral red lichen planus’, “stress”, “anxiety”, “depression”,
“psychological disorder”. Only 10 works met the necessary
requirements. In these studies they used questionnaire
methods for assessing stress, evaluating genetic polymor-
phism at the DNA level, studying the level of hormones in
the human body, and the effect of drug therapy of mental
disorders on patients suffering from OLP. The criteria for
inclusion in the study were clinical and histopathological
confirmation of OLP, exclusion criteria — the uncertainty
of the diagnosis, inadequate number of subjects in the
experimental and control groups, discrepancy (mismatch)
in sex and age between the main and control groups. The
results of the meta-analysis showed that a higher level of
stress was noted in patients suffering from the OLP. The
reduction of psychological stress and the well-being of
patients are important and must be considered during the
treatment of LP [24].

In a comparative study conducted at Oral Medicine
Clinical Services (OMCS) of the University of Washington,
psychosomatic disorders were studied in patients with LP
and oral lichenoid rash compared with healthy persons and
with patients suffering from myofascial pain. The diagno-
ses were confirmed clinically and pathomorphologically.
The SCL-90R and VAS tools were used to evaluate pain.
From January 2011 to March 2017, scientists examined
112 patients with OLP, 40 patients with oral lichenoid
rashes, 185 patients with myofascial pain and 90 healthy
persons according to the inclusion/exclusion criteria. The
study revealed the absence of a significant difference in the
assessment of the SCL-90R scale results in patients with
OLP and the control group however, there was a tendency
to develop moderate and severe degree, compared with
control group.

In patients with OLP, on average, higher rates of de-
pression were observed compared with control, though
the differences were not significant. High and moderate
pain-related somatization was detected in 36 % of patients
with OLP and 28 % ones with oral lichenoid rashes com-
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pared with 23 % in the control group, while moderately
severe somatization without pain was significantly higher
in the OLP group than in control. The results of the stud-
ies showed the need for psychosocial examination and
assessment of the patient’s status with OLP, as well as the
rationality of including psychotherapy in a comprehensive
treatment plan for this condition that can help improve the
prognosis and quality of life [25].

Keeping in mind a long course of treatment for LP and
often empirical therapeutic approaches, the understanding
of the psychosomatic associations of LP is an important
pointin the interaction of the patient and the dermatologist
and the key to successful therapy.

In the context of the psychosomatic nature of the LP,
a group of Indian scientists carried out a psychometric
assessment of the patient’s status with OLP compared the
control group. The patients with LP showed significantly
higher incidence of comorbid mental disorders (depres-
sion, anxiety and stress) compared with the control. The
authors expressed the opinion that a psychiatric assessment
can be entered into standard protocols for the treatment
of OLP [26].

CONCLUSIONS

Analysis of the data of scientific and medical literature over
the recent years has shown that the problem of comorbidity
of LP remains the focus of the scientific interests of derma-
tologists of the international community. Most studies deal
with the study of endocrine, psychosomatic and internal
comorbidity. The results of the Indian study were detected
zero comorbidity of LP and viral hepatitis B and C, al-
though previously the association of hepatitis C and LP was
considered a postulate and HVC serological screening was
recommended by standard protocols for the management
of patients with LP. Current regional Indian guidelines may
call into question the need for this test. There were convinc-
ing results about the association of the ORP and thyroid
pathology. Considering widespread thyroid disorders in
Ukraine, there is a need to inform endocrinologists and
dentists about the need for mutual cooperation and screen-
ing of these patients in order to identify thyroid pathology.
The previous hypotheses about comorbidity of LP with
components of metabolic syndrome - diabetes mellitus and
dyslipidemia were confirmed as well, their negative impact
on the effectiveness of treatment of dermatosis was revealed
and a screening examination of lipid metabolism indicators
was recommended when managing patients with LRP. A
large proportion of psychosomatic disorders identified in
patients with CLP and OLP may initiate the introduction
of psychiatric evaluation into standard protocols for the
treatment of patients with LP.
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WITAMINA D A PRAWIDLOWA | ZMIENIONA PATOLOGICZNIE
BLONA SLUZOWA JAMY MACICY

Magdalena Duda-Wiewidrka, Kazimierz Pitynski
KLINIKA GINEKOLOGII | ONKOLOGII COLLEGIUM MEDIUM, UNIWERSYTET JAGIELONSKI, KRAKOW, POLSKA

STRESZCZENIE

Istnieje coraz wiecej naukowych dowodéw na znaczaca role witaminy D (VD) w rozwoju stanéw patologicznych endometrium. VD ma wptyw nie tylko na homeostaze wapnia,
ale moduluje takze dziatanie wielu genéw zaangazowanych w podziat komdrkowy, reakcje immunologiczne i synteze biatek. Najnowsze odkrycia dowodza, ze VD dziata
wielokierunkowo, a jej powszechny niedobér ma zwiazek przyczynowy z patogeneza wielu choréb ginekologicznych, takze nowotworowych. Istnieje klika mechanizméw
oddziatywania VD na endometrium. Odkrycie, iz wiekszos¢ tkanek posiada receptory dla VD, byto przetfomowe w zrozumieniu jej roli w wielu chorobach, takze w mechanizmie
rozwoju nowotworu, ale nie wyjasniono do tej pory, w jakim stopniu zaburzony jest, prowadzacy do rozwoju zmian patologicznych, metabolizm VD w eutopowym endometrium.

SLOWA KLUCZOWE: witamina D, VDR, endometrium, rak endometrium

ABSTRACT

More and more evidence from research confirms the significance of vitamin D (VD) in the development of endometrial pathologies. Apart from the well known role of VD in
regulation of calcium levels, VD acts as modulator to many genes involved in cell growth, immunological functions and protein synthesis. The newest research shows that VD acts
multidirectionally and its common deficiency has a causal link to the pathogenesis of many gynecological and cancerous conditions. It is postulated that VD affects the endometrium
via various mechanisms. The discovery that most tissues have VD receptors was ground-breaking in understanding its role in various medical conditions, including the neoplasmal

development mechanism, but the degree, to which the VD metabolism in the eutopic endometrium during pathological conditions is impaired, has not yet been explained.

KEY WORDS: vitamin D, VDR, endometrium; endometrial cancer

WSTEP

Witamina D zostata odkryta wlatach dwudziestych ubiegtego
stulecia przez McColuma. Aktualnie znajduje si¢ w centrum
zainteresowania specjalistow i naukowcow z wielu dziedzin
medycyny. Ostatnie lata przyniosty wrecz eksplozje liczby
publikacji dotyczacych witaminy D oraz jej roli w patoge-
nezie wielu chordéb, m.in. ginekologicznych, polozniczych
i nowotworowych. Jest to szczegélnie istotne w kontekscie jej
powszechnego niedoboru u kobiet w réznych grupach wieko-
wych. Ta grupa rozpuszczalnych w ttuszczach, steroidowych
zwigzkow organicznych, przez dziesieciolecia klasyfikowana
byta jako witamina, jednak obecnie uwaza sig, ze jest aktyw-
nym hormonem, waznym czynnikiem transkrypcyjnym,
regulujacym ekspresje wielu genow. Oprocz dobrze poznanej
roli witaminy w procesie regulacji wapnia, najnowsze odkrycia
dowodza, ze dziata wielokierunkowo, potwierdzajg réwniez
istotny jej wplyw na zachowanie prawidtowych funkeji endo-
metrium. Badania molekularne dotyczace nieprawidtowych
rozrostow endometrium nie byly do tej pory prowadzone
i zakres wiedzy na ten temat jest bardzo ograniczony.
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BIOSYNTEZA | METABOLIZM WITAMINY D

Odpowiedz biologiczna na podanie witaminy D jest odro-
czona w czasie. Wynika to z faktu, ze jest ona nieaktywna
i w pierwszej kolejnosci musi ulec metabolizmowi, aby
powstaly jej aktywne metabolity. Witamina D3 (cholekalcy-
ferol), powstaje z 7-dehydrocholesterolu obecnego w skorze
pod wplywem promieniowania UVB, jest rowniez przy-
swajalna z pozywieniem w postaci witaminy D2 (ergokar-
cyferolu) lub witaminy D3. Obie postacie ulegaja dwustop-
niowej aktywacji do 25-hydroksywitaminy D3 (kalcydiol,
25(OH)D), z udzialem 25-hydroksylaz, CYP2R1 i CYP
27A1 - enzymo6w watrobowych zawierajacych cytochrom
P450 i kolejno do la, 25(OH)D2, z udzialem CYP27B1
i la-hydroksylazy — enzymu wystepujacego w nerkach, ale
takze w innych tkankach [1]. W biologicznych dziataniach
witaminy D posredniczy gtéwnie receptor VD (VDR).
Odkrycie, iz wigkszo$¢ tkanek posiada receptory dla VD,
byto przelomowe w zrozumieniu jej roli w wielu chorobach,
takze w mechanizmie rozwoju nowotworu [2]. Po zwigzaniu
VD z VDR powstaje heterodimeryczny kompleks z recep-
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Tabela I. Zasady suplementadji i leczenia witaming D — nowelizacja 2018 .

Zapotrzebowanie

Stezenie witaminy D (ng/ml)

Niedobor ciezki 10-20
Niedobor znaczny >10-20
Stezenie suboptymalne >20-30
Stezenie optymalne >30-50

torem retinoidu X (RXR), ktory oddzialuje z regionami
DNA zwanymi elementami odpowiedzi VD. Elementy te
aktywuja koaktywatory zdolne do regulowania transkrypcji
docelowych genéw zaangazowanych nie tylko w homeostaze
wapniowo-fosforanows, ale takze w proliferacje, réznico-
wanie i odpowiedz immunologiczng komorek [3, 4]. Co
wiecej, najnowsze badania sugeruja, ze dzialanie VD moze
odbywac si¢ réwniez poprzez szlaki niezalezne od regionow
genomowych [5]. VDR ulega ekspresji w réznych narzadach
i tkankach, w tym w szkielecie, ukladzie odpornosciowym,
przytarczycach i tkankach uktadu rozrodczego [2]. Badania
pokazaly, Ze w endometrium podczas cyklu menstruacyj-
nego zréznicowanej ekspresji oprocz VDR ulegajg rowniez
liczne enzymy uczestniczace w metabolizmie VD [6].

KRYTERIA | PRZYCZYNY NIEDOBORU

WITAMINY D U KOBIET

Za docelowe stezenie uznano stezenie kalcydiolu (25(OH)D)

w surowicy wynoszace 30-50 ng/ml (75-125nmol/l).

Chociaz kalcytriol stanowi aktywng biologicznie forme

witaminy D, jego stezenie we krwi nie koreluje ze stanem

rzeczywistego zaopatrzenia organizmu w te witamine

i stanowi jedynie 0,1% stezenia kalcydiolu. Dlatego tez to

kalcydiol (25(OH)D) zostal uznany za najlepszy wskaznik

zasobow witaminy D w organizmie, ze wzgledu na diugi
okres poltrwania, stabilno$¢, duze stgzenie w surowicy

i zwiekszone powinowactwo do bialek wiazacych we

krwi [7]. Niedobdr witaminy D jest powszechny, a Polska

nalezy do krajow, w ktérych nastonecznienie, szczegdlnie

w okresie jesienno-zimowym, jest niewystarczajace do

utrzymania prawidlowego jej stezenia.

Przyczyny niedoboru witaminy D:

« obnizona synteza w skorze (szeroko$¢ geograficzna,
stopienn zachmurzenia i zanieczyszczenia powietrza,
stosowanie kremow z filtrami UVB, wiek, kolor skory);

» zmniejszona podaz w diecie lub zwigkszone zapotrze-
bowanie (dieta uboga w nabial i ttuste ryby, stosowanie
diet redukcyjnych, okresy zwiekszonego zapotrzebowa-
nia - intensywny wzrost u dzieci, cigza, okres karmienia
piersia);

o uposledzone wchlanianie z przewodu pokarmowego
w przebiegu zespoléow zlego wchlaniania, mukowi-
scydozy, po operacjach bariatrycznych i w stanach
zapalnych jelit;

o choroby towarzyszace: otylos¢, cukrzyca, choroby
ukladu sercowo-naczyniowego, sarkoidoza, gruzlica,
choroby autoimmunologiczne, choroby przytarczyc,
przewlekte choroby watroby i nerek;

o choroby dziedziczne: krzywica hipofosfatemiczna oraz
krzywica typu 1;

« przewlekle stosowanie niektérych lekow (prze-
ciwdrgawkowe, izoniazyd, rimfapicyna, leki antyretro-
wirusowe, steroidy, barbiturany) [7].

Zasady suplementacji i leczenia witaming D przedstawiono

w tabeli I.

WITAMINA D W PRAWIDLOWYM
ENDOMETRIUM

Podczas cyklu menstruacyjnego endometrium ulega proli-
feracji, réznicowaniu i ostatecznie ztuszczaniu. Wszystkie
te zdarzenia sg regulowane przez zmiany w poziomie
hormonéw steroidowych, gltéwnie estrogenu i proge-
steronu. VD jako hormon steroidowy, moze odgrywac
bezposrednig role podczas modyfikacji, ktéorym endo-
metrium podlega przez caly cykl menstruacyjny [8]. Po
raz pierwszy obecno$¢ receptora VDR w blonie §luzowej
macicy potwierdzili Vienonen i wsp. [9]. Uzywajac meto-
dy real-time PCR badali oni wzorzec réznych jadrowych
czynnikow transkrypcyjnych, takze ekspresje VDR, w pra-
widlowej blonie §luzowej macicy. Prébki zostaly pobrane
od trzech kobiet przed menopauzg (3850 lat), u ktorych
przeprowadzono histerektomie. Stwierdzili znaczne rdz-
nice w poziomach ekspresji receptora u poszczegoélnych
0s0b, ale nie wykazali r6zni¢ w zaleznosci od fazy cyklu
[9]. Kolejne badania przynosily rézne rezultaty oceny
ekspresji VDR w fizjologicznym endometrium w fazie pro-
liferacyjnej i sekrecyjnej, czego przyczyn nalezy upatrywaé
w réznych modelach i technikach badan, réznorodnosci
dobieranych pacjentek [10-12]. Jedna z gtéwnych funkcji
endometrium jest zapewnienie odpowiednich warunkéw
do utrzymania cigzy, a zmiany w endometrium sg w tym
procesie niezbedne. Proces decydualizacji wigze sie z prze-
ksztalceniem komorek zrebowych endometrium w wy-
specjalizowane komorki wydzielnicze, ktére zapewniaja
odzywcza i ochronng matryce niezbedng do implantacji
zarodka i prawidiowego rozwoju lozyska [13]. Badania
pokazaly, ze w endometrium podczas cyklu menstruacyj-
nego zréznicowanej ekspresji oprocz VDR ulegajg rowniez
liczne enzymy uczestniczace w metabolizmie VD [6, 11].
Co wigcej odnotowano, ze ekspresja zarowno VDR, jak
i enzymow uczestniczacych w metabolizmie VD ulegata
zwiekszeniu podczas cigzy, co niewatpliwie zwigzane byto
z zapewnieniem wig¢kszego zapotrzebowania na wapn
w tym okresie [14]. Szczegdlng uwage zwraca si¢ na blo-
ne $luzowa macicy u kobiet z problemem nieplodnosci,
a takze poddawanych technikom wspomaganego rozrodu
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(ART - assisted reproductive technology). W zespole poli-
cystycznych jajnikéw (PCOS) suplementacja witaming D
byta zwigzana z poprawg grubos$ci endometrium, ale nie
prawdopodobienstwem cigzy. Niestety nie zaproponowano
molekularnego mechanizmu wyjasniajacego to zjawisko
[15]. Chociaz wykazano, ze rozne szlaki hormonalne,
takie jak szlaki sygnalowe insuliny i hormonu tarczycy sa
rozregulowane w endometrium u pacjentek poddawanych
ART, to hormonalna stymulacja nie wydaje si¢ zmieniaé
szlaku hormonalnego witaminy D, przynajmniej pod
wzgledem ekspresji jej receptora (VDR) [16]. Od kilku
lat niedobor witaminy D jest obiektem zainteresowania
specjalistow od IVF i nadal niewyjasnione pozostaje, na
ktory element — czy endometrium, czy oocyt — niedobdr
ten ma wickszy wplyw. W jednym z pierwszych badan
probujacych rozstrzygnac te kwestie zostal potwierdzony
zwigzek pomiedzy stezeniem witaminy D w surowicy
krwi, u pacjentek po zaptodnieniu in vitro a wynikami
tego zaptodnienia. Wskaznik cigz, w ktérych urodzity si¢
zywe dzieci, byl nizszy u kobiet z niedoborem witaminy
D w poréwnaniu z pacjentkami z suplementacja nig [17].
W innych badaniach nie potwierdzono tej zaleznosci [18,
19]. Na tym etapie nie ma wigc wystarczajacych dowodow,
aby potwierdzi¢, ze poziom witaminy D ma istotny wplyw
na btone sluzowg macicy u kobiet po przebytym IVE, nato-
miast wyniki badan niewatpliwie pokazujg istotny zwigzek
VD z zachowaniem prawidlowych funkcji endometrium.

WITAMINA D A ENDOMETRIOZA

Gruczolistno$¢ zewnetrzna, czyli obecnos¢ komorek gru-
czotowych i zrebu endometrium poza jama macicy, nadal
sprawia wiele probleméw diagnostyczno-terapeutycznych.
Od lat poszukuje si¢ mechanizmow, ktére zapobiegajg im-
plantacji ,,zagubionych komérek” Odpornos¢ komérkowa
i humoralna wydaje si¢ mie¢ decydujace znaczenie w tej
chorobie. Ektopowe endometrium wykazuje funkcjonalnie
podobienstwo do eutopowej blony sluzowej macicy [20].
Ekspresja receptora VDR i enzymoéw uczestniczgcych
w metabolizmie witaminy D, w endometriozie, po raz
pierwszy zostala wykazana w 2007 r. przez Agiciwsp [21].
Poréwnali oni endometrium pobrane od kobiet zendome-
triozg z grupg zdrowych pacjentek. Zauwazyli zwigkszong
ekspresje VDR i enzymdw (24-hydroksylazy, 25-hydrok-
sylazy i la-hydroksylazy) w tkance pobranej od pacjentek
z endometrioza, w stosunku do grupy kontrolnej. Niestety
autorzy nie badali ekspresji VDR w ektopowym endo-
metrium [21]. Kwestia wymaga dalszych szczegdtowych
wyjasnien. Dowody genetyczne sugeruja, ze polimorfizmy
w genie VDR, moga by¢ zwigzane z wieksza wrazliwosciag
na choroby, takie jak rak czy zapalenie kosci i stawow [22].
Mozliwo$¢ te zaczeto rozwazaé rowniez w endometriozie.
Badaniu poddano kobiety z nieplodnoscia powigzang
z endometriozg, nieptodnoscig idiopatyczng oraz kobiety
zdrowe, jednak nie wykazano zadnej réznicy w wystepo-
waniu réznych polimorfizméw genu receptora witaminy
D, badanych pod katem RFLP (restriction fragment gene
polymorphisms) [23, 24]. Bioragc pod uwage odwrotng
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korelacje pomiedzy poziomami witaminy D a rozwojem
nowotworu[21, 25] oraz fakt, ze endometrioza jest cho-
robg o ,podobnych” komdrkowych i cechach zlosliwosci,
w ostatnich latach zbadano potencjalny antyproliferacyjny
i przeciwzapalny wplyw witaminy D na leczenie endome-
triozy. W badania przeprowadzonych gléwnie na komor-
kach zrebu, potwierdzono te mechanizmy, stwierdzajac
obnizenie poziomdéw mRNA dla interleukin — IL-1B, IL-8,
czynnika martwicy nowotworu TNF-a, metaloprotrinazy
MMP-2 i MMP-9, a takze zmniejszenie syntezy DNA, ale
bez wplywu na apoptoze [26, 27]. Do tej pory regresje
ognisk endometriozy, po leczeniu witaming D i agonistami
VDR, opisywano gltéwnie przy uzyciu modeli zwierzecych
28, 29]. Badania dotyczyly tylko kilku funkcji komorko-
wych, lezacych u podstawy rozwoju endometriozy, a bar-
dzo niewiele danych dotyczy wplywu na inwazje, adhezje,
apoptoze oraz procesy zapalne w tej wlasnie chorobie.
W celu wyjasnienia rzeczywistego mechanizmu dzialania
witaminy D w endometriozie konieczne sg dalsze badania,
przeprowadzone przy uzyciu réznych modeli, a préoby kli-
niczne z zastosowaniem witaminy i jej agonistow bylyby
pomocne w ocenie mozliwych korzysci terapeutycznych.

WITAMINA D A ROZROSTY

ENDOMETRIUM | RAK ENDOMETRIUM
Rozrosty endometrium nalezg do najczestszych zmian pato-
logicznych wystepujacych w jamie macicy. Moga wspotist-
nie¢ lub prowadzi¢ do rozwoju raka endometrium. Rak ten
jest pigtym co do czestosci wystepowania ztosliwym nowo-
tworem u kobiet. Szacuje sig, Ze nieleczony rozrost atypowy
w okoto 25-39% ulega progresji do raka, a kobiety z niskim
poziomem witaminy D sg czterokrotnie bardziej narazone
na jego rozwoj. Do czynnikéw ryzyka raka endometrium
leczenie, brak potomstwa, a na uwage zastuguje fakt, ze czyn-
niki te, same w sobie zwigzane sg z niedoborem witaminy D
(7,30, 31]. Zauwazono, ze witamina D dziala antykancero-
gennie i znacznie zmniejsza cz¢sto$¢ wystepowania choréb
nowotworowych u 0so6b, u ktérych jej poziom w surowicy
krwi jest nie mniejszy niz 30 ng/ml [32]. W kontekscie raka
endometrialnego badania pokazaly kilka istotnych faktow
swiadczacych o znaczeniu VD. Przyktadowo, w badaniach
tkanek ludzkich objetych rakiem endometrium wykazano
podwyzszony poziom ekspresji mRNA 24-hydroksylazy.
Enzym 24-hydroksylazy jest odpowiedzialny za katabo-
lizm VD i, hipotetycznie, jego wzrost moze zmniejszy<¢
dziatanie komodrkowe kalcytriolu [21]. Ponadto, wykazano
réwniez zwigzek pomiedzy zwiekszonym poziomem mRNA
24-hydroksylazy i ztym rokowaniem w zaawansowanych
stadiach raka trzonu macicy [33, 34]. W innych badaniach,
prowadzonych na hodowlach komérkowych z rakiem
endometrium zaobserwowano, ze VD dziala jako czynnik
antyproliferacyjny i antyapoptotyczny [35, 36]. Leczenie
kalcytriolem powodowalo zatrzymanie cyklu komérkowego
w komorkach raka trzonu macicy, hamujac niektére regula-
tory progresji cyklu komdrkowego, takie jak cyklina D1iD3
izwiekszajac ekspresje p27, dobrze znanego inhibitora cyklu
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komorkowego [37]. W jeszcze innych badaniach wykazano,
ze VD moze indukowa¢ programowang $mier¢ komorki
w komorkach raka trzonu macicy poprzez aktywacje klu-
czowych czynnikéw wewnetrznej $ciezki apoptotyczne;j
(takich jak kaspaza-3 i kaspaza-9) oraz poprzez zaburzenie
réwnowagi migdzy czynnikami proapoptotycznymii czyn-
nikami zwigzanymi z przezyciem komorek (takimi jak BAX,
BCL-xLiBcl2) [36, 37]. Wreszcie, VD jest rownie uznawana
za czynnik o wlasciwo$ciach przeciwzapalnych, a zapalenie
jest powszechnie uwazane za czynnik ryzyka rozwoju raka
[38]. W kilku badaniach wykazano zmniejszenie ryzyka raka
trzonu macicy zwigzane ze stosowaniem lekéw przeciwza-
palnych [39, 40]. Dowodéw na temat przeciwzapalnego dzia-
tania VD dostarczono dzieki badaniom raka endometrium,
w ktorych zaobserwowano, ze VD powodowata supresje
NF-xB, kluczowego czynnika transkrypcyjnego biorgcego
udzial w odpowiedziach zapalnych i wrodzonej odpowie-
dzi obronnej organizmu. Supresja NF-kB byla zwigzana ze
zmniejszona ekspresjg cytokin i chemokin zapalnych (takich
jak CXCL1 i CXCL2k) zaangazowanych w procesy zwigzane
z przerzutami [41]. Wyniki wyzej opisanych badan dowodzg
plejotropowego dziatania VD w raku blony sluzowej macicy,
a takze mozliwosci terapeutycznych z zastosowaniem VD.
Przypuszcza si¢ réwniez, ze witamina ta uwrazliwia komorki
nowotworowe na cytotoksyczne dzialanie cytostatykow
i dzigki temu leczenie raka tradycyjnymi metodami w po-
taczeniu z suplementacja kalcitriolem skutkuje lepszymi
efektami terapeutycznymi, w poréwnaniu z podawaniem
pacjentowi samej chemioterapii [42]. Jak wynika z badan,
VD moze modyfikowaé ekspresje licznych bialek (do tej
pory oszacowano 300 réznych bialek, ktdrych ekspresja byta
modyfikowana przez VD) zaangazowanych w réznicowanie
komorek, w regulacje transkrypcji oraz naprawe DNA [37].
Chociaz wyniki badan mocno podkreslajg role VD jako
inhibitora progresji raka endometrium, to nalezy uwzgled-
ni¢ fakt, ze sa to poki co badania prowadzone gléwnie na
uniesmiertelnionych liniach komérkowych raka endome-
trium. Co wigcej, brakuje szczegétowych danych na temat
roli VD w rozwoju nieprawidlowego rozrostu endometrium
prowadzacego do powstania raka endometrium, zwlaszcza
brak danych na temat doktadnych mechanizméw mole-
kularnych. Biorgc pod uwage wspomniang juz wczeéniej,
odwrotng korelacje migdzy poziomami VD a rozwojem
raka oraz fakt, ze stany przedrakowe zwigzane z zaburzonym
rozrostem endometrium sg stanami patologicznymi, wazne
jest dokladne poznanie mechanizméw antyproliferacyjnego
i przeciwzapalnego dziatanie VD w leczeniu nieprawidlo-
wych rozrostéw endometrium.

PODSUMOWANIE

Najnowsze doniesienia naukowe podkreslaja plejotropowe
dzialanie witaminy D i ugruntowujg jej wazng pozycje
w patomechanizmie licznych stanéw chorobowych. Rola
witaminy D w plodnosci zostala dokladnie poznana, jednak
wiedza na temat skutkéw niedoboru VD w fizjologii endo-
metrium jest na dzien dzisiejszy jeszcze bardzo ograniczona.
Nie wyjasniono do tej pory, w jakim stopniu zaburzony jest

metabolizm VD w eutopowym endometrium w przebiegu
standéw patologicznych. Brakujacym elementem s3 przede
wszystkim mechanizmy molekularne, ktére powinny by¢
szczegotowo poznane, aby w pelni méc wnioskowac o udziale
VD w stanach patologicznych endometrium. Postuluje sie,
ze VD oddzialuje na endometrium poprzez kilka mecha-
nizmoéw. Jednakze postawienie ostatecznych wnioskéw na
temat wplywu VD jest bardzo ograniczone z uwagi na braku-
jace dane na temat wptywu VD na apoptoze, adhezje i inwazje
na roznych etapach rozwoju endometrium. Ponad to, do-
tychczasowe badania koncentrowaly sie réwniez gtéwnie na
jednym metabolicie witaminy D, 25-hydroksywitaminie D,
ajak wiadomo istniejg liczne metabolity, okreslane wrecz jako
metabolom VD. Na podstawie dotychczas przedstawionych
wynikéw badan wydaje sig, ze szlaki sygnalowe, w ktorych
posredniczy VDR, sg zaburzone w stanach patologicznych
endometrium; niemniej jednak wyniki sg niejednoznaczne.
Dlatego potrzebne sg dalsze badania potwierdzajace zna-
czenie VD w patologii endometrium, w kontekscie przede
wszystkim profilaktyki i leczenia endometriozy, stanow
przedrakowych czy raka endometrium.
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ABSTRACT

Introduction: The focus of the work is the importance of transplantation of human organs and other anatomical materials as the method of treating and a way of saving
people’s lives and it also attaches particular importance to solving issues of transplantations in Ukraine.

The aim: To find out the problems of human organ transplantation and other anatomical materials and determine the directions of their solutions in Ukraine.

Materials and methods: The assessment and analysis of domestic and foreign experience has been developed. In addition, data collected from Ukrainian and international
organizations and the results of scientific research by scientists are used in the work.

Review and conclusions: Investigating the legislation of Ukraine in the part of transplantation of human organs and other anatomical materials, conclusions were made on
the necessity of its improvement, in particular, Article 16 of the Law of Ukraine «On the application of transplantation of anatomical materials to a person» dated by May 17,
2018, is proposed to be worded as follows: «Any adult may give written consent or disagreement to become a donor of anatomical materials in case of his death. In the absence
of such a statement of disagreement with the transplantation of his organs or other anatomical materials, consent of relatives or others is not required. In this case, the deceased
person is deemed to have given consent to the transplantation of his organs or other anatomical materials».

Itis proposed to make changes and significant additions to Art. 17 of the Law of Ukraine «On the application of transplantation of anatomical materials to a person» of May 17,
2018 regarding the creation of the Unified State Register of persons in need of transplantation, as well as to consolidate the procedure for its administration.

In the context of urgent transformations, the necessity to significantly increase state funding for the provision of medical services, raise the awareness and informality of citizens
about transplantation, as well as to change their misconceptions about this issue are sometimes put forward.

KEY WORDS: transplantation, presumption of consent for transplantation, donor

INTRODUCTION

Nowadays changes seem to be underway in Ukraine lead-
ing to transformations in state-political, socio-economic
and legal spheres. The construction of the rule of law and
civil society requires new challenges to address the funda-
mental problems of legal culture [1, p. 13]. Legal culture
manifests itself in the accumulated legal values that belong
to the spiritual culture, has a practical orientation along
with the culture of management and consists of intercon-
nected elements [1, p. 17].

According to O.I. Bugera’s opinion, the current legal
existence of Ukrainian society is marked by two opposing
tendencies: the commitment to the standards of a demo-
cratic standard based on the rule of law and on the other
hand, the existence of legal illiteracy, old misconceptions
and still remaining legal nihilism [2, p. 193].

Wiad Lek 2019, 72, 3, 457-461

Transplantology has saved thousands of lives and is a
common treatment for a number of pathologies, moreover,
sometimes it remains the last chance for saving human
lives. Taking this into consideration, transplantology can be
called the phenomenon of the twentieth century. Therefore,
the society has realized the importance of transplantation
as amethod of treatment and saving human lives and now
it’s beginning to turn from undue criticism to thorough
philosophical and legal analysis, searching for optimal
solution of problems existing in the sphere of transplatol-
ogy [3, p- 17].

In certain countries (for example: India, USA, Russia,
Spain, Republic of Poland, etc.) the presumption of con-
sent for transplantation is present into force, which means
that every adult citizen of the state automatically becomes
a posthumous donor if during his life he did not express
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disagreement with the transplantation. The positive expe-
rience of these countries is based on the researches in the
sphere of psychology that claims that mostly young people
do not think at all that they can die (but it happens mostly
by the car accidents, on the work place or they are riddled
with firearms), so they don’t thinks what will happen to
their organs, and therefore do not write the wills and do
not give instructions to their relatives about the use of their
organs after death. As for the relatives of the dead person
- they are primarily concerned with the burial issues and
do not think that the bodies or tissues of their deceased
relatives can save someone’ life. Data from medicine shows
that often transplantation is the only chance to save lives.
Certain organs can be transplanted within a few hours.

THE AIM
Searching for solutions to improve legislative regulations in
the sphere of transplantation in order to save people’s lives.

MATERIALS AND METHODS
The experience of foreign countries has been used in the
research. Additionally, we used data from domestic and
foreign international organizations, results of scientific
researches and the reports of Global Financial Integrity.
It is impossible to change situation without modifying
the provisions to the national legislation pertaining to
the article 16 of Law of Ukraine «On the Transplantation
of Human Organs and Other Anatomical Materials» of
May 17, 2018.

REVIEW AND DISCUSSION

Transplantation as a method of treating or the most
severe diseases or injuries of a human being, it is used in
cases where elimination of danger to life or restoration of
health of the patient is impossible with other methods of
treatment, of there is no alternative treatment. Transplan-
tation - is a special method of treatment, consisting in
transplanting the recipient of an organ or other anatomical
material taken from a person or animal (Article 1 of the
Law of Ukraine «On the Transplantation of Human Organs
and Other Anatomical Materials» of May 17, 2018 [4]. In
the scientific literature [5] on improving the human right
to transplantation, the improvement of the editorship of
art. 143 or 144 of the Criminal Code of Ukraine [6] or to
consolidate the presumption of consent for transplantation,
without specifying specific regulations.

A crucial area of concern is the lack of registry of people
in Ukraine who is in need of transplantation, the informa-
tion is not available on the official Web-site of the Ministry
of Health of Ukraine [7]. Proposals to establish the registry
were made in literature 8, p. 703] and they are worthy of
support, as this will enable us to find out the real needs
of people in transplantation and provide more effective
assistance. There is no exact data on persons requiring
transplant on the World Health Organization web-site [9].
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In addition, it seems necessary to launch an on-line
queue for people in need of transplantation in Ukraine. We
suggest placing it on the official Web-site of the Ministry of
Health of Ukraine. This measure will allow you to control
the speed of the queue, as well as its fairness (to prevent
other people from getting out of order) and it also will
enable those in need of transplantation to decide whether
to wait for transplantation in Ukraine or to go abroad.

Itis necessary to make changes and significant additions
to Art. 17 of the Law of Ukraine «On the Transplantation
of Human Organs and Other Anatomical Materials» of
May 17, 2018 concerning the creation of the Unified State
Register of Transplants, as well as the consolidation of the
order of its administration.

Consider the provisions of the Law of Ukraine of July 16,
1999 in Art. 16 contains the provision that a person must
always consent to transplantation (this is a presumption
of non-consent on transplantation) [10]. This law will
expire in January 2019. Instead, the provisions of the new
law of May 17, 2018, too, do not significantly change the
situation with transplantation, since from Art. 16 [4].
Also, the provisions of the presumption of non-consent
on transplantation, which does not meet the needs of
Ukrainian society. In accordance with the first paragraph of
Article. 16 of the Law of Ukraine «On the Transplantation
of Human Organs and Other Anatomical Materials», «In
the absence of such an application, anatomical materials
in a deceased adult capable person may be taken with the
consent of the spouses or relatives living with him until
death. Anatomical materials may be taken with the consent
of their legal representatives in deceased minors, disabled,
or incapacitated persons». In the paragraph of the sixth,
article 16 the objection is the following sentence: «In the
deceased adult legal person whose application for donation
is absent, as well as in minors, disabled and incapacitated
persons, the taking of anatomical materials is not allowed,
unless it is received or impossible to obtain the consent of
the persons specified in part one of this articles» [4], since
it significantly restricts the removal of anatomical materials
to save the lives of others.

In other words, Ukraine still has a presumption of
non-consent on transplantation, which deprives citizens
of Ukraine of the right to transplant, and therefore often
deprives the right to life, health and normal existence.
Also, the will of the minors is limited (since even if there
is an application for consent to transplantation, anatomical
materials can be taken only «with the consent of their legal
representatives»). This, in turn, raises another problem:
the presence of permanent, so-called, transplantologic
queues - records where there are people in need of trans-
plant, in the absence of donors. And the very presumption
of non-consent on transplantation does not contribute to
the salvation of such people, since with the large presence
of «potential donors» real, that is, those who give their
bodies, there are only those who in their lives gave their
consent to such transplantation, as well as those, whose
relatives have given such consent, and living people who
sacrifice part or body to save the life of another. Existing
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practice shows that people can die while awaiting for such
a donor for years.

According to the Art. 3 of the Constitution of Ukraine,
the Human being, his or her life and health, honor and
dignity, inviolability are recognized in Ukraine as a
highest social value. According to the Art. 8 of the Con-
stitution of Ukraine, the Constitution of Ukraine has the
highest legal force. Laws and other normative-legal acts
are adopted on the basis of the Constitution of Ukraine
and must comply with it [11]. As we see, the priority in
our state is human life itself. The guarantee of the basic
rights and freedoms of man and citizen and, above all,
the right to life, is one of the indicators of civilization of
the state. However, the provisions of Art. 16 of the Law
of Ukraine «On the application of transplantation of
anatomical materials to a person» is not directly, but in-
directly contrary to Art. 3 of the Constitution of Ukraine,
because the disagreement on transplantation existing in
the law, firstly, deprives medical workers of precious time,
and even when consent for transplantation is provided
by the relatives of the deceased - time, unfortunately, will
not allow a transplant to be carried out as it is possible
during just a few hours; secondly, people do not write a
will with the indication of the possibility of transplanting
their organs for various reasons: some do not know that
otherwise because of dissent or long reflection of their
relatives it will become impossible in the long run, others
do not want to sniff, others do not want to pay a notary
money for the will of the will, the fourth is afraid of abuses
in this area, etc. Existing wording of Art. 16 of the Law
of Ukraine «On Transplantation of Organs and Other
Human Anatomical Materials» promotes the removal of
organs and tissues in humans by coercion or deception,
trade in organs or tissues, since the demand for organs
far exceeds the supply.

One of the few arguments for supporters of the presump-
tion of non-consent on transplantation is the prevention
of the image of religious feelings of relatives or relatives of
the deceased. At the same time, Art. 35 of the Constitution
of Ukraine contains the provision that «The Church and
religious organizations in Ukraine are separated from the
state, and the school is from the church. No religion can
be recognized by the state as obligatory. No one can be
freed from his duties to the state or refuse to execute laws
on the grounds of religious beliefs» [11]. That is, opposed
to preventing the image of religious feelings of relatives
or close persons of the deceased and the right of another
person to life. Obviously, the benefit should be the right
to life of a person in need of transplantation. It does not in
fact affect the ability of a person to be buried, cremated or
otherwise honored, without encroachment on her religious
feelings or feelings of their relatives.

The presence in the modern world of a large number
of spectacular and dangerous factors, the possibility of
injuries and injuries that occur at almost every step. Car
accidents, acts of terrorism, consequences of hereditary
or genetic diseases, ordinary domestic injuries, which can
lead to lethal consequences without the need for emergency

intervention, the presence of a large number of wounded
servicemen as a result of military conflicts, which is now
very relevant in our country, is not a complete list of that
that every day endangers a person.

Still here a very strong statement remains on medical
services (its level of development allows you to successfully
carry out transplantation, save thousands of lives) and the
right (to realize the possibilities of medicine). At the pres-
ent stage, the possibilities of medicine have reached such
alevel that it is not difficult to replace even such a human
body as the heart that stopped. In the leading countries of
the world, such as, the United States, there is the so-called
presumption of consent for transplantation, that is, the
possibility to select, if necessary, in the deceased person
organs or materials suitable for transplantation without
its consent or without objection to it, which in turn allows
you to save one, and sometimes a few lives. That is, if there
is a death of a young person, say after a car accident, and
it is possible to use her organs or tissues to save one, two,
three or more people, why not do it? As you can see, the
experience and good practice of transplantation in the
United States seem more rational and very convincing.
The death of one person makes it possible to save several
others, to reduce the queues for transplantation (and in the
long term - to eliminate these queues) and the corruption
of this sphere, which at the moment is very important.

Therefore, in order to improve the implementation of
the human right to organ transplantation in Ukraine, the
first paragraph of Art. 16 of the Law of Ukraine should
be worded as follows: «Every adult legal person can give
written consent or disagreement to become an donor of
anatomical materials in case of his death. In the absence of
such a statement, in the case of deceased adults or minors,
anatomical materials for transplantation may be taken
regardless of the consent of the spouse or relatives living
with her until death. Regardless of the existence of such
a statement, in the case of deprived persons with limited
capacity or incapacity, anatomical materials for transplan-
tation may be taken regardless of the consent of their legal
representatives».

Presence of a presumption of consent for transplantation
in our legislation (Article 16 of the Law of Ukraine «On
the Transplantation of Human Organs and Other Ana-
tomical Materials») could have a positive impact not only
on the development of medicine in our country, but also
to save a large number of lives. The proposed changes to
the legislation do not require additional financing from
the budget, could reduce the number of crimes related to
illegal transplantation, since the lack of donors is the main
reason for their existence.

Currently, there are only five transplantation centers in
Ukraine that carry out kidney, liver and heart transplan-
tation operations (interestingly, over the past twenty years
only 8 heart transplants have been performed in Ukraine,
1000-1500 if necessary), for comparison, Spain has 47 mil-
lion population of more than 40 transplantation centers,
the average number of transplants ranges from 98-115
transplants per year [12].
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A.V. Musiyenko recommends the adoption of standards
regulating organ transplantation in accordance with the
Guidelines developed by the World Health Organization
and the World Medical Association to organize bilateral
and regional cooperation on the basis of the development
of common standards, guided by the conventions and
recommendations adopted by the Council of Europe, and
also bring national laws and standards in line with these
general principles [13, p. 17].

Some Ukrainian citizens are afraid of transplantation
through mass media reports of «black transplantolo-
gists». However, there are positive examples in Ukraine -
the STB channel clearly explained in a number of reports
why the presumption of consent for transplantation is
important and that without it the register of patients
requiring organ transplantation is inevitably threatened
with death, whereas their bodies are no longer needed
for death.

If we keep the law of Ukraine «On the application of
transplantation of anatomical materials to a person» of
May 17,2018 that way, then hundreds of Ukrainian citizens
may die while awaiting for the vital assistance. Amend-
ments to the law do not require additional funds from the
state and local budgets. It is also free to create a registry of
people in need of transplantation as well as running the
on-line queue of people in need on the official Web site
of the Ministry of Health of Ukraine. It will save people’s
lives, furthermore, these steps are in accordance with the
requirements of Art. 3 of the Constitution of Ukraine,
which states that the human being is recognized as the
highest social value.

Consequently, the discussion is whether to continue to
spend millions of UAH on transplant operations abroad
in the absence of the necessary organs and other human
anatomical materials in Ukraine, or to save hundreds of
lives, while still saving budgetary funds and reducing the
level of illegal transplantation.

CONCLUSIONS

1. The need to review the legislation of Ukraine in the part
of transplantation and the requirement of the implemen-
tation of significant improvements in order to prevent
such problems as: the absence of presumption of consent,
considerable underinvestment in medical services, the
lack of citizen’s knowledge and their misconceptions in
the transplantation area.

2. Article 16 of the Law of Ukraine «On the application
of transplantation of anatomical materials to a person»
of May 17, 2018, is proposed to be worded as follows:
«Every adult legal person can give written consent or dis-
agreement to become an donor of anatomical materials
in case of his death. In the absence of a statement of dis-
agreement with the transplant, consent from relatives or
others is not required. In this case, the deceased person
is deemed to have given consent to the transplantation
of anatomical materials».

3. Itis necessary to make changes and significant additions
to Art. 17 of the Law of Ukraine «On the application of
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transplantation of anatomical materials to a person» of
May 17,2018 concerning the creation of the Unified State
Register of Transplants, as well as the consolidation of
the order of its administration.

4. National legislation should take into account the stan-

dards governing the organ and tissue transplantation,
in accordance with the Guidelines developed by the
World Health Organization, to organize bilateral and
regional cooperation on the basis of the development
of common standards, guided by the conventions and
recommendations adopted Council of Europe, as well
as bring national laws and standards in line with these
general principles.
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ABSTRACT

Introduction: The relationship between periodontal diseases and atherosclerosis is addressed in this article. Both these diseases have an inflammatory basis. Because periodontal
disease is a risk factor for developing atherosclerotic vascular disease, diagnosis of the former is important. Particular attention must be paid to patients who have periodontal
disease with other risk factors for atherosclerotic vascular disease. Recommendations managing these patients have been made included.

The aim: The paper is aimed at familiarization of broad medical public with the presence of the relationship between diseases of periodontal tissues and atherosclerosis.
Materials and methods: A thorough comprehensive analysis and generalization of scientific achievements elucidated in the fundamental and periodical publications, relating
to diseases of the periodontal tissues and atherosclerosis, has been carried out.

Review: The article consists of many researchers regarding the prevalence and intensity of periodontal tissue diseases in people of all ages. Problems associated with the state
of periodontal tissues in people under study as dentists and general practitioners. Proven role in the pathogenesis of inflammatory diseases of the periodontal tissues in people
with atherosclerosis. In the modern concept of the etiology and pathogenesis of periodontal diseases in people is extremely important role for the immune system and resistance
to periodontal bacterial invasion. Analyzed common changes important for pathogenesis of periodontal tissue diseases and atherosclerosis.

Conclusions: Consequently, recent studies have shown a clear, directly proportional relationship between periodontal tissue diseases and atherosclerosis, but mechanisms for

their development and interaction are not fully disclosed.

KEY WORDS: periodontal disease, atherosclerosis, dentistry

INTRODUCTION

More than a hundred years ago, the relationship between in-
fections in the oral cavity, tooth extraction and cardiovascular
diseases (infective endocarditis) [1] was established, which
led in the middle of the twentieth century in the practice of
medicine to the appointment of antibiotics for the prevention
of endocarditis in invasive stomatological interventions [ 2].
After 1950, the theory of the development of infections asso-
ciated with infections of the tooth-jaw system is expanding,
and it is also given an etiological role in a number of other
anatomical areas far removed from the oral cavity. In the last
two decades, infections of the oral cavity as the cause of sys-
temic disease, with a special emphasis on periodontal disease
and their possible association with atherosclerotic vascular
diseases, were again the focus of attention. [3, 4].

THE AIM

The aim of this review is to familiarize the broad sections of
the medical community with the link between periodontal
tissue diseases and atherosclerosis.
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MATERIALS AND METHODS

A thorough comprehensive analysis and generalization
of scientific research concerning the main and periodical
publications related to periodontal tissue diseases in the
context of atherosclerosis has been carried out.

REVIEW AND DISCUSSION
Periodontal disease is a serious problem of the present.
[5]. They have a high prevalence, reduce the quality of life
and chewing, have a negative effect on aesthetics, lead to
disability and loss of teeth, are the cause of most cases of
complete loss of teeth and are chronic diseases with potential
negative consequences for health in general, promote the
development of atherosclerotic vascular diseases [6]. Dis-
ease of periodontal tissues can be prevented by introducing
preventive measures, for example, maintaining proper oral
hygiene, brushing teeth, dental floss and regular professional
hygiene of the oral cavity (by cleaning ultrasound of the
roots of teeth and teeth with subsequent brushing polishing).
Periodontal disease is a group of diseases that arise
from the accumulation of plaque, with or without the
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development of the inflammatory process, the destruction
of periodontium , including the gums itself, periodontal
ligament and alveolar bone. Clinically, furrow of the gums
deepens, forming a pocket, disrupting the attachment of
gums to the root surface, while the biofilm on the surface
of the teeth migrates apical, attaching connective tissue
and appears alveolar bone loss, gingival recession [7].

Different microorganisms colonize the dental plaque
above and below the edge of the gum, to form over and
under gums layers of dental plaque. The over gums plaque
is primarily populated Streptococcus Sanguis, Streptococ-
cus oralis, Streptococcus mutans, Actinomyces naeslundii
i Actinomyces odontolyticus. Next joing, the secondary
colonizers, such as the Fusobacterium nucleatum, and
soon form conglomeration, consisting of millions of
gram-positive, gram-negative bacteria and cocci, which
form a biofilm.

Over time, the microflora of the area of the attached
gums goes from predominantly gram-positive to primary
gram-negative, which includes a large number of obligate,
anaerobic, gram-negative microbes, for example Porphy-
romonas gingivalis, Tannerella Forsythia, Treponema
denticola, Selenomonas noxia, Campylobacter rectus,
microarrophils Aggregatibacter (formerly Actinobacil-
lus) Actinomycetemcomitans, Prevotella intermedia, and
spirochetes [7]. In addition, Chlamydophila pneumoniae,
Mycoplasma, Helicobacter pylori, Candida species, Ep-
stein-Bar virus, cytomegalovirus, herpesviruses, amebi,
methane-forming prokaryotic microbes (methanogens
classified as arheium) are found in periodontal pockets.

Bacterial-endothelial cell interactions occur in periodontal
pockets, creating and exchanging signals between microor-
ganisms and adjacent cells of the immune system. Proin-
flammatory cytokines, as well as chemokines, are released,
attracting dendritic cells, T-lymphocytes, B-lymphocytes,
macrophages and neutrophils, which are involved the in-
nate and acquired immune responses and the inflammatory
process [3]. Some microorganisms are likely to be involved
in periodontal diseases, for example Porphyromonas gin-
givalis, Aggregatibacter (formerly Actinobacillus) actino-
mycetemcomitans and Prevotella intermedia, are attracted
and assimilated by receptor-mediated endocytosis in the
epithelium cells lining the ashen furrow. Thus, endotoxin
(e.g., lipopolysaccharide) produces microorganisms, for
example, Porphyromonas gingivalis, protected from the
immune system and can multiply within the cells, and maybe
may circulate systemically through the bloodstream, causing
a generalized immune response [2, 4].

Cardiovascular diseases, the basis of which is athero-
sclerosis, is the most common cause of morbidity and
mortality of the adult population in the whole world [8].
Atherosclerotic vascular disease can lead to coronary heart
disease (stable angina and acute coronary syndrome),
coronary artery disease (impaired cerebrovascular flow,
or stroke and transient ischemic attacks) and peripheral
vascular disease.

The process of atherosclerosis begins with lipid capture in
the subendothelial layer of the arterial wall, followed by the

production of biologically active substances: malonic dial-
dehyde (MDA) - modified low density lipoprotein (MDA-
LDL), which stimulate vascular cells to form inflammatory
molecules, thus involving monocytes and T-cells into the
intima layer of the arterial wall [9]. Circulatory monocytes
also join the vascular endothelium and are differentiated
into macrophages which are absorbed by lipoproteins
(xanthomas (foamy)) cells. They accumulate in the form
of fatty streaks that develop into more complex fibro-fatty
plaques. Monocytes and T cells are attached to the surface
of the endothelial cells indirectly through chemical medi-
ators, including ICAM-1 intercellular adhesion molecules
(ICAM-1), endothelial-leukocyte adhesive molecules of the
first type (ELAM-1), and vascular endothelium adhesion
molecules (VCAM-1 ) [10]. Foam cells eventually die,
leaving necrotic, rich in lipoproteins of the nucleus in the
arterial wall, which can calcify. At the same time, smooth
muscle cells in the arterial wall migrate to the intima layer
(Tunica intima) and multiply. Atherosclerotic plaques are
places of chronic inflammation.

Violations of cerebral circulation and acute coronary syn-
drome, which are the main adverse cardiovascular factors,
arise in people who develop atherosclerotic plaques in the
major and coronary arteries. These diseases occur when
the fibrous membrane unstable ruptures the atherosclerotic
plaque, causing tissue baring under the intima of vessels, as
well as partial or complete blockage of the vessel due to ag-
gregation of platelets and the formation of blood clots in situ.

Numerous epidemiological and invasive studies confirm
the link between clinically diagnosed periodontal disease
and coronary heart disease. A recent review (published
in 2012) was performed by the American Heart Asso-
ciation (AHA) working group. They conducted an elec-
tronic search for literature on the relationship between
periodontal disease and cardiovascular disease (with the
exception of infectious endocarditis), Behcet’s syndrome,
Stevens-Johnson syndrome and Sjogren’s syndrome. A total
of 537 articles were analyzed in dental / periodontological
(61%) and medical (39%) journals [11]. A survey on the
prevalence of cardiovascular diseases and periodontal
disease, anatomy, pathophysiology and microbiology of
periodontal diseases, risk factors and pathogenetic mecha-
nisms for cardiovascular diseases and periodontal disease,
both indirect and direct development mechanism, and
actual data on interactions are published. The relationship
between cardiovascular disease and periodontal disease.
It was concluded that «periodontal disease is associated
with atherosclerosis, regardless of somatic pathology»,
but there was no evidence of causation and that for this
reason, «statements that imply a causal relationship be-
tween periodontal diseases and specific cases of vascular
atherosclerotic diseases are unfounded »[11].

A consensus statement from the European Federation of
Periodontology and the American Academy of Periodon-
tology (EFP / AAP) was published in 2013 [12]. The results
of biological, epidemiological and first data obtained after
invasive studies were published. Longitudinal studies have
been conducted to evaluate the incidence of cardiovascular
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disease, in which statistically significant risk factors for the
development of atherosclerotic vascular disease, indepen-
dent of the established cardiovascular risk factors, were in
individuals with periodontal disease. Given the high prev-
alence of periodontal disease, this risk factor is considered
important from the point of view of overall health.

Only moderate evidence was found that the treatment of
periodontal diseases reduces CRP and improves the func-
tion of the endothelium. No data on the effect on the lipid
profile were found, but biomarkers of coagulant activity and
endothelial cellular activity, as well as arterial pressure and
subclinical atherosclerosis, are improved from periodontal
therapy. The working group came to the conclusion that:
1) there are significant epidemiological data that peri-

odontitis is an increased risk for the development of
cardiovascular disease;

2) while in vitro tests on animals and clinical studies
confirm the interaction and biological mechanism, the
presently available invasive tests are not reliable to draw
further conclusions. Necessary well thought out invasive
trials on the effects of treatment of periodontal tissue
diseases on the prevention of atherosclerotic vascular
diseases with clear clinical results «[7].

Other authors also systematically reviewed epidemiolog-

ical data on the relationship between periodontal disease

and atherosclerotic vascular disease [13]. All types of
longitudinal tests were studied in the English and Ger-
man-speaking countries. The researchers included only
those studies that used as criteria for evaluating periodontal
probing, clinical loss of connection and / or radiological
evaluation of alveolar bone tissue loss. To compare the
risk of developing atherosclerotic vascular disease in peo-
ple with periodontal disease and those who do not suffer
from periodontal disease, studies have been analyzed that
evaluated patients who suffered the first signs of coronary
heart disease (coronary heart disease, stable angina pec-
toris, acute coronary syndrome, death) , who had cases of
cerebrovascular diseases transient ischemic attacks, acute
cerebrovascular disorders and peripheral vascular diseases.
Only those studies that assessed the degree of relative risk
and were monitored for the assessment of the mixed effects
of age and sex were included in the evaluation of the rela-
tionship between periodontal disease and atherosclerotic
vascular disease. A total of 12 studies (6 for coronary heart
disease, 3 for cardiovascular exacerbations, 2 for coronary
heart disease and cardiovascular exacerbations, 1 for pe-
ripheral vascular disease) were selected for this review.

It was concluded that there is evidence of an increased

risk of atherosclerotic vascular disease in patients with

periodontal tissue diseases compared to patients without
periodontal disease, but these data can not be applied to
all population groups.

Inflammation can be as a component of pathobiology of
atherogenesis, and a trigger for rupture of the plaque. In
addition, inflammation is inherent in the pathogenesis of
periodontal diseases. Inflammation can rarely be consid-
ered as a localized process, as the occurrence of inflam-
mation mediators in the system environment occurs when
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the inflammatory process occurs somewhere in the body.
Therefore, it is possible that the inflammatory processes
affect each other when present at the same time.

Several markers can be used to evaluate systemic in-
flammation. The inflammatory response is characteristic
of the acute phase, as evidenced by an increase in the level
of C-reactive protein (CRP) or highly susceptible CRP (hs
CRP) associated with many chronic diseases and is part of
the Framingham risk scale used to predict mortality from
cardiovascular diseases or myocardial infarction [14].
However, it is unknown whether this acute phase protein
will be only a marker of the inflammatory process, because
it participates in the pathophysiology of atherogenesis [13].
It is present in newly formed ateromatous plaques and it is
localized in conjunction with the activated complement.
The US Preventive Measures Team concluded from a
systematic review that there is strong evidence that CRP
is associated with coronary heart disease but there is not
enough evidence to support the idea that CRP should be
targeted for therapy [15]. A number of studies have shown
that in individuals without atherosclerotic vascular disease
in the history of a single, planned determination of CRP
can predict future vascular problems, including acute
coronary syndromes, cardiovascular attacks, peripheral
vascular disease, and sudden cardiac death. Thus, CRP is
an independent marker for future cardiovascular disease
and adds information for prediction.

Another inflammatory biomarker that is consistently
linked to cardiovascular risk is myeloperoxidase (MPO),
an enzyme that is expressed in leukocytes and is associated
with both inflammation and oxidative stress. Both process-
es play an important role in the pathobiology of coronary
heart disease.

The metalloproteinases are involved in the dissolution of
the fibrous membrane of the atheromatous plaque, which
leads to the development of the most frequent cardiovas-
cular diseases, and indicators of many other markers are
elevated in cardiovascular diseases, but not to the same
extent as in CRP, for example, lipoprotein-associated
phospholipase A2, tissue inhibitors of matrix metallopro-
teinase, fibrinogen, interleukin 6 [IL-6], soluble molecules
of intercellular adhesion type 1, macrophageal cytokine-1
inhibitors and soluble form of CD40 molecule ligand
[15]. In diseases of the periodontal , the systemic markers
of inflammation, including CRP, tumor necrosis factor
(TNF-a), IL-1, IL-6 and IL-8, are elevated. Consequently,
periodontal disease, as well as chronic infections, contrib-
ute to an increase in chronic inflammatory agents due to
the systemic spread of inflammatory mediators released
by local tissue destruction, the immune-inflammatory
response to parodonotopathogens, as well as the systematic
proliferation of these pathogenic microorganisms and their
products. This may contribute to both the development of
atherosclerosis and the discontinuity of plaques in patients
with periodontal disease. Epidemiological studies of
the role of periodontal disease as an independent risk
factor for atherosclerotic vascular disease were reviewed
by authoritative organizations such as the American Heart
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Association (AHA) and the European Federation of Peri-
odontology (EFP) / American Academy of Periodontology
(AAP), as well as by other authors [11, 12, 16]. The authors
who conducted the study came to the conclusion that there
is evident evidence of the relationship between these two
diseases, but this statement is not valid for all groups of the
population. Although the available research findings show
the tendency of periodontal interventions for systemic in-
flammation and some markers of atherosclerotic vascular
disease and endothelial function, this is not consistent with
all of our studies. In addition, transient inflammation and
endothelium abnormalities were seen after the exacerba-
tion of periodontal disease. Because in our knowledge of
the relationship between diseases of periodontal tissues
and atherosclerotic vascular diseases there are significant
problems, more fundamental, epidemiological, invasive
studies are needed.

Due to concern about this health problem, all health
care professionals need to know that periodontal disease
is a risk factor for the development of atherosclerotic vas-
cular diseases, and prophylaxis, diagnosis, and treatment
of periodontal diseases are of paramount importance. In
addition, patients with periodontal disease who have other
risk factors for development of atherosclerotic vascular
disease, such as hypertension, obesity, smoking, dyslipi-
daemia, diabetes mellitus or burdened family diagnosis
that have not been visited by their doctor for the past 12
months should be recommended do it. Patients prone to
periodontal disease with atherosclerotic vascular diseases
associated with lifestyle features, should be advised in
dental clinics on these issues within the framework of a
comprehensive, periodontal treatment plan.They should
be given recommendations, preferably together with doc-
tors of other specialties, for example, programs to combat
smoking and obesity. The treatment of patients with peri-
odontal diseases that are prone to the risk of developing
infectious endocarditis before dental procedures should be
considered in accordance with existing recommendations
[2]. The above measures and approaches, which are carried
out in cooperation with representatives of all medical spe-
cialties, help to support the maximum dental and general
health of the patient.

CONCLUSIONS

Consequently, recent studies have shown a clear, directly
proportional association between periodontal tissue dis-
eases and atherosclerosis, but the mechanisms for their
development and interaction are not fully disclosed.
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ABSTRACT

Introduction: Recently, there has been a tendency to increase the incidence of pertussis in many countries of the world and this disease in these countries is among 10 most

serious causes of death in young children.

The aim of the work — is to analyze specialized scientific literature for generalization of data and present a modern look at questions of etiology, epidemiology, pathogenesis,

clinical manifestations, diagnosis, treatment and immunoprophylaxis of pertussis.

Materials and methods: Available scientific sources over the past years, devoted to the problem of pertussis are studied by the methods of overview, system and content analysis.
Review and conclusions: The main questions of pertussis are outlined. Timely diagnosis, treatment and immunoprophylaxis allow adjusting the actions of doctors to solve
the issues of the decrease of the incidence of pertussis. This is greatly helped by modern guidelines for the management of patients with this pathology.

KEY WORDS: pertussis, children, treatment, prevention

INTRODUCTION

Nowadays, the problem of a pertussis does not lose its
relevance in the world. According to the WHO, every
year in the world are sick with pertussis about 60 million
people, and die — 1 million, mostly children under 1 year
[1-2]. Recently, there has been a tendency to increase the
incidence of pertussis in many countries of the world and
this disease in these countries is among 10 most serious
causes of death in young children [3-14]. The main risk
factor for pertussis is insufficient immunological protection
of children due to low immunization coverage, violations of
schedules and timing of vaccination, unreasonable medical
exclusions from vaccination.

Due to the deteriorating epidemiological situation re-
garding pertussis in Ukraine (an increase in the incidence
of 10 times in the last 3 years in different age groups, as
well as a decrease in the preventive vaccinations, due to
the difficult economic situation and the refusal of par-
ents), there is difficult task to use opportunities to stop
this phenomenon [6, 15-19]. Timely diagnosis, treatment
and, most importantly, prevention, allow adjusting the
actions of doctors to solve the issues of the decrease of the
incidence of pertussis.

THE AIM

The aim of the work is to analyze specialized scientific
literature for generalization of data and present a modern
look at questions of etiology, epidemiology, pathogenesis,
clinical manifestations, diagnosis, treatment and immu-
noprophylaxis of pertussis.
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MATERIALS AND METHODS

Available scientific sources over the past years, devoted to the
problem of pertussis are studied by the methods of overview,
system and content analysis. The data of world literature are
presented and the results of modern research are analyzed.

REVIEW AND DISCUSSION

Pertussis is acute infectious disease which is caused by pertussis
rod and it is transmitted through airborne and characterized by the
damage of respiratory airways and spastic (convulsive) cough 7, 20].

BRIEF HISTORY

The burst of pertussis was described by G. de Baieu in Paris in
1578, in the XVII century. The description of the epidemic in
England was introduced by T. Sydenham, in the XVIII century.
In XVIII Hoffman announced about pertussis. The first mono-
graph about pertussis was created by A. Brendel and Bassiville.
A detailed description of pertussis was made by N. E. Filatov.
In 1900 and 1906 the pathogen was isolated from the mucus,
which was isolated with cough and studied in detail by J. Bordet
(Belgium) and O. Gengou (France). In 1957, the killed pertussis
vaccine was created, and since 1965 vaccinations have been
carried out by the associated vaccine. [7, 21-23].

ETIOLOGY
The causative agent of the disease is Bordetella pertussis,
a gram-negative, immobile bacterium that has a rod-like
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shape and causes a specific damage of the bronchial ep-
ithelium. This microorganism produces a large range of
toxins and biologically active substances (pertussis toxin,
tracheal cytotoxin, adenylate cyclase, endotoxin, filamen-
tous hemagglutinin, pertactin, dermo necrotic toxin,
agglutinogens, lymphocyte-producing factor). Bordetella
pertussis is not very stable in the environment, it dies un-
der direct sunlight during the year, and at a temperature
of 56 °C — 15-30 minutes. It is quickly inactivated under
the influence of disinfectants. In dry phlegm, it keeps the
viability for several hours [21-22, 24].

EPIDEMIOLOGY

Pertussis presents the most contagious disease and can be
presented in 97-100 % of population. People of different age
groups are ill with this disease. More than 50 % of pertussis
in children of infancy is associated with insufficiency of
mother immunity and the absence of transplacental trans-
mission of specific protective antibodies, so disease can
occur from the first days of life. Major part of diseases can
be present in children up to 2 years old who undergo this
disease very bad [3, 25]. Pertussis is epidemic worldwide.
In each area the disease becomes epidemic at intervals of
2-4 years. The first case of pertussis usually does not have
the natural life-span immunity, but repeated infection (if
it occurs), passes easily and often does not differ.

The source of infection of pertussis is a sick person with
any form of the infectious process: mild, moderate, severe,
and especially with subclinical forms. The causative agent
is contained in droplets of saliva released during coughing.
The period of infectivity begins with the first day of the
onset of clinical symptoms. The most contagious patients in
the catarrhal period and the first week of spastic cough — in
the 90-100% excreted pathogen. During the second week
of spastic cough, infectivity decreases and the pathogen
can be isolated in 60-70 % of patients. The susceptibility to
pertussis does not depend on age, but is due to the presence
of immunity to it. The index of contagiousness is 0.7, and
with close contact — 0.9 [4-5, 17, 21-22, 24].

PATHOGENESIS

Bordetella pertussis produces several toxins, the main as
pertussis toxin, which increases the sensitivity of tissues
to histamine, leads to dysfunction of lymphocytes and
stimulates insulin secretion. After fixation of the bacterium
to the flashing airway epithelium (due to adenylate cyclase
and pertussis toxin), epithelial cells are damaged, the drain-
age function of the epithelium of the respiratory tract is
damaged, which prevents the rapid elimination of bacteria
from the body. Tracheal cytotoxin and dermanecrotic fac-
tor increase the production of mucus and contribute to the
absorption of pertussis toxin. Most clinical symptoms of
pertussis are associated with damage to the epithelium cells
of respiratory tract. Firstly, to suffer the drainage function
of the mucous membranes, this leads to the accumulation
of viscous mucus. The thick, viscous mucus reduces the

permeability of small bronchi and bronchioles. This leads to
the development of atelectasis, nonspecific bronchopneu-
monia, and emphysema. The mechanism of elimination of
mucus is a cough, which becomes frequent, obsessive and
paroxysmal. The accumulation of viscous secretion in the
throat provokes vomiting. As a result of frequent cough
attacks in the respiratory center, as an excitation center of
the dominant type is formed, which can spread to other
parts of the nervous system such as vascular, vomiting, and
others. During an attack, spasm of the vessels, vomiting,
and increased blood pressure may occur. In the future,
attacks of spasmodic cough may occur when irritated re-
ceptive fields that are not associated with cough reflex (for
example, with strong acoustic stimuli, throat examination,
injections). The dominant hotbed is stored for a long time,
so spastic cough can be observed after elimination of in-
fection. However, in the emergence of stronger excitation
centers, the dominant hotbed is braked-due to the cessation
of attacks during an exciting game.

In general, in the pathogenesis of the pertussis, hypox-
emia, hypoxia and the state of acidosis, which occur as a
result from impaired of pulmonary ventilation, circulation
and oxidative processes is important. Also, in the mech-
anism of spastic cough, the allergenic effect of Bordetella
pertussis plays a role, while bacteremia does not have a
significant effect [7, 21, 24].

CLINICAL MANIFESTATIONS

The incubation period varies within 3-14 days, preferably
it is about a week. During the course of the disease, there
are three periods such as: catarrhal, spasmodic cough,
and recovery.

The catarrhal period develops gradually. It manifests in
moderately catarrhal phenomena in the form of dry cough,
the body temperature remains normal, but more often
increases to subfebrile values, the general state of patients
remains satisfactory. Gradually, the cough intensifies, and
becomes hard. At the end of this period, it can manifest
itself in the form of attacks, especially at night, in spite of
the treatment. This should cause a pediatrician or family
doctor opinion about pertussis, but not an acute respira-
tory viral infection or bronchitis. In this case, it should be
carefully collected the epidemiological history and assign
or repeat a general blood test in which you can see the
characteristic changes of the pertussis: high leukocytosis,
lymphocytosis and normal erythrocyte sedimentation
rate. The catarrhal period lasts 3-14 days, and the infant is
reduced to 5-7 days.

The period of spasmodic cough (convulsive period) devel-
ops also gradually. Cough presents as an attack and develops
more frequent, becomes convulsive. An attack of the cough
can occur suddenly, but more often, patients are anticipating
it: they have a tingling sensation, a feeling of pressure in the
chest, anxiety. The attack begins with several coughing shocks
during one breath. During the breath there is a whistling
sound, which is the result of spastic narrowing of the vocal
cavity. During one attack, coughing and reprises alternate and
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can be repeated several times. During an attack, the patient
swells the cervical veins, the face becomes inflated, hyper-
emic, often cyanogenic, looks scared, tears flow, the mouth is
open, the tongue is as much as possible protruding, it forms a
«shuttle», the bridle can be damaged. In severe cases, there are
nosebleeds, hemorrhages in the sclera, involuntary urination
and defecation. The attack often ends with vomiting move-
ments with the release of viscous mucus, sometimes actually
vomiting, and in severe cases it is possible to stop breathing.
In infants, cough attacks are not accompanied by reprisals
and often cause apnea. Due to the lack of teeth in children
of this age group, there is no damage to the tongue bridle.
Body temperature is normal. Fever can be and indicates the
possibility of complications. There are dry rales in the lungs
and arterial pressure can be increased. Coughing attacks can
provoke different external stimuli (oropharynx examination,
breastfeeding, feeding, solid food, negative emotions). The
period of coughing attack lasts 3-4 weeks and in children up
1 year old lasts to 6-8 weeks. Number of attacks gradually
decreases and their intensity reduces.

There are three main types of pertussis: mild, moderate,
severe. During the mild type, the frequency of attacks to 15
per day, the number of reprises is to 5, attacks are typical,
short, vomiting is relatively rare, the general state of health of
patients is not damaged. During the moderate type the num-
ber of attacks increases to 25 per day, the number of reprises
includes 10, often at the end of the attack, vomiting occurs.
General health status deteriorates. During the severe form of
pertussis, the number of attacks increases to 30-50 per day or
more, attacks is severe, can last up to 15 minutes, have more
than 10 reprises and almost always end with vomiting, sleep
disturbance, lack of appetite, lethargy, weight loss, prolonged
fever. In newborn babies, even with moderate frequency and
short duration of cough attacks, pertussis can be very difficult.

In addition to the main forms, there is often an eroded
form of pertussis, characterized by the absence of typical
cough attacks with reprisals and reduced flow. In such
cases, tracheitis or tracheobronchitis is often diagnosed.
Such forms are more commonly seen in vaccinated chil-
dren. There is also an asymptomatic form of pertussis, in
which there are no clinical manifestations, although in the
body there are cyclic immunological and sometimes hema-
tological changes; X-ray changes that are often detected,
blood-filling of the lungs, changes in the capillary system
are also described.

During the stage of reconvalescence, or even after the com-
plete elimination of all the symptoms of pertussis, sometimes
there is a recurrence of typical cough attacks - these are false
relapses. They occur already after the body is released from
the pertussis and is not accompanied by a typical reaction
to pertussis. These «recurrence» occur in patients when they
recover after any infectious disease (acute respiratory viral
infection, tonsillitis) [4, 7, 17, 20-21, 24].

COMPLICATIONS
Complications are connected mainly with the activation
of secondary bacterial flora. Among these complications
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ones are dominated by pneumonia and less common dis-
eases are presented by otitis, mastoiditis, pyelitis and other
bacterial complications. The serious complication of this
disease is the lesion of the central nervous system (seizures,
fainting, paralysis) and encephalopathy. They are associated
with a disturbance of the oxygenation of the brain tissue,
dyscirculatory and dystrophic disorders in it. Often there
are severe consequences such as paralysis, mental disorder,
deafness, blindness.

Sometimes complications are associated with cough
strength: pneumothorax, atelectasis, mediastinal and
subcutaneous emphysema, umbilical and inguinal hernia,
rectal incontinence, urinary incontinence, and complica-
tions of hemorrhagic nature: skin and subconjunctious
hemorrhages, bleeding from the tympanic membrane and
its rupture, brain hemorrhage. During the first months
of life, pertussis passes badly and is accompanied by the
number of complications. The most commonly used type
of complication such as pneumonia, which is the main
cause of death in the case of pertussis [20-21].

DIAGNOSTICS
There are bacteriological, serologic and PCR methods of
pertussis diagnostics [4-5, 7, 20-21, 24, 26].

Bacteriological method (sowing the material from the
nasopharynx and cultivating it on the nutrient medium) is
informative at an early stage. The study is carried out on an
empty stomach in 2-3 hours after drinking or eating. The
material is taken from the oropharyngeal surface during
5-7 days of the disease twice. The preliminary result can
usually be obtained in 3-5 days and the final one - in 5-7
days. The sensitivity of the test varies depending on the
quality and terms of the study from 20 to 90 %. In the early
days of the disease, it determines reliable result in 86-98 %
of cases, but over time, the accuracy indicators are reduced
to 15-20 %, especially with the use of antibiotics.

The «Gold Standard» for the diagnosis of pertussis is the
reaction of the immunoassay. It allows detecting different
classes of immunoglobulin’s (Ig A, M, G) in the serum of
blood, which helps the doctor to diagnose accurately and
determine the stage of the infectious process and find out
strong the immune system is to pertussis. The diagnostic
sensitivity of this method is 66.6 %, the specificity is 100 %.
Blood test is performed on an empty stomach, not earlier
than 4 hours after the last meal. After that, serum is released
from the blood, which is a material for the research. The
research can be either qualitative (positive/negative result)
or quantitative. IgM antibodies occur during the acute
stage of pertussis during about 2 weeks of the disease. In
2-3 weeks IgA is detected. During the third week, IgG
antibodies begin to occur — they are responsible for the
formation of persistent immunity.

PCR testing can be done during the first 4 weeks of the
disease. The sensitivity of this test exceeds bacteriological
research. The specificity of the method is 100 %. The smear
is taken from the nose or from the oropharynx. It should
be taken to pick up the material on an empty stomach
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or 2-3 hours after drinking and eating, pre-rinse is not

required. In the laboratory, in the recovered material, spe-

cific portions of the DNA of the bacteria causing pertussis
are determined. The positive result determines disease or

bacteriocarrier [5, 7, 21].

The final diagnosis is determined:

« by the basis of characteristic symptoms of illness in
the absence of the possibility of conducting laboratory
diagnosis or with negative results of laboratory research;

« by the confirmation of the previous diagnosis by lab-
oratory methods (isolation of culture or DNA of the
pathogen or anti-infectious antibodies);

« by the basis of the characteristic symptoms of the dis-
ease, determining the presence of an epidemiological
link with the source of the infection.

TREATMENT

The presence of Bordetella pertussis in the body defines
either pertussis or asymptomatic course of disease. The
treatment is required in any of these cases. Patients who
are 1 year old, as well as patients with severe forms of per-
tussis and they had the presence of complications must be
hospitalized. The bed regime is prescribed when there are
fever and severe complications. All other patients show
prolonged stay in the open air. It is very good for such
patients to have cool and humid air — improves ventilation
of the lungs, oxygen exchange and, possibly, reflexively
affects the central nervous system and cough attacks
are becoming rarer and weaker. The child should spend
outdoors the most part of the day in the warmer days of
the year, and in the cold — for several hours a day. During
winter months walks should be carried out in closed areas
from the drafts. Walking is allowed at air temperature not
lower than -10 °C, however, overcooling is not allowed. It
is also necessary to ensure continuous careful ventilation
of the room in which the patient is located.

Much attention should be paid to educational work with
children such as leisure activities, various activities, games,
etc. It is necessary to exclude all sorts of stimuli such as
emotional, physical which can provoke cough attacks.

Feeding should be complete. After feeding, you must
especially protect the child from stimuli that provoke the
development of cough attacks. If you have vomiting after
eating, it should be repeated. There is a need for parenteral
fluid administration when vomiting frequently presents.

To all patients in the first 3 weeks from the onset of the
disease appoint erythromycin or other antibiotics from
the group of macrolides in doses corresponding to the
child’s age within 14 days (for such antibiotic as Azithro-
mycin the duration should be prescribed during 5 days).
Trimethoprim (sulfamethoxazole) and ampicillin are
used for intolerance to macrolides. These drugs are also
prescribed for 14 days. However, from the perspective of
evidence based medicine, optimal medications are Azith-
romycin and Clarithromycin. It should be noted that for
the treatment of children during the first months of life,
the administration of erythromycin is not recommended as

the connection between its use and stenosis of the pyloric
stomach is confirmed. The administration of an etiotropic
therapy after 3 weeks from the onset of the disease patho-
genetically unreasonable and is solved individually (in this
period, antibiotic therapy should be prescribed to patients
who may be in contact with non-immune individuals).

To prevent cough attacks 2.5 % of Aminazine solution
in 1-2.5 mg/kg is administered intramusculary twice a
day (before the day and night sleep). In newborn babies
solutions of Aminazine of 1.0 ml * 3.0 ml of Novocain
solution is prescribed. Dosage calculation is done through
Aminazine. Besides, Diazepam of 0.3 mg/kg can be used
once a day. Elder children Diazepam is administered orally.
There is experience with the use of salbutamol: for children
2-7 years — 1-2 mg 2-3 times a day, 8-14 years — 2 mg 3
times a day.

To decrease the intensity and frequency of cough, chil-
dren at the age of 2 years can be prescribed antitussive drugs
containing dextromethorphan hydrobromide, geyfenazine
and on the basis of butamirati hydrocyterate.

According to evidence-based medicine, immunoglob-
ulin’s, corticosteroids, $3-adrenergic antagonists are not
recommended for the treatment of pertussis.

Supervision of infants involves vital functions monitor-
ing, episodes of apnea, frequent suction of mucus from
the respiratory tract, providing adequate oxygenation,
parenteral hydration, correction of hypoglycemia, paren-
teral nutrition.

When there is apnea it is necessary to restore respiratory
tract as quickly as possible. Nose, oral cavity is kept from
mucus and vomiting masses. Respiratory movements are
restored by the rhythmic pressing of the hands on the chest
of the child, using manual respirators, oxygen transport
through the mask. During frequent, prolonged apnea,
the child is transferred to the emergency department and
intensive care unit, where the issues of the need for me-
chanical ventilation and correction of vital functions are
solved [4, 7, 17, 20-21].

HOSPITALIZATION

A patient with pertussis is isolated in a hospital or at home
for 30 days from the onset of the disease. Isolation should
be carried out as early as possible. However, in practice,
the diagnosis of pertussis is usually established during the
period of spastic cough. Accordingly, isolation is postponed
which greatly reduces its epidemiological efficiency. Hos-
pitalization involves patients with a severe or complicated
form of pertussis, children who are less than 2 years old,
sick children from a family living in unfavorable living con-
ditions, as well as from families with children who are less
than 6 months who have not been ill with pertussis [7, 21].

MEASURES

Children who are 7 years old and were in contact with
patients, they were previously not ill and were not vacci-
nated by pertussis vaccine, quarantine for 14 days from the
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time of isolation of the patient is determined. If the patient
was not isolated and communication with him continued
throughout the period of illness, quarantine is determined
until the end of the period of contagion in the patient. The
final disinfection in the hotbed of infection is not carried
out (the causative agent quickly dies in the environment).

When there is suspection of pertussis, a bacteriological

examination is carried out.

Group of people who are at high risk of severe or com-
plicated course of pertussis is established. People of this
group are:

o children under 1 year old, especially the first four
months;

o children with chronic pulmonary diseases which are
accompanied with mucoviscidosis, diseases with re-
spiratory failure;

o children with immunodeficiency status;

o pregnant women in the third trimester.

People from risk group should avoid patients with pertus-

sis and people who cough. Patient from the group of risk

should be administered antibacterial agents during the
contact with the patient who is ill with pertussis.

Pregnant women are administered erythromycin or azi-
thromycin if they were in contact with patients who were
ill with pertussis [4, 20-21].

PREVENTION

According to the orders of the Ministry of Health of
Ukraine Ne 551 dated August 11, 2014 and Ne 947 of May
18, 2018, acellular pertussis vaccine is used for active
immunization, which is part of the combined vaccines
(against diphtheria, tetanus and/or against poliomyelitis,
hemophilic infection, viral hepatitis B) or adsorbed pertus-
sis-diphtheria-tetanus vaccine. The next scheme of primary
course of vaccination is used: the first dose is administered
in 2 months of child’s life, the second - in 4, the third - in
6. Revaccination should be done after the first course of
vaccination in 18 months. The vaccination can’t give life
long immunity, disease can occur in late childhood and in
adults. Experts recommend late re-vaccination to protect
and prevent the spread of pertussis [16-17, 21].

FURTHER PROSPECTS

New strategies of pertussis are developed by scientists. In
many countries the second revaccination is administered in
pre-school age [4-5, 8-9, 11-12, 27-30]. Acellular pertussis
vaccine is administered in the USA and in other countries
of Europe, when children are more than 2 months old.
The possibility of the first vaccine by newborn babies is
proposed. Nowadays transplacental transmission of anti-
pertussis antibodies to the fetus is effectively approved and
their protective role is also detected. Efficacy of mother’s
vaccination contains 89 % in order to prevent disease.
Vaccination during pregnancy can decrease the mortality
of newborn babies on 33 %, the hospitalization number -
on 38 % and the morbidity - on 49 %. Acellular pertussis
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vaccine Tdap (27-36 weeks of gestation) is recommended
for pregnant women nowadays. And to prevent infection
of newborn child vaccination is necessary for all members
of family. It allows protecting a child during the first 6
months before the formation of immunity [6]. However,
in many countries Tdap vaccine is not licensed, that's why
vaccination is impossible.

Nowadays scientists develop new effective pertussis vaccines.
Live slight vaccine BPZE 1 is developed for intranasal injection.
Results of the first stage of clinical identifications of the given
vaccine demonstrated favorable advances. The increase of
acellular pertussis vaccine efficacy is prognosed [5, 23].

CONCLUSIONS

Pertussis incidence does not leave its relevance, despite the
possibility of effective prevention of this disease. Timely di-
agnosis, treatment and immunoprophylaxis allow adjusting
the actions of doctors to solve the issues of the decrease of
the incidence of pertussis. This is greatly helped by mod-
ern guidelines for the management of patients with this
pathology. However, clinical experience matters the doctor
and the individual data of a particular patient.
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KONTROLA CZYNNIKOW RYZYKA SERCOWO-NACZYNIOWEGO
U PACJENTOW PO ZAWALE SERCA

Jan W. Peksa, Piotr Jankowski, Danuta Czarnecka
I KLINIKA KARDIOLOGII | ELEKTROKARDIOLOGII INTERWENCYJNEJ ORAZ NADCISNIENIA TETNICZEGO, UNIWERSYTET JAGIELLONSKI W KRAKOWIE,
KRAKOW, POLSKA

STRESZCZENIE

Mimo znacznej poprawy w zakresie diagnostyki i leczenia choréb sercowo-naczyniowych, ktéra nastapita w ostatnich latach, pozostaja one nadal gtéwna przyczyna chorobowosci
i Smiertelnosci w populacji. W wielu krajach Europy czestos¢ wystepowania choroby wiericowej jest aktualnie 0 50% nizsza niz byta na poczatku lat 80. XX wieku, co wynika
z podejmowanych dziatari w ramach prewencji sercowo-naczyniowej. Szczegdlna grupe pacjentéw stanowia osoby po zawale migsnia sercowego, czyli osoby z bardzo wysokim
ryzykiem sercowo-naczyniowym. Nalezy u nich w zdecydowany sposéb wdraza¢ dziatania na poziomie indywidualnym, czyli pracowac nad poprawa w zakresie prowadzonego
dotychczas niezdrowego stylu zycia oraz kontrolowac farmakologicznie inne czynniki ryzyka. Nalezy zalecac diete uboga w ttuszcze nasycone, czyli zawierajaca gtownie
produkty petnoziarniste, warzywa, owoce i ryby, zalecac regularny wysitek fizyczny: 150 min/tydziert umiarkowanej, tlenowej aktywnosci fizycznej, takze zmniejszenie podazy
kalorii w celu pozbycia sie nadwagi lub otytosci. Pomoc w rzuceniu natogu palenia tytoniu powinna nastepowac poprzez tzw. minimalng interwencje nikotynowa oraz w razie
koniecznosci terapie farmakologiczna. Kluczowa jest takze kontrola pozostatych czynnikéw ryzyka, czyli whasciwe leczenie dyslipidemii (pierwszorzedowym celem jest poziom
cholesterolu LDL<1,8 mmol/I lub redukeja 0 >509%, jesli wyjsciowe stezenie wynosi miedzy 1,8i3,5 mmol/l), leczenie nadcisnienia tetniczego (docelowe cisnienie tetnicze dla
wiekszosci 0s6b w wieku 18-65 lat znajduje sie w przedziale: 120—130/70—79 mmHg, jesli jest dobrze tolerowane, natomiast dla osb starszych wynosi: 130-139/70-79mmHg
w przypadku dobrej tolerangji takiego cisnienia), optymalna terapia cukrzycy (docelowa hemoglobina glikowana <7%), a takze wtasciwa terapia przeciwptytkowa (u wiekszosci
pacjentéw zalecana jest podwdjna terapia przeciwptytkowa przez 12 miesiecy po ostrym zespole wiericowym). Dziatania te powoduja znaczaca poprawe jakosci zycia oraz spadek
$miertelnosci z powodu chordb sercowo-naczyniowych.

SLOWA KLUCZOWE: zawat serca, czynniki ryzyka, nadcisnienie tetnicze, hypercholesterolemia, cukrzyca

ABSTRACT

Despite significant improvements in the diagnosis and treatment of cardiovascular diseases that have occurred in recent years, they remain the main cause of morbidity and
mortality in the population. In many European countries, the incidence of coronary heart disease is currently 50% lower than it was in the early 1980s, which is the result of
cardiovascular prevention. A special group of patients are people after myocardial infarction with very high cardiovascular risk. They should definitely implement activities at the
individual level e. g. work on improving the unhealthy lifestyle and pharmacologically control other risk factors. A diet low in saturated fats should be recommended, i.e. mainly
containing whole grains, vegetables, fruits and fish, recommend regular physical exercise: 150 min / week of moderate, aerobic physical activity, reducing the supply of calories
in order to get rid of overweight or obesity. Help in quitting tobacco addiction should take place through the minimal nicotine intervention and, if necessary, pharmacological
therapy. Another thing is the control of other risk factors, i. e. the appropriate treatment of dyslipidemia (the primary target is LDL cholesterol <1.8 mmol/I or reduction by
> 50%, if the initial concentration is between 1.8 and 3.5 mmol/l, treatment hypertension (target arterial pressure for most people aged 18—65 is in the range: 120-130/70-79
mmHg, if it is well tolerated, while for older people it is in the range: 130—139/70—79mmHg, if it is well tolerated), optimal diabetes therapy (target glycated hemoglobin
<7%) and appropriate antiplatelet therapy (in most patients double antiplatelet therapy is recommended for 12 months after acute coronary syndrome). These activities lead
to a significant improvement in quality of life and a decrease in mortality due to cardiovascular diseases.

KEY WORDS; myocardial infarction, risk factors, hypertension, hypercholesterolemia, diabetes mellitus
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WSTEP

Mimo znacznej poprawy w zakresie diagnostyki i leczenia
choréb sercowo-naczyniowych (CVD - cardiovascular
diseases), ktora nastgpita w ostatnich latach, pozostajg
one nadal gtéwna przyczyng chorobowosci i $miertelnosci
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w populacji ludzkiej. W wielu krajach Europy czgsto$é
wystepowania choroby wienicowej (CAD — coronary artery
disease) jest aktualnie o 50% niZsza niz byla na poczatku
lat 80. XX wieku. Wynika to z podejmowanych dziatan
prewencyjnych CVD, np. z wprowadzanych w wielu kra-
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jach w Europie ograniczen palenia wyrobdw tytoniowych
w miejscach publicznych. Tym sukcesom nalezy przeciw-
stawi¢ zjawiska powodujace zwiekszenie zachorowalnosci
na CVD, czyli wzrost czestosci wystgpowania w populacji
otylosci i cukrzycy (DM — diabetes mellitus) [1-4].

U wszystkich pacjentéw z podejrzewang lub rozpoznana
chorobg sercowo-naczyniows, aktualnie obowiazujace
wytyczne zalecajg ocene catkowitego ryzyka CVD (wyrdz-
niono 4 kategorie ryzyka: niskie, umiarkowane, wysokie
lub bardzo wysokie) i w zaleznosci od niego okreslenie
celow terapii i sposobu dalszego postepowania niefarmako-
logicznego oraz farmakologicznego. Im wyzsze jest ryzyko
u danego pacjenta, tym bardziej intensywne i zdecydowane
dzialania nalezy zastosowac. Szczegdlng grupe stanowia
osoby po zawale mieé$nia sercowego bedace pacjentami
bardzo wysokiego ryzyka sercowo-naczyniowego. Nalezy
u nich wdraza¢ prewencj¢ CVD na poziomie indywidu-
alnym: pracowa¢ nad poprawg w zakresie prowadzonego
niezdrowego stylu zycia (zlej jakosci dieta, brak regular-
nego wysitku fizycznego, wystepowanie nadwagi lub oty-
tosci, palenie tytoniu) oraz kontrolowaé czynniki ryzyka
(wlasciwe leczenie dyslipidemii, nadci$nienia t¢tniczego,
cukrzycy czy tez wlasciwa terapia przeciwptytkowa) [1, 5].

CELE LECZENIA PACJENTOW

Z BARDZO WYSOKIM RYZYKIEM
SERCOWO-NACZYNIOWYM

W Wytycznych Europejskiego Towarzystwa Kardiolo-
gicznego dotyczacych prewencji choréb ukladu serco-
wo-naczyniowego z 2016 roku wyszczegolniono, jakich
pacjentow zalicza si¢ do grupy bardzo wysokiego ryzyka
CVD (kategoria ryzyka, do ktorej zaliczani sg m.in. pacjen-
ci po zawale serca) oraz okreslono cele leczenia dla tych
0sob. Dane te przedstawiono, podazajac za wytycznymi,
w tabeli nr 1.

Omowienie kolejnych zalecen prewencji wtornej CVD
u pacjentow po zawale serca wraz z podaniem kluczowych
badan popierajacych te dzialania przedstawiono w kolej-
nych czesciach pracy.

KONTROLA CZYNNIKOW
PSYCHOSPOLECZNYCH
W codziennej praktyce klinicznej psycholodzy i terapeuci
odgrywaja bardzo wazna role — wspierajg pacjentow w za-
kresie radzenia sobie z psychospotecznymi czynnikami
ryzyka. Jest to szczegdlnie wazne dla osob z wysokim
lub bardzo wysokim ryzykiem sercowo-naczyniowym.
Wiasciwa komunikacja z pacjentem jest zrodtem wsparcia
emocjonalnego i profesjonalnych wskazéwek dotyczacych
postepowania z czynnikami stresowymi, depresja, lekiem
oraz czynnikami ryzyka CVD. Oczywiscie komunikacja
skoncentrowana na potrzebach pacjenta, powinna wyste-
powac nie tylko w relacji terapeuta - pacjent, ale réwniez,
w miare mozliwosci, lekarz — pacjent [1, 6].

W 2014 r. Whalley B. i wsp. wykonali przeglad syste-
matyczny i metaanaliz¢ randomizowanych badan oce-

niajacych leczenie psychologiczne przeprowadzone przez
przeszkolony personel wsrdd pacjentéw z rozpoznang
chorobg serca obejmujacy prace z co najmniej 6-miesigcz-
nym okresem obserwacji. Otrzymano wyniki wskazujace
na to, zZe interwencje psychologiczne nie zmniejszyty cat-
kowitej liczby zgonoéw, ryzyka rewaskularyzacji lub zawatu
niekonczacego si¢ $miercia, ale spowodowaly niewielka /
umiarkowana poprawe w zakresie odczuwanej depresji
ileku. Praca z psychologiem powodowala takze niewielkie
zmniejszenie calkowitej $miertelnosci sercowo-naczy-
niowej. Mozna wiec stwierdzi¢, ze specjalistyczne terapie
psychologiczne sg skuteczne w leczeniu pacjentdéw z psy-
chologicznymi objawami choroby niedokrwiennej serca
(niepokdj, zaburzenia depresyjne i lekowe) [7].

Jesli chodzi o farmakoterapi¢ depresji u pacjentow
po zawale serca, to zaleca si¢ stosowanie selektywnych
inhibitoréw wychwytu zwrotnego serotoniny (SSRI — Se-
lective Serotonin Reuptake Inhibitors). Nalezy mie¢ jednak
na uwadze, ze SSRI wplywajg na metabolizm serotoniny
z plytek krwi i stosowanie tych substancji moze prowadzi¢
do zwigkszonego ryzyka krwawienia. Szczegdlnie wazne
jest to w omawianej grupie pacjentow, ktorzy przewaznie
poddawani sg terapii przeciwptytkowej. Niemniej jednak
wcigz nie jest jasne, czy ryzyko zwigzane z uzyciem SSRI
u pacjentdéw po zawale serca jest rzeczywiscie istotnie
podwyzszone, poniewaz opublikowano zaréwno wyniki
potwierdzajace, jak i przeczace wplywowi tego dziatania.
Z pewnoscig natomiast tréjcykliczne leki przeciwdepre-
syjne nie powinny by¢ stosowane w leczeniu farmakolo-
gicznym pacjentdéw po zawale serca, poniewaz ich uzycie
wigze sie z istotnymi dzialaniami niepozadanymi ze strony
uktadu sercowo-naczyniowego. Mozna je wyttumaczy¢
znaczacymi efektami antycholinergicznymi oraz proaryt-
micznymi (wydluzenie odstepu QT). Kazde ich zastosowa-
nie powinna poprzedzi¢ doktadna analiza ryzyka / korzysci
dla pacjenta po zawale serca [7-10].

KONTROLA AKTYWNOSCI FIZYCZNE)J

Wiele przeprowadzonych badan potwierdzito fakt, ze re-
gularna aktywnos$¢ fizyczna jest jednym z podstawowych
dzialan w prewencji choréb sercowo-naczyniowych i ob-
niza ryzyko wielu niepozadanych zdarzen zdrowotnych
u 0s6b z czynnikami ryzyka choroby wiencowej oraz
u pacjentow z przewlekla niewydolnoscig serca [1].

W 2004 Piepoli i wsp. przeprowadzili metaanalize badan
majaca okresli¢ wplyw treningu fizycznego na przezycie
pacjentow z niewydolnoscig serca spowodowana dysfunkeja
skurczowg lewej komory (czesto sg to pacjenci po zawale mie-
$nia sercowego). Do metaanalizy wlgczano badania z rando-
mizacja poréwnujace grupy pacjentdw regularnie ¢wiczacych
z nietrenujgcymi regularnie, czas interwencji we wlaczonych
pracach wynosit co najmniej 8 tygodni, a obserwacja co naj-
mniej 3 miesigce. Odnaleziono 9 badan liczagcych w sumie
801 pacjentow: 395 wykonywalo trening fizyczny, a 406
stanowilo kontrole. Sredni czas obserwacji wynosit 705 dni:
odnotowano 88 (22%) zgonéw w ramieniu osob ¢wiczacych
i105 (26%) w ramieniu kontrolnym. Stwierdzono, ze trening
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Tabela 1. Pacjenci z bardzo wysokim ryzykiem sercowo-naczyniowym - charakterystyka kliniczna oraz cele leczenia.

Pacjenci z bardzo wysokim ryzykiem sercowo-naczyniowym

Obciazeni jakimkolwiek czynnikiem z nizej wymienionych:
« udokumentowana CVD - kliniczne lub jednoznacznie w badaniach obrazowych (udokumentowana kliniczna CVD: przebyty
ostry zawat serca, ostry zesp6t wiencowy, rewaskularyzacja w obrebie tetnic wiencowych i innych tetnic, udar mézgu
i przemijajacy napad niedokrwienny, tetniak aorty i choroba tetnic obwodowych; udokumentowana CVD w badaniach
obrazowych: istotne blaszki miazdzycowe w koronarografii lub w ultrasonografii tetnic szyjnych; nie nalezy do tej grupy
przyrost takich parametréw w obrazowaniu ciggtym, jak grubos¢ kompleksu intima-media w obrebie tetnic szyjnych),
+ DM z uszkodzeniami narzadowymi, takimi jak biatkomocz lub z istotnymi czynnikami ryzyka, jak palenie tytoniu czy istotna
hipercholesterolemia badz znaczace nadcisnienie tetnicze,
« ciezka CKD (GFR <30 ml/min/1,73 m?),
» wyliczony SCORE 210%

Cele leczenia u pacjentéw z bardzo wysokim ryzykiem sercowo-naczyniowym

- zakaz narazania na tyton w jakiejkolwiek formie,
- dieta uboga w ttuszcze nasycone, zawierajgca gtéwnie produkty petnoziarniste, warzywa, owoce i ryby,
+ >150 min/tydzien umiarkowanej, tlenowej PA (30 min przez 5 dni w tygodniu) lub 75 min/tydzien energicznego, tlenowego PA
(15 min przez 5 dni/tydzien) lub potaczenie powyzszych,
- wskaznik masy ciata 20-25 kg/m? obwdd pasa <94 cm (mezczyzni) lub <80 cm (kobiety),
- utrzymywanie BP <140/90 mm Hg,
« dobra kontrola lipidow:
poziom LDL (cel pierwszorzedowy): <1,8 mmol/l (<70 mg/dl) lub redukcja o 250%, jesli wyjsciowe stezenie wynosi miedzy 1,8
i 3,5 mmol/l (70 135 mg/dl),
poziom HDL - bez okre$lonej wartosci docelowej, ale >1,0 mmol/I (>40 mg/dl) u mezczyzn i > 1,2 mmol/l (>45 mg/dl) u kobiet
wskazuje na nizsze ryzyko,
poziom triglicerydéw - bez wartosci docelowej, ale <1,7 mmol/l (<150 mg/dl) wskazuje na nizsze ryzyko, a wysokie stezenie
wiaze sie z koniecznoscig poszukiwania innych czynnikéw ryzyka,
« dobra kontrola glikemii w cukrzycy: hemoglobina glikowana <7% (<53 mmol/mol)

BP — ciénienie tetnicze krwi;

(VD — choroba uktadu sercowo-naczynioweqo;
HDL — lipoproteiny o wysokiej gestosci;

PA — aktywnos¢ fizyczna;

Opracowano na podstawie [1].

znaczaco obnizyl $miertelnos¢ (wspdtczynnik ryzyka (HR —
hazard ratio) =0,65; 95% —przedzial ufnosci (CI —confidence
interwal: 0,46-0,92). Doszlo takze do redukeji w zakresie
drugorzedowego punktu koncowego: zgonu lub przyjecia do
szpitala (HR=0,72; 95% - CI: 0,56-0,93). Autorzy stwierdzili
ponadto, Ze nadzorowany i wlasciwie prowadzony trening
fizyczny nie niesie ze soba zagrozen dla zdrowia w populacji
pacjentow z niewydolnoscia serca [11].

Regularna aktywno$¢ fizyczna powoduje zaréwno pod-
wyzszenie poziomu cholesterolu frakcji HDL (high-density
lipoproteins), jak i obnizenie poziomu trojglicerydow (TG
— triglicerides) w surowicy krwi. Cze$¢ badan wskazuje
na fakt, ze kobiety w mniejszym stopniu niz mezczyzni
reaguja, patrzac na lipidogram, na zmiany w aktywnosci
fizycznej. Wynika to prawdopodobnie z faktu, ze osoby
z najwickszymi zaburzeniami wyjsciowymi lipidogramu
(nizszy poziom HDL i wyzszy TG) odnosza najwieksze
korzysci, a mezczyzni przecigtnie majg nizszy poziom HDL
i wyzszy TG niz kobiety. Cz¢s¢ badan podaje, ze rowniez
cholesterol LDL (low-density lipoproteins), pozytywnie
reaguje na na ¢wiczenia fizyczne. W 2001 r. Leon i San-
chez przeprowadzili metaanaliz¢ obejmujaca 51 badan
interwencyjnych - stwierdzili, Ze przez co najmniej 12 ty-
godni wykonywania umiarkowanych lub ci¢zkich ¢wiczen
aerobowych (n=4 700) poziom cholesterolu HDL wzrdst
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(KD — przewlekta choroba nerek;

DM — cukrzyca; GFR — wskaznik filtracji ktebuszkowej;
LDL — lipoproteiny o niskiej gestosci;

SCORE — systematic coronary risk estimation.;

0 4,6%, podczas gdy poziom tréjglicerydéw spadt o 3,7%,
a cholesterolu LDL o 5%. Poziom cholesterolu catkowitego
pozostal niezmieniony, chociaz stosunek cholesterol HDL:
LDL znacznie si¢ poprawit [1, 12, 13].

INTERWENCJAW ZAKRESIE PALENIATYTONIU
Palenie tytoniu jest uznang przyczyng wielu chordb, odpowiada
za 50% wszystkich, mozliwych do unikniecia, zgonéw wsréd
palaczy, z ktérych polowe stanowig zgony z powodu choréb
sercowo-naczyniowych. W latach 1951-2001 przeprowadzo-
no w Wielkiej Brytanii duze badanie prospektywne badajace
wplyw palenia papieroséw na $miertelnos¢ osob bioracych
w nim udzial. Uczestnikami byla populacja 34 439 brytyjskich
lekarzy pici meskiej. Informacje na temat ich zwyczajow palenia
zostaly uzyskane w 1951 ., a nastepnie okresowo monitorowane,
badano réwniez smiertelno$¢ przez kolejnych 50 lat. Mezczyzni
palacy papierosy zmarli $rednio o 10 lat wczesniej od osob
niepalacych przez cale zycie. Gtéwnymi przyczynami $mierci
wérdd palaczy byly CVD, nowotwory oraz choroby ukladu od-
dechowego powigzane z naduzywaniem tytoniu. Zaprzestanie
palenia w wieku 60, 50, 40 lub 30 lat pozwolito odpowiednio
uzyskac okoto 3, 6,91ub 10 lat oczekiwanej dtugosci zycia [1, 14].
Odnoszac sie do pacjentdéw po zawale serca, nalezy za-
uwazy¢, ze w duzym przekrojowym badaniu EUROASPIRE
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Tabela 2. Charakterystyka zdrowej diety, w tym dla pacjentéw po zawale serca

Nasycone kwasy ttuszczowe powinny stanowi¢ <10% catkowitej energii zawartej w pozywieniu w wyniku zastapienia ich
wielonienasyconymi kwasami ttuszczowymi

Kwasy nienasycone trans: mozliwie jak najmniej (najlepiej nie spozywac przetworzonego pozywienia), powinny stanowi¢ <1%
catkowitej energii zawartej w pozywieniu i pochodzi¢ z naturalnych zrédet

<5 g soli dziennie

30-45 g btonnika dziennie, najlepiej pochodzacego z produktéw petnoziarnistych

>200 g owocow dziennie (2-3 porcji)

>200 g warzyw dziennie (2-3 porgcji)

Ryby 1-2 razy/tydzien, w tym raz ryby ttuste

30 g niesolonych orzechéw dziennie

Nalezy ograniczy¢ spozywanie napojéw alkoholowych do 2 kieliszkéw dziennie (20 g alkoholu/d.) u mezczyzni 1 kieliszka
dziennie (10 g alkoholu) u kobiet

Nalezy zniechecac¢ do spozywania bezalkoholowych napojéw stodzonych cukrem i napojéw alkoholowych

Opracowano na podstawie [1].

IV przeprowadzonym w 78 centrach z 24 krajow euro-
pejskich (populacja: pacjenci w wieku <80 lat z chorobg
wiencows, ktérzy przeszli pomostowanie tetnic wienico-
wych, przezskdrng interwencje¢ wienicowg lub ostry zespoét
wiencowy, n=7998), stwierdzono, ze w czasie 26 miesiecy
od hospitalizacji az 16,0% osob wciaz palito papierosy,
a48,6% 0sob bylo palaczami weze$niej, w czasie interwen-
cji sercowo-naczyniowej lub ostrego zespotu wiencowego.
W badaniu tym wykazano réwniez, ze leczenie zgodne
z zasadami medycyny opartej na faktach w zakresie zaprze-
stania palenia jest stosowane zbyt rzadko [1, 15].
Zaprzestanie palenia wyrobdw tytoniowych przez osoby
po zawale serca jest najskuteczniejszym ze wszystkich $rod-
koéw prewencyjnych CVD. W przeprowadzonym w2010 1.
badaniu OASIS 5 wykazano znaczace i duze zmniejszenie
czgstosci wystepowania kolejnego zawatu serca u oséb,
ktore zaprzestaly palenia w poréwnaniu z osobami ciagle
palacymi (iloraz szans, OR odds ratio =0,57; 95% - CI:
0,36-0,89, czas obserwacji — 6 miesigcy) [16]. Wszystkie
osoby palace, w tym oczywiscie pacjentéw po zawale serca,
nalezy zacheca¢ do porzucenia tego natogu. Przydatna jest
w tym m.in. minimalna interwencja nikotynowa (Zasada
5 P: P - pytaj: systematycznie pytaj o natog palenia, P - po-
radz: naklaniaj wszystkich palaczy do zaprzestania palenia,
P - pozyskaj informacje: okresl stopien uzaleznienia od
nikotyny i gotowo$¢ do zaprzestania palenia, P — pomagaj:
ustal strategie zaprzestania palenia, obejmujaca wyznacze-
nie daty zakonczenia palenia, wsparcie behawioralne i far-
makologiczne, P - poobserwuj: zaplanuj wizyty kontrolne),
a takze uzycie srodkow farmakologicznych (nikotynowa
terapia zastepcza, wareniklina lub bupropion) [1, 17-19].

PRAWIDLOWE ZYWIENIE

Nawyki zywieniowe ludzi wplywaja na ryzyko sercowo-na-
czyniowe, oddzialujac na poziom cholesterolu LDL i HDL
w surowicy krwi, ci$nienie tetnicze (BP — blood pressure),
mase ciala oraz kontrole glikemii w cukrzycy. Najlepiej

przebadang i zalecang dietg jest dieta $Srédziemnomorska
sktadajgca si¢ w duzej mierze z ryb, jednonienasyconych
ttuszczow z oliwy z oliwek, owocow, warzyw, produk-
tow pelnoziarnistych, roélin straczkowych, orzechéw
i umiarkowanego spozycia alkoholu. Wykazano, ze dieta
$rodziemnomorska zapobiega rozwojowi CVD, ale tez
raka piersi, depresji, raka jelita grubego, otylosci, cukrzy-
cy, astmy, zaburzen erekcji, zaburzen poznawczych. Jest
ona réwniez znana z poprawy wskaznikéw dotyczacych
chorob sercowo-naczyniowych, jak stosunek talia-biodra,
lipidéw i markerow stanu zapalnego, ale réwniez zgonow
z powodu CVD [1, 20]. Ponadto pacjenci kardiologiczni
powinni stara¢ sie spozywac malg ilos¢ soli (prowadzi to
do obnizenia BP) i unika¢ spozywania bezalkoholowych
napojow stodzonych cukrem [1]. Charakterystyke zdrowej
diety, ktora moze by¢ zalecana wigkszosci pacjentow, w tym
po zawale serca przedstawiono w tabeli 2.

KONTROLA MASY CIALA

W ostatnich dekadach w krajach Europy BMI ulegto
znacznemu podwyzszeniu i w konsekwencji doszto do
wzrostu czesto$ci wystepowania w populacji cukrzycy
typu 2. W Stanach Zjednoczonych wystepuje podobne
zjawisko; jesli trend wzrostu wystgpowania otyltosci z lat
2005-2020 utrzyma sig, to otyto$¢ zréwnowazy pozytywne
efekty wynikajace ze zmniejszenia czestosci palenia tytoniu
[1,21]. Do najwazniejszych powiktan klinicznych otytosci
nalezg: wystepowanie nadci$nienia t¢tniczego, zaburzen
lipidowych, insulinoopornosci, odczynu zapalnego i stanu
prozakrzepowego, albuminurii, a takze rozwoj cukrzycy
i wystepowanie zdarzen sercowo-naczyniowych [1]. Tkan-
ka tluszczowa uwalnia prozapalng cytokine: interleukine
6, indukujgc ukltadowe zapalenie niskiego stopnia. W 1999
roku opublikowano wyniki badania, do ktérego wlaczono
16616 mezczyzn i niebedacych w cigzy kobiet w wieku
co najmniej 17 lat okreslajacego relacje miedzy nadwaga
lub otyloscia a podwyzszonym poziomem markera stanu
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zapalnego: biatka CRP (C-reactive protein). Po wyelimi-
nowaniu czynnikow zakltécajacych, stwierdzono, ze iloraz
szans, OR, dla podwyzszonego CRP wynosit 2,13 (95%-CI:
1,56-2,91) dla otylych mezczyzn i 6,21 (95%-CI: 4,94-7,81)
dla otylych kobiet [22].

W 2014 r. Zhu J. i wsp. wykonali przeglad systematyczny
i metaanalize badajace zawigzek nadwagi i otylosci z za-
walami serca. Do metaanalizy wlgczono pie¢ badan pier-
wotnych (jedno badanie kohortowe i cztery badania kli-
niczno-kontrolne) z udzialem 36 803 uczestnikdw, sposrod
ktoérych u 14 883 wystapit zawal serca. Stwierdzono istotny
statystycznie zwiazek miedzy nadwagg a zawalem mie$nia
sercowego (OR =1,27, 95%-CI: 1,21-1,33, p<0,001). Po-
dobne wyniki byly dla zaleznosci miedzy otyloscig a za-
walem mie$nia sercowego (OR =1,22, 95% - CI: 1,07-1,40,
p=0,003). Badanie pozwolilo wiec potwierdzi¢, ze zaréwno
nadwaga, jak i otylos¢ zwiekszaly czestos¢ wystepowania
zawalu serca i jedng z metod zapobiegania wystgpieniu
tego schorzenia jest kontrola wagi [23].

Interwencje prowadzace do zmniejszenia masy ciala, to
oczywiscie dzialania w zakresie zmiany stylu zZycia: modyfi-
kacja diety, zwigkszenie aktywnosci fizycznej. Ograniczenie
podazy kalorii jest najwazniejszym elementem w osigganiu
utraty wagi poprzez uzyskanie ujemnego bilansu energe-
tycznego, podczas gdy utrzymujgca si¢ aktywnos¢ fizyczna
jest wazna w utrzymywaniu utraty wagi. Istnieja rowniez
terapie uzupelniajace w postaci farmakoterapii (np. pre-
paraty orlistatu czy bupropionu / naltreksonu) i chirurgii
bariatrycznej - skierowane do pacjentdw, ktérzy nie osiaga-
ja zamierzonych efektow utraty wagi i celéw zdrowotnych
przy interwencjach zwigzanych ze stylem zycia [24].

KONTROLA POZIOMU LIPIDOW
Hipercholesterolemia jest bardzo dobrze udokumentowa-
nym czynnikiem ryzyka chordéb sercowo-naczyniowych.
Udowodniono to na podstawie licznych badan genetycz-
nych, patologicznych, obserwacyjnych oraz interwencyj-
nych. Gléwny transporter cholesterolu w osoczu (cho-
lesterol LDL - LDL-C) powoduje powstawanie blaszek
miazdzycowych w $cianach naczyn krwionosnych (jest
aterogenny) [1]. We wcze$niej wspomnianym badaniu
przekrojowym EUROASPIRE IV przedstawiajacym dane
z 24 krajow Europy wykazano, ze aktualnie mniej niz
20% pacjentéw z rozpoznang chorobg wiencowa osiaga
poziomy LDL-C wskazane w wytycznych europejskich.
Wyniki te sa zgodne z wczesniejszymi wielonarodowymi
badaniami profilaktyki wtornej przeprowadzanymi w Eu-
ropie oraz innych cz¢séciach $wiata [25, 26].

Lekami z wyboru w terapii hipercholesterolemii sg sta-
tyny (inhibitory reduktazy 3- hydroksy-3-metyloglutary-
lo-koenzymu A). W uzyciu sa réwniez fibraty, leki wigzace
kwasy ttuszczowe (Zywice jonowymienne), niacyna (kwas
nikotynowy), inhibitory wchlaniania cholesterolu (np.
ezetimib) oraz nowoczesne, silnie dziatajace inhibitory
proproteinowej konwertazy subtylizyny/keksyny typu 9
(PCSK-9). U czesci pacjentdw zaleca si¢ podawanie pola-
czen wymienionych powyzej lekdw, np. inhibitoréw wchta-
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niania cholesterolu w polaczeniu ze statynami, gdy nie
udaje sie osiagna¢ docelowego stezenia cholesterolu przy
zastosowaniu maksymalnej, tolerowanej dawki statyny [1,
27]. Wystepuja znaczne réznice w zakresie odpowiedzi na
wyzej wymienione terapie, w zwigzku z tym zalecane jest
monitorowanie ich wplywu na poziom LDL-C. Statyny,
poprzez redukcje LDL-C (pierwszorzedowy cel leczenia),
powoduja zmniejszenie chorobowosci i $miertelnosci
z powodu CVD, a takze obnizajg czestos¢ wykonywania
interwencji w obrebie tetnic wiencowych [1, 28].

Jesli chodzi o pacjentéw po zawale serca, to juz w 2005 roku
Ray i wsp. przeprowadzili wsrod tacznie 4162 pacjentow
badanie o akronimie PROVE IT-TIMI 22 poréwnujgce inten-
sywng terapi¢ statynami (atorwastatyna w dawce 80 mg) z te-
rapig standardowg (prawastatyna, 40 mg). Ztozony potrdjny
punkt konicowy (zgon, zawal serca lub ponowna hospitalizacja
z powodu nawracajgcego ostrego zespolu wienicowego) po
30 dniach wystapil u 3,0% pacjentéw otrzymujacych 80 mg
atorwastatyny w poréwnaniu z 4,2% pacjentéw otrzymuja-
cych prawastatyn¢ w dawce 40 mg (wspdtczynnik ryzyka,
HR=0,72, 95%-CI=0,52-0,99; p=0,046). U stabilnych pacjen-
tow atorwastatyna w dawce 80 mg byta zwigzana z czestoscia
wystepowania ztozonego punktu koncowego wynoszaca 9,6%
w pordwnaniu z 13,1% w grupie otrzymujacej prawastatyne
w dawce 40 mg po srednim czasie obserwacji 24 miesigce
(HR=0,72, 95%-CI=0,58-0,89, p=0,003). Juz wtedy stato sie
wiec jasne, ze intensywna terapia statynami we wczesnym
okresie po ostrym zespole wienncowym prowadzi do zmniej-
szenia liczby zdarzen klinicznych po 30 dniach, a u stabilnych
pacjentow intensywna terapia statynami zapewnia dtugoter-
minowg redukcje zdarzen sercowo-naczyniowych w poréw-
naniu ze standardowy terapig. Z tego powodu u pacjentow
po zawale sera powinno si¢ wdrozy¢ intensywne leczenie
hipolipemizujace w szpitalu i kontynuowac je dlugotermi-
nowo po wypisie [29].

Nalezy pamigtaé, ze sporadycznie w trakcie terapii
inhibitorami HMG-CoA moze dojs¢ do wystapienia
podwyzszonego stezenia enzymow watrobowych w oso-
czu - w wiekszosci przypadkow jest to stan odwracalny.
Nie jest wigc wskazane rutynowe monitorowanie wartosci
enzymow watrobowych. Ponadto u 5-10% pacjentow le-
czonych statynami wystepuja bole migsniowe. Rabdomio-
liza ze znacznym podniesieniem kinazy kreatynowej (CK
— creatinine kinase) wystepuje niezwykle rzadko[1, 30].

Autorzy wytycznych ESC dotyczacych leczenia zaburzen
lipidowych z 2016 roku szczegélowo opisuja, jak poste-
powaé w przypadku stwierdzenia wzrostu aktywnosci
enzymow watrobowych w trakcie terapii statynami:

—jezeli aktywnos¢ AIAT (aminotransferazy alaninowe;j)
jest mniejsza niz 3-krotnos$¢ gérnej granicy zakresu war-
tosci prawidtowych, zalecana jest kontynuacja terapii oraz
ponowne oznaczenie aktywnosci enzymow watrobowych
po 4-6 tygodniach;

— jezeli nastepuje wzrost AIAT do wartoéci >3-krotnie
wyzszej od gdrnej granicy zakresu warto$ci prawidlowych,
zalecane jest przerwanie leczenia statynami lub zmniejsze-
nie dawki leku i ponowne oznaczenie aktywnosci enzymow
watrobowych po 4-6 tygodniach; jezeli aktywnos¢ AIAT
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Ryc. 1. Postepowanie w przypadku stwierdzenia objawéw miesniowych u pacjenta leczonego statynami.

(K — kinaza kreatynowa,

ggn — gérna granica normy,
LDL-C - cholesterol frakgji LDL.
Opracowano na podstawie [31].
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powrocita do normy, mozna rozwazy¢ ostrozny powrét do
stosowanego leczenia; jezeli natomiast aktywno$¢ AIAT
pozostaje zwiekszona, nalezy poszukiwac¢ innych przyczyn
tego stanu [31].

W przywotanym dokumencie podano rowniez bardziej
ztozony sposob postepowania w przypadku stwierdzenia
podwyzszenia aktywnosci enzymu $§wiadczacego o uszko-
dzeniu mieéni - kinazy kreatynowej (CK). Postepowanie
to przedstawiono na rycinie 1.

LECZENIE CUKRZYCY

Choroba wiencowa jest gtéwnym czynnikiem warunkuja-
cym dlugoterminowe rokowanie u pacjentéw z cukrzyca.
Osoby chorujace na cukrzyce majg 2-krotnie zwigkszone
ryzyko zgonu z powodu chordb sercowo-naczyniowych.
Ponadto wystepuje u nich zwigkszona $miertelnos¢ po
zawale serca i gorsze ogdlne rokowanie z powodu choroby
wiencowej. W ostatnich latach wystapita wyrazna reduk-
cja w zakresie wskaznikéw $miertelnosci z powodu CVD
w cukrzycy, ktéra wynikata z lepszej kontroli czynnikow
ryzyka. Nalezy jednak przeciwstawi¢ temu fakt wzrastajacej
czestosci wystepowania cukrzycy w wiekszosci krajow, co
stanowi duze wyzwanie dla systeméw opieki zdrowotnej
(1, 32].

W 2010 roku Sarwar i wsp. z Emerging Risk Factors
Collaboration przeprowadzili metaanalize 102 badan
prospektywnych badajacych zwigzek miedzy wystepo-
waniem cukrzycy, podwyzszonego stezenia glukozy na
czczo w surowicy krwi oraz innych czynnikéw ryzyka
u 0s6b bez poczatkowej choroby naczyn krwionosnych.
Analizy obejmowaly dane dla bardzo duzej liczby 698
782 osob. W czasie tych badan wystapilo tacznie 52 765
zdarzen sercowo-naczyniowych niepowodujacych zgonu
oraz zgonow z powoddéw naczyniowych. Iloraz ryzyka
(HR) dla cukrzycy wynosit: 2,00 (95% - CI=1,83-2,19)
dla wystgpienia choroby wiencowej, 2,27 (1,95-2,65)
dla udaru niedokrwiennego, 1,56 (1,19-2,05) dla udaru
krwotocznego, 1,84 (1,59-2,13) dla niesklasyfikowanego
udaru oraz 1,73 (1,51-1,98) dla agregatu zgondw z innych
przyczyn naczyniowych. Stezenie glukozy we krwi na
czczo bylo nieliniowo zwigzane z ryzykiem naczyniowym.
Nie wykazano znaczgcego zwigzku miedzy warto$ciami
glikemii w przedziale 3,90 - 5,59 mmol/l a wystapieniem
choroby wienicowej. W poréwnaniu ze stezeniem glukozy
na czczo wynoszacym 3,90-5,59 mmol/l, iloraz ryzyka
(HR) wystapienia choroby wiencowej wynosit 1,07 (95% -
CI=0,97-1,18) dla glikemii na czczo ponizej 3,90 mmol/l,
1,11 (1,04-1,18) dla glikemii 5,60-6,09 mmol/l oraz 1,17
(1,08-1,26) dla glikemii 6,10-6,99 mmol/l [1, 33, 34].
Przedstawione powyzej dane pozwalaja uzmystowic sobie,
jak duze ryzyko zdrowotne niesie ze sobg zachorowanie
na cukrzyce.

W leczeniu cukrzycy wazne jest osigganie celéw swiad-
czacych o wyréwnaniu gospodarki weglowodanowe;j.
Celem ogdlnym jest uzyskanie stezenia hemoglobiny gliko-
wanej HbAlc <7% (< 53 mmol/mol). Cele szczegélowe to
m.in. dla chorych na cukrzyce typu 1 poziom HbA1c<6,5%
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(<48 mmol/mol), dla chorych w zaawansowanym wieku
i/lub cukrzycyg z powiklaniami o charakterze makroan-
giopatii (przebyty zawal serca i/lub udar mozgu) i/lub
licznymi chorobami towarzyszacymi: < 8,0% (<64 mmol/
mol). Cel glikemiczny dla kobiet z cukrzycg przedciazowa
planujacych cigze ma aktualnie wartos¢ HbAlc <6,5%
(<48 mmol/mol). Jezeli u chorego na cukrzyce w wieku
>65. roku zycia przewiduje si¢ przezycie dluzsze niz 10
lat przy realizacji ogélnych celéw leczenia, nalezy dazy¢
do stopniowego wyréwnania cukrzycy, przyjmujac jako
docelowg warto§¢ HbAlc <7%. Poza postepowaniem
zwigzanym z kontrolg glikemii, podstawg prewencji CVD
u 0s6b z cukrzyca s3 te same zasady ogolne, co dla oséb
bez tej choroby. Szczegdlnie istotna jest dobra kontrola
ci$nienia tetniczego oraz poziomu lipidéw [1, 32, 35].

W ostrym zespole wienncowym zalecane jest odstawienie
doustnych lekéw przeciwcukrzycowych, oznaczenie glike-
mii przy przyjeciu. Nastepnie zalecana jest normalizacja
glikemii za pomocg dozylnego wlewu insuliny, gdy pacjent
ma tzw. wzgledna hiperglikemie (relative hyperglycemia).
Za taki stan uznaje si¢ glikemie powyzej 140 mg/dl
(7,8 mmol/l) u 0séb z wczesniej rozpoznang cukrzycg lub
ponad 180 mg/dl (10,0 mmol/l) u pacjentéw bez wczesniej
rozpoznanej cukrzycy. Dozylne podanie insuliny jest
jedynym sposobem szybkiej normalizacji glikemii oraz
poprawy rokowania po przebyciu ostrego zespolu wienco-
wego. Zalecana w wytycznych diabetologicznych czestosé
kontroli glikemii u pacjentéw z wysokim poziomem cukru,
to w ciggu pierwszej doby, w ciaggu dnia: co 1 godzine,
a po uzyskaniu stabilizacji glikemii co 2 godziny Nalezy
utrzymywac stezenie glukozy w granicach 100-180 mg/dl
(5,6-10 mmol/l), odpowiednio regulujac dozylny wlew
insuliny. Leczenie choroby niedokrwiennej serca u osob,
uktérych wystepuja znaczne zaburzenia gospodarki weglo-
wodanowej, powinno odbywac sie korzystajac z konsultacji
specjalisty diabetologa (jesli jest to mozliwe) [35].

Jesli chodzi o pacjentow po leczeniu z powodu ostrego
zespolu wiencowego, to poza chorymi z uprzednio roz-
poznang cukrzycg, przed wypisaniem ze szpitala nalezy
wykona¢ doustny test tolerancji glukozy. U kazdego
chorego na cukrzyce typu 2 po przebytym ostrym zespole
wiencowym nalezy wdrozy¢ metformine, o ile nie istnieja
przeciwwskazania lub nietolerancja leku. W przypadku
rozpoznania nietolerancji glukozy lub cukrzycy wska-
zane jest przeprowadzenie konsultacji diabetologicznej.
Wytyczne diabetologiczne podkreslaja rowniez fakt, ze
przed planowa koronarografia wykonywang w celach
diagnostycznych lub terapeutycznych nalezy odstawié
metformine co najmniej na 48 godzin przed zabiegiem,
poniewaz u pacjentow leczonych tym lekiem, u ktérych
stosuje sie jodowe srodki kontrastowe, istnieje ryzyko wy-
stapienia kwasicy mleczanowej i pogorszenia czynnosci
nerek). Mozna powrdci¢ do jej stosowania po 24 godzi-
nach po wykonaniu tego badania [1, 34]. W wytycznych
ESC / EACTS (Europejskie Stowarzyszenie Chirurgii
Serca i Klatki Piersiowej — European Association for
Cardio-Thoracic Surgery) dotyczacych rewaskularyzacji
miesnia sercowego podkreslono jednak, ze rzeczywiste
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ryzyko kwasicy mleczanowej jest bardzo niskie i do-
puszczalnym postepowaniem alternatywnym moze by¢
ocena czynnos$ci nerek po koronarografii u pacjentdéw,
ktorzy otrzymali bezposrednio przed tym zabiegiem
metformine. Moze by¢ konieczne przerywanie podawa-
nia tego leku, jezeli czynno$¢ nerek po koronarografii
pogorszy sie. Ten alternatywny sposoéb postepowania
dotyczy pacjentow z prawidlowa funkejg nerek, poniewaz
wytyczne kardiologiczne zalecajg przerwanie podawania
metforminy przed koronarografig u pacjentéw z niewy-
dolnoscig nerek [36].

Dobrym sposobem na poprawienie rokowania pacjentow
chorujgcych na cukrzyce oraz chorobe niedokrwienna serca
jest wlgczenie do terapii przeciwcukrzycowej lekow z gru-
py flozyn. W 2015 r. Zimman i wsp. z grupy EMPA-REG
OUTCOME opublikowali wyniki badania, w ktérym losowo
przydzielili 7020 pacjentéw z cukrzycg typu 2 oraz wysokim
ryzykiem sercowo-naczyniowym do 3 grup: otrzymujacej
10 mg emagliflozyny, 25 mg tego leku lub placebo jeden raz
dziennie (mediana czasu obserwacji wynosita 3,1 roku).
Pierwszorzedowy zlozony punkt koncowy (zgon z przyczyn
sercowo-naczyniowych, wystapienie zawalu serca nieza-
konczonego zgonem lub udaru moézgu niedokrwiennego
niezakonczonego zgonem) wystapil u 490 sposréd 4687
pacjentéw (10,5%) w potaczonej grupie pacjentéw otrzymu-
jacych empagliflozyne oraz 282 z 2333 pacjentow (12,1%)
w grupie placebo (wspdtczynnik ryzyka — HR w grupie
empagliflozyny=0,86, 95,02%-CI= 0,74- 0,99, p=0,04). Nie
stwierdzono istotnych statycznie réznic miedzy grupami
pod wzgledem czestosci wystepowania zawalu mieé$nia
sercowego lub udaru, ale w grupie otrzymujacej empagliflo-
zyne obserwowano istotnie nizszy odsetek zgonéw z przy-
czyn sercowo-naczyniowych (3,7%, w poréwnaniu z 5,9%
w grupie placebo, wzgledna redukcja ryzyka (RRR) wynosita
38%, HR=0,62 95%-ClI: 0,49-0,77). Hospitalizacji z powodu
niewydolnosci serca wymagalo 2,7% os6b w grupie empa-
gliflozyny oraz 4,1% w grupie placebo (RRR=35%), $mier¢
z dowolnej przyczyny wystapita u 5,7% pacjentéw w grupie
interwencyjnej oraz 8,3% w grupie placebo (RRR=32%).
Wisrod osob otrzymujacych empagliflozyne obserwowa-
no wigkszg czgstos¢ zakazenia narzagdéw plciowych, nie
obserwowano wzrostu czgsto$ci wystepowania innych
zdarzen niepozadanych [37]. Redukcja zgondw z przyczyn
sercowo-naczyniowych w trakcie terapii empagliflozyna jest
tlumaczona miedzy innymi zmniejszeniem w poréwnaniu
z placebo wskaznika HbA ¢, masy ciala, obwodu talii, ste-
zenia kwasu moczowego w surowicy krwi oraz spadkiem
ci$nienia tetniczego krwi [38].

Zwykle u pacjentdw z cukrzyca typu 2 wystepuja liczne
czynniki ryzyka CVD, z ktérych kazdy wymaga leczenia
zgodnego z istniejacymi zaleceniami. Diugoterminowe poste-
powanie farmakologiczne u pacjentdw z cukrzycg po zawale
serca jest podobne, jak u pozostalych pacjentow [1, 34].

LECZENIE NADCISNIENIA TETNICZEGO
Wedlug wytycznych ESC (European Society of Cardiology)
i ESH (European Society of Hypertension) z 2018 roku za nad-

ci$nienie tetnicze jest uwazane, jak dotychczas, BP o wartosci

>140 mmHg i / lub rozkurczowe >90 mmHg. Inng definicje

nadcis$nienia przyjeto w najnowszych zaleceniach ame-
rykanskich: ACC (American College of Cardiology) i AHA

(American Heart Association) z 2017 1., gdzie za nadcisnie-

nie tetnicze uznano juz wartosci ci$nienia >130/80 mmHg.

Jednym z powodoéw utrzymania definicji i klasyfikacji w eu-

ropejskich wytycznych byla podnoszona przez specjalistow

z Europy trudno$¢ w interpretacji wynikéw badania SPRINT

(na ktorym w duzej mierze oparto wytyczne amerykanskie).

Zostalo ono przeprowadzone odmiennie metodologicznie

w poréwnaniu do wczesniejszych badan z zakresu hiper-

tensjologii: z powodu wykonywania nienadzorowanych po-

miar6w ci$nienia tetniczego w badaniu tym nie wystgpowalo
nadci$nienie biatego fartucha, skutkiem byly réwniez nizsze

mierzone wartosci ci$nienia tetniczego [1, 39].

Autorzy najnowszych wytycznych ESH i ESC podajg
warto$ci BP w pomiarach gabinetowych, ktére powinny
by¢ osiggnigte po zastosowaniu wlasciwego leczenia w za-
leznosci od wieku oraz choréb wspdtistniejacych:

» pacjenci w wieku 18-65 lat z nadci$nieniem t¢tniczym
(w tym osoby z towarzyszacag DM, CAD lub po udarze
mozgu / przemijajacym ataku niedokrwiennym - TIA —
transient ischaemic attack) powinni mie¢ BP w przedziale:
120-130/70-79 mmHg, jesli takie BP jest dobrze tolero-
wane (wylaczajac pacjentow z przewlekta chorobg nerek,
u ktérych dazymy do BP: 130-140 / 70-79 mmHg);

» pacjenci w wieku 65-79 lat z nadci$nieniem t¢tniczym
(w tym osoby z towarzyszacag DM, przewlekla chorobg
nerek, CAD lub po udarze mdzgu / TIA) powinni mie¢
BP w przedziale: 130-139/70-79 mmHyg, jesli takie BP
jest dobrze tolerowane;

e pacjenci w wieku >80 lat z nadci$nieniem tetniczym
(w tym osoby z towarzyszacag DM, przewlekla chorobg
nerek, CAD lub po udarze mézgu / TIA), powinni mie¢
BP w przedziale: 130-139/70-79mmHg, jesli takie BP
jest dobrze tolerowane [39].

Nalezy mie¢ na uwadze, Ze nadci$nienie tetnicze jest bardzo

duzym problemem populacyjnym: w Europie Srodkowej

i Wschodniej az 150 milionéw 0sdb choruje na nadci$nie-

nie tetnicze, w Polsce jest to 10,5 miliona 0sob (33% ogdtu

0s6b dorostych) [1, 40].

Istnieje silny zwigzek miedzy nadcisnieniem t¢tniczym
a wystepowaniem choroby niedokrwiennej serca. Bada-
nie INTERHEART z 2004 roku wykazalo, ze okoto 50%
populacyjnego ryzyka zwigzanego z wystgpieniem zawatu
mie$nia sercowego moze by¢ powigzane z dyslipidemia,
25% natomiast z nadci$nieniem te¢tniczym [1, 39, 41].
Niedawna metaanaliza 123 randomizowanych badan
kontrolnych z udzialem 613 815 uczestnikow wykazata, ze
kazde obnizenie o 10 mmHg skurczowego BP powodowalo
zmniejszenie ryzyka wystapienia powaznych incydentow
sercowo-naczyniowych o 20% (ryzyko wzgledne, RR=0,80,
95% - CI.0,77-0,83), zmniejszenie zachorowalnosci na
chorobe wiencowg serca (RR=0,83, 95% - CI:0,78-0,88),
zmniejszenie czestosci udarow mozgu (RR=0,73, 95%-
CI:0,68-0,77) i niewydolnosci serca (RR=0,72, 95% -
CI.0,67-0,78), co w efekcie u badanych prowadzilo do
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13% zmniejszenia $miertelnosci z wszystkich przyczyn
(RR=0,87, 95% — CI:0,84-0,9) [42].

Interwencje w zakresie modyfikacji stylu zycia, kontrola
masy ciala i regularna aktywno$¢ fizyczna moga dopro-
wadzi¢ do normalizacji BP u pacjentéw z nadci$nieniem
tetniczym 1 stopnia lub obnizy¢ ci$nienie u pacjentow
z wysokim prawidtowym ci$nieniem krwi. Nalezy podkre-
§li¢, ze powyzsze zalecenia niefarmakologiczne powinny
by¢ rekomendowane u wszystkich chorych otrzymujacych
leki hipotensyjne, poniewaz mogg one umozliwi¢ redukcje
dawek lekéw hipotensyjnych potrzebnych do uzyskania
kontroli BP. Interwencja z zakresu modyfikacji stylu zycia,
specyficzng dla terapii nadci$nienia tetniczego, jest ogra-
niczenie spozycia soli (<5 g/ dzien) [1, 39].

W znacznej liczbie randomizowanych badan doty-
czacych leczenia hipotensyjnego, zaréwno w badaniach
poréwnujacych aktywne leczenie z placebo, ale tez w po-
réwnujacych rézne leki, stwierdzono, ze gtéwne korzysci
z leczenia hipotensyjnego wynikaja z samego obnizenia
BP i w duzej mierze nie zalezg od rodzaju zastosowanych
lekéw. Wedlug najnowszych europejskich wytycznych do
lekéw pierwszego wyboru w leczeniu hipotensyjnym na-
leza: inhibitory konwertazy angiotensyny (ACE-I — Angio-
tensin-Converting Enzyme Inhibitors), inhibitory receptora
angiotensyny II (ARB — Angiotensin II Receptor Blockers),
beta-blokery, blokery kanaléw wapniowych i diuretyki
(tiazydy i diuretyki tiazydopodobne: chlortalidon i indapa-
mid). Sg one zalecane do rozpoczecia ileczenia podtrzymu-
jacego w celu kontroli ci$nienia tetniczego krwi, zaréwno
w monoterapii, jak i w leczeniu skojarzonym. Nalezy miec¢
na uwadze poszczegdlne wskazania dla konkretnych lekow
hipotensyjnych [1, 39]

U pacjentéw z nadcisnieniem tetniczym oraz choroba
niedokrwienng serca szczegélnie wskazane sa beta-blokery
ileki dzialajgce na uklad renina-angiotensyna-aldosteron
(ACE-I1ub ARB), ktore moga poprawi¢ wyniki po zawale
migénia sercowego. U pacjentéw z objawowa dlawica,
beta-blokery i antagonisci wapnia sg preferowanymi sktad-
nikami strategii leczenia. U pacjentéw z ostrym zespolem
wiencowym wytyczne europejskie zalecajg szybkie obnize-
nie BP do wartosci <140/90 mmHg, a jako leki pierwszego
wyboru podaja w tej sytuacji nitrogliceryne i labetalol,
lekiem drugiego wyboru jest urapidyl [39].

Leczenie skojarzone jest wymagane do kontroli BP
u wigkszosci pacjentéw. Dodanie do leczenia substancji
z innej klasy jest zalecang strategia terapii, chyba ze po-
czatkowo stosowany lek musi by¢ odstawiony z powodu
dziatan niepozadanych lub brak jest jakiegokolwiek
dzialania obnizajgcego ci$nienie tetnicze po podaniu tej
substancji. Warto podkresli¢ fakt, Ze dodatkowa redukcja
BP, wynikajaca z polaczenia lekéw z 2 roznych klas, jest
w przyblizeniu 5 razy wieksza niz po 2-krotnym zwieksze-
niu dawki jednego wczesniej stosowanego leku. Skojarzenie
lekéw moze ponadto powodowaé zmniejszenie dzialan
niepozadanych zwigzanych z uzyciem kazdej z substancji
osobno, w wiekszych dawkach. Laczne stosowanie 2 lekow
moze rdwniez mie¢ zalety przy rozpoczeciu terapii hipo-
tensyjnej, zwlaszcza u pacjentéw obcigzonych wysokim
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oraz bardzo wysokim ryzykiem sercowo-naczyniowym.
U takich 0séb czgsto pozadane jest wezesne uzyskanie
kontroli BP [1, 43, 44].

LECZENIE PRZECIWPLYTKOWE

Po przebytym ostrym zespole wiencowym standardem
leczenia jest podwdjne leczenie przeciwplytkowe przez
12 miesigcy, co potwierdzono w wielu badaniach. W 2001
roku Yusuf i wsp. opublikowali wyniki badania CURE,
w ktéorym 12 562 pacjentéow z zawalem serca z unie-
sieniem odcinka ST zostalo losowo przydzielonych do
2 grup. Pierwsza w ciagu 24 godzin od pojawienia si¢
objawow otrzymywata oprocz kwasu acetylosalicylowego
(ASA — acetylosalicylic acid) klopidogrel, czyli inhibitor
receptora P2Y12 (natychmiast 300 mg, a nastepnie 75 mg
raz na dobe, 6259 pacjentdw). Druga grupa otrzymywata
oprocz ASA placebo (6303 pacjentéw). Czas leczenia
podwdjna terapia przeciwplytkowa wynosil od 3 do 12
miesiecy. Pierwszorzedowy zlozony punkt koncowy: zgon
z przyczyn sercowo-naczyniowych, niezakonczony zgo-
nem zawal mies$nia sercowego lub udar wystapit u 9,3%
pacjentéow w grupie leczonych klopidogrelem vs. 11,4%
pacjentéow w grupie placebo (ryzyko wzgledne - RR
zwigzane z klopidogrelem w poréwnaniu z placebo wy-
nosifo 0,80, 95% - CI:0,72-0,90, p<0,001). Drugi ztozony
punkt koncowy: pierwszy zlozony punkt koncowy lub
wystapienie opornego niedokrwienia mig$nia sercowego
- wystapit u 16,5% pacjentéw w grupie przyjmujacej klo-
pidogrel i 18,8% pacjentéw w grupie placebo (RR=0,86,
95% - CI:0,79-0,94; p<0,001). Odsetek pacjentéow
z nawracajagcym wewnatrzszpitalnym niedokrwieniem,
niewydolnoscia serca i ponowna rewaskularyzacja byl
rowniez znaczgco nizszy w przypadku klopidogrelu.
W grupie klopidogrelu bylo wigcej pacjentow z duzymi
krwawieniami niz w grupie placebo (3,7% vs. 2,7%, ry-
zyko wzgledne RR=1,38, p=0,001), ale nie bylo istotnie
wiecej pacjentow z epizodami krwawienia zagrazajacego
zyciu (2,2% vs. 1,8%, p=0,13) lub krwotocznych udaréw
mozgu (0,1% vs. 0,1%) [1, 45].

W 2009 roku opublikowano natomiast wyniki badania
PLATO, w ktérym poréwnywano tikagrelor - kolejny
obok klopidogrelu inhibitor plytkowego receptora P2Y12
(dawka nasycajaca 180 mg, nastepnie 90 mg dwa razy na
dobe) oraz klopidogrel (dawka wysycajaca 300 do 600 mg,
nastepnie 75 mg raz na dobe) w celu zapobiegania zdarze-
niom sercowo-naczyniowym w grupie 18 624 pacjentéw
przyjmowanych do szpitala z ostrym zespolem wienco-
wym, z lub bez uniesienia odcinka ST. Po 12 miesigcach
pierwotny zlozony punkt konicowy: zgon z przyczyn na-
czyniowych, zawatu miesnia sercowego lub udaru wystapit
1 9,8% pacjentoéw otrzymujacych tikagrelor w poréwnaniu
z 11,7% pacjentéw otrzymujacych klopidogrel (wspot-
czynnik ryzyka, HR=0,84, 95% - CI: 0,77-0,92, p<0,001).
Istotne réznice wystapily ponadto jesli chodzi o inne
punkty konicowe: zawaly miesnia sercowego (5,8% w gru-
pie leczonej tikagrelorem w poréwnaniu z 6,9% w grupie
klopidogrelu, p=0,005) i zgon z przyczyn naczyniowych
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(4,0% w poréwnaniu z 5,1%, p=0,001). Czestos¢ zgonu z ja-
kiejkolwiek przyczyny byla rowniez mniejsza w przypadku
tikagreloru (4,5%, w poréwnaniu do 5,9% w przypadku
klopidogrelu, p<0,001). Nie stwierdzono istotnej réznicy
w czestosci wystepowania krwawien pomiedzy grupami
tikagreloru i klopidogrelu (odpowiednio 11,6% i 11,2%,
p=0,43), ale tikagrelor byt zwigzany z wigckszym odsetkiem
duzych krwawien niezwigzanych z pomostowaniem tetnic
wiencowych (4,5% w poréwnaniu z 3,8%, p=0,03), w tym
z wiekszg liczbg przypadkéw $miertelnego krwawienia
wewnatrzczaszkowego i mniejszg $miertelnych krwawien
innych typow [1, 46].

Kwas acetylosalicylowy jest najlepiej przebadanym le-
kiem uzywanym w dlugoterminowej prewencji po zawale
serca, udarze mozgu oraz w chorobach tetnic obwodowych.
W przeprowadzonej w 2009 roku przez Antithrombotic
Trialists’ (ATT) Collaboration metaanalizie 16 badan
obejmujacych 17 000 oséb wykazano, ze leczenie ASA
w ramach prewencji wtornej wigzalo si¢ z: powaznymi
zdarzeniami naczyniowymi u 6,7% pacjentéw/rok vs. 8,2%
w grupie kontrolnej. Ryzyko udaru mézgu wynosito 2,08%/
rok w grupie leczonej aspiryng vs. 2,59% w kontrolnej
(p=0,002), a zdarzen wiencowych: 4,3%/rok vs. 5,3% w gru-
pie kontrolnej (p=0,0001). Stosowanie aspiryny zwigkszato
czestos¢ wigkszych krwawien z przewodu pokarmowego
i pozaczaszkowych (0,10% w poréwnaniu z 0,07% rocznie,
p<0,0001), czynniki ryzyka choroby wiencowej byty réw-
niez czynnikami ryzyka krwawienia [47]. W fazie przewle-
kiej po przebyciu zawalu serca (>12 miesiecy) zaleca si¢
stosowanie ASA. U 0s6b bez stwierdzonej CVD nie zaleca
sie leczenia przeciwplytkowego, gdyz zwigksza ono ryzyko
wystapienia powaznego krwawienia [1].

U pacjentéw z ostrymi zespolami wiencowymi pod-
dawanymi przezskornej interwencji wiencowej, ktorym
wszczepiono stent, autorzy wytycznych ESC / EACTS
zalecajg podwdjng terapie przeciwplytkowa (DAPT —
dual antiplatelet therapy) obejmujaca ASA w polaczeniu
z inhibitorem receptora P2Y 12 przez 12 miesiecy, chyba ze
wystepuja przeciwwskazania, takie jak nadmierne ryzyko
krwawienia. U pacjentéw z ostrym zespotem wienicowym
i wszczepionym stentem, u ktorych ryzyko krwawienia
jest wysokie (np. 225 pkt w skali PRECISE-DAPT), na-
lezy rozwazy¢ przerwanie leczenia inhibitorem receptora
P2Y12 po uplywie 6 miesiecy. U 0sdb z ostrym zespotem
wiencowym, ktérym wszczepiono stent bioresorbowalny,
nalezy rozwazy¢ DAPT przez czas 212 miesiecy, a nawet
do konca przewidywanego okresu wchianiania si¢ sten-
tu zaleznie od indywidualnej oceny ryzyka krwawien
i incydentéw niedokrwiennych. U pacjentéw z ostrym
zespotem wiencowym, ktérzy tolerowali DAPT bez
powiklan krwotocznych, mozna rozwazy¢ kontynuacje
DAPT przez czas >12 miesiecy. Warto podkresli¢, ze
postepowanie dotyczace podtrzymujacej DAPT jest takie
samo w przypadku zawalow serca bez uniesienia odcin-
ka ST, jak i w zawalach z uniesieniem odcinka ST [36].
Wspomniana powyzej skala PRECISE-DAPT pozwala-
jaca oceni¢ ryzyko krwawienia u pacjentéw leczonych
DAPT jest wystandaryzowanym narzedziem korzystaja-

cym z pigciu parametrow: poziomu hemoglobiny, wieku,
liczby biatych krwinek, wskaznika filtracji klebuszkowej,
obecnos$ci wezesniejszego krwawienia. Uzyskany wynik
pozwala przewidzie¢ ryzyko krwawienia pozaszpitalne-
go podczas DAPT. Uzycie skali wspiera podejmowanie
decyzji klinicznych w czasie trwania leczenia (wynik 225
pkt wskazuje na wysokie ryzyko krwawienia i nalezy w tej
sytuacji rozwazy¢ krotsze stosowanie DAPT). Skala jest
ogdlnodostepna w Internecie [48, 49].

Na podstawie wynikéw badania o akronimie ATLAS-
-ACS-2-TIMI-51 (Anti-Xa Therapy to Lower cardiovascular
events in Addition to Standard therapy in subjects with
Acute Coronary Syndromes - Thrombolysis In Myocardial
Infarction 51) w wytycznych ESC / EACTS dotyczacych
rewasularyzacji autorzy podali zalecenie, Ze u pacjentow
z ostrym zespolem wieicowymi bez uniesienia odcinka
ST lub z zawaltem serca z uniesieniem odcinka ST podda-
wanych PCI, ktdérzy nie przebyli udaru mézgu ani TIA isg
obciazeni wysokim ryzykiem incydentéw niedokrwien-
nych, a takze cechuja si¢ niskim ryzykiem krwawienia
i otrzymuja ASA oraz klopidogrel, mozna rozwaza¢ malg
dawke riwaroksabanu (2x2,5mg) po przerwaniu parente-
ralnego leczenia przeciwzakrzepowego (czas takiej terapii
to okolo 1 rok). Nalezy zauwazy¢, ze nie badano stosowania
riwaroksabanu w polgczeniu z silnymi inhibitorami recep-
tora P2Y12 [36]. Ponadto w duzym badaniu COMPASS
(Rivaroxaban for the Prevention of Major Cardiovascular
Events in Coronary or Peripheral Artery Disease) wykazano
warto$¢ stosowania naczyniowej dawki riwaroksabanu (2,5
mg 2x/dzien.) w polaczeniu z ASA w zakresie prewencji
wtérnej u pacjentow z CAD [36].

KONTROLA CZYNNIKOW RYZYKA

W POLSCE - DOTYCHCZASOWE WYNIKI

W obserwacyjnym badaniu przeprowadzanym co kilka lat
w potudniowej Polsce wérdd pacjentéw hospitalizowanych
z powodu zawalu serca lub planowej rewaskularyzacji
naczyn wiencowych (n=408 w latach 1997-1998, n=600
w latach 2011-2013) nie wykazano poprawy w zakresie
kontroli czynnikéw ryzyka na przestrzeni tych kilkunastu
lat. Po 6-18 miesigcach od wypisu w latach 2011-2013
az 18,3% pacjentow palilo papierosy vs. 15,7% w latach
1997-1998 (p<0,001). 43,3% pacjentéw po wypisie w latach
2011-2013 mialo BP>140/90 mm Hg vs. 45,9 w latach
1997-1998 (p=0.06). Az 72,1% pacjentéw nie uzyskato do-
celowego cholesterolu LDL po wypisie w latach 2011-2013
vs. 47,5% w latach 1997-1998 (p<0,001). Obserwowano
réwniez, ze 34,0% pacjentow miato BMI = 30 kg/m? po
wypisie wlatach 2011-2013 vs. 24,9% z takim BMI po wy-
pisie wlatach 1997-1998 (p<0.01), a takze fakt, ze az 15,6%
mialo stezenie glukozy na czczo 27.0 mmol/l po wypisie
wlatach 2011-2013 vs. 9,8% w latach 1997-1998 (p=0,09)
[50, 51]. Te dane utwierdzaja w przekonaniu, ze kontrola
czynnikow ryzyka u pacjentéw z chorobg niedokrwienng
serca jest niedostateczna, a dzialania prewencyjne powinny
by¢ w przypadku tych 0séb rozpoczynane jak najszybciej
i w zdecydowany sposob.
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PODSUMOWANIE

Kontrola czynnikéw ryzyka sercowo-naczyniowego odgrywa
kluczowa role w osigganiu wynikéw zdrowotnych krétko- i dtu-
goterminowych u pacjentéw z choroba niedokrwienng serca.
Trzeba zdawac sobie sprawe z faktu, Ze mimo rosngcej $wiado-
moéci dotyczacej prewencji chordb ukladu krazenia, w ostat-
nich latach nie nastgpila spodziewana poprawa kontroli wyzej
wymienionych czynnikéw. Dobrym pomystem jest z pewnoscia
wprowadzenie odpowiedniego planu postepowania, ktory bedzie
wdrazany po wypisaniu pacjenta ze szpitala i kontynuowany
przez lekarzy pierwszego kontaktu. Zalecana jest kompleksowa
i profesjonalna interwencja w zakresie modyfikacji stylu Zycia
oraz wystepujacych choréb wspolistniejacych. Postepowanie
polegajace na skutecznej kontroli czynnikéw ryzyka, poradach
dotyczacych aktywnosci fizycznej, wsparciu psychospotecznym
i wlasciwym uzyciu lekéw hipotensyjnych, hipolipemizujacych,
kontrolujacych glikemie oraz przeciwplytkowych stanowi inte-
gralng czes¢ pomocy dla pacjentow, tak aby mogli powrdcic po
zawale serca do jak najpelniejszej aktywnoscii dobrego zdrowia.
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ABSTRACT

Introduction: There is a large number of patents registered in the field of medical practice in Ukraine. Despite this, the peculiarities of the legal protection of inventions within
medical practice have not been researched in the modern legal doctrine of intellectual property.

The aim of this article is theoretical and practical study of the legal protection of medical inventions in Ukraine based on the analysis of Ukrainian patent law, issued patents
for inventions applied within medical practice, as well as data from the State Expert Center of the Ministry of Health of Ukraine.

Materials and methods: The authors of the article have used methods of analysis and synthesis, as well as comparative and legal method. The analysis and further use of
data from the State Expert Center of the Ministry of Health of Ukraine contributed to the definition of the problems of this publication, as well as the formulation of the authors’
vision of the features of inventions within medical practice.

Review: Inventions within medical practice are the result of human intellectual activity in the field of medicine. The authors have offered to refer inventions within medical
practice to a group of inventions with a possible risk. The risks of inventions within medical practice are divided into those that have a risk for people undergoing clinical trials
and manufacturers who try to use these inventions.

Conclusions: The authors have grounded the expediency of supplementing the patent procedure with regard to inventions that can be applied within medical practice, with
the rule of obligatory provision of documents on conducting clinical trials to the materials of the application for a patent on the invention, in cases of restrictions of the rights of

a patent holder of medical and pharmaceutical inventions, by the provisions that would define the concepts and types of biotechnological inventions.

KEYWORDS: inventions within medical practice, legal protection of inventions, a patent and an invention, clinical trials, risks of inventions

INTRODUCTION

Chinese scholar, Jiang-ying He, in November 2018 made
a statement on the birth of the first genetically “reformed”
children in the world, which immediately caused interna-
tional protest by geneticists [1]. This example proves that
the problem of protecting inventions within medical prac-
tice is relevant, as it requires the development of new ethical
standards and proper legal regulation. Inventions within
medical practice can affect both the health of a person, and
his life, which according to the Art. 3 of the Constitution
of Ukraine is recognized as the highest social value in the
state [2]. Such a constitutional approach to protecting a
person requires a detailed elaboration of all actions that
can affect human life, in particular the invention activities
within medical practice.

Patentable inventions can be made during normal
medical practice. For example, the development of new
biocompatible polymers, the improvement of dental mate-
rials, new or modified catheters, new laboratory diagnostic
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tests and advanced medical devices [3]. But most of the
inventions applied within medical practice are the result of
many years research by individual scholars, groups of phy-
sicians or specialized medical research institutes. Despite
the significant number of patents registered in Ukraine in
the field of medical practice, the modern legal doctrine of
intellectual property practically does not study the terms of
legal protection of inventions within medical practice. Such
an approach does not make it possible to determine the
types of inventions within medical practice, the conditions
for granting them legal protection, in particular taking into
account the correlation of interests of a patent holder and
patients, the ethics of medical invention activities. This
problem for Ukraine is relevant because it has a practical
and theoretical basis. Modern Ukrainian legislation is
aimed at harmonization with European law, in particular
in the field of intellectual property, and scientific research
in this area began to correlate with the achievements of
European, American and other leading foreign scholars.



LEGAL PROTECTION OF INVENTIONS WITHIN MEDICAL PRACTICE IN UKRAINE

The common problem that is researched by intellectual
property professionals in Ukraine, the EU, and the Unit-
ed States is inventions within medical practice, since the
requirements of humanity and morals offered for these
inventions should be understood in the same way. These
inventions can be predominantly admitted industrially
suitable only after clinical trials over a person, which leads
to competition of human rights to safety, health care and
the right to modern medical care, which may include ex-
perimental trials to facilitate human treatment.

THE AIM
The objective of this article is theoretical and practical study
of the legal protection of medical inventions in Ukraine
based on the analysis of Ukrainian patent law, issued
patents for inventions applied within medical practice, as
well as data from the State Expert Center of the Ministry
of Health of Ukraine. The main task was to formulate
propositions for improving the legislation of Ukraine in
the field of protecting inventions within medical practice.
The main task was to characterize the inventions applied in
medical practice, to identify the risk of these inventions, to
offer propositions for improving the Ukrainian legislation
in the field of protection of inventions in medical practice.

Materials and Methods

Understanding the essence of the legal protection of
inventions within medical practice was accomplished
through the use of methods of analysis and synthesis that
were applied to normative and legal acts, scientific publi-
cations in the field of invention activities within medical
practice. The analysis and further use of data from the
State Expert Center of the Ministry of Health of Ukraine
contributed to the definition of the problems of this pub-
lication, as well as to the formulation of the authors’ vision
of the features of inventions within medical practice. The
application of the comparative and legal method made
it possible to formulate propositions aimed at bringing
Ukrainian legislation in line with European standards in
the field of inventions that can be applied in medicine.

The article of Zoran Miladinovis, Sini$a Varga, Marija
Radojkovi, “Patent law protection inventions in medicine
and pharmaceutical industry” [4] is focused on studying in-
ventions in the medical and pharmaceutical field. Scholars
divide inventions within medical practice on the following
groups: substances or compositions for diagnostic, surgical
and other purposes; inventions associated with surgical,
therapeutic and diagnostic methods; product inventions
(for example, medicaments and medicines). They deter-
mine that inventions in the field of medicine are divided
into medical products (medical equipment, diagnostic
methods) and pharmaceuticals (medicines). This is a broad
approach to understanding the inventions within medical
practice, covering both inventions in the field of medicine
and pharmacy.

The work “Personalized Medicine and Patent Law” of
Zeynep Timocin Cantekin, addresses the scientific issue
of personalized medicine that is associated with such

medical inventions as an isolated DNA molecule, and
the method for comparing the sequence of samples taken
from a patient’s DNA to the declared standard sequence.
These are inventions that can be patented as inventions of
biotechnology [5]. This research makes it possible to refer
biotechnological inventions to inventions that are used
within medical practice. The inclusion of such inventions
to patentable leads to the need to apply ethical norms that
have the priority over legal ones. This is due to the fact that
the creation of any invention, in particular in the field of
medicine, involves the experiments that are always inter-
fering with the human right to life and the protection of
his health. Therefore, the authors of this article relied on
the research outlined in the scientific work of Benjamin
Mason Meier entitled “International Protection of Persons
Undergoing Medical Experimentation: Protecting the
Right of Informed Consent” [6].

We note that the problem of the protection of medical
inventions in the Ukrainian legal science was not almost
considered. Some scholars (for example, O. M. Slobodi-
an) only referred to the issues of protecting inventions of
biotechnology [7].

REVIEW AND DISCUSSION

Inventions within medical practice are the result of hu-
man intellectual activity in the field of medicine, which
has novelty, inventive level, industrial suitability and is
protected by a patent. Types of inventions within medical
practice are: methods of human treatment; devices for the
treatment and diagnosis of a person; medicines; strains of
microorganisms used to diagnose a person’s disease or his
treatment; biotechnological inventions. These inventions
are divided into two groups: medical and pharmaceutical.

The peculiarity of medical inventions is in their risks,
which can be manifested in human experiments during
clinical trials and risks for future production. The process
of their invention activities is obligatory linked to clinical
trials. Passing successful experiments on animals necessari-
ly passes to the stage of trials over humans. Most inventions
within medical practice have risks for the application in
industry, and therefore, before being passed on to com-
mercial organizations, medical tests should be conducted
to minimize the technical risks associated with the biology
and peculiarities of a human body [8]. The presence of a
risk in medical inventions distinguishes them from other
inventions. The risks of inventions within medical practice
should be divided into risks for people undergoing clinical
trials and manufacturers trying to use such inventions.
Therefore, these inventions should be considered to a group
of inventions with a possible risk.

Each of these inventions must undergo clinical trials that
are necessary to achieve the benefit for a patient [9]. All
clinical trials in Ukraine are conducted in accordance with
international ethical principles to ensure the protection
of the rights, safety and well-being of those under study.
Clinical trials can only be conducted, if the expected benefit
justifies the risk, as well as with the informed consent of a
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patient to conduct a clinical trial [10]. Ukraine is an open
country for carrying out clinical trials of medical inventions
and medicines.

One should pay attention to such a specific feature of
inventions that can be applied in medical practice, as their
compliance with ethical standards, which is that their cre-
ation can not violate the natural development of a man. In
the case of the violation of the norms of morals, humanism
while creating a medical invention by an inventor, it will
not obtain patent and legal protection.

Medical practice in Ukraine is considered as a profes-
sional activity of medical and pharmaceutical employees
who carry it out as professionals and specialists in the field
of health care [11]. Therefore, inventions within medical
practice are divided into two groups: medical inventions
(used in medicine) and pharmaceutical inventions (related
to the invention of medicines). Medical inventions include
methods for treating humans; devices for the treatment
and diagnosis of a person; strains of microorganisms used
to diagnose a persons disease or his treatment; biotech-
nological inventions. Pharmaceutical inventions include
medicinal drugs.

Inventions within medical practice obligatory undergo
clinical trials. Medical and biological experiments on hu-
mans are allowed in Ukraine. Such a conclusion follows
from the fact that according to the Art. 45 of the Law of
Ukraine “Fundamentals of the Legislation of Ukraine on
Health Care”, the use of medical and biological experiments
on people in Ukraine is allowed with a socially beneficial
purpose, in case if they are scientifically sound, the benefits
of possible success in the risk of causing grave consequenc-
es for health or life, publicity of experiments’ application,
full awareness and free consent of an adult capable indi-
vidual, which is subject to experiment, with regard to the
requirements of its application, and also in terms of pre-
serving medical secrecy in necessary cases. It is forbidden
to conduct a research experiment on patients, prisoners
or prisoners of war, as well as a therapeutic experiment on
people, whose diseases do not have a direct connection with
the purpose of an experiment [12]. Information on clinical
trials of drugs obtained from the State Expert Center of the
Ministry of Health of Ukraine indicates on the number of
such experiments. While researching this information, the
authors of this article selected the direction “Dermatology”
and divided the data depending on the manufacturer of
medicinal products (national or international company).
In total, experiments related to 46 medicinal products,
including 43 products from national producers and 3
from international ones. 27 national and 16 international
sponsors were identified within national applicants for the
clinical trial. In regard to the correlation of the number of
experiments in Ukraine and in the world, we provide the
following sample data: 1) 100% international investment
company “Quintiles Ukraine”, as of June 30, 2017, plans to
conduct 190 experiments in Ukraine out of the planned 240
experiments in the world; 2) the Swiss company AbbVie
Biopharmaceutical Sciences GmbH as of August 14, 2017
planned 225 experiments in Ukraine, and 1640 in the world
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[13]. The given data indicates that clinical trials in Ukraine
are conducted with respect to national and international
drug manufacturers. Therefore, Ukraine is included in the
system of world clinical experiments. In this case, clinical
experiments are not part of the system of legal protection
of these inventions.

Clinical experiments in Ukrainian law fall into the sphere
of regulation of medical law, and the legal protection of
inventions within medical practice is regulated by the
norms of intellectual property. This state indicates the
imperfection of modern Ukrainian intellectual property
legislation. The Law of Ukraine “On Protection of the
Rights to Inventions and Utility Models” [14] does not
specify the features of the protection and patent procedure
of these inventions, and does not establish any restrictions
on the verification of their industrial suitability. Herewith,
there is a precedent, when the features of the patent pro-
cedure for strains of microorganisms were determined. It
is about the Instruction on the procedure for the storage
of microorganisms’ strains in Ukraine for the purpose of
conducting a patent procedure, which indicates that the
storage of microorganisms strains must precede the filing
of an application for an invention [15]. Therefore, it is nec-
essary to establish the peculiarities of the patent procedure
concerning inventions that can be applied within medical
practice. These may be the rules on the obligation to add
documents on conducting clinical trials to the materials
of the application for a patent for an invention. Providing
documents for carrying out clinical trials allows both to
establish the industrial suitability of such an invention, and
additional guarantees for the future manufacturer of such
an invention, as this, for example, will reduce production
risks.

While considering inventions within medical practice it
is necessary to determine their risks. The risk is a justified
necessity, grounded by the need to attract hazardous ob-
jectsin a certain area of activity [16]. The use of inventions
within medical practice is always associated with the risk
of unknowing consequences for the human body, but
this risk is justified by the need for the development of
medicine in the.

The risks to humans in the inventions applied within
medical practice are related to the fact that these inventions
include biotechnological inventions that, for example, are
related to a human biological material. As it was previously
mentioned Chinese scholar, Jiang-ying He, stated on the
possibility of modifying human DNA [1]. Can such ex-
periments that have been actually introduced into public
life, affect the future of mankind? It is probably difficult to
provide a clear answer nowadays, because there is a risk
that people along with positive changes will get a negative
mutation. To prevent this, it is necessary to introduce a
single standard for the legal protection of biotechnological
inventions. Thus, one of the problematic issues of the legal
protection of medical inventions in Ukraine is the protec-
tion of biotechnological inventions. There is no concept of
this invention in the Ukrainian patent law, and therefore
researchers of intellectual property use the norms of the
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Directive of the European Parliament and of the Council
of 6 July 1998 on the Legal Protection of biotechnological
inventions. According to the Art. 3 of this Directive, “in-
ventions which are new, which involve an inventive step
and which are susceptible of industrial application shall
be patentable even if they concern a product consisting
of or containing biological material or a process by means
of which biological material is produced, processed or
used. Biological material which is isolated from its natural
environment or produced by means of a technical process
may be the subject of an invention even if it previously
occurred in nature” [20]. The absence of the norms in the
Ukrainian legislation that would regulate the relations in
the field of biotechnological inventions may have nega-
tive consequences (for example, the abuse or use of such
a state in someone’s interests). However we believe that
the restrictive mechanism today is the provisions of Part
1 of the Art. 6 of the Law of Ukraine “On the Protection
of the Rights to Inventions and Utility Models”, according
to which the legal protection is provided to an invention
that does not contradict the public order, the principles of
humanity and morals and corresponds to the requirements
of patentability [2]. The problem of this norm is that it has
not received a clear interpretation and a mechanism for its
implementation at the subordinate level. Just the notion
of public morality, which is the system of ethical norms,
rules of conduct that have been developed in society on
the basis of traditional spiritual and cultural values, ideas
about goodness, honor, dignity, public duty, conscience,
justice (paragraph 11 of the Art. 1 of the Law of Ukraine
“On the Protection of Public Morality”) is legally consol-
idated [21]. Therefore, the lack of a correlation of ethical
and legal norms in the invention activities and application
of biotechnological inventions in Ukraine is a legal gap.
The peculiarities of inventions within medical practice
are not taken into account in the legal protection of these
inventions, in particular, it is not defined in the patent
procedure and restrictions of patent rights in the interests
of society. The patent and legal protection of inventions
involves the exclusive rights of a patent holder to the in-
vention. It is a particular problem for inventions within
medical practice, since a patent may be a limitation for the
treatment of many people. For example, the state spends
more than 50% of all funds allocated for purchasing an-
tiretroviral drugs for the treatment of patients with HIV /
AIDS in Ukraine, because of patenting a vital drug for the
treatment of HIV / AIDS (a druglopinavir / ritonavir). The
indicated drug is protected in Ukraine by two secondary
patents (on the derivative substance and method of treat-
ment), which created an artificial monopoly in Ukraine
until 2026 [22]. This example was the first in the history of
patent law in Ukraine, which revealed a lack of a regulated
balance of interests between patent holders of the invention
that can be applied in medical practice, and society. Society
while determining the exclusivity of the rights of patent
holders has the right to reserve cases of restricting the
rights of patent holders, if the use of the patented object is
necessary for society’s life-sustaining activity. In this case,

private interests depart from broader public interests. In
order private interests of patent holders are not violated by
the interference with a public element, in particular in the
form of abuse by public authorities, the patent law should
clearly identify the cases of restricting the rights of patent
holders of medical and pharmaceutical inventions.

CONCLUSIONS

Based on the conducted research it has been established
that inventions within medical practice are the result of
human intellectual activity in the field of medicine, which
has novelty, inventive level, industrial suitability and is
protected by a patent. These inventions are related to
inventions having a risk. The risks of inventions within
medical practice should be divided into risks for people
going through clinical trials and manufacturers who try
to use these inventions. The presence of risks in these
inventions distinguishes them from other inventions and
indicates on their specific features.

The legal protection of inventions in the medical practice
of Ukraine consists of a complex of the norms of medical law
and intellectual property right. These norms do not have a
relationship that negatively may affect the level of their in-
dustrial suitability and the risks while using these inventions.
This state of Ukrainian legislation indicates the expediency
of further scientific research of the topic concerning legal
protection of inventions within medical practice.

It is appropriate in the patent law of Ukraine: to estab-
lish the peculiarities of the patent procedure concerning
inventions that can be applied within medical practice (for
example, the rule on the obligation to add documents on
conducting clinical trials to the materials of the application
for obtaining a patent for an invention); to supplement the
patent law of Ukraine with the provision on biotechnological
inventions; to identify cases of restrictions on the rights of
the patent holder of medical and pharmaceutical inventions.
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STRESZCZENIE

0. anthropi, dawniej znany jako Achromobacter jest tlenowa, Gram-ujemna pateczka, szeroko rozpowszechniona w srodowisku, w réznych niszach ekologicznych. Obecnie jest
to pojawiajacy sie drobnoustréj oportunistyczny zwiazany z opieka zdrowotna, a takze infek¢jami u 0s6b z uposledzong odpornoscia, gtéwnie u dzieci i noworodkdw. Autorzy
prezentowanej pracy przedstawiaja przypadek 13-letniej pacjentki z choroba neurodegeneracyjna, u ktérej z posiewu krwiizolowano 0. anthropi. Chora byta hospitalizowana w
Spotecznym Towarzystwie Hospicjum Cordis w Katowicach, a po wypisie z hospicjum zostata objeta domowa opieka dtugoterminowa pod nadzorem lekarza rodzinnego. Obraz
kliniczny 0. anthrapi moze by¢ bardzo rézny, powoduje ciezkie zakazenia, jak np. zakazenia krwi. Z powodu trudnosci w identyfikaji Ochrobactrum anthropi moze stanowi¢ wyzwanie
diagnostyczne i terapeutyczne. Trudno$¢ w réznicowaniu Ochrobactrum spp. jest zwiazana réwniez z brakiem jednoznacznego obrazu klinicznego zakazenia przebiegajacego z
bakteriemia 0. anthropi. Ponadto drobnoustrj ten jest trudny do leczenia, ze wzgledu na naturalne szerokie spektrum opornosci na antybiotyki.

SLOWA KLUCZOWE: Ochrobactrum anthropi, diagnoza, sepsa

ABSTRACT

0. anthropi, formerly known as Achromobacter, is an aerobic, Gram-negative bacillus, widespread in the environment, in various ecological niches. Currently, it is an emerging
opportunistic microorganism associated with health care, as well as infections in people with immunodeficiency, mainly in children and newborns. The authors of the presented
work present a case of a 13-year-old female patient with a neurodegenerative disorder in which 0. anthropi was isolated from blood cultures. She was hospitalized in the
Social Society of the Cordis Hospice in Katowice, and after discharge from the hospice she was covered by long-term home care under the supervision of a family doctor. Clinical
picture 0. anthropi can be very different, causes serious infections, such as blood infections. Due to difficulties in identification, Ochrobactrum anthrapi can be a diagnostic and
therapeutic challenge. The difficulty in differentiating Ochrobactrum spp. Is also related to the lack of a clear clinical picture of infection with bactera 0.anthropi. In addition, this
microorganism is difficult to treat due to the natural broad spectrum of antibiotic resistance.

KEY WORDS: Ochrobactrum anthrapi, diagnosis, sepsis

WSTEP

Ochrobactrum anthropi jest tlenowa, Gram-ujemna palecz-
ka, szeroko rozpowszechniong w srodowisku, w réznych
niszach ekologicznych: rodlinnych i zwierzecych oraz w gle-
bie. Zakazenia paleczky O. anthropi dotyczg gtéwnie osob
z uposledzong odpornoscia, w tym dzieci i noworodkow,
pacjentéw dializowanych czy pacjentéw z mukowiscydoza
oraz zazwyczaj sg zwigzane ze stosowaniem linii donaczy-
niowych - szczegolnie cewnika centralnego [1-3]. Paleczka
ta nalezy do rodziny Brucellacae i rodzaju Ochrobacterium,
dotychczas potwierdzono, ze przyczyna zakazen u ludzi,
oprocz O. anthropi, sg jeszcze O. intermediumi O. pseudo-
intermedium [4].
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Obraz Kliniczny O. anthropi moze by¢ bardzo rézny, powo-
duje ciezkie zakazenia, jak ropne martwicze zapalenie powiezi,
septyczne zapalenie stawdw, zapalenie otrzewnej, zapalenie
pluc, zapalenie kosci, gatki ocznej czy zakazenia krwi zwigzane
z cewnikiem (catheter-related bloodstream infections) [5—14].
O. anthropi ma bardzo szerokie spektrum opornosci na antybio-
tyki, w tym na antybiotyki B-laktamowe, co sprawia, ze zakazenia
wywotlane przez ten drobnoustrdj s trudne doleczenia 2,3, 11].

OPIS PRZYPADKU
13-letnie dziecko plci zenskiej z chorobg neurodegene-
racyjng — postepujace porazenie nadjadrowe, zwigzang
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z zanikiem komorek nerwowych, zostalo przyjete w dniu
20.07.2018 r. do Spotecznego Towarzystwa Hospicjum
Cordis w Katowicach. W leczeniu steroidy byty stosowane
sporadycznie, najczesciej w postaci nebulizacji w trakcie
infekcji z wystepujaca dusznoscia oddechowa (ostatnio
w marcu 2018 r). Ze wzgledu na obraz kliniczny w za-
kresie rozpoznania infekcji podano réwniez antybiotyk
ceftriakson.

Powodem przyjecia byly wystepujace od dnia 18.07.2018
r. objawy infekcji, tj.: temperatura ciala powyzej 39,5°C,
trudnosci w oddawaniu moczu, obrzeki stép, luzne stol-
ce, znaczne oslabienie i apatia, a wyniki badan z dnia
19.07.2018 r. wskazywaly na powazny stan kliniczny:
leukocytoza wynosita 11,11 (10*/3uL), hemoglobina
9,5 g/dL, CRP 91,91 mg/l, Ca 8,4 (mg/dl).

W dniu przyjecia pobrano m.in mocz na posiew oraz
rozpoczeto dozylng terapie ceftriaksonem ileczenie wspo-
magajace: leki przeciwgoraczkowe, przeciwbiegunkowe
Smekta, Hidrasec, Furosemid, dozylne uzupelnienie za-
burzen gospodarki wodnej i kwasowo-zasadowe;j.

Pacjentka byla przyjeta z zalozonym cewnikiem central-
nym CVC (central venous catheters), ktory ani w chwili
przyjecia, ani w trakcie pobytu nie zostal usuniety w zwigz-
ku z klinicznymi wskazanymi do do stosowania CVC, nie
byt tez wymieniany - codzienna kontrola nie wykazywala
zmian miejscowych. Sylikonowy cewnik do pecherza
moczowego wymieniano regularnie, co 21 dni. W trakcie
hospitalizacji u pacjentki stosowano réwniez okresowo
tlenoterapie z zastosowaniem koncentratora tlenu w celu
zmniejszenia dusznos$ci po rozwazeniu i wykluczeniu
zaburzen nerwicowych i adaptacyjnych.

W dniu 24 lipca 2018 r. poziom CRP (C Reactive Pro-
tein) wynosil 56,93 mg/l, leukocytoza 11,29 (10*/3ul),
a hemoglobina 10,00 (g/dL), a z posiewu moczu uzyskano
znamienng bakteriuri¢ o etiologii Pseudomonas aeruginosa
i wdrozono terapi¢ celowang z zastosowaniem piperacyliny
z tazobaktamem do dnia 07.08.2018 roku.

W dniu 30.07.2018 roku stwierdzono spadek poziomu
CRP do 25,6 mg/l, leukocytozy 8,93(10*/3uL) oraz he-
moglobiny 9,6 g/dL, podwyzszeniu ulegl poziom Ca calk.
9,3 mg/dl oraz zaobserwowano stopniowe ustepowanie
objawow klinicznych, tj. normalizacje temperatury, stol-
cow, poprawe diurezy, stopniowe ustepowanie obrzekow.
W dniu 03.08.2018 roku poziom CRP wynidst 22,2 mg/1.

Niestety w dniu 6.08.2018 r. nastgpilo pogorszenie i ob-
serwowano zmiane obrazu klinicznego choroby, u dziecka
wystapily wymioty, dwukrotnie luzne stolce, stan podgo-
raczkowy. Wyniki przeprowadzonych badan: leukocytoza
9,8 (10*/3uL), hemoglobina 9,3 (g/dL), Ca calk. 8,9 (mg/
dl), a CRP 52,44 (mg/l). Pobrano krew na posiew, z ktorej
izolowano pateczki Klebsiella pneumoniae o fenotypie
opornosci typu ESBL (Extended-Spectrum Beta-lactamases)
wrazliwe na piperacyling z tazobaktamem, ale oporng na
ceftazydym. Réwnolegle wykonano posiew moczu, ktory
dat identyczny wynik jak wykonany wczesniej, tj. w dniu
24.07.2018 i byl to ponownie Pseudomonas aeruginosa
wrazliwy na piperacyline z tazobactamem, ceftazydym,
tobramycyne, a oporny na gentamycyne.
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Whbrew wynikowi uzyskanemu z krwi podjeto decyzje
o kontynuacji leczenia w kierunku zakazenia ukladu
moczowego i w dniu 07.08.2018 r. zmieniono antybiotyk
na ceftazydym, a terapie kontynuowano do 15.08.2018 r.
Uzyskano poprawe stanu klinicznego pacjentki potwier-
dzong wynikami badan analitycznych, w dniu 13.08.2018 1.
poziom CRP wynidst 8,67 mg/l, leukocytoza 7,3 (10*/3ul),
hemoglobina 10,3 g/dL, Ca catk 10,4mg/dl, kreatynina
0,32 mg/dl.

Z powodu podwyzszonego CRP oraz utrzymujacych
sie standw podgoraczkowych, w dniu 13.08.18 r. pobrano
krew na posiew. Nie dokonano oznaczenia prokalcytoniny
z powodu braku odczynnika. Z krwi pobranej na posiew
izolowano pateczki O. anthropi oporne na piperacyline z ta-
zobactamem (minimalne stezenie hamujace wzrost drob-
noustroju, MIC 64 pg/ml) i ceftazydym (MIC 64 pg/ml)
oraz wszystkie pozostale testowane antybiotyki, z wy-
jatkiem imipenemu (MIC 0,25 ug/ml) i meropenemu
(MIC 0,12 ug/ml). Ze wzgledu na to, ze pacjentka nie
miata goraczki (powyzej 38°C, dreszczy oraz hipotenciji)
nie wdrozono celowanej antybiotykoterapii, pomimo do-
datniego posiewu krwi. W tym przypadku nalezato dazy¢
do poszerzenia diagnostyki mikrobiologicznej o badanie
cewnika naczyniowego celem potwierdzenia obecnosci
drobnoustroju w cewniku i jego okresowego wysiewu
do lozyska naczyniowego, co skutkowaloby ewentualng
zmiang zastosowanego schematu leczenia przeciwdrob-
noustrojowego.

W dniu wypisu 15.08.2018 r. na zyczenie opiekunow,
pacjentka zostala wypisana z hospicjum do domu w stanie
ogélnym dobrym, stabilnym. Domowa opieka dlugo-
terminowa byla kontynuowana pod nadzorem lekarza
rodzinnego w odlegtosci okoto 60 km i nie byla powigzana
z pierwotnym miejscem hospitalizacji.

W dniu 19.08.2018 r. lekarz rodzinny opiekujacy sie
pacjentka stwierdzil u dziecka stany podgoraczkowe,
wymioty i biegunki. W dniu 22.08.2018 r. bez pobrania
materialéw do badan mikrobiologicznych wdrozono
empiryczng terapi¢ amikacyng 15mg/kg 1 x dziennie iv,
zmieniong w dniu 29.08.2018 na tobramycyne¢ 3 mg/kg 1
x dziennie iv. W drugiej potowie wrze$nia i w pierwszej
polowie pazdziernika 2018 r., a nast¢pnie w drugiej poto-
wie pazdziernika 2018 r. przy stabilnym stanie klinicznym
dziecko bylo ponownie poddane empirycznej dozylnej an-
tybiotykoterapii aminoglikozydami realizowanej do konca
listopada 2018 roku, kiedy tez usunieto cewnik centralny,
ktdry nie zostal przestany do badania mikrobiologicznego,
z powodu brak zmian zapalnych w miejscu wklucia. Jednak
pomimo braku zmian miejscowych, w przypadku izolacji
z krwi rzadkiego czynnika etiologicznego, nalezaloby
réwniez wykluczy¢ kontaminacje¢ cewnika.

Nalezy w tym miejscu zauwazy¢, ze aminoglikozydy sto-
sowane w monoterapii innych zakazeniach niz zakazenia
uktadu moczowego sa mniej skuteczne niz antybiotyki
B-laktamowe i ich stosowanie w diuzszym okresie czaso-
wym moze zwigksza¢ ryzyko dziatan niepozadanych, jak
i wyzszej $miertelnosci. Stosowanie tych antybiotykéw
nie zwalnia lekarza od wykonywania badan mikrobiolo-
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gicznych jako konsultacji medycznej. W tym przypadku
takiej konsultacji medycznej nie przeprowadzono. Terapig¢
antybiotykami aminoglikozydowymi nalezy przerywac po
uzyskaniu poprawy klinicznej lub po otrzymaniu wyniku
badania mikrobiologicznego. Jednak dtuzsze stosowanie
antybiotykow aminoglikozydowych jest zalecane w infek-
cyjnym zapaleniu wsierdzia. Autorzy pracy nie potrafig po-
wiedzie¢, czy lekarz rodzinny takie rozpoznanie postawil,
mozna jedynie przypuszczaé po diugosci stosowanie tych
preparatow, ze takie rozpoznacie bylo brane pod uwage.
Infekcyjne zapalenie wsierdzia jest bowiem schorzeniem
o zréznicowanym obrazie klinicznym i uzewnetrznia si¢
szeregiem nieswoistych objawow.

Identyfikacje wszystkich izolowanych szczepow wyko-
nano z zastosowaniem systemu automatycznego Phoenix
100 (Becton Dickinson). Identyfikacje O.anthropi potwier-
dzono technikg MALDI-TOF MS-Matrix Assisted Laser
Desorption/Ionization Time-of-Flight Mass Spektrometry
(Bruker Daltonik, Germany). Do identyfikacji i okresla-
nia lekowrazliwosci zastosowano panele combo NMIC/
ID-204. Testy lekowrazliwosci interpretowano zgodnie
z zaleceniami EUCAST, http://www.eucast.org/.

OMOWIENIE
Chociaz przypadki patogenicznosci O. anthropi s rzadkie,
istnieje kilka udokumentowanych przypadkéow pokazu-
jacych, ze zakazenia o tej etiologii dotycza gtéwnie osob
z obnizong odpornoscig, z wyniszczajacymi chorobami lub
nowotworami ztosliwymi, chociaz Rastogi opisal zapalenie
opon moézgowych O. anthropi u immunokompetentnego
pacjenta chirurgicznego [15]. Zakazenia O. anthropi byly
opisywane przez autordw z réznych czesci swiata [3, 16,
17], ale najwiecej doniesient dotyczacych zakazen krwi
pochodzi z Indii i byly to sepsy noworodkowe [2, 11] oraz
u osob dorostych [9, 10, 18]. Wigkszos¢ opisanych przy-
padkow zakazen byla zwigzana ze stosowaniem cewnikow
naczyniowych, co wskazuje ze prawdopodobnie podsta-
wowym patomechanizmem tych zakazen jest wczesniejsza
kontaminacja cewnika donaczyniowego [3, 5, 6, 8,10, 11].
W przypadku opisanej pacjentki najwazniejszym czyn-
nikiem rozwoju zakazenia o tak rzadkiej etiologii byta
choroba podstawowa, stosowanie steroidow, antybiotykow
wplywajacych na uposledzenie uktadu immunologicznego
oraz na pewno unieruchomienie dziecka i nie doleczone
infekcje, a takze brak stalej kontroli mikrobiologicznej
zwigzanej z ordynowanymi antybiotykami.
Ochrobactrum anthropi moze stanowi¢ wyzwanie dia-
gnostyczne i terapeutyczne, gtéwnie z powodu trudnosci
w identyfikacji, np. opisywano mylne oznaczenie jako
wielooporny niefermentujacy oksydazododatni szczep
Pseudomonas, Burkholderia, Sphingomonas, Sphingobac-
terium, Elizabethkingia, Alcaligenes, Agrobacterium czy
Empedobacter [9, 10]. Trudnos$¢ w réznicowaniu Ochro-
bactrum spp. jest zwigzana réwniez z brakiem jedno-
znacznego obrazu klinicznego zakazenia przebiegajacego
z bakteriemia O. anthropi [4]. Dlatego w ocenie autoréw
identyfikacja zakazenia O. anthropi na podstawie posiewu

krwi u pacjenta z obnizong odpornoscia byta mozliwa
nawet przy braku pelnoobjawowego zakazenia krwi, tj. ze
skapymi objawami klinicznymi ze wzgledu na wyciszong
odpowiedz immunologiczng i trudnos$cig w klinicznej in-
terpretacji reakcji zapalnych monitorowanych za pomoca
np. nieswoistego biatka CRP [2-4, 18, 19].

Oporno$¢ pateczek O. anthropi na antybiotyki p-lakta-
mowe, w tym oporno$¢ na inhibitory B-laktamazy z wy-
jatkiem karbapenemow, zwigzana jest z wytwarzaniem
B-laktamaz typu AmpC, OCH-1 [9, 10, 14]. W naszym
przypadku izolowany szczep O. anthropi byt wrazliwy tylko
na karbapenemy, tj. imipenem i meropenem, co znalazto
potwierdzenie w innych doniesieniach [2, 9, 10].

W opisywanym przypadku dziecko bylo leczone poczat-
kowo piperacyling z tazobaktamem, a nast¢pnie ceftazy-
dymem, chociaz O. anthropi in vivo wykazywal opornos¢
na te antybiotyki. Pacjentka jednak dobrze zareagowata
na leczenie, a antybiotyk nie wymagal zmiany, co ma
gltéwnie zwigzek z prawdopodobng stosunkowa niska jego
wirulencje. Potwierdzaja to wczesniejsze doniesienia, ktore
wskazuja na dobre rokowania, zaréwno u pacjentéw im-
munokompetentnych [17, 19], jak i w neutropenii (biorcow
przeszczepow), u ktorych opisuje si¢ ustgpienie bakteriemii
nawet bez podawania antybiotykow [20].

Przypisywanie patogenicznoéci pojawiajacemu sie opor-
tunistycznemu patogenowi, jakim jest O. anthropi pozo-
staje zagadka kliniczng, poniewaz z jednej strony moze on
nie pasowa¢ do objawow klinicznych, stosowanej terapii
drobnoustrojowej i rokowania pacjenta, chociaz z drugiej
strony moze odgrywac role w zaostrzeniu innych choréb
wspolistniejgcych. Powyzszy problem dotyczy szczegdlnie
pacjentéw nieimmunokompetentnych, bez wzgledu na
wiek i chorobe podstawowg.

PODSUMOWANIE

Leczenie kazdego przypadku zakazenia wymaga staranno-
$ci, szczegdlnie w zakresie korzystania ze zrdédet informa-
cji: wywiad, dane kliniczne, wyniki badan analitycznych
i rownolegle, kiedy wymaga tego sytuacja, réwniez badan
mikrobiologicznych. Badania mikrobiologiczne s rodza-
jem specyficznej konsultacji medycznej majacej na celu
ustalenie czynnika etiologicznego zakazenia, jak i jego
wzoru opornosci, a nastepnie wspotpracy w zakresie sto-
sowanej antybiotykoterapii. Nie kazdy pacjent wymaga
leczenia przeciwdrobnoustrojowego, ale kazde leczenie
przeciwdrobnoustrojowe wymaga rzetelnej analizy danych:
klinicznych dotyczacych przede wszystkim stanu pacjenta
i jego obcigzen oraz mikrobiologicznych dotyczacych
wynikow badan réznych materialéw pobranych w réznym
czasie, w tym cewnika donaczyniowego w celu wykluczenia
jego kontaminacji przy braku cech zakazenia odecewni-
kowego. Prezentowany przypadek pokazuje, ze pomimo
obrazu klinicznego i wykonanych badan diagnostycznych,
w tym mikrobiologicznych, stosowano preparaty przeciw-
bakteryjne niezgodnie z otrzymanymi wynikami badan
mikrobiologicznych. Nalezy rowniez zauwazy¢, ze podanie
antybiotykow w terapii empirycznej nie zwalnia lekarza
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z obowigzku wykonywania badan mikrobiologicznych,
jakitez oceny farmakodynamicznej i farmakokinetycznej
stosowanych antybiotykow. Stosowanie aminoglikozydow
w monoterapii, oprécz zakazen ukladu moczowego, nie

jest

zalecane. Zalecane jest w przypadku podejrzenia lub

rozpoznania infekcyjnego zapalenia wsierdzia. Réwnocze-
$nie przy stosowaniu tego typu antybiotykéw wymagane

jest

PIS
1.

492

okreslanie stezenia leku w surowicy.
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POWIKLANIA LECZENIA IMMUNOSUPRESYJNEGO
W PRZEBIEGU CIEZKIEJ POSTACI ATOPOWEGO ZAPALENIA
SKORY - OPIS PRZYPADKU
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STRESZCZENIE

Atopowe zapalenie skory (AZS) jest schorzeniem o zréznicowanym i nieprzewidywalnym przebiegu klinicznym. Moze wystepowac u chorych w kazdym wieku, niezaleznie
od pici. Etiologia schorzenia oraz jego patomechanizm nie zostaty doktadnie wyjasnione. W przebiegu AZS wystepuje réznorodnos¢ objawéw chorobowych, co stwarza czeste
problemy diagnostyczne. Wsrdd objawéw dominuja $wiad i suchos¢ skéry, z towarzyszacymi zmianami wypryskowymi. Leczenie jest trudne i dtugotrwate, zardwno miejscowe,
jakiogdlne. U chorych z ciezkim przebiegiem schorzenia stosuje sie rowniez leczenie immunosupresyjne, obarczone jednak wystepowaniem groznych dziatari niepozadanych.
W przedstawionym przypadku klinicznym potwierdzono ztozono$¢ obrazu klinicznego choroby oraz jego zréznicowanie. Opisano wystepujace powiktania leczenia, wsrdd nich
wystapienie skrajnej leukopenii po wdrozeniu azatiopryny.

SLOWA KLUCZOWE: atopowe zapalenie skdry, $wiad, zmiany skére, immunosupresja, powikfania

ABSTRACT

Atopic dermatitis (AD) is a disorder with a diverse and unpredictable clinical course. It can occur in patients of all ages, regardless of gender. The aetiology of the disease and its
pathomechanism have not been clearly explained. In the course of ad, there is a variety of disease symptoms, which causes frequent diagnostic problems. Symptoms are pruritus
and dry skin with accompanying eczema. Treatment is difficult and long-lasting, both local and general. In patients with severe course of the disease, immunosuppressive treatment
is also applied, however, it is burdened with dangerous side effects. In the presented clinical case, the complexity of the clinical picture of the disease and its differentiation were

confirmed. Complications of treatment have been described, including the occurrence of extreme leukopenia after the implementation of azathioprine.

KEY WORDS: atopic dermatitis, pruritus, skin changes, immunosuppression, complications

WSTEP

Atopowe zapalenie skory (AZS) jest schorzeniem o zroz-
nicowanym i nieprzewidywalnym przebiegu klinicznym,
zakwalifikowanym do grupy choréb cywilizacyjnych.
W ciagu ostatnich kilkudziesieciu lat, liczba chorych na
$wiecie zwiekszyla si¢ blisko dwukrotnie. Jej srednia cz¢-
sto$¢ wystepowania szacowana jest w granicach 1-20%
w calej populacji ludzkiej, a zréznicowanie to jest zalezne
od regionu $wiata. Moze wystepowac u chorych w kazdym
wieku, niezaleznie od pici [1]. Istota choroby s3 zaburze-
nia w ukladzie immunologicznym. Na etiologie choroby
znaczny wplyw maja rézne czynniki alergizujace. Istotne
sa tez czynniki genetyczne i Srodowiskowe, uwarunkowane
rozwojem gospodarczym i zwigzanym z nim zanieczysz-
czeniem $rodowiska, na ktére w sposéb bezposredni jest
narazona skora. Wspolistniejace zaburzenia ze strony
uktadu immunologicznego predysponuja do rozwinigcia

Wiad Lek 2019, 72, 3, 493-499

sie atopowego zapalenia skory [2]. Obserwuje si¢ podwyz-
szone poziomy immunoglobulin klasy E, ktére uznano za
istotny element atopii. Wykazano zwigzek mutacji genu
kodujacego biatko filagryne z nieprawidlowa budowa
bariery naskdrka, czego konsekwencjg jest zaburzenie
funkcji ochronnej skory. Niedobor filagryny prowadzi do
niedoboru NMF (Natural Moisturizing Factor — czynnik
nawilzajacy, ktoéry naturalnie wystepuje w skorze), a to
z kolei powoduje wzrost pH skory i jej nadmierng koloni-
zacje przez gronkowca ztocistego. Czynniki te prowadza
do wysuszenia skory i potegujg $wiad [3]. Patomechanizm
choroby nie zostal do konca wyjasniony, a podstawa
rozpoznania sg kryteria kliniczne [4]. U chorych na AZS
wystepuja receptory charakteryzujace si¢ wysokim powi-
nowactwem do immunoglobulin E. Wigzg one antygeny
i prezentujg je limfocytom T pomocniczym. Pobudzony
limfocyt réznicuje si¢ w kierunku limfocytu T,1 lub
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T, 2. Réznig si¢ one od siebie profilem produkcji cytokin
i wykazuja wzajemne, hamujgce na siebie dziatanie. Za-
chowanie réwnowagi pomi¢dzy nimi warunkuje prawi-
dlowg odpowiedz immunologiczng, a jej zaburzenie jest
charakterystyczne dla AZS. W badaniach potwierdzono
przewage T2 we wczesnej fazie odpowiedzi immunolo-
gicznej i przewage T, 1 w fazie pdznej [5]. Uznano, ze AZS
jest wynikiem ztozonych reakcji genetycznych i epigene-
tycznych, w odniesieniu do czynnikéw srodowiskowych,
w oparciu o procesy immunologiczne, ze wspolistniejagcym
defektem bariery naskorkowej [6].

Réznorodnosé¢ objawoéw choroby wynika ze specyficz-
nych zmian w genotypie oraz heterogenicznosci alergendw.
AZS uznano za chorobe przewlekly i nawrotows, w prze-
biegu ktérej moga wspolistnie¢ inne IgE zalezne choroby
atopowe, np. astma oskrzelowa, alergie pokarmowe. Wsréd
najczestszych objawdw wystepuja wlasnie suchos¢ i $wiad
skory, z towarzyszacymi wielopostaciowymi zmianami
skornymi, z przewaga wystgpowania wyprysku. Obraz
kliniczny moze by¢ bardzo zréznicowany. Wérdd objawow
skornych dominuja rumien oraz grudki i pecherzyki wy-
sickowe. Wraz z rozwojem choroby pojawia si¢ lichenifi-
kacja skéry oraz przebarwienia. Swiad jest okreslany przez
pacjentow jako objaw najbardziej ucigzliwy i w sposob
znaczny obnizajacy jakos¢ zycia, jest determinantem zdro-
wia psychicznego w tej grupie chorych. Efektem $wigdu
jest drapanie i wystepowanie wtornych zmian w postaci
tusek i strupow. Usytuowanie zmian skérnych w miejscach
widocznych dodatkowo stygmatyzuje te osoby w ich $ro-
dowiskach [7].

W rozpoznaniu atopowego zapalenia skory bierze sie
pod uwage obraz kliniczny pacjenta, w ktérym nalezy
zidentyfikowaé przynajmniej trzy z czterech gtéwnych
objawow sklasyfikowanych przez Hanifina i Rajka oraz
co najmniej trzy objawy mniejsze. Klasyfikacje Hanifina
i Rajka prezentuje tabela I [7].

Zlozonos¢ obrazu klinicznego stwarza pewne problemy
diagnostyczne. Rozpoznanie opiera si¢ gtéwnie na ba-
daniu podmiotowym i przedmiotowym. W diagnostyce
wykorzystuje sie testy punktowe z alergenami pokar-
mowymi i powietrzno-pochodnymi, testy naskérkowe
alergii kontaktowej na zwigzki chemiczne oraz oznacze-
nie calkowitych i antygenowo swoistych IgE w surowicy
krwi. Wskazuje si¢ na zasadnos¢ dodatkowego wykonania
atopowych testow platkowych z typowymi atopenami [8]
oraz badanie histopatologiczne wycinkéw skory, w ktérych
stwierdza si¢ obecnos$¢ czasteczek adhezyjnych typowo
niewystepujacych w skorze bez atopii [5].

Leczenie AZS jest terapig trudna z uwagi na wieloczyn-
nikowy patomechanizm zmian. Wykorzystuje si¢ gtéwnie
metody leczenia objawowego i miejscowego (glikokortyko-
steroidy — GSK, inhibitory kalcyneuryny, leki przeciwhi-
staminowe, cyklosporyna - lek IT rzutu) oraz tzw. leczenie
uzupelniajace (fototerapia, suplementacja preparatami
rodlinnymi zawierajacymi kwas y-linolenowy). W obszarze
obserwacji klinicznych znajduja sie leki antyleukotrieno-
we, immunoterapia alergenowa (swoista), interferon-y,
blokery aktywnosci limfocytéw T [5]. W przebiegu
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choroby czestym zjawiskiem jest wystepowanie zakazen
wtornych (bakteryjnych, grzybiczych, wirusowych lub
mieszanych). Najczesciej wywolanych przez gronkowca
zlocistego, Trichophyton rubrum, Malassezia spp i Candida
spp. W leczeniu stosuje si¢ wowczas miejscowg lub ogolna
antybiotykoterapie. Nowatorska metodg leczenia jest sto-
sowanie jedwabnej odziezy, ktéra zawiera czynnik AEM
5772/5 (czynnik przeciwdrobnoustrojowy) redukujacy
obecno$¢ gronkowca na skorze [9].

Schorzenie jest obecnie nieuleczalne. Choroba ta jest
niezwykle ucigzliwa, wkraczajaca w kazda sfere zycia
pacjenta, przez co wymagajaca holistycznego podejscia
do procesu leczenia i pielegnowania. Wielofunkcyjnosé
skory ijej wielozadaniowo$¢ ma duzy wplyw na utrzymanie
homeostazy organizmu, a wszelkie procesy patologiczne
toczace si¢ w jej obrebie stanowi¢ moga istotne zagrozenie
zdrowotne dla pacjenta. Leczenie i pielegnacja maja na
celu poprawe jakosci zycia chorego w zakresie tagodzenia
objawow i zapobieganiu okresom zaostrzen. Jako dziatania
profilaktyczne zaleca si¢ stosowanie preparatow wzmac-
niajacych bariere naskorka.

OPIS PRZYPADKU

Pacjentka lat 42, od 8 lat leczona z powodu ci¢zkiej, leko-

opornej postaci atopowego zapalenia skory, zakwalifiko-

wana do leczenia biologicznego. Choroby wspotistniejace:

- depresja - ponad 20-letni wywiad chorobowy, dwukrotne
proby samobojcze, mysli suicydalne;

- pourazowe zmiany zwyrodnieniowe obu stawdw kola-
nowych;

- zmiany zwyrodnieniowe kregostupa w kazdym z od-
cinkows;

- zespol PCOS (Polycystic Ovary Syndrom — zesp 6l policy-
stycznych jajnikéw) — stan po usunieciu peknigtej torbieli
z wtérnym zapaleniem jamy otrzewnej;

- zespotl jelita drazliwego;

- przepuklina rozworu przetykowego;

- obustronna tonsilektomia.

W chwili przeprowadzenia wywiadu:

- depresja w fazie remisji, bez leczenia farmakologicznego;

- state dolegliwosci bolowe kregostupa;

- uporczywy $wiad skory dloni, stop, przewodow stucho-
wych, owlosionej skory gtowy, okolicy prawej pachwiny,
obu doléw pachowych;

- zmiany skorne o charakterze wysypki pecherzowej,
z miejscowym wysiekiem ptynu surowiczego na palcach
I, IT i IIT obu dloni oraz palcow I, II stopy lewej z zaje-
ciem stawu $rodstopno-paliczkowego palucha oraz te
same zmiany w okolicy stawu $rédstopno-paliczkowego
palucha prawego;

- uszkodzone plytki paznokciowe placéw I, II i III dioni
lewej oraz palcow I11III dtoni prawej, uszkodzona plytka
paznokciowa lewego palucha.

Wywiad rodzinny w kierunku choréb skory, astmy oraz

chorob alergicznych ujemny do drugiego pokolenia, za-

réwno ze strony matki, jak i ze strony ojca. We wczesnym
dziecinstwie wystgpowala nietolerancja biatka krowiego
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Tabela I. Kryteria wieksze i mniejsze atopoweqgo zapalenia skory wg Hanifina i Rajka.

KRYTERIA WIEKSZE

KRYTERIA MNIEJSZE

SWIAD

Suchos¢ skéry, rybia tuska, natychmiastowe reakcje skérne, podwyzszony poziom

PRZEWLEKLY | NAWROTOWY PRZEBIEG

IgE, wczesny wiek wystapienia zmian, sklonnos¢ do nawrotowych zakazen skory,

nieswoisty wyprysk rak i/lub stép, wyprysk sutkéw, zapalenie czerwieni warg,

CHARAKTERYSTYCZNA MOFROLOGIA ZMIAN
| ICH LOKALIZACJA

nawrotowe zapalenie spojowek, fatd Dennie-Morgana, stozek rogéwki, za¢ma,
zacienienie wokot oczu, fatd szyjny, swiad po spoceniu, nietolerancja pokarmow,

nietolerancja wetny, zaostrzenie po zdenerwowaniu, biaty dermografizm, rumien

OSOBNICZY LUB RODZINNY WYWIAD
ATOPOWY

twarzy, akcentacja mieszkédw wtosowych

Zr6dto: Wanat-Krzak M, Kurzawa R. Diagnostyka i leczenie wyprysku atopowego. Alerg Astma Immunolog 2006; 11 (1):12

w postaci silnej reakcji ze strony ukladu pokarmowego.
Z opowiadan matki wynika, ze byly to obfite, chlustajace
wymioty i intensywna biegunka. Pacjentka byta karmiona
mlekiem specjalnym. W wieku przedszkolnym i pdz-
niej, spozywala w codziennej diecie mleko krowie oraz
jego przetwory, bez efektow nietolerancji czy alergizacji.
W okresie nastoletnim, jedyng reakcjg uczuleniows, ktéra
wystapita, byl wstrzas anafilaktyczny po podaniu Pyralginy.

Pierwsze objawy choroby pojawily si¢ w roku 2009. Byt
to uporczywy $wiad wewnetrznych powierzchni dloni,
bez widocznych zmian skérnych. Swiad przemiescit sie
w okolice palcow obu dloni, pojawily sie drobne poje-
dyncze wypryski sugerujace wyprysk potnicowy, z uwagi
na wspolistniejacg nadmierng potliwos¢ dloni i stop.
Owczesna diagnoza dermatologiczna — wyprysk atopowy.
Zalecono miejscowe stosowanie steroidow.

W roku 2010, u pacjentki wykonano zabieg obustronne;j
tonsilektomii z powodu przewleklego stanu zapalnego.
W badaniu histopatologicznym rozpoznano zakazenie
Staphylococcus aureus.

Przez kolejne lata zmiany wypryskowe ulegaly stopnio-
wej intensyfikacji. Pojawily sie réwniez zmiany na palcach
obu stop. Wykonano badanie bakteriologiczne zmian z pra-
wej dloni, w ktérym nie stwierdzono obecnosci patogenow
chorobotwdrczych.

W roku 2014, na przelomie lipca i sierpnia, pojawita si¢
grudkowa wysypka poczatkowo w okolicy pomigdzy pier-
siami, a nast¢pnie objeta ona obie piersi, by w ciggu kilku
dni rozprzestrzenic si¢ na calg klatke piersiowa (Ryc. 1).
Chora zostata skierowana do leczenia na oddziale derma-
tologicznym w trybie pilnym. Wdrozono wéwczas naste-
pujace leczenie: cefotaxime, dexamethasonum w dawkach
zmniejszajacych, klemastyna, ranitidine, venlafaxine, met-
formina oraz leczenie miejscowe: hydrocortisone butyrate,
dexamethasonum, oktady z soli fizjologicznej, mas¢ chto-
dzaca z fluocinolone acetonide + neomycin, mas¢ chlodzaca
z hydrocortisone butyrate, hydrocortisone + natamycin +
neomycin, mas¢ cynkowa. Wyniki badan dodatkowych
(VDRL, kat pasozyty i G.lamblie) byly prawidtowe.

Do stosowania ogdlnego zalecono przyjmowanie bilasti-
ne 2 x 1 tbl., zewnetrznie: mas¢ chtodzaca z hydrocortisone
na cale cialo oraz erythromycin na okolice dekoltu. Bezpo-
srednio po wypisaniu z oddzialu objawy skdrne powrdcily,
jednak znacznie zaostrzone. Wysypka obejmowala cale

cialo, z wyjatkiem twarzy. Na skorze posladkow pojawily
sie ponadto wilgotne, saczace rany przypominajace II° ran
odlezynowych, dodatkowym objawem byl miejscowy bdl
(Ryc. 2). Chora zostala skierowana do leczenia w klinice
dermatologii, z zaleceniem przyjmowania do czasu usta-
lonego terminu przyjecia cyklosporyny w dawce 200 mg/
dobe. W okresie poprzedzajacym hospitalizacje wykonano
oznaczenia przeciwcial w grupach IgE, IgG, IgA i IgM, kto-
re nie odbiegaly od ustalonych norm. Oznaczenie ANA1
dato wynik graniczny ze wskazaniem ponownej kontroli
po 6 miesigcach.

W trakcie hospitalizacji w klinice podwyzszono dawke
cyklosporyny do 300 mg/dobe. Zastosowano glikokor-
tykosteroidy ogdlnie, acyclovirum, antybiotykoterapig
0goblng oraz leczenie miejscowe. Zmiany skdrne ustgpily
z pozostawieniem przebarwien, $wigd rowniez ustgpit.
W warunkach domowych kontynuowano leczenie w spo-
sob nastepujacy: cyklosporyna 200 mg rano + 100mg
wieczorem, feksofenadyna 180mg 2 x 1 tbl./dobe, hy-
droxyzinum 10 mg doraznie, przy wystgpieniu nasilonego
$wigdu (1 tbl. rano, 2 tbl. wieczorem), miejscowo: masé
parafinowa, mediderm krem, clotrimazolum + tormentillae
unguentum compositum na zmiany na sromie. W trakcie
hospitalizacji, pacjentka zostala zakwalifikowana do pro-
jektu badania klinicznego, w trakcie ktérego wykonano
u niej TEST ALERGIE EUROLINE ATOPIE, w ktérym
ujawniono niskie miano przeciwcial w odniesieniu do soji
(0,47 kU/1), w pozostatych typach alergenéw nie ujawniono
specyficznych przeciwcial.

Ze wzgledu na nagle pojawienie si¢ zmian o charakterze
rogowca, w obrebie wewnetrznych powierzchni obu dfoni
oraz na powierzchni podeszwowej obu stop, pacjentke
skierowano na diagnostyke w kierunku obecnosci choroby
nowotworowej, ktora zostala wykluczona. W badaniach
obrazowych stwierdzono przepukling wélizgowa rozworu
przetykowego przepony, powigkszone guzki krwawnicze,
stluszczenie watroby. W badaniach laboratoryjnych —
przesuniecie w prawo w rozmazie morfologii, ktore miato
najpewniej zwigzek z przyjmowang cyklosporyna.

W kolejnym roku, na przelomie listopada i grudnia,
wystapily dodatkowe objawy w postaci bolu w okolicy
szyi z towarzyszacym powiekszeniem weztéw chtonnych
oraz wyciekiem surowiczo-ropnym z obu przewoddéw
stuchowych, z wtérnym pogorszeniem stuchu. W badaniu
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ultrasonograficznym (USG) stwierdzono powigkszenie we-
zt6w chlonnych, zalecono kontrole u lekarza prowadzacego
chorobe podstawows.

W wieloletnim przebiegu choroby, objawami dominu-
jacymi sg zmiany skorne palcow stop i dloni. Ze wzgledu
na uporczywy $wiad, zmianom tym towarzysza przeczosy
wywolane drapaniem. Zmiany te czesto ulegaja wtérnym
zakazeniom o zréznicowanym, zmiennym i/lub mieszanym
podtozu patogennym grzybiczo-bakteryjnym (Ryc. 31 4).

W roku 2016, od lutego, nastapito znaczne pogorsze-
nie si¢ stanu skdry. Pojawily sie rozlegle zmiany zapalne
w postaci wysypki grudkowej z miejscowymi zmianami
liszajowatymi. Objawy te zdominowaly okolice klatki
piersiowej i szyi, z nastgpowym kierunkiem wstepujacym
na okolice zuchwy. Najsilniej prezentowaly si¢ w okolicach
doléw pachowych. Zmianom tym towarzyszyl silny $wiad
(Ryc. 511 6). Pacjentka zostala skierowana na leczenie
szpitalne. W trakcie pobytu wlaczono leczenie steroidami
oraz antybiotykoterapig, prowadzono réwniez intensywne
leczenie miejscowe. Wiaczono ponownie cyklosporyne
w dawce 200 mg/dobe, jednak z uwagi na wzrost pozio-
mu kreatyniny w surowicy, dawke te zredukowano do
100 mg/dobe. Uzyskano wzgledng stabilizacje i poprawe
stanu klinicznego w zakresie zmian skornych. Pacjentka
zostala wypisana do domu z zaleceniem dalszego leczenia
w warunkach ambulatoryjnych. Z uwagi na pojawienie si¢
granicznych warto$ci ci$nienia tetniczego obserwowanych
w trakcie wdrozenia cyklosporyny zalecono codzienng
kontrole tych warto$ci oraz wykonywanie 1 x w tygodniu
oznaczenia poziomu kreatyniny w surowicy. Po miesigcu
nastapito kolejne, jeszcze silniejsze zaostrzenie choroby,
w obrazie klinicznym jak dotychczas z tym, ze zmiany
objely rowniez twarz i skore gtowy (Ryc. 7). Dodatkowo
pojawila si¢ dusznos$¢ spoczynkowa, znacznie nasilajaca
sie w trakcie minimalnego wysitku fizycznego, z towarzy-
szacymi umiarkowanymi obrzg¢kami konczyn dolnych. Ze
wzgledu na wystgpienie niepozadanych efektéw leczenia
cyklosporyng, w trakcie kolejnej hospitalizacji, podjeto de-
cyzje o wdrozeniu azatiopryny do leczenia podstawowego.
Wdrozono réwniez fototerapie UVB-NB, uzyskujac tylko
cze$ciowq poprawe stanu miejscowego oraz zmniejszenie
nasilenia $wigdu. Pacjentka zostala wypisana w stanie
ogolnym dobrym z zaleceniami, jak dotychczas. W sie-
demnastej dobie leczenia azatiopryna stan chorej zaczal
sie stopniowo pogarszaé. Pojawily sie uogélnione obrzeki
calego ciala, ktore w ciggu dwoch dni przybraly postaé
obrzekow masywnych. Wérdd zmian skérnych dominowa-
ty plackowate zmiany liszajowe z nadmiernym tuszczeniem
sie skory calego ciata. Pojawilo si¢ znaczne ostabienie,
dreszcze z wieczornymi rzutami goraczki powyzej 40°C.
Pacjentka zostala przetransportowana przez zespol ra-
townictwa medycznego na szpitalny oddziat ratunkowy,
gdzie zostala zakwalifikowana do leczenia na oddziale
dermatologii. Brak uchwytnej przyczyny tak gwaltownego
pogorszenia sie stanu chorej utrudnial diagnoze i leczenie.
Stan pacjentki, pomimo podjetego leczenia objawowego
pogarszal si¢, jednak juz nie tak intensywnie. W drugiej
dobie zalecono, aby pacjentka odstawila wszystkie leki,
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ktére miala zalecone w dotychczasowym leczeniu ambu-
latoryjnym, pozostajac wylacznie na wdrozonym leczeniu
szpitalnym. W ciggu kilku godzin stan chorej wyraznie si¢
poprawit. Przy probie ponownego wlaczenia azatiopryny
wystapila skrajna leukopenia oraz gwaltowne zaostrzenie
zmian skornych z towarzyszacymi objawami ogélnymi
(dusznos$¢, temperatura do 39°C, dreszcze). Wdrozono
intensywne leczenie objawowe, uzyskano stabilizacje sta-
nu chorej. Podano 1 amputke Tevagrastimu ze wzgledu
na leukopeni¢ WBC 1,4 K/ul (zakres normy 4,0-10,0).
W badaniach dodatkowych wysoki poziom wskaznikéow
zapalnych: bialka ostrej fazy (CRP) i prokalcytoniny (PCT).
Stwierdzono zakazenie skory Staphylococcus aureus MSSA
wrazliwym na metycylling, cefalosporyny Ii Il generacji oraz
penicyliny z inhibitorami. Badanie krwi na posiew dato
wynik jalowy. Ryciny 8 i 9 zostaly wykonane w trzeciej
dobie pobytu na oddziale, obrzgki nie byly juz tak za-
awansowane, jak pierwotnie, jednak nadal byly masywne.
Doszlo do przezskdrnego saczenia si¢ ptynu obrzekowego
przez uszkodzona skdre w okolicy obu podudzi. Wdrozone
leczenie i odstawienie azatiopryny przyniosty znaczaca
poprawe stanu zdrowia i w 10. dobie wypisano pacjentke
z zaleceniem kontroli w macierzystej klinice dermatologii.

Po dwoch tygodniach, nastgpilo kolejne zaostrzenie
stanu zapalnego skory. Pacjentka ponownie hospitalizo-
wana. Poza uogélnionym zaostrzeniem zmian skérnych,
w badaniach laboratoryjnych stwierdzono niedokrwistos§¢
i nadplytkowos¢, przesuniecie w obrazie biatokrwinkowym
oraz podwyzszony poziom glukozy we krwi, odnotowano
réwniez podwyzszone warto$ci OB. Wdrozono leczenie
steroidami uzyskujac stabilizacj¢ stanu ogoélnego oraz
wycofanie si¢ zmian zapalnych skory.

Z uwagi na zmiany skorne w okolicy sromu i krocza po-
brano wycinki do badania histopatologicznego, w ktérym
stwierdzono dystrofie hyperplastyczna.

Ostatnia hospitalizacja miala miejsce w 2017 roku
z powodu niejednoznacznego obrazu klinicznego, w trak-
cie ktdrej wykonano badanie histopatologiczne i immu-
nologiczne w kierunku choroby Hailey-Hayley - wynik
negatywny. Zmniejszono wowczas dawke cyklosporyny
do 200mg/dobe. Kontynuowano leczenie miejscowe jak
dotychczas.

Wdrozona terapia kontynuowana byta do dnia przepro-
wadzenia niniejszego badania.

DYSKUSJA

Leczenie immunosupresyjne jest obarczone wystepowa-
niem dzialan niepozadanych. W opisie profesjonalnym
cyclosporyny wskazuje si¢ na zwiekszone ryzyko rozwoju
nowotworéw. Z tego powodu, gdy u pacjentki pojawil si¢
rogowiec, zostala ona skierowana do dalszej diagnostyki
w kierunku choroby nowotworowej, bowiem jest on jed-
nym z objawow skdrnych zespoléw paraneoplastycznych
[10]. W przebiegu leczenia dawka 200mg/dobe, u pacjentki
stwierdzono wzrost poziomu kreatyniny do wartosci gra-
nicznych, ktéry obnizyl si¢ po zmniejszeniu dawki do 100
mg/dobe. Dysfunkcja nerek w krétkotrwatym leczeniu
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Ryc. 1. Wyprysk pecherzowy na skdrze piersi.

Ryc. 2. Zmiany skdrne w okolicy szpary posladkowe;.

Ryc. 3. Saczace, wtdrnie nadkazone grzybiczo zmiany skérne palcow
[, 1111l stopy lewej.

cyklosporyna jest z reguly przejsciowa. W leczeniu prze-
wleklym, trwajacym co najmniej dwa lata, moze jednak
prowadzi¢ do uszkodzen strukturalnych w nerkach z na-
stepowa niewydolnoscig nerek [13]. Wskazuje si¢ rowniez
na mozliwo$¢ wystgpienia nadci$nienia tetniczego, ktorego
etiologia zwigzana jest ze skurczem naczyn krwionos$nych,
pobudzeniem ukltadu renina-angiotensyna-aldosteron oraz
pobudzeniem aktywnosci wspotczulnego uktadu nerwowe-
go. W badanym przypadku, w pierwszym okresie leczenia
wystapilo nadci$nienie tetnicze wymagajace zastosowania
lekéw hipotensyjnych. Objawami towarzyszacymi byly
szybkie meczenie si¢ i duszno$¢. Po uplywie 3 miesiecy leki
te zostaly odstawione, a wartosci ci$nienia utrzymywaly sie
w granicach normy [11]. W jednym z badan dotyczacym

Ryc. 4. Zmiany skérne w obrebie obu dfoni.

wybranych parametréw jakosci zycia chorych z tuszczyca,
leczonych cyklosporyng stwierdzono wystepowanie roz-
nych dziatan niepozadanych u 6,4% chorych poddanych
badaniu, najczestszym bylto wlasnie nadcisnienie tetnicze
[12]. W badanym przypadku obserwowano zwi¢kszone
wartosci glikemii, co moze by¢ wynikiem dlugotrwatego
stosowania cyklosporyny [17].

W opisywanym przypadku, po zastgpieniu cyklosporyny
azatiopryng wystgpito gwaltowne pogorszenie si¢ stanu
ogolnego w postaci masywnych, uogélnionych obrzekow
calego ciala, z intensyfikacja zmian skornych. W obrazie kli-
nicznym pojawita si¢ goraczka (>40°C) i silna dusznos¢ oraz
znaczne oslabienie organizmu. W badaniach laboratoryj-
nych stwierdzono skrajng leukopenie, ktdra wskazywana jest
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Ryc. 5. Wysypka rumieniowo-grudkowa z nadkazeniem grzybiczym
w okolicy dotu pachowego lewego.

Ryc. 6. Wysypka rumieniowo-grudkowa ze zmianami liszajowatymi w
okolicy szyi.

Ryc. 7. Zmianyzapalne skry twarzy w okresie zaostrzenia choroby. Widoczny obrzek
izaczerwienienie ozu z towarzyszacym zapaleniem spojéwek. Wspéfistniejacy ropny
wysiek z obu przewoddw stuchowych — ze zhiordw pacjentki.

'\n‘f el |

Ryc. 8. Masywne obrzeki z ciezkim przebiegiem zapalenia skory.

w piSmennictwie jako jeden z mozliwych skutkéw ubocz-
nych leczenia [14]. Wérdéd zaburzen hematologicznych,
ktore mogg réwniez wystapi¢ w trakcie leczenia azatiopryna
jest megaloblastoza, aplazja uktadu czerwonokrwinkowego
i limfadenopatia [16]. W przebiegu atopowego zapalenia
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Ryc. 9. Saczace rany podudzi w przebiegu masywnych obrzekdw.

skory, czestym zjawiskiem sg wtorne zakazenia bakteryjne
Staphylococcus Aureus, ktére wystepuja u okoto 90% cho-
rych. U pacjentki réwniez potwierdzono obecnos¢ zakazenia
skory tym patogenem. Kolonizacja tego patogenu odgrywa
znaczaca role w patogenezie AZS. W wywiadzie pacjentka
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wskazywala na konieczno$¢ poddania si¢ obustronnej tonsil-
lektomii wlasnie z powodu zakazenia Stapfylococcus Aureus,
ktore mialo miejsce w okresie po wystgpieniu pierwszych
objawdw atopowego zapalenia skory [15].

Leczenie immunosupresyjne jest wykorzystywane
w wielu dziedzinach medycyny, gléwnie w transplantolo-
gii, alergologii, w leczeniu choréb autoimmunizacyjnych
i onkologicznych. Dotyczy zatem chorych obcigzonych
réznymi schorzeniami wspdlistniejacymi, co przeklada sie
réwniez na mozliwos¢ wystepowania odmiennych dziatan
niepozadanych. Do najczgstszych zalicza si¢ zakazenia
o réznym podlozu patogennym (szczegdlnie niebezpieczne
sa drobnoustroje oportunistyczne). Niebezpieczne sg row-
niez powiklania wynikajgce z toksycznosci tych lekow, np.
nefrotoksycznos¢, hapatotoksycznos¢ i kardiotoksycznosé.
Objawy niepozadane wystepuja czgsciej u osob, ktorych
leczenie immunosupresyjne jest dlugotrwale z zastosowa-
niem wysokich dawek preparatow [18].

WNIOSKI

Przedstawiony przypadek kliniczny potwierdza, ze atopowe
zapalenie skory ma zlozony obraz kliniczny oraz zrdznicowa-
ny izmienny charakter. Przeprowadzony z pacjentka wywiad
potwierdzil, ze wystepujace w przebiegu choroby objawy
kliniczne znacznie obnizaja jakos¢ zycia pacjenta. Powikiania
leczenia immunosupresyjnego moga wystapi¢ w kazdym
momencie leczenia i moga stanowi¢ zagrozenie dla zdrowia
i zycia pacjenta, o czym $wiadczy powazny przebieg obrazu
klinicznego chorej po wdrozeniu azatiopryny. Dzialania nie-
pozadane leczenia immunosupresyjnego zaleza w gtéwnej
mierze od zastosowanych dawek lekéw, od diugosci trwania
leczenia oraz od wystepowania schorzen wspolistniejacych.
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SERVICE IN POLAND. RETROSPECTIVE ANALYSIS
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ABSTRACT

Introduction: Burns are a huge problem for public health and a challenge for healthcare systems all around the world. They are responsible for 180.000 deaths worldwide each
year. In order to ensure high quality treatment and rehabilitation of these patients burn centres are established in many countries. Another vital factor influencing the prognosis
of patients with burns is quick transport that in many countries, including Poland is carried out by Helicopter Emergency Medical Service (HEMS).

The aim: To describe the operations carried out by HEMS with particular stress put on the target medical facility.

Materials and methods: The research was conducted with the method of retrospective analysis of operations performed by HEMS crews. All missions from January 2011 to
December 2018 were included in the study and 2534 cases were qualified for the final analysis.

Results: The study group was predominantly male (72.72%) aged 18 years old and less (36.65%). Nearly two thirds of the patients were transported to hospitals with a burn
ward (61.88%). Opioid analgesics as well as crystalloids were the most commonly administered drugs (respectively 68.55% and 64.76%). Statistical analysis showed that HEMS
arrival time (20.77 minutes vs 18.60 minutes) and duration of the transport to designated hospital (40.11 minutes vs 19.66 minutes) were significantly higher in the cases of
deciding to transport the patient to the hospital with the burns department (p<0.001).

Condlusions: Presented results showed that HEMS crews are more often assigned to help ground-based Medical Rescue Teams in case of patients who required treatment in
burn centres. Moreover, the time and distance to the hospital with burn ward was significantly longer compared to other healthcare facilities. This confirms that the assigning
of HEMS crews for the patients with severe burns was reasonable.

KEY WORDS: burn, Helicopter Emergency Medical Service, prehospital care, burn centres

STRESZCZENIE

Wstep: Oparzenia ciata stanowia ogromny problem dla zdrowia publicznego i wyzwanie dla systeméw opieki zdrowotnej na $wiecie. Kazdego roku odpowiedzialne sa za 180
tysiecy zgondw na Swiecie. W celu zapewnienia wysokiej jakosci leczenia i rehabilitacji pacjentéw z oparzeniami ciata w wielu krajach tworzone sq centra leczenia oparzen.
Kolejnym kluczowym elementem wptywajacym na rokowanie pacjentow z oparzeniami ciafa jest szybki transport, ktdry w wielu krajach, w tym réwniez w Polsce realizowany
jest przez zatogi Smigtowcowej Stuzby Ratownictwa Medycznego (HEMS).

Cel pracy: Charakterystyka misji zatég HEMS realizowanych do pacjentdw z oparzeniami ciata, ze szczegélnym zwrdceniem uwagi na miejsce transportu poszkodowanych.
Materiati metody: Badania przeprowadzono metoda analizy retrospektywnej interwencji wykonanych przez zatogi Smigtowcowej Stuzby Ratownictwa Medycznego Lotniczego
Pogotowia Ratunkowego. Do badania wiaczono wszystkie misje z okresu od stycznia 2011 roku do grudnia 2018 roku, w ktdrych zatogi HEMS byty dysponowane do pacjentéw
z oparzeniami ciata. Do ostatecznej analizy zakwalifikowano 2534 przypadkéw interwencji zatog HEMS.

Wyniki: W badanej grupie dominowali mezczyzni (72,72%), pacjenci w przedziale wiekowym 18 i mniej lat (36,65%). Blisko dwie trzecie pacjentéw transportowana byta
do szpitali z oddziatem oparzeniowym (61,88%). Najczesciej podawanymi lekami byty opioidowe leki przeciwhdlowe (68,55%) i krystaloidy (64,76%). Z analizy statystycznej
wynika, ze czas dolotu (20,77 min vs 18,60 min) i czas transportu do szpitala (40,11 min vs 19,66 min) byty istotnie wyzsze w przypadku decyzji o transporcie pacjenta do
oddziatu leczenia oparzen (p<0,001).

Whioski: Przedstawione wyniki badan wykazaty, ze zatogi HEMS czesciej s dysponowane do pomocy Zespotom Ratownictwa Medycznego w przypadku pacjentéw, ktorzy
wymagali leczenia w centrum leczenia oparzen. Ponadto czas transportu i dystans do szpitala z oddziatem oparzeniowym jest istotnie dtuzszy w poréwnaniu do szpitali bez
oddziatu oparzeniowego. Potwierdza to zasadnos$¢ dysponowania zatog HEMS do pacjentdw z ciezkimi oparzeniami ciata.

SLOWA KLUCZOWE: oparzenia, Smigtowcowa Stuzba Ratownictwa Medycznego, opieka przedszpitalna, centrum oparzeniowe
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INTRODUCTION

A burn is a damage to the skin or other tissue of an or-
ganism resulting mainly from heat or radiation but also
from biological, chemical, physical and electrical factors
whose effect may be local or systemic. Ultraviolet radiation
radioactivity, electrical or chemical skin damage as well as
smoke inhalation are also considered as burns. Globally
burns are a serious problem for healthcare systems and
are responsible for 180.000 deaths per year. The majority
of these deaths occur in low and middle-income countries
with nearly two thirds of the deaths reported in the Africa
and Southeast Asia. Non-lethal burns are the main reason
of prolonged hospitalisation, high morbidity, body disfig-
uration and disability resulting in reduced self-esteem and
social exclusion [1-5].

About 1% of the Polish population suffer from burns
every year. Children and elderly are particularly exposed
to this kind of stress. Estimations show that burns among
children up to age of seven represent a quarter of all burns.
They are mainly the result of contact with hot liquids.
Among adults burns are most often related to accidents at
work or at home [6, 7].

Burns constitute a serious problem but the continuous
development and progress of medicine promotes the
development of modern medical techniques and proce-
dures that allow to treat effectively patients with severe
burns. In many countries burns centres and wards are
being established as in the case of multiple trauma centres.
There are seven highly specialised burn centres in Poland.
Through coordinated efforts they enable treatment and
rehabilitation of patients with severe burns. The rapid
transport of such patient to specialised facility is crucial
for the prognosis of survival [8]. Therefore in Poland as in
many countries including Austria, Denmark and the USA
the Helicopter Emergency Medical Service (HEMS) has
been established and used to provide transport of patients
with severe injuries, acute heart attacks, and burns to the
suitable, specialised hospitals [9-12].

The aim of the research was to describe the characteristics of
Helicopter Emergency Medical Service missions carried out
for burn patients with a highlight to the target medical facility.

MATERIALS AND METHODS

The research was conducted using the method of retro-
spective analysis of operations performed by Helicopter
Emergency Medical Services crews. All missions con-
cerning burn patients from January 2011 to December
2018 were included in the study. Cases of cancellation,
interruption of the missions as well as lack of casualties
were excluded. Ultimately, 2534 cases were qualified for
the final analysis. The study did not require the consent of
the bioethics committee.

The research was carried out based on medical and
operational documentation of Helicopter Emergency
Medical Service. Under the consent of the Director of
Medical Air Rescue Service. During the analysis of HEMS
medical records the following data was obtained and used

to complete the research: gender and age of the patients,
date of intervention, clinical status parameters of patients
(based on symptoms and three scales: Glasgow Coma Scale
- GCS, Revised Trauma Score - RTS, National Advisory
Committee for Aeronautics — NACA), medical actions
undertaken during the mission and information related
to the description of the HEMS mission.

Data obtained from medical records was subjected to
statistical analysis using STATISTICA 13 program (Stat-
Soft, Cracow, Poland). In the description of qualitative data
the quantity (n) and percentage (%) were used whereas

Table 1. Characteristics of the test group.

Sex - n (%)
Female 691 (27.28)
Male 1842 (72.72)
Age - n (%)
<18 years 927 (36.65)
19 - 34 years 354 (14.00)
35 -49 years 427 (16.88)
50 - 64 years 482 (19.26)
65— 79 years 210 (8.30)
>80 years 124 (4.90)
Age (years) M (SD) 32.80(27.03)
Type of burn - n (%)
Thermal 2285(90.21)
Chemical 248 (9.79)
Burn location - n (%)

Head and neck 344 (13.58)
Trunk 337(13.30)
Limbs 142 (5.61)

Airways 97 (3.83)
Multiple body area 1613 (63.68)
Endotracheal intubation - n (%)
Yes 702 (27.70)
No 1832(72.30)
Mechanical ventilation - n (%)
Yes 683 (26.95)
No 1851 (73.05)
Medication - n (%)
Benzodiazepines 877 (34.61)
Anaesthetics 674 (26.60)
Crystalloids 1641 (64.76)
Opioids 1737 (68.55)
Muscle relaxants 344 (13.58)
GCS M (SD) 13.24 (3.86)
RTS M (SD) 11.14 (2.24)
NACA scale M (SD) 4.00 (1.28)
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Table 2. HEMS mission characteristics.

Event location - n (%)

Urban 1266 (53.02)
Rural 1122 (46.98)
Season - n (%)

Spring 766 (30.24)
Summer 888 (35.06)
Autumn 517 (20.41)
Winter 362 (14.29)

Type of mission - n (%)
Emergency flight 773 (30.52)
Inter-hospital medical transport 1760 (69.48)

Transport to burn centre or burn ward - n (%)

Yes

1568 (61.88)

No

966 (38.12)

First on site - n (%)

Ground-based EMS

2316 (91.54)

HEMS

214 (8.46)

Response time (min) M(SD)

8.68 (8.36)

Time to reach the place of call (min) M(SD)

19.90 (9.49)

Duration of action at the place of call (min) M(SD)

24.77 (13.19

To hospital transport time (min) M(SD)

32.71(24.94

Overall time of patient supervision M(SD)

Distance from the place of call (km) M(SD)

55.59 (33.10

Distance to hospital (km) M(SD)

( )
( )
56.53 (31.83)
( )
( )

96.58 (70.55

the mean (M) and standard deviation (SD) were used to
describe quantitative data. To check the normal distribu-
tion of quantitative variables the Shapiro-Wilk normality
test was used. The Chi-suqre test was used to statistically
assess significant differences between quantitative vari-
ables. Non-parametric U Mann-Whitney test was used
to examine the differences between the two groups. The
significance level was considered p<0.05.

RESULTS
The study group was predominantly male (72.72%). The wid-
est age range was eighteen years or younger (36.65%) and the
average age for the whole group was 32.80. The vast majority
of patients suffered from thermal burns (90.21%) which
mostly involved multiple body regions (63.69%). In the an-
alysed group 27.70% of the patients required endotracheal
intubation and 26.95% of them required mechanical ventila-
tion. Opioids as well as crystalloids were the most commonly
administered drugs (respectively 68.55% and 64.76%). The
mean GCS score for the whole group of patients was 13.24
points, RTS — 11.14 points while on the NACA scale patients
were assigned to the 4" category (Table 1).

Interventions of HEMS were most frequent in urban ar-
eas (53.02%), in summer (35.06%), as part of inter-hospital
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medical transport (69.48%) and to provide the support to
the ground-based medical rescue teams (91.54%). Nearly
two thirds of patients were transported to hospitals with
burn ward (61.88%). The average HEMS time response
was 8.68 minutes (8.36). Average HEMS arrival time at the
scene was 19.90 minutes (SD 9.49), with mean distance of
55.59 kilometres (SD 33.10). On-site proceedings took 24.77
minutes on average (SD 13.19) and overall time of patient
supervision was 56.53 minutes (SD 31.83). Transportation
to hospital lasted 32.71 minutes on average (SD 24.94) with
a mean distance of 96.58 kilometres (SD 70.55) (Table 2).
The statistical analysis showed that women were signifi-
cantly more frequently transported to the hospital with the
burn ward (63.90% vs. 56.58%). Additionally, the mean age
was higher in patients who were admitted to the burn ward
(41.18 years vs. 19.19 years). The analysis shows that burn
ward was more often reached by patients in the urban area
(69.04% vs. 50.00%) and by those eligible for inter-hospital
medical transfer (51.14% vs 8.41%) as well as when HEMS
provide assistance for ground-based medical rescue teams
(63.17 vs 48.13%). Patients with airways thermal injury
(67.01%) and multiple body area burns (68.82%) were
significantly more often transported to the burn ward. The
analysis of the clinical status of the patients showed that those
transported to burn wards were significantly more severely
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Table 3. Relationship between the place of transport, sociodemographic data, type of mission, clinical condition and treatment.

Variables Burn unit hospital Non-Burn unit hospital p-value
Sex —n (%)
Female 391 (56.58) 300 (43.42) 0.0008
Male 1177 (63.90) 665 (36.10)
Age - n (%)
< 18 years 304 (32.79) 623 (67.21)
19 - 34 years 275 (77.68) 79 (22.32)
35-49 years 330 (77.28) 97 (22.72) 0.0000
50 - 64 years 392 (80.49) 95(19.51)
65— 79 years 162 (77.14) 48 (22.86)
80 and more years 103 (83.06) 21 (16.94)

Age average M (SD) 41.18 (24.82) 19.19 (24.85) 0.0000
Event location - n (%)
Urban 874 (69.04) 392 (30.96) 0.0000
Rural 561 (50.00) 561 (50.00)
Type of mission n (%)
Inter-hospital medical transport 900 (51.14) 860 (48.86) 0.0000
Emergency flight 65 (8.41) 708 (91.59)
Burn location - n (%)
Head and neck 179 (52.03) 165 (47.97)
Trunk 142 (42.14) 195 (57.86)
Limbs 72 (50.70) 70 (49.30) 0:0000
Airways 65 (67.01) 32(32.99)
Multiple body area 1110 (68.82) 503 (31.18)
First on site — n (%)
HEMS 103 (48.13) 111 (51.87) 0.0000
Ground-based EMS 1463 (63.17) 853 (36.83)
Endotracheal intubation — n (%) 599 (85.33) 103 (14.67) 0.0000
Mechanical ventilation — n (%) 580 (84.92) 103 (15.08) 0.0000
Medication — n (%)
Benzodiazepines 595 (67.84) 282 (32.16) 0.0000
Anaesthetics 443 (65.73) 231 (34.27) 0.0163
Crystalloids 1114 (67.89) 527 (32.11) 0.0000
Opioids 1132 (65.17) 605 (34.83) 0.0000
Muscle relaxants 288 (83.72) 56 (16.28) 0.0000
GCS M (SD) 12.73 (4.30) 13.99 (2.90) 0.0000
RTS M (SD) 10.89 (2.46) 11.52(1.80) 0.0000
NACA scale M (SD) 4.21(1.22) 3.67 (1.29) 0.0000
Time to reach the place of call (min) M (SD) 20.77 (10.59) 18.60 (7.35) 0.0000
On-site proceedings (min) M (SD) 26.37 (13.64) 22.12(11.95) 0.0000
Duration of transport (min) M (SD) 40.11 (27.35) 19.66 (11.54) 0.0000
Overall time of patient supervision (min) 65.70 (34.85) 4155 (17.98) 0.0000
M (SD)
DiSta“C:f;:;‘t;??k‘:f)s;;“(Zg‘)’“ tothe 58.80 (37.08) 50.77 (25.25) 0.0000
Transport distance (km) M (SD) 120.01 (74.37) 54.83 (35.67) 0.0000
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affected which is reflected in GCS (12.73 vs 13.99), RTS
(10.89 vs 11.52) and NACA scale (4 vs 3.67). In the same
time these patients were more likely to require endotracheal
intubation, mechanical ventilation and medication.

The analysis of the time and distance covered during
missions concerning burn patients shows that the time of
arrival (20.77 minutes vs 18.60 minutes), on-site proceed-
ings (26.37 minutes vs 22.12 minutes), the time of transport
to hospital (40.11 minutes vs 19.66 minutes), the distance
to the place of the event (58.80 kilometres vs 50.77 kilome-
tres ) as well as transport to the hospital (120.01 vs 54.83
kilometres) were significantly higher when the patient was
transported to the burns department (p<0.0001). Detailed
statistical analysis is presented in Table 3.

DISCUSSION

Ubiquitous prevalence of the problem of burns led the
authors to undertake the research on the HEMS missions
concerning burned patients with stressing the target me-
dial facility. Data of our research showed that the study
group was predominantly male aged eighteen years old
and younger (mean age 32.80). A study by Wejnarowski
et al. on the optimising the transport duration of burned
patients by HEMS showed that man were the main group
of patients, while the children under the age of five and the
adults between the age of fifty and sixty were the most nu-
merous groups [13]. Chrzanowska-Wasik et al. performed
an analysis of burned adults hospitalized in the Eastern
Burns Treatment and Reconstructive Surgery Centre in
Leczna which shows that again were a dominant group
and the average age of patients was 48.5 years [8]. Similarly
the analysis by Nadolny et al. for medical emergency op-
erations performed by Emergency Medical Rescue Teams
on burned patients shows that main victims are adult men
[14]. Men and adults were also the main victims of severe
body burns in a study carried out by Lam et al. [15]. On the
other hand, the Newberry et al. study on patients access to
healthcare in India showed that women and people aged
25-34 were the dominant group of respondents [16].

Nadolny et al showed that the following drugs were
successively used in burned patients: analgesics, crystal-
loids and sedatives. In adult patients morphine and 0.9%
solution of natrium chloride was used most frequently,
while in children paracetamol and morphine appeared to
be most common [14]. On the other hand, the analysis of
our studies shows that the burned patients received mainly
opioids and crystalloids from HEMS crews.

This analysis showed that HEMS crews treated patients
with multiple burns more frequently. Due to their severe
clinical condition, the analysed group of patients was most
often transported to centres with burn wards. Sheridan et al.,
who analysed the cases of burns in the USA, confirmed the
legitimacy of transporting patients with severe body burns
in their studies. The authors proved that delayed transport of
the burned patient to the burns centre adversely affects the
improvement of the outcome, which results, among other
things, from prolonged transport time [17].
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The retrospective analysis shows that women, patients
over the age of 18, patients from rural areas and patients
with multiple burns were more likely to be transported to
burns wards. Furthermore, they required more frequent
endotracheal intubation and mechanical ventilation.
Clinical status analysis based on GCS, RTS and the NACA
scale showed that patients who were transported to burns
treatment centres were in a worse clinical condition. Bell
et al. (2012) conducted an analysis of patients with burns
transported to burn centres in Canada. He discovered that
these were predominantly men whose average age was
lower. The analysed group of patients required tracheal
intubation and air transport more often [18].

The next part of this retrospective analysis compared the
duration of the helicopter mission and the distance travelled
to the place of the incident and the distance to the hospital.
The time of arrival at the scene (20.77 minutes vs. 18.60
minutes), duration of transport to hospital (40.11 minutes
vs. 19.66 minutes), distance to site (58.80 kilometres vs. 50.77
kilometres) and distance to hospital (120.01 kilometres vs.
54.83 kilometres) were significantly greater when the pa-
tient was transported to a burns treatment facility. Similar
results were obtained by Bell et al. In his study, the time of
transport to the burn centre exceeded 4 hours in 70% of the
cases. His and our results confirm that HEMS missions to
patients with severe burns are justifiable. This reduces both
the time it takes for the patient to reach the patient and the
time it takes for the patient to reach the selected hospital.
This is also confirmed by studies by Moens et al. and Chen
et al.. They show that both the time of reaching the burned
patient and the time of transport to the hospital are shorter
if they are carried out by the HEMS crew [19, 20].

CONCLUSIONS

Burns are a significant reason for calling the Helicopter Medi-
cal Rescue Service. Commonly they concern men and young
people. Patients treated by HEMS crews most often suffer from
thermal burns, affecting multiple body regions, and conse-
quently they are transported to burns treatment centres. Our
research shows that both the time and distance to a unit special-
ised in the treatment of burns are significantly longer. Therefore,
it appears to be appropriate to call HEMS for burns, especially
for those requiring treatment in a burn centre. Shortening the
time of reaching the patient to hospital improves outcome of
prognosis, which has been confirmed by numerous authors.
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KONSULTANCI KRAJOWIW DZIEDZINACH KARDIOLOGII
| MEDYCYNY RATUNKOWEJ PODPISALI LIST INTENCYJNY W ZAKRESIE
WSPOLPRACY | PRZEKAZALI GO MINISTROWI ZDROWIA

Dororzna W na Ka 2 Sncja
wd \M' sqy R L ologii

Podczas dorocznej Wiosennej Konferencji w dziedzinie Medycyny Ratunkowej i Kardiologii, ktéra odbyla sie w dniach 13-14 marca
w Warszawie, konsultanci krajowi w dziedzinach kardiologii i medycyny ratunkowej podpisali list intencyjny w zakresie wspotpracy
obydwu srodowisk i przekazali go Ministrowi Zdrowia. Celem inicjatywy jest optymalizacja postgpowania z pacjentami ze schorze-
niami kardiologicznymi, w tym w podejrzeniu Ostrego Zespolu Wienicowego, na ktéry zapada rocznie nawet 130 tysiecy pacjentéw.

- Pacjenci z problemami kardiologicznymi sg dzi§ w znacznej mierze leczeni zgodnie z aktualng wiedza medyczna, ale poprawy
i doskonalenia wymaga wsp6lpraca $rodowisk: medycyny ratunkowej i kardiologii miedzy innymi w zakresie zapewnienia pacjentom
z podejrzeniem Ostrego Zespolu Wienicowego odpowiedniej opieki przedszpitalnej i jak najszybszego przekazania chorych pod opieke
wlasciwego szpitala — moéwi prof. Piotr Ponikowski, prezes Polskiego Towarzystwa Kardiologicznego.

Jak podkredlali eksperci Wiosennej Konferencji w dziedzinie Medycyny Ratunkowej i Kardiologii, ostry zespot wieicowy to obszar,
ktéry mimo opieki i terapii na najwyzszym $wiatowym poziomie, trzeba i warto doskonali¢.

— Polski system leczenia Ostrych Zespoléw Wienicowych w ostrej fazie znajduje si¢ w §wiatowej czoldéwce. Obecnie w Polsce jest 156
os$rodkow kardiologicznych, podejmujacych leczenie interwencyjne OZW. Leczenie za pomocg zabiegéw przezskérnej interwencji
wiencowej (PCI), podejmowane w zawalach STEMI (z uniesieniem odcinka ST), osiagnelo poziom 93%. To wynik bardzo zadowalajacy.
Mimo wspanialych wskaznikéw dotyczacych leczenia interwencyjnego OZW, poprawy wymaga rokowanie odlegle pacjentéw z OZW
zwigzane ze stosowaniem odpowiedniej terapii (miedzy innymi leczenia przeciwplytkowego i terapii hipolipemizujacej) po wyjéciu pa-
cjenta ze szpitala w ciggu tygodni, miesigcy i lat po przebytym zawale serca, a optymalizacji - etap opieki przedszpitalnej i skrocenie czasu
przekazania pacjenta do pracowni hemodynamicznej - méwi prof. Jarostaw Kazmierczak, konsultant krajowy w dziedzinie kardiologii.
Odnoénie do pierwszego etapu postepowania w podejrzeniu OZW zgromadzeni na konferencji konsultanci krajowi i wojewddzcy
w dziedzinie medycyny ratunkowej i kardiologii zdefiniowali wspolne stanowisko w kierunku wdrozenia postepowania dyspozytoréw
medycznych i zespoléw ratownictwa medycznego wobec pacjentéw ze schorzeniami kardiologicznymi. List intencyjny w zakresie nawia-
zania i zacie$nienia wspéipracy pomiedzy srodowiskiem medycyny ratunkowej i Srodowiskiem kardiologicznym w Polsce podpisali: prof.
Jarostaw Kazmierczak, konsultant krajowy w dziedzinie kardiologii, prof. Jerzy Robert Ladny, konsultant krajowy z dziedzinie medycyny
ratunkowej oraz prof. Piotr Ponikowski, prezes Polskiego Towarzystwa Kardiologicznego. Dokument zostal przekazany Ministrowi Zdrowia.

— Jestesmy przekonani, Ze nasza mi¢dzysrodowiskowa inicjatywa idealnie wpisuje si¢ w ministerialny projekt Dobrych Praktyk - re-
komendacji postepowania zespoléw ratownictwa medycznego, sygnowany przez konsultantéw krajowych w dziedzinach medycyny
ratunkowej i kardiologii. Jako konsultanci krajowi przy wsparciu i za posrednictwem konsultantéw wojewodzkich dotozymy wszelkich
staran, aby Dobre Praktyki byly jak najszerzej rozpropagowane wérdd personelu medycznego oraz realizowane w jak najwigkszym
zakresie. Na praktyczne rozwigzania oczekujg pacjenci wymagajacy specjalistycznej interdyscyplinarnej pomocy a takze zespoly te-
rapeutyczne podejmujace optymalne decyzje w codziennej pracy — méwi prof. Jerzy Robert Ladny, konsultant krajowy w dziedzinie
medycyny ratunkowej.
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