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ORIGINAL ARTICLE

VASCULAR-PLATELET HEMOSTASIS OF INJURED PATIENTS:
PROSPECTIVE OBSERVATIONAL STUDY

DOI: 10.36740/WLek202307101

Mariana Vyshynska, Khrystyna Dutko
DANYLO HALYTSKY LVIV NATIONAL MEDICAL UNIVERSITY, LVIV, UKRAINE

ABSTRACT

The aim: We study vascular-platelet hemostasis peculiarities in patients with severe trauma.

Materials and methods: We included 50 patients, who were divided into control (n=15) and study (n=35) groups. The control group included patients
without traumatic injuries, study group — patients with severe trauma. The study group was divided into the I subgroup (patients received 1g tranexamic acid
IV at the prehospital stage), and the Il subgroup (1 g tranexamic acid IV after hospital admission).

Results: The main changes in the | subgroup started on the 3rd day, while in the Il subgroup — on the 1st day. Patients of both subgroups on the 1stand 3rd days
had a normal number of platelets in venous blood, however, on the 3rd day, there was a decreasing level of discocytes whereas the level of discoechinocytes,
spherocytes, spheroechinocytes, and the sum of active forms of platelets were increased in comparison with the control group (p<0.05).

Conclusions: The changes in vascular-platelet hemostasis in patients appeared in the | subgroup on the 3rd day, while in the Il subgroup — on the 1st day. For
the | subgroup was the decreasing level of discocytes, whereas the level of discoechinocytes, spherocytes, spheroechinocytes, and the sum of active forms of
platelets were increased. For the Il subgroup on the 1st day, there was an increasing sum of active forms of platelets, on the 3rd day — the level of discocytes

was decreased, and levels of discoechinocytes, spherocytes, spheroechinocytes, and the sum of active forms of platelets were increased.

KEY WORDS: coagulopathy, severe trauma, platelets activation, vascular-platelet hemostasis

INTRODUCTION

Traumaticinjuries are the third-largest cause of mortal-
ity in the general population in Europe and the leading
cause of mortality in young patients [1]. Coagulopathy
is a common complication after injury and develops
independently from iatrogenic, hypothermic, and di-
lutional causes [2]. Combined tissue injury and shock
result in hemostatic failure, which has been identified as
a multidimensional molecular, physiologic and clinical
disorder termed trauma-induced coagulopathy (TIC)
[3]. Blood loss associated with acute traumatic coag-
ulopathy is a leading cause of death following injury
[4]. TIC is associated with increased early transfusion
requirements, the development of organ failure, and
mortality [5]. Owing to the innate crosstalk between
coagulation and inflammation, there are widespread
adverse downstream inflammatory and immune conse-
quences associated with early trauma coagulopathies,
including organ dysfunction and thromboembolic
complications [4].

Although, all modern research is devoted to coagula-
tion factors, platelets play an important role in thrombus
formation. Careful assessment of platelet dysfunction is

Wiad Lek. 2023;76(7):1511-1516

hampered by the technical complexity of existing tech-
niques for studying platelet function under conditions
that would meet the conditions of the human body. It is
also unclear how to use and interpret vascular hemosta-
sis in patients with trauma coagulopathy. Understanding
the biology of TIC is of utmost importance, as it is often
responsible for uncontrolled bleeding, organ failure,
thromboembolic complications, and death.

THE AIM

The aim was to study vascular-platelet hemostasis
peculiarities in patients with severe trauma, to single
out these changes and find out primary hemostasis
pathophysiology specifics in case of trauma-induced
coagulopathy. The hypothesis was that morphological
changes would not be detected in the first day after
receiving the injury in patients with severe trauma.

MATERIALS AND METHODS
In January 2021 — October 2021 it was conducted the
prospective observation study at the Department of
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Anesthesiology and Intensive Care, Danylo Halytsky Lviv
National Medical University; Department of Anesthesiol-
ogy and Intensive Care at the Municipal Non-Profit Enter-
prise “8th City Clinical Hospital of Lviv”. The reserch was
conducted in accordance with the requirements of the
Helsinki Declaration of the World Medical Association,
the Council of Europe Convention on Human Rights.The
reserch was approved by the Bioethics Commission of
Danylo Halytsky Lviv National Medical University, proto-
col No.7, September 20, 2021. Patients were included to
the reserch after signing an informed consent.

Criteria for inclusion in the study were: consent of the
patient or his legal representatives to participate in the
study, polytrauma, administration of tranexamic acid
on the first day after injury. Criteria for exclusion from
the study were: the patient’s refusal to participate in
the study, medical history of congenital pathology of
the hemostasis system, the agonal state of the patient.

Study included 50 patients aged 19 to 55 years. All
patients were divided into 2 groups. First, the control
group, included 15 patients of the therapeutic depart-
ment with trauma, without preconditions for changes
and in the absence of laboratory-confirmed disorders
in the hemostasis system. Second, the study group
included 35 patients with a diagnosis of “polytrauma”
(severe trauma), who were admitted to the Hospital
Anesthesiology and Intensive Care department. Next,
patients with polytrauma were divided into two sub-
groups, depending on they received tranexamic acid in
the prehospital stage or after hospitalization.

The severity of the patients’ condition was assessed
by the Injury Severity Score (ISS). We studied: platelet
count and hematocrit; indicators of vascular-platelet
hemostasis (intravascular platelet activation, platelet
aggregation induced by adrenaline and adenosine
diphosphate) were determined by turbinometric
method, using a phase contrast microscope. The main
stages of the study were: prehospital stage (1st hour
after injury), 1st, 3rd, 5th day after admission. Also we
analyzed the volume of crystalloids and colloids at all
stages of the study, the use of tranexamic acid in the
prehospital stage and on the 1st day after admission
to treatment, the volume of fresh frozen plasma and
erythrocyte mass on the 1st, 3rd, 5th that day from the
moment of admission to treatment. The presence of
disseminated intravascular coagulation syndrome was
performed by the ISTH Scale (International Society on
Thrombosis and Haemostasis Scale) using a medical
calculator [7]. We used Kruskal-Wallis test. The obtained
data were checked for the normality of the distribution,
they did not correspond to it, therefore the description
was carried out using statistical indicators for data that
do not correspond to the normal distribution.

1512

RESULTS

The severity of patient’s state was assessed by the ISS
scale and we found that, less than 9 points were not
received by any of the patientsof the main group, 9-15
points were evaluated by 17 % of patients with poly-
trauma, 16-25 points were 71 % patients, more than 25
points —12 % of patients. The severity of patients’ state
is given in Table I-l.

We found no significant differences in age, body
weight, body mass index (BMI) between patients in
control and study groups.

Changes of vascular-platelet hemostasis in patients
with severe trauma (study group) (tabl 3) at all stages
of the study had significant differences from those in
the control group. Main changes in | subgroup started
on 3" day, while in Il subgroup - on 1% day. Patients of
both subgroups on 1*tand 3 days had normal number
of platelets in venous blood, however, on 3 day there
were decreasing level of discocytes, whereas level of
discoechinocytes, spherocytes, spheroechinocytes and
sum of active forms of platelets were increased. On the
other hand, in Il subgroup against the background of
normal count of platelets on 1% day there was increasing
sum of active forms of platelets, on 3" day - level of dis-
cocytes was decreased, and levels of discoechinocytes,
spherocytes, spheroechinocytes and the sum of active
forms of platelets were increased.

After analyzing the frequency of transfusion of eryth-
rocyte mass and fresh-frozen plasma, it was found that
transfusion throughout treatment was performed in 15
cases out of 25, which was 60 % of all cases of polytrauma.
In 9 cases out of 25 —transfusion was performed on the
first day, which is 36 %. The ratio of erythrocyte mass to
fresh-frozen plasma volume on the first day of treatment
was 1:1, erythrocyte mass was 475+35 ml, and fresh-frozen
plasma volume was 458+15 ml. Analyzing the literature,
it should be noted that coagulopathy is one of the most
common complications of polytrauma. The reason is a
combination of shock caused by bleeding, tissue dam-
age-associated with the regulation of thrombomodulin,
the generation of throm-bin-thrombomodulin complex,
activation of anticoagu-lant and fibrinolytic systems [5].
Disorders of hemostasis after injury are associated not
only with iatrogenic causes -impaired thrombin produc-
tion and platelet function due to hypothermia, acidosis
and dilution coagulopathy, and with modern hemostatic
treatments dilution coagulopathy is rare. To induce clini-
cal manifestations of trauma-induced coagulopathy, the
trigger is tissuedamage (as a consequence, activation
of the coagulation cascade, thrombin production and
stimulation of anticoagulant pathways), which must be
combined with tissue hypoperfusion (it is believed that
this leads to contact, induced expression of thrombo-
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Table I. Assessment of the severity of patients by Injury Severity Score (ISS)

ISS Study group (n, %)
<9 points -
9-15 points 6 (17%)
16-25 points 25 (71%)
> 25 points 4 (12%)

Table I1. Anthropometric characteristics of patients (Me [Q1; Q3])

Control group Study group
Parameters (n=15) (n=35)
Age, years 39.3[29.1;43.5] 36.6 [31.3; 44.8]

Body weight, kg

74.6 [63.4;81.9]

74.9 [68.2; 84.5]

BMI, kg / m?

24.9[19.8;27.4]

26.1[21.3;30.1]

Table IlI. Indicators of intravascular platelet activation (Me [Q1; Q3])

Study group (n=35)

. Control group 1st day (d1) 3rd day (d3) 5th day (d5)
Indicators
(n=15) Subgroup
1 (n=6) I (n=29) 1 (n=6) Il (n=29) 1 (n=29) Il (n=29)
The number of platelets in the 200.7 169 168 161 140 1733 150
venous blood, 10%/1 [183;213] [141;198]* [136;184] [136;184]* [122;151.4] [151;191]* [133;156]
Discocvtes. % 814 81.6 771 76.5 74.5 82.2 86.2
yies, [73; 93] [69.1; 94.5] [63; 85]* [65.3;85.2] [64; 83]* [67.1;93.4] [67; 93]*
Discoechinocytes. % 8.4 17.0 18.2 18.4 18.8 12.1 12.7
ytes, % [4.8;8.8] [12.1;28.5] [13.7;24.1]1 [11.3;28.5] [13.2;239]* [6.3;24.4] [8.8;16.4]
Spherocytes. % 5.6 1.6 1.7 3,2 3,6 3.0 3.2
P yies, [3.8;8.5] [1.1;6.5] [1.1;3.6]* [2.3;6.2] [2.2;6.1]* [2.3;7.71* [2.3; 8.6]*
Spheroechinocytes. % 3.0 45 4.6 2.8 3.1 1.1 1.5
P yres, v [2.3; 5.6] [21;67]  [23;86] [13;66]  [1.3;52]  [04;58* [1.1;3.6]*
Bipolar forms, % 0 0 0 0 0 0 0
The sum of the active forms of 12.7 17.3 23 222 24.2 19.3 193
platelets, % [10.1;16.5] [12.1;25.3] [21.1;28.7]* [15.1;29.5] [21.2;304]* [13.2;27.3] [11.2;26.4]*
The number of platelets 14 3.2 34 6.5 6.6 7.6 7.5
involved in the aggregates, % [10; 18]* [1.2; 6.4]% [1.2;6.5] [4.3;941* [3.2;9.4]* [4.2,11.4]* [4.4;9.5]**

Note: * —p<0.05 compared with the control group of patients
** —p<0.01 compared with the control group of patients

modulin and endothelial protein C on the surface of the
endothelium to activate protein C) [3]. Identifying distinct
pathways implicated in TIC is critical to tailoring targeted
resuscitation practices forimproved outcomes after injury,
and the practice of transfusing platelets in equal ratios to
blood and plasma has become standard of care regard-
less of platelet count because platelets are known to play
a pivotal role in normal coagulation and maintenance
of endothelial integrity. The effect of trauma and shock
on vascular platelet hemostasis remains unexplored [6],
platelets in hemostasis in polytrauma play a critical role,
and their low level predicts mortality [7]. Kornblith L. Z. et.
al. demonstrated that the contribution of platelets to the
strength of clots in traumaiis higher than the contribution
of fibrinogen.

In patients with trauma, decreased platelet respon-
siveness to ADP secondary to downregulation of platelet
P2Y . receptor (it is a G-protein coupled receptor that
binds adenosine diphosphate (ADP). Consequently down
regulation of this receptor or antagonist blockade inhibits
ADP-mediated platelet aggregation. Thrombin when
bound to TM increases anticoagulant activity through
activation of protein C. But thrombin-TM interactions also
promote antifibrinolytic activity by thrombin-mediated
activation of TAFI (thrombin-activatable fibrinolysis inhibi-
tor). Activated TAFl interferes with plasminogen binding to
fibrin clots, which is required for plasminogen conversion
to plasmin by plasminogen activators [8]. Anemia caused
by bleeding or dilution due to fluid resuscitation may also
affect platelet adhesion.

1513
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DISCUSSION

Thus, our research confirmed the significant the role of
platelets in the pathogenesis of post-traumatic coagu-
lopathy. It was established that the level of discocytes
decreases, the level of discoechinocytes, spherocytes,
spheroechinocytes and the amount of active forms of
platelets increase in | subgroup on 3 day. For Il sub-
group on 1%t day there was increasing sum of active
forms of platelets, on 3 day - level of discocytes was
decreased, and levels of discoechinocytes, spherocytes,
spheroechinocytes and the sum of active forms of
platelets were increased. There is a little knowlagge
about ascular-platelet hemostasis in trauma patients,
but a similar study was conducted by George MJ et al.
(2020), measuring the force of platelet contraction (as a
platelet contraction test). Their results show that plate-
let hyperfunction is observed in trauma patients who
survive, and platelet dysfunction in patients who died.
[9]. Hofer V et al. (2019) was analyzed platelet function
on Platelet Function Analyzer (PFA 100) with adenos-
ine diphosphate (ADP) and epinephrine as activation
factors. They research discovered, that approximately
one quarter to one third of primarily admitted trauma
patients without long-term anticoagulation medication
showed a delayed platelet activation in the PFA-100
test. By considering all trauma patients an even higher
rate can be expected [10]. The contribution of plate-
let disorders to trauma-induced coagulopathy is not
sufficiently understood and these aspects should be
the subject of further research and our research try to
reveal the dark side of the issue of platelet disorders in
severe trauma patients.

Itis well known that vascular-platelet hemostasis be-
gins with reflex spasm of arterioles, due to the release
of platelets of catecholamines and seretonin, followed
by adhesion and aggregation, synthesis, accumulation
and secretion during activation of substances and the
formation of the final platelet thrombus. Even before
contact with unmasked collagen, platelets begin to
change their form from discoid (D) to activated cells
of discoechinocytes (DE), spherocytes (S) and/or
spheroehfnocytes (SE) [11]. DE differs from D by the
presence of single and short processes, which appear
after activation within the first second, and are the
result of internal pressure on the plasma membrane
of actin filaments. S is a more spherical cell, and SE is a
spherical cell with a larger number of long processes.
During the contact phase, the processes of activated
platelets interact with the elements of the basement
membrane of the vascular wall. The direct contact of
platelet processes with collagen and the contact of
platelets with collagen through Willebrand factor are
important. On the surface of D, under the influence of
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collagen, factor Xl is activated without changing its
form.Thus D, whichisincapable of direct development
of aggregation, secretion, refraction, can be subjected
to receptor membrane activation and, accordingly, the
altered forms are caused by substances for which there
are specific receptors on the platelet membrane, throm-
bin, collagen, adenosine phosphate (ADP), serotonin
and other agonists. The hemostatic activity of platelets
appears with the conversion of D to DE, and DE is capa-
ble of both pronounced adhesion and aggregation, due
to exposure in this phase on the plasma membrane of
fibrinogen receptors. Platelet aggregation is caused by
the appearance of substances of aggregates of platelet
or non-platelet origin. The most important are ADP,
which is released from damaged cells of the vascular
wall, hemolyzed erythrocytes, platelets; thromboxane
A, adrenaline, serotonin, platelet aggregation factor,
thrombin. The appearance of appendages also pro-
motes aggregation, increasing the likelihood of platelet
collisions, which is necessary for this process. In the
future, with the formation of a significant amount of SE,
the aggregation activity decreases slightly and begins
to develop refractoriness of the cell, which is most pro-
nounced in SE. In traumatized patients, platelets lose
aggregative function as part of acute coagulopathy,
which develops within minutes of injury, increases
bleeding, and has a majorimpact on the risk of multiple
organ failure and mortality. The decrease in the ability
of platelets to aggregation occurs in parallel with the
increase in their procoagulant function.

The main number of studies of primary hemostasis
were performed using thromboelastography. Although
the question of early platelet dysfunction in coagulop-
athy due to polytrauma remains unclear, a number of
studies suggest that attenuation of platelet stimulation
to adenosine diphosphate agonism may be second-
ary. Fecher A, et al. were assessed platelet function in
thrombus composition and stability [12] and found
that platelet dysfunction is detected after serious injury
and before significant fluid or blood injections. In our
research we studied the functional ability of platelets
induced by epinephrine and ADP, which can be extrap-
olated to conditions similar to platelet activation in a
trauma patient.

Stalker et al. (2013), in a mouse model [13], described
a hemostatic plug consisting of a“core”region of tightly
packed platelets surrounded by an outer “shell” region
of more loosely packed platelets. Whereas platelets
in the core region are isolated from the plasma and
exposed to high levels of thrombin and collagen, the
shell region is exposed to circulating plasma and grows
by platelet-ADP interactions. Some degree of inhibition
along the ADP pathway may therefore be normal after
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trauma to counterbalance widespread activation of
procoagulant mechanisms; another finding support-
ing this hypothesis is that platelet inhibition along the
ADP pathway increases clot sensitivity to tPA-mediated
fibrinolysis. Alternatively, platelet assays may inherently
select for more dysfunctional platelets because func-
tional platelets were removed from the circulation and
incorporated into clots [14].

In most patients with trauma-induced coagulopathy,
the number of platelets in the blood remains activat-
ed, but paradoxically impaired aggregation reactions
exvivo. This phenomenon is described as “platelet
depletion” caused by trauma and shock [15]. This phe-
nomenon driven by endothelial release of TF, platelet
activating factor and vWF [16]. In our research we
learned pathophysiological changes of vascular-plate-
let hemostasis in patients with severe trauma, our future
research will be able to show how these changes affect
the treatment of this patients.

STUDY LIMITATIONS

The presented fragment of the study aimed to examine
whether the indicators of vascular-platelet and coag-
ulation hemostasi in patients with trauma, compared
with almost healthy individuals of the same age. In
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ABSTRACT

The aim: To evaluate physical therapy in the prevention of disability in long-lived persons.

Materials and methods: The study was conducted over a period of 4 months in a group of 27 patients treated at the Residential Care Facility in Szydtowiec.
Most patients were over the age of 90 years (68%), with a mean age of 88 years. They underwent physical therapy cycles and their functional status was doc-
umented. Physical therapy included selected physiotherapy and kinesiotherapy methods adjusted to the physical fitness of each patient. Treatment efficacy
was monitored using the standardised ADL and Barthel Index scales, which allowed for functional status assessments.

Results: The study found that physical therapy improved physical fitness in study patients after 4 months. Appropriate physical therapy and rehabilitation conducted
in this group of patients helped considerably improve their objective and subjective condition, including their functional status and degree of independence.
Conclusions:1. Chronic musculoskeletal, cardiovascular, nervous system and other disorders are an important aspect of old age. 2. Appropriate physical therapy
and rehabilitation in this group of patients helps considerably improve their objective and subjective condition, including their functional status. 3. Providing
appropriate care for the elderly is a challenge for healthcare systems.

KEY WORDS: longevity, clinical and social problems, physical therapy

INTRODUCTION

People have been living longer, with the average
lifespan increasing by almost a half over the past
century. The proportion of aging and old individuals
in the population has been growing, contributing to
an increased interest in the oldest generation, whose
economic, health, social and psychological needs have
to be satisfied. According to the estimates provided
by the World Health Organisation (WHO), the overall
worldwide number of old individuals is approximately
1 billion, which is 30% of the world’s population. The
Polish society is also aging. Statistical forecasts show
a probability that in 2030 60% of the population will
belong to the productive age category and 40% will be
elderly, including a higher number of individuals over
the age of 75 years [1-7].

Aging is a natural, irreversible and long-term process.
Old age can be divided into the following phases: ear-
ly old age, late old age and longevity. Aging-related
changes occur gradually, but their course, severity and
signs vary among old individuals [8, 9].

Overall, aging can be associated with such changes as
reduced muscle strength, impaired motor coordination,

Wiad Lek. 2023;76(7):1517-1526

impaired perception of one’s surroundings, reduced
ability to focus and remember things. An older person
becomes weaker, more prone to accidents and injuries
and shows worse spatial orientation. People over the
age of 70 years can also have very different approaches
to life, ranging from optimism and full acceptance of
their age to despondency, depression or apathy [8, 9].

It is possible to plan and initiate therapeutic efforts
that would allow the elderly to maintain their physical
fitness and independence and, consequently, contrib-
ute to a good quality of life.

It should be stressed that for many older people loss
of physical strength and reduced motor coordination
result in a decreased motivation to engage in physical
activity, which is also reduced by chronic disease since
many disorders are accompanied by pain. Older peo-
ple may doubt whether forcing themselves to take up
physical activity, which they associate with tiredness
and increased discomfort, is even worth it.

The process of societal aging is the most important
phenomenon of the 21 century both from the point
of view of the economy and the rules of social life. The
maximum human lifespan refers to the age of a person
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men
women
0 5 10 15 20 25
Fig. 1. Sex of study patients
90 years and older 17
80-89 years 6
70-79 years 4
60-69years | 0O
0 h 10 15 20
Fig. 2. Age of study patients
bone disease 6
nervous system disease 7
circulatory failure, ischaemic heart disease 13
hypertension 19
polyarthrosis 12
atherosclerosis 14
0 5 10 15 20
Fig. 3. Morbidity in study patients

and is not subject to typical statistical calculations.
There have been individuals who surpassed the age of
110 years. Proven cases of longevity include 122 years
inawoman (J. Calment, France, 1875-1997) and 115 in
a man (C. Mortensen, Denmark, 1882-1998) [4].
There is no uniform method of dividing old age into
periods or uniform criteria that allow for classifying
someone as being old in the literature.
The World Health Organisation suggests the following
three stages:
e early old age: 60 to 75 years;
e late old age: 75 to 90 years;
e longevity: over 90 years [4,5].
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Statistically, over 20% of the population in Poland be-
longs to the so-called post-productive age category.
Of the 6 million people in Poland who are entitled to
a retirement pension, more than 1 million individuals
are over the age of 80 years.

The issue of motivating elderly people to engage
in regular physical activity can be very complicated.
Geriatric patients may lack correct habits, be used to
a sedentary lifestyle and feel weak. Moreover, they are
often reluctant to introduce any changes.

Rehabilitation in the elderly includes kinesiotherapy
and physical therapy used to improve fitness and reduce
pain. Patients undergo heat therapy, hydrotherapy, laser
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Fig. 5. Degree of impairment according to Barthel Index.

Fig. 6. Functional status improvements according to Barthel Index.

therapy, magnetic field therapy and electrotherapy, but
kinesiotherapy is crucial [10-26].

Fig. 4. ADL scores.

THE AIM

The aim of the study was to evaluate physical therapy

in disability prevention in late old age.

What physical therapy methods are effective in the
prevention of disability in the elderly?
Detailed hypotheses:

1. The main selection criteria include functional status
and needs with respect to rehabilitation; exercise is
selected and adjusted to the patient’s condition.

. Treatment efficacy may be monitored using stan-

dardised scales, for example the ADL scale or Barthel

Index, which helps assess whether the functional

status improved or remained unchanged.

Patients have a positive opinion about physical therapy.

MATERIALS AND METHODS

The study used the following:

1. method: diagnostic survey;

2. technique: survey, measurement, review of patient
records;

3. research tools: survey questionnaire, scales, notes.

Scales used for measurements:

Katz scale (ADL),

Barthel Index,

Shortened Tinetti Test,

e Timed Up and Go Test.

The Katz scale includes six activities of daily living:

bathing, dressing, toileting, transferring, feeding and

continence. Each activity performed by the patient

without assistance means a score of 1 point. The final

score is divided as follows:

1. scores of 2 or fewer points: severe functional impair-

ment;

scores of 3-4 points: moderate functional impair-

ment;

. scores of 5-6 points: no impairment [24].

2.
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Fig. 7. Functional status according to Timed Up and Go Test

BARTHEL INDEX

The Barthel Index also measures functional status and
care requirements. The scale consists of ten activities of
daily living, including feeding, transfers, grooming, toi-
let use, bathing, mobility on level surfaces, using stairs
and dressing. The scale assesses the ability to perform
these activities unassisted. The final score ranges be-
tween 0 and 100 points and can be classified as follows:

Table I. Correlation between ADL scores and sex and age.

e scores of 0 to 20 points indicate total dependency;

e scores of 20 to 80 points indicate that the patient
requires help to some extent;

e scores of 80 to 100 indicate that the patient is able
to function independently with little help [17].

The Tinetti Test assesses the risk of falls. The balance

section of the test measures the following: balance

abilities in a sitting position, getting up from a chair,

balance immediately after standing up and when stand-

ing, being pushed with eyes open and closed, making

a 360-degree turn, sitting down.

The gait section of the test encompasses the follow-
ing:manner of gaitinitiation, length and height of steps,
step symmetry, gait path, trunk movements during gait,
feet placement during gait.

The maximum balance score is 16 points and the
maximum gait score is 12 points, totalling 28 points.
Scores below 26 points indicate a problem and scores
lower than 19 points indicate a risk of falls five times
higher than that of a person without impairment [17].

TheTimed Up and Go Test is a simple test measuring
functional status, including mobility as well as static
and dynamic balance. The test measures the time an
individual needs to get up from a chair, walk a distance
of 3 metres, turn around, walk back to the chair and sit
down. The results are interpreted as follows:

e up to 10 seconds: normal mobility;

Sex Age
Functional status
female male 70-79 80-89 90 years and older
2 - 2 - -
Good functional status
9.1% - 50.0% - -
14 2 2 5 9
Moderate functional status
73.6% 40.0% 50.0% 83.3% 52.9%
6 3 - 1 8
Total impairment
27.3% 60.0% - 16.7% 47.1%
Total 22 5 4 6 17
Statistic Chi’=9.9, p=.018 Chi’=9.2, p=.024
Table I1. Correlation between Barthel Index scores and sex and age.
. Sex Age
Functional status
female male 70-79 80-89 90 years and older
18 3 4 5 12
Able to perform activity with help
81.8% 60.0% 100.0% 83.3% 70.6%
4 2 - 1 5
Dependence
18.2% 40.0% - 16.7% 29.4 %
Total 22 5 4 6 17
Statistic Chi’=8.15, p=.034 Chi’>=7.01, p=.028
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no, not really; 2

sometimes; 5

yes; 11

yes, to some
extent; 9

no, not really; 2

yes; 9

yes, to some
extent; 16

Fig. 8. Receiving information about goal of exercise during rehabilitation.

Fig. 9. Willingness to participate in exercise sessions.

clear improvement; 2

no, change; 4

slight improvement; 21

no influence; 4

positive
influence; 23

Fig. 10. Influence of exercise sessions on functional status

Fig. 11. Influence of exercise sessions on mood.

Table lll. Correlation between change in functional status according to Barthel Index and sex and age.

. Sex Age
Functional status changes
female male 70-79 80-89 90 years and older
16 4 2 4 14
Functional status maintained
72.6% 80.0% 50.0% 66.7% 82.3%
6 1 2 2 3
Functional status improved
27.3% 20.0% 50.0% 33.3% 17.7 %
Total 22 5 4 6 17

Statistic Chi*=12.2, p=.046

Chi?=8.99, p=.021

Table IV. Correlation between functional status changes according to Tinetti Test and sex and age.

. Sex Age
Functional status changes
female male 70-79 80-89 90 years and older
10 3 1 3 9
Functional status maintained
45.5% 60.0% 25.0% 50.0% 52.9%
12 2 3 3 8
Functional status improved
54.5% 40.0% 75.0% 50.0% 47.1%
Total 22 5 4 6 17

Statistic Chi*=5.49, p=.021

Chi*>=10.17, p=.039
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Table V. Correlation between Timed Up and Go Test results and sex and age.

Sex Age
Functional status
female male 70-79 80-89 90 years and older
Average functional status typical for 1 - 1 - -
elderly patients 4.5% - 25.0% - -
8 2 3 4 3
Requires help
36.4% 40.0% 75.0% 66.7% 17.6 %
13 3 - 2 14
High risk of falls
40.9% 60.0% - 33.3% 824 %
Total 22 5 4 6 17
Statistic Chi*=8.14, p=.037 Chi*=10.04, p=.019

e 11-20seconds: average time for older and disabled
individuals;

e more than 20 seconds: patient needs help outside;
consider further testing and intervention;

e more than 30 seconds: patientis prone tofalls [17].

The scales were applied twice: once at the start of the

study and once at the end of the study period. The

survey, using a 9-item questionnaire on patient satis-

faction, was conducted in the final period of the study.

The results were presented as numbers and propor-
tions. Pearson’s non-parametric chi-square test for qual-
itative data was used to check for statistically significant
correlations between the variables (functional status
and sex and age). The statistical significance level was
setat p<0.05.The data were analysed using the StatSoft
Statistica 13.1 PL and Microsoft Office software.

The study was conducted in a group of patients
treated at the Residential Care Facility in Szydfowiec.
The facility is run by the County Office in Szydtowiec.

Study patients were over the age of 75 years. The
study group consisted of 27 individuals. The inclusion
criteria were as follows:

1. Age: 75 years or older.

2. Patient’s consent to participate in the study.

3. Availability: direct patient-investigator contact.
The study was performed over a period of 4 months in
2020 and was approved by the administration of the facil-
ity. During the study, patients underwent physical therapy
sessions according to an established schedule. The sessions
included kinesiotherapy and selected physiotherapy meth-
ods.The pre-treatment (baseline) and post-treatment status
were recorded individually for each patient sothat the com-
bined data could be studied in the analysis of the results.

STUDY GROUP CHARACTERISTICS
The study group consisted of 27 patients, including 22
women and 5 men (Fig. 1).

The majority of study patients were aged 90 years or
more (63%) and 6 patients (22%) were aged between
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80 and 89 years. The mean age of study patients was
87.6 years (Fig. 2).

Study patients showed multimorbidity. Hypertension was
the most common condition (19 patients); other common
conditionsincluded atherosclerosis, circulatory failure, isch-
aemic heart disease, degenerative disease (Fig. 3).

RESULTS

The ADL scores achieved by study patients at the be-
ginning and at the end of the physical therapy period
are presented in Figure 4.

The ADL scores in the study patients ranged from 1 to
5 points.The largest group of study patients (11 people)
scored 4 points, which indicates moderate impairment.
Atotal of 14 patients scored between 3 and 1 point.The
mean score in the study group was 3.07 Correlation
between ADL scores and sex and age shows Table I.

Next, the Barthel Index was used for assessments
performed at the start and at the end of the physical
therapy cycle to evaluate the functional status on the
first day of the study and at 4 months (Fig. 4-6,).

The scores obtained in the study group on the first day
ranged from 10 to 30 points and the scores calculated
at the end of the study were between 10 and 35 points.
The mean value for the whole study group was 26.11 at
the start of the study and 28.11 at the end.

A statistical analysis was conducted to check for the
presence of a correlation between changes in Barthel
Index scores occurring in study patients in the physical
therapy period and their sex and age (Table II-lll). The
analysis showed that functional status improvements were
achieved in a higher proportion of women as compared
to men and were more common in patients aged 75-79
years as compared with older individuals. The statistical
analysis confirmed that functional status improvements
were easier to achieve when conducting rehabilitation in
women, particularly individuals younger than 80 years.

Study patients were also assessed with the Tinetti Test
at the beginning and at the end of the study period. It
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should be emphasised that all patients achieved low
scores in the Tinetti Test, indicating that their risk of falls
was several times higher than normal.

The scores were 1-5 points in the initial phase and 2-7
points at the end of the rehabilitation period. Improve-
ments were seen in 14 patients while the functional
status of the other 13 individuals remained unchanged.

A statistical analysis was performed to check for the
presence of a correlation between functional status
changes in the Tinetti Test during physical therapy and
sex and age. It showed that there was a correlation
between the effects of physical therapy and the sex
and age of study patients. Improvements were more
often seen in women and patients under the age of 80
years (Table IV).

The Timed Up and Go Test was the last scale used to
assess the condition of study patients (Table V, Fig. 7).

The time necessary to perform the activity tested was
19to 42 seconds at the start of the rehabilitation period
and 18 to 41 seconds at the end of rehabilitation. All
study patients showed slight functional status improve-
ments after rehabilitation (1 to 3 seconds).

Results of functional status assessments according to
the Timed Up and Go Test were statistically analysed in
terms of their correlation with sex and age. The propor-
tion of individuals with a high risk of falls was higher in
men and in those aged 90 years and older. The statistical
analysis confirmed that the correlation between the
functional status and the sex and age of study patients
was statistically significant (Table V).

Once the study period ended, patients were invited
to complete a short survey. The survey asked whether
study patients were told about the goal of the exercise
they performed during therapy (Fig. 8). Most patients
(16 people) were told about it to some extent, 9 patients
were definitely told about it and 2 patients were not
really told about it.

A total of 17 study patients were given rather clear
explanations during rehabilitation and 10 patients re-
ported receiving explanations that were definitely clear.

According to 11 study patients, all types of exercise
were difficult to perform whereas for 9 patients difficul-
ties appeared mostly during active exercise. Moreover,
difficulties were reported during gait training in 4 pa-
tients and during verticalisation in 3 patients.

Most study patients (21 people) did not experience
pain during exercise, 4 patients experienced pain rare-
ly and 2 patients reported experiencing pain during
exercise.

When asked about their willingness to participate in
the exercise sessions, a total of 11 study patients were
definitely willing to participate, 9 patients were willing
to participate to some extent, 5 patients were willing to

participate sometimes and 2 patients were not really
willing to perform the exercise (Fig. 9).

According to most study patients (14 people), the
duration of the exercise sessions was appropriate, with
7 patients indicating they would be able to exercise lon-
ger. According to 2 study patients, the exercise sessions
were too long and 4 patients did not have an opinion.

The majority of study patients (21 people) believed
their functional status had improved thanks to the ex-
ercise sessions, 4 patients stated they saw no change
and 2 patients reported a very clear improvement (Fig.
10). No patients reported any negative influence of the
exercise sessions on their functional status.

Most study patients (17 people) experienced pain
reduction thanks to the exercise sessions.

The majority (23 people) believed the exercise ses-
sions had a positive influence on their mood and 4
patients said the exercise sessions did not have any
influence on their wellbeing (Fig. 11). No patients re-
ported any negative influence of the exercise sessions
on their mood.

VERIFICATION OF HYPOTHESES

Hypothesis 1: The main exercise selection criteria
include functional status and needs with respect to
rehabilitation; exercise is selected and adjusted to the
patient’s condition.

As shown by the study, the functional status is
considerably lower in the elderly, mostly with a lim-
ited level of mobility and a high risk of falls. Disability
prevention should include various types of exercise
(passive and active). Most patients accepted the dura-
tion of exercise sessions and were told what the goal
of the exercise was and how to perform it. However,
due to their functional status, many types of exercise
are difficult for the patients, with some causing pain,
which required programme adjustments. It should be
stressed, however, that most study patients achieved a
considerable functional status improvement over the
4-month physical therapy period.

The first hypothesis is deemed to be confirmed.

Hypothesis 2: Treatment efficacy may be monitored
using standardised scales, for example the ADL scale or
Barthel Index, which helps assess whether the function-
al status improved or remained unchanged.

Four scales were used to monitor the efficacy of therapy.
The Katz (ADL) scale is the least sensitive because it is a
6-point tool, which means it has low sensitivity and can
only show a limited degree of worsening orimprovement.
The Barthel Index and the Tinetti Test are more compre-
hensive and the results of the Timed Up and Go Test are
provided in seconds, which makes them easy to analyse.
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The second hypothesis is deemed to be confirmed.

Hypothesis 3: Patients have a positive opinion about
physical therapy.

Most study patients believed physical therapy had a
positive effect on their functional status. According to
the vast majority of study patients, participation in exer-
cise sessions had a positive influence on their mood; no
patients reported decreased wellbeing as a result of the
participation in the exercise sessions. Moreover, most pa-
tients were willing to participate in the exercise sessions.

The third hypothesis is deemed to be confirmed.

DISCUSSION

Rehabilitation in the elderly is a social problem and pro-
viding care and appropriate rehabilitation for the elderly
is a challenge that healthcare systems face today and
will continue to face tomorrow. A high proportion of the
elderly experience pathological old age with limited phys-
ical function. Physical activity may contribute to reducing
negative effects of chronic disease [10-16].

According to tukasik et al. [12], a rehabilitation pro-
gramme based on resistance exercise allowed for achiev-
ing good results in a group of elderly patients with func-
tional limitations due to multimorbidity. The programme
improved the condition of muscle by increasing muscle
tone and strength and helped compensate for coordi-
nation deficits. Overall, it is important for the elderly to
not get used to a sedentary lifestyle because it increases
the risk of loss of independence. Exercise and rehabili-
tation in elderly patients improve their self-confidence
and encourages them to be active. Rehabilitation must
take into consideration any risk factors in order to offer
a well-tailored exercise programme with appropriately
selected session duration.

The study also showed that planning an exercise ses-
sion with a patient is a difficult task. The majority of study
patients were in the late old age period (63% of patients
were aged >90 years; mean age was 88 years) and had
multiple comorbidities. The most appropriate type of
exercise had to be selected for each case, for example for
a female patient with hypertension, diabetes and poly-
arthrosis. However, the study showed that most patients
were willing to participate in rehabilitation and believed
that the duration of exercise sessions was well-adjusted
to their functional status.

It should also be stressed that exercise that improves or
atleast maintains the functional status of an elderly patient
serves a protective role and is a method of prevention
of gait impairment and falls. It is difficult to improve the
physical fitness of an elderly person due to physiological
changes occurring in the body and pathological changes
resulting from disease. However, according to Zak [18],
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even the most physically impaired people can benefit
from motor rehabilitation if the exercise programme is
adjusted to their needs and there is no upper age limit at
which exercise should be discontinued.

Jajoretal.[19] studied a group of elderly patients and re-
ported that it was difficult to differentiate between age-re-
lated health limitations and disease; however, there was
definitely a need for motor and functional improvements.
Reduced mobility is associated with a gradual decrease in
independence because patients worry about the risk of
falls and make unsure movements, which further reduces
their physical activity. Optimum motor rehabilitation for
the elderly includes long-term, systematic training initiat-
ed as soon as possible. Itis necessary to adjust the exercise
to each patient; a person who used to lead a sedentary
lifestyle or is undergoing rehabilitation after a period of
bed rest should start with short exercise sessions with a
gradually increasing duration and load.The authors mostly
recommended exercise, elements of yoga and dance and
a combination of endurance, strength and resistance train-
ing. They pointed out that patients with elevated blood
pressure should not undergo isometric exercise, exercise
with an excessive number of complex movements and
exercise with a large range of flexion and extension.

Rehabilitation was also studied in centres specialising
in elderly and disabled persons care [8-10]. The research
showed that signs of biological aging are usually evident
in gait patterns. It is important to remember that elderly
patients learn slowly and increasing their functional status
may take over several months. Appropriate care, ensuring
a correct position and avoiding joint contractures and
muscle atrophy are the most important aspects of the
initial phase of rehabilitation. The physiotherapist should
ensure appropriate lung ventilation and prevent bedsores.
Next, the efforts should focus on increasing the range of
motion in the joints and muscle strength. Active-passive
exercise, massage, gradual verticalisation and mobilisation
of patients to perform simple daily activities without assis-
tance are recommended. Respiratory, antithromboticand
manual exercise requires particular attention while exer-
cise performed solely in a standing position and exercise
with trunk twists should be avoided [18-20].

CONCLUSIONS

1. Chronic musculoskeletal, cardiovascular, nervous system
and other disorders are an important aspect of old age.

2. Appropriate physical therapy and rehabilitation in
this group of patients helps considerably improve
their objective and subjective condition, including
their functional status.

3. Providing appropriate care for the elderly is a chal-
lenge for healthcare systems.
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ABSTRACT

The aim: To obtain the first national estimates of the current prevalence rate of urinary tract infections (UTIs) in pregnant women and antimicrobial resistance
of causing pathogens in Ukraine.

Materials and methods: Prospective multicentre cohort study was conducted from January 2020 to December 2022. The study population consisted of
36,876 pregnant women from 17 regions of Ukraine. Antibiotic susceptibility was done by the disc diffusion test as recommended by European Committee
on Antimicrobial Susceptibility Testing guidelines.

Results: A total 29.5% pregnant women were found to have UTIs. Among these cases, 36.5% Asymptomatic bacteriuria, 51.7% Cystitis and 11.8% Pyelonephritis
were observed. Of all cases, 87.9% were defined as healthcare-acquired UTls and 12.1% community-acquired UTIs. The most common uropathogen was Escherichia
coli, Klebsiella pneumoniae, Proteus mirabilis, and Pseudomonas aeruginosa. Many uropathogens isolated from UTI cases were found to be multidrug resistant.
Conclusions: UTIs in pregnant women in Ukraine is a common occurrence and many cases are caused by pathogens that are resistant to antibiotics. Optimizing
the management and empirical antimicrobial therapy may reduce the burden of UTIs in pregnant women, but prevention is the key element.

KEY WORDS: pregnant women, healthcare-associated urinary tract infection, community-acquired urinary tract infection, asymptomatic bacteriuria,

pyelonephritis, antimicrobial resistance, Ukraine

INTRODUCTION

Urinary Tract Infections (UTls) are one of the most com-
mon microbial diseases among the pregnant women
threat worldwide [1]. UTIs are the most common type
of infection during pregnancy, affecting from 10% [2, 3]
t0 24.3% [1] of pregnant women. The spectrum of UTIs
in pregnant women ranges from lower urinary tract
disease (asymptomatic bacteriuria, acute cystitis) to
upper urinary tract disease (acute pyelonephritis). Ac-
cording to literature, in pregnant women the incidence
of Asymptomatic Bacteriuria (ASB) in pregnant women
were from 2-13% to 57.5% and acute cystitis from 1-4%
to35%/1,4].1tis reported that acute pyelonephritis may
also occur in 1-4% of pregnant women [5]. In Ukraine,
the prevalence of pyelonephritis in pregnant women
is 7.6% [1].

Wiad Lek. 2023;76(7):1527-1535

According to literature, UTls in pregnant women can
lead to complications in maternal and fetal complica-
tions such as preterm labor, low birth weight, or mater-
nal systemic infection. It is estimated that every tenth
pregnant women with pyelonephritis will eventually
go into preterm labor [6]. Untreated UTls in pregnant
women may increase the risk of fetal developmental
alterations and mental retardation [7]. In addition, UTIs
is closely associated with a higher risk of premature
rupture of the membranes, premature birth and early
neonatal systemic infection [4, 8]. Therefore, such in-
fections pose considerable diagnostic and therapeutic
challenges for pregnant women.

Clinical and therapeutic decisions are influenced by
numerous factors, including antimicrobial resistance of
the causative agents of UTls. Current guidelines for man-
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agement of UTls in pregant women recommend the use of
antibiotics for treatmentinfections. However, the growing
antimicrobial resistance is limiting their use for treatment
of UTls in pregnant women in Ukraine. There is currently
sparse data characterizing antibiotic resistance of common
antepartum infections, such as UTls, and subsequent clin-
ical ramifications. To date, there is limited data describing
the incidence and impact of antibiotic-resistance in ob-
stetric infections other than group B streptococcus [9, 10].
However, the potential implications of antibiotic-resistant
urinary tract infections are significant [1, 11]. The conse-
guences of antibiotic-resistant infections in non-pregnant
patients are better documented than those in pregnancy.
For example, antibiotic-resistant blood stream infections
lead to both excess mortality and prolonged hospital
stays outside of pregnancy [12]. Similar to other infections
outside of pregnancy, urinary tract infections in pregnancy
are subject to significant antibiotic resistance. Antibiotic
stewardship, as well as knowledge of local resistance pat-
terns and appropriate treatment in pregnancy, are critical
for improving outcomes and preventing development of
worsening resistance patterns. However, prevalence of UTls
in pregnant women and antimicrobial resistance of causing
pathogens in Ukraine are scant. The previous reports of
UTls in Ukraine have been limited only to Healthcare-As-
sociated Infections (HAIs) [13, 14].

THE AIM

The aim of this study was to obtain the first national
estimates of the current prevalence rate of UTls in preg-
nant women and antimicrobial resistance of causing
pathogens in Ukraine.

MATERIALS AND METHODS

STUDY DESIGN, SETTINGS AND
PARTICIPANTS

We performed a prospective multicenter cohort study
was based on surveillance data for UTls in pregnant
women done in 18 women hospitals from 17 Ukrainian
regions over 36 months period from January, 2020 to
December, 2022. All participants in our study were local
residents. The selection criterion for the inclusion in
the study was above 18 years. No past history related
to any sexually transmitted diseases and immunocom-
promised status was noted.

DEFINITION
The definition of UTI is an infection in any part of the
urinary system, including kidney, ureter, bladder, or
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urethrae. Urinary tract infection is the presence of the
microorganism in the urine. Infections pregnant wom-
en were defined as community-acquired urinary tract
infection (CA UTI) and healthcare-acquired urinary tract
infection (HA UTI). Definitions of healthcare associated
urinary tract infection (HA UTI) in pregnant women were
used from the CDC/ NHSN guidelines published in 2019.
UTls are classified either as Asymptomatic Bacteriuria
(ASB), when the infection is limited to bacterial growth
in urine, or symptomatic infections (acute cystitis, acute
pyelonephritis), when bacteria invade urinary tract
tissues, inducing an inflammatory response. All cases
of UTls was evidenced by urine culture and sensitivity
done in urine sample. Two consecutive voided urine
specimens (preferably within 2 wk) with the same
bacterial species isolated in quantitative count of >10°
CFU/ml in pregnant women were considered to be
positive for UTI.

MICROBIOLOGICAL METHODS

We analyzed urine samples from pregnant women's
in the context of a study about microbiology of UTls
and antimicrobial resistance of responsible pathogens.
Microbial isolates were identified using standard micro-
biological techniques. Urine samples were obtained
from pregnant women with clinical symptoms of UTls.
Urine of all patients was sampled and subjected to
routine and microscopy examination and culture. Urine
samples were processed by a semi-quantitative dilution
method. The significant bacteriuria was 10° cfu/ml was
taken into consideration while confirmation as UTI. De-
tected pathogens in significant amounts were identified
according to phenotypical characteristics. Antimicrobial
susceptibility testing was performed according to EU-
CAST guidelines at the local laboratories. Isolates with
intermediate susceptibility were considered resistant.

DATA COLLECTION

A standard data collection form was created to extract
demographic and clinical data, microbiology (isolated
pathogens and their antibiograms) and outcome infor-
mation from routine patient records. Full text relevant
hospital records were reviewed for the all pregnant
women'’s. The pregnant women were compared in
terms of irritative urinary symptoms, bacteriuria, hema-
turia, length of hospital stay, and mobilization time. All
data were collected using the sign of UTl in this form. In
addition, hospital records were scrutinized for the signs
and symptoms as per CDC/NHSN criteria for confirma-
tion as HA UTI. Only inpatient samples were considered
for analysis. Duplicates were excluded, allowing only
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one isolate of a given pathogen per patient. Prevalence
of major uropathogenic organisms and their antimicro-
bial susceptibility patterns were analysed.

ETHICS

Institutional Ethical Committee (IEC) of the Shupyk Na-
tional Healthcare University of Ukraine (Kyiv, Ukraine)
clearance was obtained before beginning of the study.
Pregnant women'’s in the hospital, who accepted tobe a
part of the study, were approached, IEC clearance certif-
icate was shown to the patients and their consent was
obtained. All pregnant women’s data were anonymised
prior to the analysis.

STATISTICAL ANALYSIS

After all the data was collected, a descriptive analy-
sis was conducted to determine the characteristics
of the research subjects. The prevalence of UTIs was
reported as the percentage of the total number of
pregnant women'’s. Cases of UTls were analysed by
type of infection (asymptomatic bacteriuria, cystitis
and pyelonephritis), which were mutually exclusive. The
analysis of statistical data was performed using Excel
and SPSS 10.0 statistical software package. Results are
expressed as median (range), mean standard deviation
for continuous variables, and number and correspond-
ing percentage for qualitative variables. Comparisons
were undertaken using Student’s t-test and Fisher’s ex-
act test for categorical variables. In our study statistical
significance was defined as P<0.05.

RESULTS

PREVALENCE OF UTIS

During the study period, 10,879 of 36,876 pregnant
women were found to have UTls. The prevalence of
UTls in Ukraine was 29.5% [95% confidence interval (Cl)
29.3-29.7%, P<0.0001]. The most frequently reported
UTI types were: 36.5% (3,970/10,879) asymptomatic
bacteriuria, 51,7% (5,625/10,879) cystitis, and 11.8%
(1,284/10,879) pyelonephritis. Among these cases, 87.9%
(9,563/10,879) were defined as healthcare-acquired uri-
nary tract infection (HA UTI) and 12.1% (1,316/10,879)
community-acquired urinary tract infection (CA UTI).The
UTls cases among pregnant women in the participating
hospitals varied significantly. In terms of Ukrainian re-
gions, fluctuations of the indicator values were observed
of HA UTl in pregnant women - from the smallest in the
west and north while higher percentages were reported
in the south, east and central region of Ukraine.

CAUSATIVE AGENTS OF UTIS.

In total, 15,281 specimens were isolated from
10,879 pregnant women with UTls. Of all UTls 73.1%
(7,956/10,879) were reported to be polymicrobial. Over-
all, Gram-negative bacteria predominated. Considering
all UTl types together, Escherichia coli (E coli) were most
commonly reported, accounting for 54.2% of all organ-
isms, followed by Klebsiella pneumoniae (14.2% of all
organisms), Proteus mirabilis (7% of all organisms), and
Pseudomonas aeruginosa (5.5% of all organisms). These
were the same organisms reported most commonly for
HA UTI cases (Table I).

ANTIMICROBIAL RESISTANCE OF
RESPONSIBLE PATHOGENS

Antimicrobial susceptibility tests were performed
on a total of 1694 isolates of Gram-positive cocci
and 13525 isolates of Gram-negative bacilli. The
staphylococcal isolates (S.aureus, CoNS) displayed a
high resistance to penicillin (73.5%) and erythromy-
cin (65.7%), although there were some differences
depending on the species. In this study staphylo-
coccal isolates showed susceptibility to most of the
other antimicrobials tested. Among staphylococcal
isolates no strains resistant to linezolid, teicoplanin,
vancomycin, tigecycline, and fusidic acid were found.
Methicillin-resistance was observed in 8.1% of S. au-
reus (MRSA) and 11.6% CoNS. Streptococcal isolates
demonstrated a high resistance against erythromycin
(55.6%) and benzylpenicillin (64.8%), followed by
ampicillin (31.7%) and tigecycline (16.7%). Most of
streptococcal isolates were sensitive to rifampicin
(86.3%), clindamycin (89.9%), gentamycin (94.1%),
cefuroxime (95.2%), tobramycin (98.9%), and linezolid
(99.8%). Regarding the genus Enterococcus, E. fae-
calis isolates were not sensitive to those antibiotics
to which they are intrinsically resistant (cefuroxime,
clindamycin, and trimethoprim-sulfamethoxazole)
and 72.8% of them were resistant to erythromycin. Ap-
proximately, 20% of the E. faecalis isolates displayed
resistance to high levels of aminoglycosides (genta-
mycin, tobramycin) and around 11.9% was resistant
to quinolones (ciprofloxacin and levofloxacin), and
4.3% to glycopeptides (vancomycin and teicoplanin).
Vancomycin resistance was observed in 5.2% of iso-
lated enterococci (VRE). Enterobacter spp. was most
sensitive (>90%) to ciprofloxacin (97.1%), piperacillin/
tazobactam (95.8%), ceftriaxone (93.2%), ceftazidime
(93.1%), and fosfomycin (92.1%). No strains resistant
to cefepime, meropenem, imipenem, and ertapenem
were found. In the present study the most resistant
uropathogens were E. coli, K. pneumoniae, P. mirabilis
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and P. aeruginosa which showed the high resistance
to multiple antibiotics. The overall proportion of ex-
tended spectrum beta-lactamases (ESBL) production
among Enterobacteriales was 25.7%.The prevalence of
ESBL production among E. coliisolates was significant-
ly higher than in K. pneumoniae (33.7%, vs 14.8%, p <
0.001). Resistance to third generation cephalosporins
was observed in 13.9% E.coli isolates and in 10.1%
K. pneumoniae isolates, respectively. Carbapenem
resistance was identified in 13.7% of P.aeruginosa
isolates. Antibiotic resistance patterns of the most
frequent causative uropathogens in pregnant women
in Ukraine are presented in Table II.

There was no significant difference in the resistance
profile of E. coli, K. pneumoniae, P. mirabilis, and P. aerugi-
nosa across regions or hospital category. Overall, 24.5%
of allHA UTl samples were obtained from primary care
centers, 35.8% were obtained from secondary care
centers, and 39.7% were obtained from tertiary medical
centers. The distributions of pathogens were similar
within the 3 types of centers (Primary, Secondary and
Tertiary). There was no significant difference in resis-
tance profiles from uropathogens between different
types of centers (Table llI).

DISCUSSION

In the present study, we report the prevalence of UTls
in pregnant women and antimicrobial resistance rates
for major causative agents in Ukraine. Although many
studies have already described increasing resistance
rates in urinary isolates, Ukrainian data are limited either
to single centre studies or to studies focusing on resis-
tance to single antibiotic classes. The prevalence of UTls
in pregnant women was 29.5%. Among these patients,
36.5% ASB, 51.7% Cystitis and 11.8% Pyelonephritis
were observed. Of all UTI cases 87.9% were defined
as HA UTl and 12.1% CA UTI. The prevalence of UTls in
this study was relatively higher compared to findings
in other published studies. Other studies report an UTI
incidence rate of 10% among pregnant women [2, 3]. It
is estimated in pregnant women the incidence of ASB in
pregnant women were 2-13% [4,15] and acute cystitis
in 1-4% [4,16]. It is reported that acute pyelonephritis
may also occur in 0.5-4% of pregnant women [5,17].
Thus, the UTI in pregnant women in Ukraine is much
higher than in other countries. In this study, UTIs were
polymicrobial. The predominant pathogens were E.
coli, K. pneumoniae, P. mirabilis, and P. aeruginosa. Our
finding was in line with other studies [1, 18, 19]. Our

Table I. Microorganisms causing of Urinary Tract Infections (UTIs) in pregnant women in Ukraine (2020-2022)

Microorganisms All isolates HA UTI CA UTI
No. (%) No. (%) No. (%)
Gram-positive cocci 1694 (11.1) 926 (54.7) 768 (45.3)
Enterococcus faecalis 676 (4.4) 397 (58.7) 279 (41.3)
Enterococcus faecium 65 (0.4) 38(58.5) 27 (41.5)
Streptococcus spp. 306 (2.0) 168 (54.9) 138 (45.1)
CoNS 524 (3.4) 236 (45.0) 288 (55.0)
Staphylococcus aureus 123(0.8) 87 (70.7) 36 (29.3)
Gram-negative bacilli 13525 (88.5) 11031 (81.6) 2494 (18.4)
Escherichia coli 8280 (54.2) 7369 (89.0) 911 (11.0)
Klebsiella pneumoniae 2166 (14.2) 1708 (78.9) 458 (21.1)
Klebsiella oxytoca 185 (1.2) 88 (47.6) 97 (52.4)
Enterobacter spp. 424 (2.3) 188 (44.3) 236 (55.7)
Proteus mirabilis 1068 (7.0) 699 (65.4) 369 (34.6)
Serratia spp. 189 (1.2) 121 (64.0) 68 (36.0)
Citrobacter spp. 226 (1.5) 133 (58.8) 93 (41.2)
Pseudomonas aeruginosa 847 (5.5) 628 (74.1) 219 (25.9)
Acinetobacter spp. 140 (0.9) 97 (69.3) 43 (30.7)
Fungi 62 (0.4) 29 (46.8) 33(53.2)
Candida albicans 62 (0.4) 29 (46.8) 33(53.2)
Total 15281 (100.0) 11986 (78.3) 3295 (21.7)

(oNS, Coagulase-negative staphylococci;
CA UTI, community-acquired urinary tract infection;
HA UTI, healthcare-acquired urinary tract infection
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Table II. Resistance pattern of the main causative agents of UTIs in pregnant women in Ukraine (2020-2022)

HA UTI

CA UTI

Pathogen Antibiotic n/R (%) n/R (%) P value
Escherichia coli CRO 7369/857 (11.6) 911/75 (8.2) <0.001
CIP 7288/1897 (26.0) 906/153 (16.9) <0.001

NOR 7369/2071 (28.1) 877/168 (19.1) <0.001

TMP-SMX 2364/648 (27.4) 893/155 (17.4) <0.001

FFM 1987/45 (2.3) 902/13 (1.4) 0.018

AMC 1403/408 (29.1) 897/215 (24.0) <0.001

NIT 1276/35 (2.7) 905/15 (1.6) 0.018

Klebsiella pneumoniae CRO 1708/173 (10.1) 458/29 (6.3) 0.041

CIP 1627/290 (17.8) 417/48 (11.4) 0.001

NOR 1588/261 (16.4) 455/54 (11.8) 0.031

TMP-SMX 1687/221 (13.1) 433/55 (12.7) 0.927

FFM 1702/488 (28.7) 427/131 (30.7) 0.479

AMC 1691/301 (17.8) 311/40(13.0) 0.0412

NIT 305/206 (67.5) 417/279 (66.9) 0.837

Proteus mirabilis CRO 588/15 (2.5) 319/6 (1.8) 0.437

CIp 693/149 (21.5) 347/53 (15.3) 0.05

NOR 678/147 (21.7) 358/47 (13.1) 0.012

TMP-SMX 683/209 (30.6) 311/98 (31.5) 0.819

FFM 654/151 (23.1) 357/62 (17.4) 0.05

AMC 699/89 (12.7) 369/24 (6.5) 0.012

NIT 576/576 (100.0) 209/205 (98.8) 0.365

Pseudomonas aeruginosa cp 628/92 (14.6) 219/24 (10.9) 0.115

CEF 581/80(13.7) 215/17 (7.9) 0.013

PIP 621/91 (14.6) 207/20(9.7) 0.041

CAZ 607/65 (10.7) 211/17 (8.1) 0.252

IMI 595/82 (13.8) 212/22(10.4) 0.212

(RO, Ceftriaxone; CIP, Ciprofloxacin; NOR, Norfloxacin; TMP-SMZ, trimethoprim-sulfamethoxazole; FFM, fosfomycin; NIT, Nitrofurantoin; AMC, Amoxicillin/
clavulanic acid; CEF, cefepime; PIP, piperacillin-tazobactam; CAZ, ceftazidime; IMI, Imipenem

study showed that UTI in pregnant women in Ukraine
were significantly associated with pathogens resistant
to antibiotics. The overall proportion of extended
spectrum beta-lactamases (ESBL) production among
Enterobacteriaceae was 25.7%. The prevalence of ESBL
production among E. coliisolates was significantly high-
er than in K.pneumoniae. Resistance to third-generation
cephalosporins was observed in 10.1% K. pneumoniae
and E. coli 13.9% isolates. MRSA was observed in 8.1%
of S.aureus and 11.6% CoNS.VRE was observed in 5.2%
of isolated enterococci. Carbapenem resistance was
identified in 13.7% of P.aeruginosa isolates. Possibly,
higher incidence rate of UTls in pregnant women in
Ukraine were significantly associated with antimicrobial
resistance of responsible pathogens. In this study the
uropathogens isolated from HA UTI cases were found
to be multidrug resistant. These findings correlate with

various other studies [1, 11, 15,18, 19] where multidrug
resistant uropathogens were isolated.

The resistance rates of Gram-negative uropathogens
to a majority of commonly used antimicrobials in the
present study were high, a fact to be expected given
the epidemiological situation in the world today. With
increasing individual mobility and international travel
easier than ever, a global spread of multi-drug-resistant
bacterial strains seems an inevitable reality. Increase in
the antibiotic resistance amongst the uropathogens
indicates that they are hospital acquired and thus dif-
ficult to treat. This will be more dangerous if infection
prevention practices are not followed during care of the
catheterized patients. The chances of transmission of
these multi drug resistant are high if health care workers
do not follow preventive practices meticulously. In the
present study the incidence is much lower because of
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Table Il Resistance profile of the main causative agents of HA UTIs in pregnant women in Ukrainian hospitals (2020-2022)

Hospital category

Pathogen Antibiotic Primary Secondary Tertiary P value
n/R (%) n/R (%) n/R (%)
CRO 707/78 (11.1) 374/34 (9.1) 233/40(17.2) 0.0081
CIp 646/159 (24.7) 333/81 (24.3) 203/66 (32.5) 0.0637
NOR 711/205 (28.9) 303/83 (27.4) 237/63 (26.6) 0.749
Escherichia coli TMP-SMX 714/183 (25.4) 405/108 (26.7) 306/101 (33.0) 0.0411
FFM 685/16 (2.3) 412/9(2.2) 308/7 (2.3) 0.975
NIT 679/14 (2.1) 392/4(1.0) 205/7 (3.4) 0.128
AMC 707/166 (23.5) 384/121 (31.5) 312/121 (38.8) <0.001
CRO 213/16 (7.5) 139/10(7.2) 84/13 (15.5) 0.0642
cIp 187/29 (15.5) 113/17 (15.0) 70/20 (28.6) 0.0312
NOR 208/37 (17.8) 100/15 (15.0) 91/12(13.2) 0.565
Klebsiella pneumoniae TMP-SMX 199/20 (10.1) 137/17 (12.4) 115/22 (19.1) 0.0631
FFM 153/30(19.6) 113/45 (39.8) 75/23 (30.7) 0.001
NIT 164/115 (70.1) 85/54 (63.5) 56/37 (66.1) 0.547
AMC 200/29 (14.5) 138/23 (16.7) 120/23 (19.2} 0.535
CRO 96/1 (1.0) 65/0 (0.0) 47/4 (8.5) 0.0061
CIP 84/21 (25.0) 49/8 (16.3) 39/8 (20.5) 0.487
NOR 99/25 (25.3) 44/7 (15.9) 43/8(18.6) 0.378
Proteus mirabilis TMP-SMX 97/27 (27.8) 63/18 (28.6) 59/22 (37.3) 0.419
FFM 70/20 (28.6) 46/9 (19.6) 38/5(13.2) 0.154
NIT 98/98 (100.0) 38/38 (100.0) 23/23 (100.0) -
AMC 95/7 (7.4) 61/3 (4.9) 60/5 (8.3) 0.654
CEF 142/21 (14.8) 100/17 (17.0) 87/7 (8.0) 0.173
CIP 148/26 (17.6) 123/17 (13.8) 79/8 (10.1) 0.311
Pseudomonas aeruginosa PIP 126/21 (16.7) 130/20(15.4) 88/9(10.2) 0.378
CAZ 152/18(11.8) 129/14 (10.9) 88/7 (8.0) 0.614
IMI 139/20 (14.4) 90/13 (14.4) 84/10(11.9) 0.745

(RO, Ceftriaxone; CIP, Ciprofloxacin; NOR, Norfloxacin; TMP-SMZ, trimethoprim-sulfamethoxazole; FFM, fosfomycin; NIT, Nitrofurantoin; AMC, Amoxicillin/
clavulanic acid; CEF, cefepime; PIP, piperacillin-tazobactam; CAZ, ceftazidime; IMI, Imipenem

continuous monitoring and training of the staff. This is
achieved because of the active Infection control team
and surveillance for non-compliances.

UTls are mainly caused by Gram-negative bacteria
that are becoming an increasing threat to public health
because of their ability to acquire genes, located on
transferable plasmids, that code for extended-spec-
trum B-lactamases (ESBLs). These enzymes are capable
of hydrolyzing third-generation cephalosporins and
monobactams but not carbapenems. In addition, ESBLs
pose a public health problem because they are encoded
on plasmids that usually carry other resistance genes
against different classes of antibiotics (e.g., aminogly-
cosides, sulfonamides, and quinolones). As a result,
bacteria that acquire these plasmids become multidrug
resistant. Although all ESBLs function through cleavage
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of the amide bond of the B-lactam ring, the genes en-
coding these enzymes are diverse and grouped into
different families. CTX-M type enzymes are the most
commonly encountered ESBL types, being present in
several members of the order Enterobacterales in P. aeru-
ginosa and Acinetobacter spp. Isolated strains carrying
CTX-M confer high-level resistance to cefotaxime and
have reduced susceptibility to ceftazidime. Other types
of ESBLs are OXAs, AmpCs, and Carbapenemases. OXAs
and AmpC are -lactamase enzymes encoded by chro-
mosomal and plasmid genes that resist inhibition by
B-lactamase inhibitors. K. pneumoniae carbapenemase
(KPC) and New Delhi metallo-B-lactamase (NDM-1) are
enzymes that make Enterobacteriaceae resistant to a
wide range of beta-lactam antibiotics, particularly car-
bapenemases (CRE) [14, 15]. The most prevalent (TEM
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+ CTX-M) genes were also detected in ciprofloxacin
resistant strains P. mirabilis and E. coli [20]. Because of
high prevalence of MDR strains in epidemiologically
unrelated patients with AmpC-and/or ESBL producing
Proteus spp. infection, further surveillance is needed
[21]. Other important mechanisms of resistance are
limitation of absorption of a drug, modification of a
drug target, and active efflux of a drug. Some bacterial
proteins are targets of antimicrobials. Alteration of
these bacterial proteins so that the drug binds poorly
or does not bind at all is a common mechanism of
resistance [19].

We suggest that increased efforts should focus on the
prevention and control of hospital infections, and the
management of antimicrobial clinical applications to
maximize bacterial resistance surveillance. According
to literature, antibiotic consumption is a primary driver
for AMR, a fact documented on a hospital, regional, and
country level [22]. Therefore, the knowledge of local and
regional antimicrobial susceptibility patterns is one of
the ways to improve antibiotic prescription and at least
in part to counter the development of AMR. Monitoring
of pathogen resistance profiles is necessary to guide
empirical antibiotic therapy before culture and sensi-
tivity results become available. Despite the existence
of international guidelines, research shows improper
antibiotic prescribing is commonplace [23]. According
to a survey from the United States, 30% of primary care
antibiotic prescriptions were classified as inadequate.
Chardavoyne et al. reported appropriate antibiotic
treatment in 68% of adult cystitis cases and 46% of
pyelonephritis cases [24]. Treatment in the absence of
infection is common and although not recommended
in international guidelines for lower UTI management,
fluoroquinolones are frequently prescribed.

Our study motivates several potential future areas
of research in Ukraine. It would be interesting to ex-
amine patterns of resistance in a multi-center study
of bacteriuria in pregnant women. Additionally, this
work could be expanded to examine antibiotic resis-
tance patterns in other obstetric infections. Finally,
in Ukraine data on carbapenem resistance was not
available at the time this study was completed. Car-
bapenem-resistance is an emerging threat identified
by the Centers for Disease Control and Prevention, and
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ABSTRACT

The aim: To determine the risk factors for progression by establishing the diagnostic and prognostic role of PPS and ISTH DIC score in patients with COVID-19
required hospitalization.

Materials and methods: Main group was 130 patients with COVID-19, divided depending on the severity into 3 subgroups. Patients were examined twice. On
visit 1and visit 2 (after 7—14 days after hospitalization). Were provided: physical examination, lung ultrasound (LUS), laboratory tests (D-dimer, coagulogram).
Were counted PPS and ISTH DIC score. Non-parametrical statistic, ROC analysis.

Results: The level of D-dimer was significantly elevated in the examined patients and correlated with the severity of the disease. The number of points on the
scales ISTH DICand Padua had a significant difference between the subgroups. The maximum number of points was obtained by patients of subgroup 3, which
indicates the maximum risk of thrombotic complications, as well as DIC. The ROC analysis showed that among coagulation parameters the most sensitive and
specific factors associated with the progression of the clinical course is the D-dimer at admission.

Conclusions: Thus, the determination of D-dimer, fibrinogen, as well as usage of the DIC and Padua scales is a useful tool not only to estimate the severity
of COVID-19, but also to predict the prognosis. Thus, the level of D-dimer above 260 ng/ml, as well as the presence of three or more points on the DIC scale
and/or five or more points on the Padua scale in patients with COVID-19 during hospitalization significantly increases the risk of progression clinical process.

KEY WORDS: coaqulation, viral pneumonia, COVID-19, predictors of progression, Padua score, ISTH Criteria for Disseminated Intravascugulation

INTRODUCTION

Despite a strong fight with coronavirus disease
(COVID-19), unfortunately, a lot of them die because of
different complications [1]. One of the most dangerous
complications of COVID-19 is thrombosis, which is di-
agnosed approximately in 20% of cases [2, 3]. But much
more often we face with pulmonary endo-thrombosis,
which is non-massive and progresses gradually [4, 5].
This complication has a subclinical course, when the de-
terioration occurs slowly: shortness of breath progresses
daily, saturation decreases, oxygen therapy becomes
ineffective. Diagnosis of pulmonary microthrombosis is
extremely difficult for verification and treatment.

Another major clinical manifestation noted in
COVID-19 patients is disseminated intravascular coag-
ulation (DIC) [6], which is the result of severe systemic
inflammation and thrombotic microangiopathies [7].
It is the most critically complication, which leads to
mortality and practically uncorrected.

That is why scientists around the world are searching for
clinical andlaboratory markers, which could befastand cheap
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predictors of COVID-19 complications including thrombosis
and disseminated intravascular coagulation (DIC) [3, 8, 9].
Today the most popular way to estimate the risk of
pulmonary thromboembolism is to use Padua predic-
tion score (PPS), which is already demonstrated its effec-
tive application and described by us in severe bacterial
community-acquired pneumonia [6, 10, 11], however,
COVID-19 pneumonia, this method needs further study.
Another modern option for today is to use Criteria for
DIC, which were worked out by International Society
on Thrombosis and Haemostasis (ISTH) and became
popular in surgery and cardiology [7]. But there are no
published works about its role in COVID-19 patients.

THE AIM

Thus, the aim of our study was to determine the risk
factors for the pathological process progression by
establishing the diagnostic and prognostic significance
of PPS and ISTH DIC score in patients with COVID-19
required hospitalization.
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MATERIALS AND METHODS

We screened 230 adults (mean age — 51 [33; 66] years,
men - 122 (53,0%)) with confirmed by polymerase
chain reaction (PCR) COVID-19 together with clinically
and radiologically signs of pneumonia. We excluded all
patients not required the hospitalization, with clinically
significant comorbidity that could affect the results
of the study (including HIV, tuberculosis, malignancy,
severe cardiovascular, renal and hematological pathol-
ogy), and also all patients who are constantly receiving
basic anticoagulant or anti-inflammatory therapy in
connection with concomitant conditions, which could
distort the data obtained by us.

Main group was 130 patients with COVID-19, divided
depending on the severity into 3 subgroups: subgroup
1 - patients with moderate severity (with the devel-
opment of pneumonia without respiratory failure),
subgroup 2 - patients with severe course (with the
development of pneumonia with respiratory failure),
subgroup 3 - patients with critical course (complicat-
ed with acute respiratory distress syndrome, sepsis or
multiorgan failure).

Patients were examined twice. On visit 1 (after hos-
pitalization) we provided: vital signs, physical exam-
ination with body mass index (BMI), local laboratory
and instrumental (radiograph and/or chest computer
tomography (CT)), pulse oximetry, lung ultrasound
(LUS). Special laboratory tests included platelet count,
D-dimer, prothrombin time, fibrinogen. Venous blood
sampling for analysis was performed before the ap-
pointment of standard therapy; the results of the indica-
tors were evaluated in comparison with the laboratory
reference values [6, 11]. Additionally, we counted PPS
[12] and ISTH DIC score [12].

On visit 2 (after 7-14 days after hospitalization)
we fixed the results of COVID-19 pneumonia patient
treatment as failure (in case of progression of the pa-
tient’s clinical symptoms (with increased dyspnea and
increased respiratory rate (RR) by more than on 5 move-
ments, accompanied by decreasing of blood saturation
(Sp0,) by more than on 4% compared to baseline) or
successful (in case of stabilization of the disease with
gradual improvement of symptoms).

Treatment of patients was carried out according to
national recommendations. Patients in subgroup 1
received anticoagulant therapy (subcutaneous admin-
istration of enoxaparin or analogues in prophylactic
doses), anti-inflammatory drugs (nonsteroidal drugs
(aspirin, paracetamol, ibuprofen)), low doses of steroids
(dexamethasone, methylprednisolone), antibacterial
drugs if needed (amoxicillin/ clavulanate or second or
third generation cephalosporins (cefuroxime, ceftriax-
one)). Patients in subgroup 2 received anticoagulant

therapy (subcutaneous administration of enoxaparin
or analogues in high prophylactic doses), anti-inflam-
matory drugs (nonsteroidal drugs (aspirin, paracetamol,
ibuprofen)) and low or medium doses of steroids (dexa-
methasone, methylprednisolone), antibacterial drugs if
needed (protected penicillins (amoxicillin/clavulanate)
or cephalosporins of the Il or Il generation (cefurox-
ime, ceftriaxone)) with a macrolide (azithromycin,
clarithromycin), in case of ineffectiveness - respiratory
fluoroquinolones (levofloxacin, moxifloxacin). Patients
in subgroup 3 received anticoagulant therapy (subcu-
taneous administration of enoxaparin or analogues in
high prophylactic doses, and in confirmed thrombosis
—intherapeutic doses), anti-inflammatory (nonsteroidal
(aspirin, paracetamol, ibuprofen)) and medium or high
doses of steroids, antibacterial therapy (beta-lactams or
respiratory fluoroquinolones), in case of ineffectiveness,
reserve drugs (linezolid or meropenem) were added, as
well as oxygen therapy.

On visit 2, despite the prescribed treatment accord-
ing to the severity of the disease, a certain proportion
of patients showed progressive deterioration, which
was mainly characterized by an increase of respira-
tory failure: increased shortness of breath, decreased
saturation, and increased tachypnea. Thus, only 33 of
82 (40,0%) patients of subgroup 1 did not experience
worsening of clinical symptoms, while 49 (60,0%) pa-
tients, despite adequate treatment, had an increase RR
and decreased saturation to severe (less 92%) or critical
(less than 85%) level (in 46 and 3 cases, respectively). In
subgroup 2, the progression of respiratory failure to the
critical level was observed in 31 of 42 (73,8%) patients;
11 others had a stable course with a gradual improve-
ment in clinical condition. Thus, at visit 2 it was found
outthatamong 124 patients with moderate and severe
COVID-19 pneumonia there were 80 cases (64,5%) with
progression of the pathological process.

To determine the factors that could be recognized as
risk markers for the progression of COVID-19-associat-
ed pneumonia, we conducted a ROC analysis. Various
clinical and laboratory parameters were selected as
variables upon admission to the hospital, and as a clas-
sification grouping - the fact of pathology progression.

Based on the obtained data, conclusions were drawn
on the diagnostic and prognostic significance of the
main clinical and laboratory parameters in patients with
COVID-19 of different severity.

The analysis of the normality of the distribution of
indicators was performed by the Shapiro-Wilk test,
testing the hypothesis of equality of variances was
performed according to the Levene's test. Continu-
ous variables are given as the median (Me) and the
interquantile range (for non-normally distributed
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Table 1. Some clinical parameters of patients with COVID-19 pneumonia at admission, Me (25 %;75 %)

Subgroups
Parameters Main group 2 3 P
(n=82) (n=42) (n=6)
Mean age, years >713 >7.0 60 46 pnig’gg;
gery (51;65) (51;65) (52; 69) (45; 56) Pis=
p,.=0,102
63 32 27 3
0 =
Male gender (%) 48,5) (39,0) 67,5) (50,0) p,,5=0,127
=0,007
Axillary temperature, °C 38,5 38,0 388 389 zzszo 017
! (38,1;38,9) (37,9; 38,6) (38,7;39,0) (38,5;40,0) 24U
p,,=0,700
HR per 1 min 90 88 20 110 pz.gigrégi
P (85; 100) (80; 94) (86; 100) (100; 125) Pas=
p,,=0,012
RR per 1 min 20 18 20 24 g“igggg
(18; 21) (16; 21) (20; 21) (23;27) 247
p,,=0,000
93 9% 93 78 p,,=0,000
>0, % (92; 96) (94; 98) (92;93) (74; 89) p,,=0,000
' ' ' ' p,,=0,001

Notes: p — the significance of the difference between the subgroups by Mann-Whitney; 1, 2, 3, 4 — the corresponding subgroups of patients, HR — hart

rate, RR — respiratory rate, Sp0, — blood saturation

Table I1. Some coagulation parameters in patients with COVID-19 at admission, Me (25 %; 75 %)

Subgroups
Parameters Laboratory
1 2 3 references P
(n=82) (n=42) (n=6)
290,14 1449,68 5550,00 p,,=0,001
D-dimer, ng/ml (109,30; (269,00; (3200,00; 0-285 p,,=0,001
660,46) 2480,00) 7500,00) p,,=0,006
p,.=0,001
13,65 16,00 15,35 23
PT, sec ! ' ! 11-15 p._,=0,002
! (12,0; 14,8) (13,0; 18,0) (15,20; 16,00) 4
p,,=0,841
Fibrinogen, g/I 4,00 4,50 7,00 2-4 pz_fg,(z)gg
gen. g (3,50 5,60) (3,69; 6,00) (6,50; 7,50) Py
p,,=0,010
P, .=0,001
2 4 4 23
ISTH DIC score p,,=0,001
(2;4) 3:5) 4;5) 24
p,,=0,242
p,.=0,015
5 5 6 23
PPS p, =0,021
(4;6) (5;6) (6; 6) 24
p,,=0,045

Notes: p — the significance of the difference between the subgroups by Mann-Whitney; 1, 2, 3, 4 — the corresponding subgroups of patients, PT — pro-
thrombin time, ISTH DIC — Criteria for Disseminated Intravascular Coagulation by International Society on Thrombosis and Haemostasias, PPS — Padua

Prediction Score

variables). The quantitative indicators were compared
by Mann-Whitney (non-parametric criterion). The cat-
egorical variables were compared using the Pearson’s
chi-squared test (x2) (Yates correction for traits less than
10). The receiver operating characteristic (ROC) curves
were analyzed to determine the prognostic level of
parameters. The relative risk (RR) of re-hospitalization
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and mortality was calculated with a 95% confidence
interval (Cl). P-value less than 0.05 were considered
as statistically significant. Statistical processing of the
obtained results was performed by biometric analysis
methods implemented in the software packages «STA-
TISTICA 6.0» (N2 31415926535897) and MedCalc, 18.9.1
(free version) software packages [12].
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100%
80%
60%
40%
20%

0%
subgroup 1 subgroup 2 subgroup 3

m0-285 ng/ml  m higher 285 ng/ml

Fig. 1. Levels of D-dimer in main group on visit 1

All patients gave informed consent to conduct the
necessary research methods.

The study was conducted according to Helsinki decla-
ration with the permission of the Bioethical committee
of the XXXX University (Approval No 2021/10-26).

RESULTS

Common clinical manifestations in mild patients in-
cluded rhinorrhea, sore throat, anosmia, and fever.
Patients with lung damage were more likely to have
cough, shortness of breath and chest pain. Dyspeptic
and cardiovascular manifestations occurred with ap-
proximately the same frequency in all subgroups, and
the most common symptoms for all patients there were
general inflammatory signs. The majority of patients
with critical COVID-19 showed varying degrees of
impaired consciousness and edema, which may be a
manifestation of multiorgan changes in this category
of patients. Vital signs in the main group on visit 1 are
presented in Table I.

Regarding coagulation parameters, which are pre-
sented inTable Il, an increase in PT was observed in only
41 (31,5%) patients (5 — with a critical course, 22 — with
a severe course, 14 — with moderate course).

The level of fibrinogen was higher than the reference
values in more than half of the examined patients (69
(53,1%)). The mean value differed significantly between
subgroups, and its maximum values were observed in
patients with a critical course (in three of them (50%)
the level of the indicator exceeded the diagnostic
maximum (7,5 g/l)).

The level of D-dimer was significantly elevated in the
examined patients and correlated with the severity of
the disease (Fig.1). However, in all patients of subgroup
3itexceeded 2000 ng/ml, and in two people it was even

higher than the diagnostic maximum (7500 ng/ml), due
to which it was technically impossible to determine its
true level.

A significant difference between the subgroups was
observed in the number of points on the scales ISTH
DIC and Padua. The maximum number of points was
obtained by patients of subgroup 4 (Table Il), which
indicates the maximum risk of thrombotic complica-
tions, as well as DIC.

To determine the factors that could be recognized as
risk markers for the progression of COVID-19-associat-
ed pneumonia, we conducted a ROC analysis. Clinical
(levels of RR, SpO,, BMI, body temperature), laboratory
(D-dimer, fibrinogen) as well as integral scores (PPS,
IDTH DIC) at admission were marked as variables and as
the classification grouping was the fact of progression
of pathology.

The analysis showed that among selected clinical
indicators only the RR at admission was the sensitive
and specific factor associated with the progression of
the clinical course (Fig. 2), and the cut-off criterion is
the RR more than 20 per 1 minute.

Among coagulation parameters the most sensitive
and specific factors associated with the progression of
the clinical courseis the D-dimer (AUC=0.837, p <0.001)
atadmission (Fig. 3), and the cut-off criterion is its level
259 ng/ml (Fig. 4), which is formally within the currently
known reference values of this indicator.

Regarding other indicators, fibrinogen (AUC=0.589,
p = 0,08) did not prove to be a predictor of the disease
at a reliable level, while the scales DIC (AUC=0.846,
p<0.001) and Padua (AUC=0.755, p<0.01) were highly
specific and sensitive indicators that can predict the
progression of COVID-19 (Fig.3). Moreover, the cut-off
criteria more than 2 points on the DIC scale and 4 points
on the Padua scale.

DISCUSSION

The are many authors who showed that COVID-19
related thrombosis can affect multiple organs of the
body, presenting in the form of arterial or venous
thrombosis such as ischemic stroke, myocardial in-
farction, mesenteric ischemia, limb ischemia, deep
vein thrombosis (DVT), or a pulmonary embolism
(PE). DVT and PE has an overall incidence of 6-26%,
and severely ill COVID-19 patients have even higher
incidence of thromboembolism. On the other hand,
incidence of arterial thromboembolism is much low-
er with incidence of 0.7%-3.7%. D-dimer is found to
be an independent risk factor, and IMPROVE score,
Caprini score, and Padua score have all been used as
predictors. [13, 14]
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Clinical studies support the monitoring of D-dimers
in COVID-19 patients and describe its correlation with
the unfavorable evolution of the cases with increased
D-dimers values. [14] In our research we get that the
level of D-dimer above 260 ng/ml is associated with
3 times higher risk of COVID-19 progression (Odds
ratio=3,66, p=0,043). It means that for COVID-19 our
well-known references should be revised, because we
are faced with vessels microthrombosis, but not always
with massive pulmonary embolism.

A study of 2377 adult patients hospitalized with
COVID-19 was performed on patients with D-dimers
> 2000 ng/mL and observed a risk of critical illness of
66%, thrombotic event of 37.8% [15].

Another meta-analysis of 16 clinical trials showed
higher levels of D-dimers in patients with severe disease
and death from COVID-19 and noted the usefulness of
anticoagulant therapy with lower mortality in patients
treated with anticoagulants than those without antico-
agulant therapy. [16]

DIC scale and the Padua scale demonstrated high
specific and sensitive indicators that can predict the
progression of COVID-19 during hospitalization. Wenyu
Wang reported that D-dimer screening and Padua score
assessment is helpful in the prevention of thrombosis.
It may be more beneficial to perform early Doppler
ultrasound of the lower limbs in every patient with
critical COVID-19.[17]

Clinical warnings and limiting factors that could po-
tentially limit our findings are uncertainty about wheth-
er antiplatelet and anticoagulant therapy was used in
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ABSTRACT

The aim: Purpose of the study. Our research is aimed at the increase in the treatment effectiveness for combined pathology, namely, arterial hypertension
(AH) and post-COVID syndrome in elderly patients at the stage of providing medical care by family medicine general practitioners with the use of statins, anti-
platelet agents, as well as endothelial-protective drug — L-arginine and anxiolytic effect — mebicar against the background of basic antihypertensive therapy.
Materials and methods: The study included treatment and observation of 50 elderly patients with hypertension and post-COVID syndrome. The average
age was 68.7+1.89 years.

Results: The use of mebicar with moderate tranquilizing (anxiolytic) effect and endothelium-protector — L-arginine in the comprehensive treatment of elderly
patients with combined pathology — AH and post-COVID syndrome contributed to the elimination of the main clinical symptoms (headache, poor sleep) in a
shorter time; provided significant decrease in the level of systolic blood pressure, reactive anxiety, the decrease in total blood cholesterol, and improvement
in blood rheology.

Conclusions: Treatment optimization for combined pathology — arterial hypertension and post-COVID syndrome in elderly patients with the use of L-arginine

and mebicar in comprehensive treatment, improves the quality of patients'life, reduces the treatment duration.

KEY WORDS: arterial hypertension, L-arginine, post-COVID syndrome, mebicar

INTRODUCTION

Despite the significant progress in understanding
epidemiology, pathophysiology and risks associated
with the increased blood pressure, arterial hyperten-
sion (AH) remains a serious global problem [1]. The
prevalence of hypertension in people of retirement
age exceeds the average by 1.8 times [2,3]. Accord-
ing to the World Health Organization, the number
of elderly and senile people will increase to almost
40% over the next decades [4,5]. At the same time,
coronavirus disease (COVID-19) is the extremely se-
rious problem in connection with pandemic in the
world. The causative agent of coronavirus infection
(COVID-19), as a rule, severely affects elderly patients
over 65 years of age [6]. Moreover, patients after the
acute phase of COVID-19 present with the signs of
chronic disease exacerbations, the increase in the
severity of functional and morphological disorders
experienced before the onset of coronavirus infection
[7]. The relevance of the problem consists in unclear
understanding the ways and approaches in diagno-

Wiad Lek. 2023;76(7):1543-1548

sis and management of post-COVID syndrome [7].
Post-COVID syndrome is characterized by complaints
of constant fatigue, anxiety and weakness. More of-
ten post-COVID syndrome manifests in the form of
lung damage, mental disorders and asthenia [8-10].
Currently, the treatment of post-COVID syndrome in
patients with cardiovascular pathology becomes the
urgentissue, especially in the family medicine practice.
The main pathomorphological process and the trigger
mechanism of post-COVID syndrome is endotheliitis,
resulting from direct infection of endothelial cells by
SARS-CoV-2 virus (or indirect — by cytokines and free
radicals through immune responses) which causes the
development of generalized endothelial dysfunction,
thatin turn disrupts microcirculation, vasoconstriction
and leads to the further development of organ isch-
emia, inflammation and tissue edema, transition of
the smoldering systemic inflammation to post-COVID
syndrome [8,10]. AH destroys the architectonics of en-
dothelial cells followed by the increased production of
vasoconstrictor endothelin-1 and vascular remodeling
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with the decrease in vascular elasticity [11]. It should
be noted that L-arginine (Tivortin aspartate) not only
improves the condition of the endothelium, but also
reduces the manifestations of systemic inflammation
and oxidative stress, the formation of post-COVID
syndrome. [8]. L-arginine is a conditionally essential
amino acid, which is an active and multifaceted
cellular regulator of many essential functions in the
organism, plays antihypoxic, membrane stabilizing,
antioxidant and detoxification actions [12]. Currently,
it has also been proven that morbidity and mortality
from cardiovascular diseases are largely associated
with psychological factors, in particular, a significant
prevalence of depression and anxiety symptoms has
been detected among patients with AH[13]. The data
of recent studies suggest that long-term psychological
stress caused by activation of the hypothalamic-pitu-
itary-adrenal axis, low-intensity inflammation, leads
to endothelial dysfunction and steady increase in the
blood pressure (BP) [13]. According to research data,
in patients with arterial hypertension, the frequency
of anxiety disorders was 1.5 times higher than in pa-
tients with normal blood pressure [1]. Therefore, the
comprehensive treatment of such patients should in-
clude drugs with tranquilizing effect which reduce the
anxiety. In clinical practice, they use mebicar (adaptol)
for astheno-vegetative syndrome elimination. It has
moderate tranquilizing (anxiolytic) effect, relieves the
feelings of anxiety, fear, internal emotional stress and
irritation [14].

THE AIM

Purpose of the study. Optimization of treatment and
improvement of the quality of life of elderly patients
with combined pathology - arterial hypertension (AH)
and post-covid syndrome by general practitioners of
family medicine with the use of additional drugs — with
the endothelium-protective effect of L- arginine and
mebicar with a sedative effect.

MATERIALS AND METHODS

The research presented includes observation and
treatment of 50 elderly patients for hypertension
with post-COVID syndrome. The average age was
68.7+£1.89 years. The diagnosis was verified on the
basis of complaints, anamnesis data (coronavirus
disease (COVID-19) experienced over the past 3-6
months), physical examination, general clinical and
laboratory-instrumental methods (complete blood
count, ECG, echocardiography CS, CRP, coagulograms,
lipidograms, urea, residual nitrogen). The study in-
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cluded elderly patients experiencing hypertension
with post-COVID syndrome with preserved ejection
fraction (EF) of the left ventricle (40%). All patients un-
derwent a preliminary screening test for SARS-CoV-2
antigen using rapid tests for SARS-CoV-2 antigen, a
negative result was obtained, which ruled out recur-
rence of COVID-19. The psychological state of elderly
patients with comorbid pathology — hypertension and
COPD - was assessed with Ch. D. Spielberger — Yu. L.
Khanin questionnaire [14,15]. When interpreting the
testresults, they use the following scores: less than 30
points — low anxiety; 31-45 points — moderate anxiety;
46 or more points — high anxiety.

The life quality assessment at the beginning and
during the treatment was conducted applying SF-36
questionnaire which is considered the“gold standard”
[3]. The SF-36 questionnaire has 3 levels: 1) questions;
2) 8 scales; 3) 2 total measurements combining the
scales. There are 36 questions in the questionnaire,
35 of which are used to process scores according
to 8 scales, which are grouped into two general in-
dicators: “Physical component of health”, including
scales: General health (GH); Physical functioning (PF);
Role Physical Functioning (RP); Pain intensity (Bodily
pain — BP); and “Psychological component of health’,
including scales: Mental Health (MH); Vitality (VT); Role
functioning caused by emotional state (Role-Emo-
tional — RE); Social Functioning (SF) [16]. Each scale
has a different number of questions. The indicators
of each scale fluctuate between 0 and 100 points
(relative units), where 100 represents full health. One
question of the questionnaire (number 2), concerning
comparison of the health state at a given time with
the previous year, does not belong to any scale and
is assessed separately. The SF-36 questionnaire makes
it possible to quantify QoL according to the indicated
scales [3].

The patients were distributed into two groups: the
first — control group (n=25) — was prescribed compre-
hensive basic antihypertensive therapy, statins, anti-
platelet agents (telmisartan/amlodipine, rosuvastatin,
cardiomagnyl). The second group - the main group
(n=25) was prescribed the basic therapy and, addi-
tionally, solution of L-arginine 4.2%, 10 ml 2 times a
day as well as mebicar 500 mg, 1 tablet 2 times a day.
The groups were age and gender comparable. The
observation period lasted 1 month.

The survey data were processed considering the spe-
cial algorithm developed for assessing QoL according
to SF-36. These data are presented in the middle and
standard pardon of the middle. In order to directly
establish the nature of the interrelationship, we per-
formed a correlation analysis between groups of inde-



TREATMENT OPTIMIZATION IN MANAGEMENT OF COMBINED PATHOLOGY — ARTERIAL HYPERTENSION...

Table I. Clinical indicators in patients of the main and control groups

Indicators Control group Main group
BP systolic mm.Hg 179.8+1.52* 134.1£1.23 177.9+1.02* 128.6+1.28%*
BP
Diastolic 95,13+3.22% 76.0+3.7 95,27+3.24% 69.6+4.33
mm.Hg
RA points 48.4+1.24*% 42.93+1.13 48.13+1.36* 39.22+1.41%%
APTT sec. 19.87+1.01 22.96+2.01 19.64+0.86* 25.49+1.81
Total cholesterol mmol/I 4.83+0.4 3.97+0.22 4.75+0.30* 3.81+£0.17
*p<0.05 — differences are significant between groups of patients before and after treatment;
**p<0.05 — differences are significant between the patients of the main and control groups after treatment.
Table II. Indicators of the quality of life of elderly patients with AH and post-COVID syndrome (main and control groups)
Questionnaire scales SF 36 Control group Main group
Before treatment  After treatment Before treatment After treatment
1. General health - GH 24,07+2,52% 36,17+3,17 25,53+2,38% 39,6+4,01
2. Role-Physical Functioning - RP 24,73+2,12* 37,63%+2,68 24,84+2,53* 40,13+£3,17
3. Physical Functioning - PF 22,27+4,55% 35,6+3,64 26,07+4,02% 38,79+3,49
4. Bodily pain - BP 24,73+3,195* 35,33+1,98 26,73+2,98% 42,7342,31%*
5.Vitality - VT 24,53+3,48% 36,93+2,34 25,67+2,58% 43,22+2,17
6. Role-Emotional - RE 25,47+2,97 * 37,53+2,85 26,3+1,97% 41,8242,12
7. Mental Health - MH 27,4+3,01% 35,13+2,13 26,93+2,98* 44,6+3,04**
8. Social Functioning — SF 28,27+4,16 37,07+1,71 26,47+2,72* 42,51+1,95%*

*p<0.05 — differences are significant between groups of patients before and after treatment;
**p<0.05 — differences are significant between the patients of the main and control groups after treatment.

pendent samples with a match coefficient Spearman
correlations. statistical significance intergroup viability
was assessed using the Mann-Whitney method. Sta-
tistical analysis were carried out with the help of the
program «Statistica 6.0» (StatSoft Inc., USA, serial No.
RGXR412D674002FWC7). For all types of analysis, the
statistically significant values were taken into account
with equal significance less than 0.05.

RESULTS

The comparative analysis of the main clinical and
laboratory parameters determined that patients of
the main group who received L-arginine and mebicar
against the background of basic therapy had signifi-
cant differences in the timing of headache subsiding,
sleep improving, decrease in BP as well as the level
of reactive anxiety (RA), decrease in the level of total
cholesterol in the blood (p<0.05) compared with the
control group of patients. Thus, the average time for
headache subsiding in patients of the main group
was 6.4+0.79 days versus 8.83+0.71 days in patients
of the control group (p<0.05); sleep normalization -
7.0+0.73 days versus 9.3+0.77 days in patients of the
control group (p<0.05). The data obtained convincing-

ly indicate that the comprehensive antihypertensive
therapy which includes the use of L-arginine and
mebicar contributed to a more rapid elimination of
clinical manifestations when managing the combined
pathology — hypertension and post-COVID syndrome
in elderly patients.

Patients of the main group had significant decrease
in systolic blood pressure (SBP) compared with patients
in the control group (p<0.05). Thus, in patients taking
L-arginine and mebicar in addition to treatment, SBP
decreased by 32.4% (from 177.9+3.98 to 120.3+1.79
(p<0.05), while in patients of the control group — by
29.9% (from 179.8+£5.9t0 126.1+2.29 mm Hg (p<0.05).
Diastolic blood pressure (DBP) decreased by 27% in the
main group patients (from 95.27 + 3.24 to 69.6+4.33
(p<0.05), while in patients of the control group - by
20.11 % (from 95.13+3.22 t076.0%3.7) (p<0.05). The
research data indicate that the comprehensive therapy
which includes L-arginine contributed to the increase
in endothelium-dependent vasodilation, which coin-
cides with the authors’ opinion [13,16].

The examination data determined that the elderly pa-
tients with hypertension and post-COVID syndrome pre-
sented with the high level of reactive anxiety (RA), which
changed during treatment. The main group patients
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developed more significant decrease in RA (p<0.05)
during the treatment compared with the control group
patients. Thus, in the main group patients, the level of
RA decreased by 18.6% (from 48.13+1.36 t0 39.22+1.41)
(p<0.05) (p<0.05), while in the control group patients — by
11.7% (from 48.4+1.24 10 42.73+1.48) (p<0.05). The data
obtained make it possible to state that reactive anxiety
is a very mobile trait and is characterized by reversibility
upon normalization of the somatic state of a person [17].

The main group patients developed significant in-
crease in APTT level after therapy, namely, by 29,7%
(from 19.64+0.86 before treatment; 25.49+1.81 - after
therapy) (p<0.05), which indicates the improvementin
blood rheology and a positive effect on the anticoag-
ulant system parameters. While in the control group
patients, APTT increased insignificantly by 11.5% (from
19.87+1.01 t0 22.96+2.01) (p>0.05).

After treatment, the main group patients presented
with significant decrease in the level of total choles-
terol by 19,8% (from 4.75+0,30 mmol/l to 3.81+0,17
mmol/l) (p<0.05), while the cholesterol level did not
decrease significantly in the control group patients,
namely, by17.81% (from 4.83+0.4 to 3.97+0.22)
(p>0.05). The decrease in cholesterol level (p<0.05)
indicates the positive effect of L-arginine on lipid
metabolism, which coincides with the scientists’view
[18]. The data of research are presented in the Table I.

Considering that the ultimate goal of any therapy is
to increase the life expectancy of patients and improve
its quality, we studied QoL of patients before and after
the course of therapy. The data obtained are presented
in Table Il.

DISCUSSION

After comprehensive treatment, compared to the con-
trol group, patients in the main group showed a signif-
icant increase in indicators, according to the following
scales: Pain intensity (Bodily pain — BP), Mental Health
(MH), Social Functioning (SF). (p<0.05), which indicates
a significant improvement in the quality of life in this
category of patients.

There were correlative dependences between the
levels of systolic BP and RA in the main group patients
(r=0.392; pbefore treatment, which proves the expedi-
ency of applying the drug with a moderate tranquilizing
(anxiolytic) effect - mebicar and endothelial protector
- L-arginine in the comprehensive treatment of elderly
patients with combined pathology - hypertension and
post-COVID syndrome.

Thus, comprehensive examination of elderly patients
with combined pathology — hypertension and post-
COVID syndrome using questionnaires — Ch.D. Spiel-
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berger -Y.L.Khanin, and the SF-36 questionnaire, allows

to assess the level of reactive anxiety, the quality of life

in this category of patients, with the aim of developing

a rational complex therapy.

Given the important role of endothelial nitric oxide
production disorders in the pathogenesis of hyperten-
sion, the feasibility of using drugs that are its donors
is justified. Such drugs include L-arginine [19,20].
L-arginine can be recommended for the purpose of:
normalizing high blood pressure; prevention of the
formation and development of atherosclerotic plaques
and normalization of elevated cholesterol levels; pro-
tection of the heart and blood vessels in conditions of
oxidative stress; reducing the risk of thrombosis; main-
tenance of normal blood circulation and oxygen supply
to various organs and tissues; general strengthening of
the body and improvement of immunity; improvement
of microcirculation in the tissues of the central nervous
system, which enhances the metabolism in neurons,
contributes to the improvement of cognitive functions
- memory, attention, mental activity [19] .

The results of the conducted research allow us to rec-
ommend L-arginine in the complex treatment of elderly
patients with combined pathology — hypertension and
post-covid syndrome.

At the same time, in the treatment of psychoso-
matic disorders and the normalization of the body’s
adaptive capabilities in a wide range of pathological
conditions, according to the data of scientists, the
use of the drug mebikar is justified. According to the
results of the authors’research [14, 21] mebikar helps
to reduce anxiety symptoms, it also has an antihyper-
tensive effect, which makes it possible to recommend
mebikar in the complex treatment of elderly patients
with combined pathology - hypertension and post-
covid syndrome.

The results of the conducted studies show that the
optimization of the treatment of elderly patients with
combined pathology - arterial hypertension and post-
covid syndrome with additional use of drugs - L-ar-
ginine and mebikar use on the background of basic
therapy contributed to the improvement of the quality
of life of patients and due to:

— elimination of the main clinical manifestations in
a shorter time: (the average duration of headache
cessation in patients of the main group was 6.4+0.79
days, against 8.83+0.71 days in patients of the con-
trol group (p<0.05) average terms of normalization
of sleep — 7.0+0.73 days, against 9.3+0.77 days in
patients of the control group (p<0.05);

— more significant decrease in the level of systolic blood
pressure by 32.4%, (while in patients of the control
group - by 29.9%) (p<0.05).
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— more significant reduction in the level of reactive
anxiety by 18.6%, (while in patients of the control
group - by 11.7%) (p<0.05),

— asignificantincreasein the level of PT - by 29.7% (p<0.05),
a significant decrease in the level of total cholesterol by
19.8% (p<0.05), while in patients of the control group
these indicators improved without statistical significance.

Positive clinical dynamicsin patients who received complex

therapy with the use of L-arginine and mebicar contributed

to shortening the duration of treatment by 1.8 days.

CONCLUSIONS

Optimization of treatment of combined pathology
- arterial hypertension and post-covid syndrome in
elderly patients with additional use of L-arginine and
mebicar drugs to the basic therapy contributes to the
improvement of the quality of patients life, due to the
regression of the main clinical manifestations of the
disease in a shorter time, a significant decrease in the
level of blood pressure and reactive anxiety, shortening
the period of treatment of patients.
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ABSTRACT

The aim: Assess the incidence of caries of temporary teeth in children using the indices drxfm, SIC, ICDAS.

Materials and methods: A survey of 255 children 3 and 6 years old was conducted and 2 research groups were formed. We determined the prevalence,
intensity of caries by the expanded formula drxfm, SIC-index and ICDAS 11 1-6, as well as determined the Green-Vermilion hygienic index.

Results: The high prevalence of caries of permanent teeth according to WHO criteria was revealed. The average value of ICDAS Il 1-6 at the age of 3 years is
1.91 + 0.24 teeth, p <0.05. In 6-year-olds, this index was 3.78 + 0.32 teeth, p <0.05. In 3-year-old children, the average value of SIC was 2.64 + 0.09 teeth,
which probably differed from that of 6-year-old children — 6.82 + 0.12 teeth. Regarding the Green-Vermilion index, unsatisfactory oral hygiene was found
in children aged 3 and 6 years.

Condlusions: Thus, the obtained high rates of prevalence and intensity of caries determine the special importance of caries prevention measures and indicate
the need to find new approaches in the fight for dental health of children.

KEY WORDS: dental health, caries, ICDAS, drxfm

INTRODUCTION

Undoubtedly, the most common disease of the oral
cavity in childhood is caries. This dental nosology is
one of the oldest and most common in the world [1, 2].

The results of epidemiological studies show that a
high prevalence of caries of temporary teeth is ob-
served in children under two years - 62% of respon-
dents, at three years - 70.3% [3, 4]. In different regions
of Ukraine this indicator remains consistently high,
namely: in children of Prykarpattia - 90.95 + 2.66%,
Zakarpattia — 98%, Lviv region — from 78 to 93%, Poltava
region — 50 + 10%, Vinnytsia region — 85, 97 = 1.90%,
Odessa region - 63.8% [2-6]. This indicates the need
to start preventive measures from an early age of the
child, taking into account the regional features of the
formation of dental pathology [3, 71.

Factors in the development of dental caries are in-
dividual. There are more than 100 causes of the risk
of dental caries in childhood. They can be of different
intensity and nature, there are different options for their
interaction [8, 9]. The prevalence of caries of temporary
teeth depends on the socio-economic status of the
family, environmental factors, fluoride exposure, dental
prophylaxis, and is determined by the composition and
structure of enamel and other tooth tissues, specificand

Wiad Lek. 2023;76(7):1549-1553

nonspecific oral protection factors, quantitative and
qualitative indicators of oral fluid, the presence of bad
habits, the properties of plaque, and all this depends
on the general condition of the body [5, 10].

THE AIM

Assess the incidence of caries of temporary teeth in
children using the indices drxfm, SIC, ICDAS.

MATERIALS AND METHODS

For this purpose, clinical examinations of 255 children
aged3and 6 (121 boys and 134 girls) living in Bukovina
were conducted. Dental examination of children was
carried out on the clinical basis of the Department of
Pediatric Dentistry at the Municipal City Institution
«Regional Children’s Clinical Hospital» (Chernivtsi,
Ukraine). These children were divided into 2 age groups:
| - 3 years; Il - 6 years. Evaluation of dental hard tissues
was performed by determining the prevalence and in-
tensity of carious lesions of the teeth according to the
dmfindex and its modification (Alimsky et al, 2007). Of
particular importance is the detailed characteristics of
the element «d», which, in turn, is divided into: super-
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Table . Intensity of caries of temporary teeth in children according to the ICDAS Il index, points

ICDAS 11 1 group Il group
ICDASII 1,91£0,24 3,78+0,32*%
ICDASII, 0,63+0,19 1,63+0,22*%

1 0,39+0,08 1,07+0,18*
2 0,33%0,13 1,03+0,23*%
3-4 0,82+0,09 1,19+0,18*
5 0,23+0,03 0,20+0,02*
6 0,14+0,04 0,29+0,12
R - 0,12+0,03
X - 0,02+0,01
F 0,43+0,17 1,39+0,37%
M - 0,06+0,01

Notes. *: p — the difference between the indicators of children 3 and 6 years is probable (p <0,05).

ficial and secondary caries (actually the element «d»),
complications of caries to be treated (element «r») and
complications of caries subject to removal (element
«x»). Element «f» - filled teeth, «<m» — removed.

At any intensity of dental caries, as assessed by the
«dmf» index, an additional determination of SiC-index
was performed in 1/3 of the examined group of children
with the highest individual indicators of the index.

In addition to the «dmf» index, we assessed caries of
permanent teeth according to the International Caries
Determination and Assessment System — ICDAS. ICDAS
Il criteria (1-6) were used to compare the incidence of
caries in permanent teeth.

In order to objectify the state of oral hygiene, all pa-
tients underwent determination of the Green Vermilion
oral hygiene index.

The degree of probability of the obtained results
was statistically assessed in the case of normality of
the distribution of both samples according to the
Student-Fisher test, in other cases — U-Wilkokson for
independent samples and T-Wilkokson criterion for
dependent samples.

RESULTS

According to the results of the study of the state of hard
tissues of temporary teeth in children of both groups
revealed a high prevalence of caries according to WHO
criteria (Fig. 1), while the number of healthy teeth (with-
out caries) ranged from 35.72 to 52.94%.

Analysis of the intensity of carious lesions of tempo-
rary teeth by depth (according to the ICDAS system)
found that its average value at the aged 3is 1.91 £0.24,
while the index ICDAS Il 4-6 — 2.05 times less — 0, 63 +
0.19 teeth, p <0.05 (Table I). The values of both indices
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increase with age. Thus, the average value of ICDAS Il
4-6 increases up to 6 years by 54.18% and is 2.03 £ 0.22
teeth, p <0.05. A probable increase to 4.94 + 0.32 teeth
is observed relative to the ICDAS Il index 1-6. As for the
structure of carious lesions of temporary teeth, in 35.19
+ 1.92% of cases the middle layers of dentin are affected
(code 3-4), with the same frequency at the age of 3 years
and 6 years. Caries of deep dentin layers (code 5-6) was
found in 33.18 + 2.27% of teeth, mostly at the age of 6
years, which indicates the lack of preventive measures
and untimely treatment of caries of temporary teeth in
children. Carious lesions of enamel (code 1-2) were ob-
served in smaller quantities —in 31.69 + 2.21% of teeth.

The initial stage of dental caries is described by 2
codes of the ICDAS Il index, namely: code 1 is charac-
terized by visible changes on the enamel surface only
after prolonged drying, and code 2 - obvious visual
changes of enamel. We found a probable increase in
the number of affected teeth with codes 1 and 2 with
age. Thus, the number of carious lesions of temporary
teeth under code 1 from 3 to 6 years increases from 0.39
+ 0.08 teeth to 1.22 £ 0.18 teeth, p <0.05.

The number of carious cavities with visible localized
destruction of the enamel without signs of dentin dam-
age (ICDAS code 3) is likely to increase per one child
with age, but their number with code 4 (ICDAS Il code)
increases slightly. The same applies to deep carious
lesions (ICDAS Il code 5 and code 6).

Component «r», ie complications of caries that require
treatment, and the structure of «x», the presence of
carious teeth to be removed in children aged 3 years
are absent. For 6-year-old children, the availability of
such data indicates obvious problems not only in the
primary prevention of caries, but also in timely quality
treatment.
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21d 64.28
OT0
47.06
Fig. 1. Prevalence of caries of temporary
s - teeth in children.
II group 6,82+0,12*
1 group
Fig. 2. SiC-index in children.
Notes. p — the difference between the
indicators of children 3 and 6 years is
0 2 4 6 8 Tooth in y
probable (p <0,05).
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23 2,08
1,74
2 ——
1,5 I group IT group
1 Fig. 3. Green Vermilion index in chil-
ik dren.
? Notes. p — the difference between the
0 indicators of children 12 and 15 yearsis
probable (p <0,05).

We note a probable increase in the component «f» in
children with age, namely from 0.43 + 0.39 in 3-year-
olds to 1.89 £ 0.37 in 6-year-olds. The predominance
of the component «d» over «f» indicates the lack of
treatment and prevention measures in children of these
age groups.

Itis believed that the indicator of the quality of dental
care for children is the component «<m» in the formula
dmf. As it is known, according to WHO recommenda-
tions, children and adolescents under 18 should not
have permanent teeth removed. In our study, the aver-
age number of removed teeth in the examined 6-year-
old children was 0.02 £+ 0.01. The highest intensity of
dental caries in children according to the SiC-index in
young children was 2.64 + 0.09 teeth, which probably

differed from that of 6-year-old children - 6.82 + 0.12
teeth (Fig. 2).

The values of the Green Vermilion index reflect in chil-
dren aged 3 and 6 years of unsatisfactory oral hygiene,
but the indicators in both groups were significantly
different (p<0.05) (Fig. 3).

DISCUSSION
In bibliosemantic research it found a high prevalence
of caries of temporary teeth in children 2, 3, 4, 5 years
in different regions of Ukraine, which, in particular,
coincides with our indicators [5].

In another research we found that in children aged
332.42% of all teeth that present in the oral cavity are
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carious, which is probably different from our findings.
We associate this difference with the living conditions
of childrenin Bukovina in the iodine deficiency zone [3].

The highest prevalence of caries of temporary teeth
was found in children 3-4 years compared to children
4-5 or 5-6 years, which differs from our indicators.
Regarding the depth of the lesion, we have the same
tendency as author [11].

Prevalence of caries of temporary teeth in 6-7 year old
children is 87.3% and a caries intensity is 2.75 [12]. Studies
of the prevalence and intensity of caries in different re-
gions of Ukraine, including our results, indicate a high risk
of caries with «mass» prevalence and «high» intensity of
caries of both temporary and permanent teeth [5, 9, 12].

The researchers found high prevalence and intensity
of dental caries in children living under conditions of
biogeochemical deficient of trace elements [6]. Given
that Bukovinais an iodine deficiency zone, it is interest-
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ABSTRACT

The aim: To determine the concentration of markers of the immune-inflammatory response (IL-16, IL-10, IL-1B / IL-10, hsCRP) in oral fluid in patients with
diseases of periodontal tissues in combination with general somatic pathology.

Materials and methods: The study was conducted at Danylo Halytsky Lviv National Medical University, Department of therapeutic dentistry FPGE, Lviv,
Ukraine. The patients were divided into two groups: the main group — 144 patients (with periodontal tissue diseases on the background of general somatic
pathology) and the control group — 30 somatically and dentally healthy persons, in whose oral fluid was determined the concentration of IL-1f, IL-10, hsCRP
by the enzyme immunoassay method.

Results: As a result of our research, it was found that in people with periodontal tissue diseases, against the background of general somatic pathology, there
is an activation of the immune-inflammatory response, which aggravates the course of general somatic and dental diseases in this contingent of patients.
Conclusions: Therefore, in patients with periodontal tissue diseases on the background of somatic diseases, a significant increase in the level of the pro-in-
flammatory cytokine IL-1B and hsCRP was determined against the background of a decrease in the anti-inflammatory cytokine IL-10 in the oral fluid compared
to the values in the control group.

KEY WORDS: hs(RP, IL-10, IL-1B, oral fluid, periodontal tissue diseases

INTRODUCTION

Pathology of periodontal tissues isa common phenom-
enon among the population of the entire globe, which
represents a serious medical and social problem [1].
Ukraine is no exception: the prevalence of periodontal
disease at the age of 45-50 reaches almost 90%, as evi-
denced by the results of research by domestic scientists,
while many researchers note the high prevalence of
periodontal tissue diseases in young people [2].

To date, it has been clearly established that inflam-
matory and dystrophic-inflammatory changes in peri-
odontal tissues deepen when the body’s resistance is
reduced, caused by various factors: chronic debilitating
diseases, stress and mental injuries, hormonal disorders,
adverse environmental factors [3, 4].

Data from the literature show [5-7] that there are
a number of diseases that are combined with an ab-
solute regularity with periodontal disease: diabetes,
hypertension, coronary heart disease, chronic diseas-
es of the gastrointestinal tract, chronic obstructive
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pulmonary disease, rheumatoid arthritis, stressful
situations.

According to the prevailing opinion of clinicians, the
results of treatment of patients with periodontal tissue
damage remain at an unsatisfactory level [8, 9]. Insuffi-
cient consideration of the impact of systemic diseases
on the course of periodontal tissue diseases is one of
the most likely reasons for its treatment [10]. All of the
above determined the relevance of the topic and served
as a basis for conducting research in this area with
the aim of improving the diagnosis and treatment of
periodontal tissue diseases against the background of
general somatic pathology based on the obtained data.

THE AIM

To determine the concentration of markers of the im-
mune-inflammatory response (IL-13, IL-10, IL-13 / IL-10,
hsCRP) in oral fluid in patients with diseases of periodontal
tissues in combination with general somatic pathology.



STUDY OF IMMUNE-INFLAMMATORY RESPONSE CHANGES IN ORAL FLUID IN PATIENTS WITH DISEASES...

MATERIALS AND METHODS

The study was conducted at Danylo Halytsky Lviv Na-
tional Medical University, Department of therapeutic
dentistry FPGE, Lviv, Ukraine. The object of the study
was inflammatory, dystrophic-inflammatory and dys-
trophic processes in periodontal tissues at the patients
with cardiovascular’s, neurological's, gastroenterolog-
ical’s, rheumatological's diseases, who were receiving
inpatient treatment at the Lviv Regional Clinical Hospi-
tal. Observation groups were formed depending on the
nosological units of the disease, which were the most
common in the department. So, in the department of
cardiovascular surgery, the largest group was represent-
ed by patients with obliterating atherosclerosis — 36
patients; in the neurological department - 35 patients
with vascular lesions of the central nervous system; in
the gastroenterology department — 36 subjects with
peptic ulcer disease and in the rheumatology depart-
ment - 37 people with rheumatoid arthritis (main
group). The obtained data were compared with the
values 30 somatically and dentally healthy individuals
(control group).

The classification of M. F. Danylevsky (1994) was
used to assess the condition of periodontal tissues. All
research results were registered in the medical record
of the dental patient. The concentration of IL-1f3, IL-10
and highly sensitive C-reactive protein (hsCRP) was
determined in the patients’oral fluid. Oral fluid for lab-
oratory tests was collected in the morning on an empty
stomach, by spitting into measuring tubes, without
stimulation [11]. Oral fluid samples were centrifuged
at 3000 rpm for 15 minutes. The supernatant was ex-
amined. Determination of the levels of interleukin-14,
interleukin-10, hsCRP in oral fluid was carried out by
the immunoenzymatic method [12, 13], with the help
of original sets of reagents from the company “Vector
Best” (Ukraine): “Interleukin-1-beta-UFA-Best”, “Inter-
leukin-10-UFA-Best’”, “CRB-UFA-Best (highly sensitive)’,
according to theinstructions included with the set. The
research was carried out on a tablet semi-automatic
immunoenzymatic analyzer “SunriseTS”, Austria, by
the immunological “Sandwich” - reaction method [14].

The obtained results were statistically processed
using the standard software package of «STATISTICA
6.0».The validity of the test data was determined using
Students t-test [15].

RESULTS

As a result of the conducted studies, it was established
that with inflammatory diseases of the periodontal
tissues, the concentration of IL-1p in the oral fluid in-
creased by 1.9 times in patients with rheumatological

diseases, by 1.8 times in people with cardiovascular
diseases, p<0.05, by 1.5 times in subjects with gastro-
enterological and by 1.3 times - with neurological dis-
eases, p>0.05, in relation to the data in the control (Fig
1). At the same time, in patients with rheumatological
diseases, the concentration of IL-13 in the oral fluid was
probably higher than in people with neurological and
gastroenterological pathologies, p,, p,<0.01.

At the same time, an increase in the concentration of
hsCRP was noted in the oral fluid of the subjects: by 1.4
times — in persons with diseases of the cardiovascular
system and with rheumatological lesions, p<0.05, and
by 1.1 and 1.2 times — in patients with neurological and
gastroenterological lesions, p>0.05, compared to the data
in the control group. It should be noted that in patients
with rheumatological diseases, the content of hsCRP in
the oral fluid was significantly higher than in people with
neurological and gastroenterological diseases, p,, p,<0.01.

The concentration of anti-inflammatory IL-10 in oral
fluid decreased in inflammatory diseases of periodontal
tissues: 1.6 times in patients with rheumatological dis-
ease, 1.5 times in patients with cardiovascular disease,
p<0.05 and 1.2 times - in people with neurological
and gastroenterological pathology, p>0.05, p,<0.05,
p, p,<0.01.

We noted an increase in the ratio of concentrations of
IL-18/1L-10in the oral fluid of the subjects: by 2.6 times
in people with rheumatological diseases, by 2.2 times
in patients with cardiovascular diseases, p<0.05,in 1.4
times in gastroenterological pathology and 1.2 timesin
people with neurological diseases. At the same time, the
ratio of cytokines in the oral fluid was significantly lower
in people with neurological diseases than in patients
with lesions of other organs and body systems (p,, p,,
p,<0.01) with periodontal tissue diseases.

In order to detail the obtained results, the values of
markers of the immune-inflammatory response in the
oral fluid of patients with general somatic diseases with
inflammatory, dystrophic-inflammatory and dystrophic
diseases of periodontal tissues were analyzed.

The concentration of IL-1(3 in the oral fluid of subjects
with inflammatory diseases of periodontal tissue sig-
nificantly increased (Table 1), compared to the data in
the control group (p<0.01), but was characterized by
higher values in cardiovascular patients — 72.48+4.83
ng/mland rheumatological pathology — 81.67+5.44 ng/
ml, p,<0.01. At the same time, the lowest values of the
level of IL-1 in oral fluid were observed in patients with
neurological diseases - 58.36+3.89 ng/ml, p, p,<0.05.
On average, the IL-1f3 content in oral fluid was 1.4 times
higher in patients with inflammatory diseases of peri-
odontal tissue, respectively, compared to the data in
the control group, p<0.01.
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Fig. 1. The value of immune-inflammatory response markers in the oral fluid of patients with inflammatory diseases of periodontal tissues against the

background of general somatic pathology

Table I. Markers of the immune-inflammatory response in the oral fluid of patients with inflammatory diseases of periodontal tissues against the

background of general somatic pathology

Cardiovascular Neurological Gastroentero- Rheumatic Control
Indicators diseases, diseases, logical diseases, diseases, group,
(n=36) (n=35) (n=36) (n=37) (n=30)
IL-1B, pg/ml 72,48+4,83° 58,36%3,89°°** 65,42+4,36° 81,67+5,44°* 48,24+3,18
IL-10, pg/ml 42,01+2,80° 50,18+3,35 48,24+3,22 40,86+2,72°** 56,22++3,36
IL-1B /IL-10, pg/ml 1,72+0,03° 1,16£0,09* 1,3620,04°°% e« 2,00+0,05°*,,A 1,15%+0,08
hsCRP, mg/I 8,13+£0,02° 6,20+0,04°* 6,98+0,05° %, 8,29+0,06°,%*,.,A 5,75%0,07

Notes:

°p<0,01; *’p<0,05 — a significant difference in values relative to the data in the control group.

*p,<0,01; **p,<0,05 — a significant difference in values in relation to data in patients with cardiovascular diseases.
*p,<0,01; -+p,<0,05 - significant difference of values in relation to data in patients with neurological diseases.
Ap,<0,01 - assignificant difference in values in relation to data in patients with gastroenterological diseases.

The concentration of anti-inflammatory IL-10 in the
oral fluid of subjects with inflammatory diseases of
periodontal tissue decreased compared to the data in
the control and was characterized by certain features.
Thus, the concentration of IL-10 in the oral fluid was
significantly lower compared to the control only in per-
sons with cardiovascular and rheumatological diseases,
p<0.01. It was noteworthy that in patients with rheu-
matological pathology, the content of IL-10 in oral fluid
was probably lower than in subjects with neurological
diseases, p2<0.05. At the same time, on average, the
level of IL-10 in oral fluid was 1.2 times lower in patients
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with inflammatory diseases of periodontal tissue than
in controls, p<0.05.

Attention was drawn to the fact that the ratio of
IL-18 /IL-10 in the oral fluid was significantly increased
in patients with inflammatory diseases of periodontal
tissue compared to the data in the control group in
individuals with cardiovascular (p<0.01), gastroentero-
logical (p<0.05) and rheumatological (p<0.01) diseases.
On average, the ratio of cytokines in the oral fluid was
1.4 times higher in patients with inflammatory diseas-
es of periodontal tissue compared to the data of the
control group, p<0.01.
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Table I1. Markers of the immune-inflammatory response in the oral fluid of patients with dystrophic-inflammatory diseases of periodontal tissues against
the background of general somatic pathology

Cardiovascular Neurological Gastroentero- Rheumatic Control

Indicators diseases, diseases, logical diseases, diseases, group,

(n=36) (n=35) (n=36) (n=37) (n=30)
IL-1B, pg/ml 117,48+6,91° 80,54+4,74°* 93,1845,48°** 120,13%£7,07°.,A 48,24+3,18
IL-10, pg/ml 26,49+4,42° 41,80+6,97 38,65+6,44°° 23,50+3,92°..,AA 56,22+3,36
IL-1B /IL-10, pg/ml 4,43+0,74° 1,93+0,32°°* 2,41£0,40°** 5,11+0,85°,AA 1,15+0,08
hsCRP, mg/I 9,18+0,13° 7,25£0,11°% 8,03%£0,12° %, 9,34£0,14°,A 5,75+0,07

Notes:

°p<0,01; *°’p<0,05 — a significant difference in values relative to the data in the control group.
*p,<0,01; **p,<0,05 - a significant difference in values in relation to data in patients with cardiovascular diseases.
*p,<0,01; +-p,<0,05 - significant difference of values in relation to data in patients with neurological diseases.
Ap,<0,01; AAp,<0,05 - a significant difference in values in relation to data in patients with gastroenterological diseases.

Table I1l. Markers of the immune-inflammatory response in the oral fluid of patients with dystrophic diseases of periodontal tissues against the back-
ground of general somatic pathology

Cardiovascular Neurological Gastroenterological Rheumatic Control

Indicators diseases, diseases, diseases, diseases, group,

(n=36) (n=35) (n=36) (n=37) (n=30)
IL-1B3, pg/ml 69,33+4,22 55,21+3,68 62,27+4,15 78,52+5,23 48,24+3,18
IL-10, pg/ml 45,16+3,01 53,33+3,56 51,39+3,43 44,01+£2,93 56,22+3,36
IL-18 /IL-10, pg/ml 1,53+0,05° 1,04+0,06* 1,21+0,07* 1,78+0,08°*%,,A 1,15+0,08
hsCRP, mg/I 6,93%0,07° 5,73%0,05* 5,78+0,05* 7,09+0,08°,A 5,75+0,07

Notes:

°p<0,01 - assignificant difference in values relative to the data in the control group.

*p,<0,01; **p,<0,05 - a significant difference in values in relation to data in patients with cardiovascular diseases.
+p,<0,01 ssignificant difference of values in relation to data in patients with neurological diseases.

Ap,<0,01 - asignificant difference in values in relation to data in patients with gastroenterological diseases.

The concentration of hsCRP in the oral fluid of the sub-
jects was accompanied by the maximum increase in values
in persons with cardiovascular (p<0.01) and rheumatolog-
ical diseases (p, p,, p,<0.01;p,<0.05). At the sametime, the
hsCRP content in oral fluid was higher in subjects with
gastrointestinal diseases than in subjects with neurologi-
cal diseases, p,<0.01.0n average, the hsCRP concentration
in the oral fluid of individuals with inflammatory diseases
of periodontal tissue of different departments exceeded
the data in controls by 1.3 times, p<0.01.

Changes in the markers of theimmune-inflammatory
response in patients with dystrophic-inflammatory
periodontal tissue disease against the background of
general somatic pathology are presented in Table II.

It should be noted that in patients of this group, the
values of the studied indicators indicated a more pro-
nounced imbalance in the body’s immunological and
inflammatory response system. Thus, we determined
a significant increase in the content of IL-1[3 in the oral
fluid of the subjects with dystrophic-inflammatory
periodontal tissue disease in all pathologies, p<0.01.

Moreover, the concentration of IL-1[ in oral fluid was
the lowest in individuals with neurological, p,<0.01 and

gastroenterological diseases, p1<0.05. The maximum
content of IL-1B in oral fluid was determined in persons
with diseases of the cardiovascular system (117.48+6.91
ng/ml, p<0.01) and in patients with rheumatological
lesions (120.13+7.07 ng/ml, p, p,, p,<0.01). On average,
the IL-1B content in the oral fluid of persons with a
stroke exceeded the data of the control group by 2.1
times, p<0.01.

In cardiovascular, p<0.01, neurological, p>0.05, and
gastroenterological pathologies, p<0.01, the IL-10
content in oral fluid decreased compared to control
data, but did not differ in statistical significance among
themselves, p,, p,, p,>0.05. The maximum decrease
of this parameter was determined in the oral fluid of
patients with rheumatological lesions — 23.50+3.92 ng/
ml, p<0.01, p,, p,<0.05. On average, the concentration
of IL-10 in oral fluid in patients with dystrophic-inflam-
matory periodontal tissue disease was 1.7 times lower
than the data in controls, p<0.01.

As a result of the conducted studies, a significant
increase in the ratio of the content of the analyzed cyto-
kines in the oral fluid was determined — at the minimum
values of this parameter in people with neurological
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diseases (1.93+0.32, p<0.05) to the maximum data in
rheumatological patients (5.11 £0.85, p<0.01), in rela-
tion to the corresponding values in the subjects of the
control group. The ratio of IL-1(3 /IL-10 was, on average,
in patients of this group in the oral fluid - 3.0 times
higher compared to the data in the control, p<0.01.

The concentration of hsCRP in the oral fluid in pa-
tients with dystrophic-inflammatory periodontal tissue
disease was significantly higher compared to the data
in the control, p<0.01. At the same time, the maximum
values of these parameters were studied in people with
cardiovascular and rheumatological diseases, and the
lowest values in patients with neurological lesions.
However, the content of hsCRP in oral fluid in neuro-
logical and gastroenterological patients was lower than
in persons with cardiovascular and rheumatological
lesions, p,, p,, p,<0.01. On average, the hsCRP content
in the oral fluid was 1.5 times higher in patients with
dystrophic-inflammatory periodontal tissue disease
compared to the control data, p<0.01.

When studying changes in the markers of the
immune-inflammatory response in the oral fluid of
patients with dystrophic periodontal tissue diseases
against the background of general somatic pathology
(Table 3), it was found that the level of IL-1 in the oral
fluid of patients with dystrophic periodontal tissue
diseasesincreased by 1.4 and 1.6 times in persons with
diseases of the cardiovascular system and rheumato-
logical lesions, respectively, p,>0.05andin 1.3and 1.14
times in subjects with gastroenterological, p, p,>0.05
and neurological diseases, p,>0.05, respectively. On
average, IL-1p content in oral fluid was 1.4 times, p>0.05
higher, compared to control data, in relation to the data
in the control group.

At the same time, the lowest value of IL-10 concentra-
tion in the oral fluid was recorded in persons with dys-
trophic periodontal tissue diseases on the background
of the cardiovascular system diseases (4.16+1.04 ng/ml,
p<0.01) and with rheumatological diseases (4.00+ 1.00
ng/ml, p<0.01, p,<0.05, p,, p,>0.05). The level of IL-10
in the oral fluid of persons with dystrophic periodontal
tissue diseases decreased, however, the obtained data
did not differ statistically significantly, p,, p,, p,>0.05
from the values in the control group, p>0.05. At the
same time, on average, the level of IL-10 in the oral fluid
was 1.2 times lower, p>0.05, in relation to the values in
the control group.

The ratio of IL-1 / IL-10 in the oral fluid of patients
with dystrophic periodontal tissue diseases was the
highest in persons with cardiovascular system lesions
(1.53+0.05, p<0.01) and in rheumatological pathology
- 1.78+0, 08, p<0.01, p,<0.05. The minimum values
of the ratio of these parameters in the oral fluid were
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determined in patients with a neurological (1.04+0.06,
p<0.01, p,<0.01) and gastroenterological profile
(1.21+0.07, p>0.05, p,<0.01, p,>0.05). At the same time,
patients with dystrophic periodontal tissue diseases,
the average value of the IL-13 / IL-10 ratio in the oral
fluid was 1.2 times higher in patients in the control
group, p<0.01 (Table IiI).

As a result of the conducted studies, an increase in
the content of hsCRP in the oral fluid of persons with
dystrophic diseases of periodontal tissues with general
somatic pathologies was determined. At the same time,
the increase in the concentration of hsCRP in oral fluid
was statistically significant in patients with dystrophic
diseases of periodontal tissues of all hospital depart-
ments from 5.73+0.05 mg/l in neurological patients,
p>0.05, p,<0.05 to 7.09+0.08 mg/l in persons with
rheumatological diseases, p, p,, p,<0.01, p,>0.05. The
mean concentration of hsCRP in the oral fluid was 1.1
times higher, p>0.05, in relation to the corresponding
data in the control group.

DISCUSSION

Periodontal disease has been associated with increased
systemic inflammatory markers such as cytokines,
which play an important role in the pathogenesis and
progression of the disease, by determining the strength,
nature and duration of the immune response. Cytokines
in saliva have been identified as inflammatory indicators
of periodontal disease and can be used as biomarkers
of chronic periodontitis [16].

Interleukin 1B is considered marker of acute inflam-
matory phase response and it’s salivary and crevicular
fluid levels are strongly correlated with advanced
periodontal tissue damage and periodontal infection
[17,18]. Salivary levels of this cytokine appear to serve
as biomarkers in periodontitis [19]. Some previous
studies showed no significant differences in salivary
levels of IL-1 beta, between periodontitis patients and
periodontally healthy controls and suggested that IL-1(3
detection in serum samples from periodontitis patients
is useless for the detection of disease presence and/or
its severity. Other studies suggested that concentra-
tions of IL-Tbeta, were, on average, significantly higher
in saliva from periodontitis patients than in healthy
controls [20]. Our results regarding its saliva concen-
tration, in patients with chronic periodontitis, show
higher levels, compared to the healthy group. Moreover
IL-1B concentration according to our analysis showed
increasing levels along with progression of periodontal
disease, showing that advanced stages of the disease
may have an impact on IL1( plasmatic levels and may
cause a systemic pro-inflammatory status.



STUDY OF IMMUNE-INFLAMMATORY RESPONSE CHANGES IN ORAL FLUID IN PATIENTS WITH DISEASES...

IL-10 is a multifunctional anti-inflammatory cytokine
with regulatory effects in periodontal inflammation. It
has beneficial effects in limiting the excessive immune
response, tissue destruction and bone resorption in
periodontal disease, by inhibiting the synthesis of
pro-inflammatory cytokines [21, 22]. It has been re-
ported that lower amounts of IL-10 may contribute to
the progression of periodontal disease and that higher
amounts have protecting effect on tissue destruction,
by suppressing the secretion of pro-inflammatory cy-
tokines, such as IL-1 [21,22]. In saliva, we found higher
concentrations of IL-10 in healthy patients compared to
patients with different stages of periodontal disease. It
should be noted, that the maximum decreasing levels
of this interleukin in patients with the dystrophic-in-
flammatory periodontal tissue diseases. Other studies
also found negative correlations between clinical pa-
rameters of periodontal disease and saliva levels of IL-10
[23]. Also saliva levels of IL-10 were found to be low in
periodontitis and metabolic syndrome patients and
periodontal treatment showed improvement of saliva
levels of this interleukin [24]. However periodontitis
and non-periodontitis subjects may present a similar
ability to produce this regulatory cytokine and the exact
relationship amongst periodontal diseases, systemic
inflammation and cytokines still remains unclear [25].

CRP is an acute-phase protein mainly produced by
the liver inresponse to infection or tissue damage [26,
271.While CRP is amore traditional inflammation mark-
er with less precision(within the range of 10 to 1,000
mg/L), high sensitivity CRP (hs-CRP) is a highly precise
and accurate analyte (within therange of 0.5 to 10 mg/L)
[28]. The association between CRP andperiodontitis
received great attention in part due to the linkbetween
periodontitis and cardiovascular disease [29]. However,
CRP has been established as a marker of associationof
periodontitis with other systemic diseases [30]. It should
be noted that in our study, an increase in the level of
hs CRP in oral fluid was also observed in patients with
periodontal tissue diseases against the background
of general somatic pathology. Previous systematic
reviews suggested elevated CRP levels inpatients with
periodontitis [31-33].

Recent evidence has indicated that patients with
periodontitis have increased saliva levels of CRP, when
compared with unaffected control population [34]. But
they fall short in indicating that periodontitis was the

cause for the observed saliva CRP levels as CRP levels
fluctuate with various factors like: aging, somatic dis-
eases, high blood pressure, alcohol use, smoking, low
levels of physical activity, chronic fatigue, coffee con-
sumption having elevated triglycerides, insulin-resis-
tance diabetes, taking estrogen, eating a high-protein
diet, depression [35].

Various studies have proved a positive association
between the presence of chronic periodontitis and
high saliva CRP levels [36-38] because it is biologically
plausible that inflammatory mediators (IL-1, IL-6 and
TNF-a) are released under conditions of periodontitis
and present the capacity to stimulate the hepatocytes
to produce CRP.

Our results suggest, that in patients with general somatic
pathology, elevated concentrations of IL-1(3, IL-13 / IL-10,
hsCRP and decrease IL-10 in oral fluid, closely associated
with condition of periodontal tissues. The correlation be-
tween clinical periodontal disease and oral fluid concen-
trations of these cytokines, observed in our study, suggests
that a causal relationship between diseases of periodontal
tissues and systemic inflammation might exist.

CONCLUSIONS
So, we found that, on average, the concentration of IL-
13 -1.5times, IL-1B/IL-10 - 1.4 times, hsCRP — 1.3 times
increased in the oral fluid of patients with inflammatory
periodontal diseases, p<0.01, compared to the values
in the control group. In the patients main group with
dystrophic-inflammatory diseases of periodontal tis-
sues, the content of IL-1p3, IL-13/IL-10 and hsCRP in the
oral fluid was 2.1 times, 3.0 times and 1.5 times higher,
p<0.01, whereas, the IL-10 content was 1.7 times lower,
p<0.01, compared to the indicators in the control group.
On average, in patients with dystrophic periodontal
diseases, the content of IL-1f in the oral fluid was 1.4
times, IL-13/IL-10 - 1.2 times, hsCRP - 3.1 times, p<0, 01,
higher, whereas, the content of IL-10 was 1.2 times low-
er, p>0.05, in relation to the values in the control group.
Therefore, in patients with diseases of periodontal
tissues in combination with general somatic pathology,
a probable increase in the level of the pro-inflammatory
cytokine IL-1f and C-reactive protein was determined,
against the background of a decrease in the anti-in-
flammatory cytokine IL-10 in the oral fluid, compared
to the values in the control group.

1559



Maryana Shevchuk et al.

REFERENCES

1.

2.

3.

10.

1.

12.

13.

14.

15.

16.

17.

18.
19.

20.

21.

22.

23.

24,

25.

26.

Monteiro MF, Casati MZ, Sallum EA et al. The familial trend of the local inflammatory response in periodontal disease. Oral Dis.
2022;28(1):202-209.

Bandrivsky Y, Bandrivska 0, Gnid R et. al. Indicators of markers of bone metabolism in patients with generalized periodontitis depending
on blood group. Arch Balk Med Union. 2019;54(1):72-77.

Liu F, Zhou ZF, MiY et al. Inflammatory factors in periodontitis patients and their effects toward the occurrence of gestational diabetes
mellitus: a case-control study. Zhonghua Kou Qiang Yi Xue Za Zhi. 2022;57(6):569-575.

. Zabolotny TD, Bandrivky YL, Dyryk, VT. Sostoyanie mestnogo i sistemnogo immuniteta u bolnykh s raznym techeniem generalizovannogo

parodontita [Local and systemicimmunity in patients with different course of generalized periodontitis]. Stomatologiia. 2016;95(6):23-25.
(in Russian)

. Sheshukova OV, Bauman SS, Avetikov DS et al. Tthe balance of il- 1B, il- 10 and the level of ikba expression in children with chronic catarrhal

gingivitis and gastroduodenitis. Wiad Lek. 2021;74(1):90-93.

. Dankevych-Kharchyshyn IS, Vynogradova OM, Malko NV et al. Periodontal diseases and atherosclerosis (literature review). Wiad Lek.

2019;72(3):462-465.

. Tavares BS, Tsosura TVS, Mattera MSLC et al. Effects of melatonin on insulin signaling and inflammatory pathways of rats with apical

periodontitis. Int Endod J. 2021;54(6):926-940.

. LysokonY, Bandrivsky YL, Luchynskyi MA. Analysis of the results of treatment of destructive forms of apical periodontitis with osteotropic

drugs in a short term. Wiad Lek. 2022;75(1 pt 2):228-231.

. Bandrivsky Y, Bandrivska 0, Malko N et al. The effectiveness of the use of polypeptide drugs and their effect on the metabolic parameters

of oral fluid in patients with generalized periodontitis in depending on blood type. Pharmacia. 2022;69(2): 429—435.

PereiraKY, Jara (M, Antunes GL et al. Effects of periodontitis and periodontal treatment on systemicinflammatory markers and metabolic
profile in obese and non-obese rats. J Periodontol. 2022. doi: 10.1002/JPER.21-0575.

Villafuerte KRV, Dantas FT, Taba MJr et al. Effects of non-surgical periodontal therapy on the cytokine profile in gingival crevicular fluid
of breast cancer patients with periodontitis undergoing chemotherapy. Support Care Cancer. 2021;29(12):7505-7513.

Saremi, Shafizadeh M, Esmaeilzadeh E et al. Assessment of IL-10, IL- 18 and TNF-a gene polymorphisms in patients with peri-implantitis
and healthy controls. Mol Biol Rep. 2021;48(3):2285-2290.

Reddahi S, Bouziane A, Rida S et al. Salivary biomarkers in periodontitis patients: a pilot study. Int J Dent. 2022;2022:3664516.
doi:10.1155/2022/3664516.

Villafuerte KRV, Dantas FT, Taba M Jr et al. Effects of non-surgical periodontal therapy on the cytokine profile in gingival crevicular fluid
of breast cancer patients with periodontitis undergoing chemotherapy. Support Care Cancer. 2021;29(12):7505-7513.

Monteiro MF, de Sousa Paz HE, Bizarre L et al. Salivary il-4: a bleeding predictor on probing in descendants of severe periodontitis patients.
J Clin Pediatr Dent. 2022;46(2):132-136.

Lin PH, Yeh SK, Hoang WC et al. Research performance of biomarkers from biofluids in periodontal disease publications. J Dent Sci.
2015;10: 61-67.

Marques CP, Victor EC, Franco MM et al. Salivary levels of inflammatory cytokines and their association to peridontal disease in systemic
lupus erythematosus patients. A case-control study. Cytokine. 2016;85: 165-170.

Rathnayake N, Akerman S, Klinge B et al. Salivary biomarkers of oral health. J Clin Periodontol. 2013; 40: 140-147.

Miller CS, King CP Jr, Langub MC et al. Salivary biomarkers of existing periodontal disease: A cross- sectional study. J Am Dent Assoc.
2006; 137: 322-329.

Giimis P, Nizam N, Nalbantsoy A et al. Saliva and serum levels of pentraxin-3 and interleukin-1 in generalized aggressive or chronic
periodontitis. J Periodontol. 2014;85: 40-46.

LuoY, Gong Y, YuY. Interleukin-10 gene promoter polymorphisms are associated with cyclosporin A-induced gingival overgrowth in
renal transplant patients. Arch Oral Biol. 2013;58: 1199-1207.

Bozkurt FY, Ay ZY, Berkel E et al. Anti- inflammatory cytokines in gingival crevicular fluid in patients with periodontitis and rheumatoid
arthritis: A preliminary report. Cytokine. 2006;35: 180-185.

Giimiis P, Nizam N, Lappin DF, Buduneli N. Saliva and serum levels of B-cell activating factors and tumor necrosis factor-a in patients
withperiodontitis. J Periodontol. 2014;85: 270-280.

Chauhan A, Yadav SS, Dwivedi P et al. Correlation of serum and salivary cytokines level with clinical parameters in metabolic syndrome
with periodontitis. J Clin Lab Anal. 2016;30: 649-655.

GongalvesT0, Costa DJ, Brodskyn Cl et al. Release of cytokines by stimulated peripheral blood mononuclear cells in chronic periodontitis.
Arch Oral Biol. 2010;55: 975-980.

Bansal T, Pandey A, Deepa D, Asthana AK. C-Reactive Protein (CRP) and Its Association With Periodontal Disease: A Brief Review. J Clin
Diagn Res. 2014; 8:21—4. doi: 10.7860/JCDR/2014/8355.4646.

1560



STUDY OF IMMUNE-INFLAMMATORY RESPONSE CHANGES IN ORAL FLUID IN PATIENTS WITH DISEASES...

2].

28.

29.

30.

31.

32.

33.

34.
35.

36.

37.

38.

Castro AB, Meschi N, Temmerman A et al. Regenerative Potential of Leucocyte- and Platelet-Rich Fibrin. Part a: Intra-Bony Defects,
Furcation Defects and Periodontal Plastic Surgery. A Systematic Review and Meta-Analysis. J Clin Periodontol. 2017; 44:67-82. doi:
10.1111/jcpe.12643.

Pearson TA, Mensah GA, Alexander RW et al. Markers of Inflammation and Cardiovascular Disease: Application to Clinical and Public
Health Practice: A Statement for Healthcare Professionals From the Centers for Disease Control and Prevention and the American Heart
Association. Circulation. 2003; 107:499-511. doi: 10.1161/01.CIR. 0000052939.59093.45.

Paraskevas S, Huizinga JD, Loos BG. A Systematic Review and Meta-Analyses on C-Reactive Protein in Relation to Periodontitis. J Clin
Periodontol. 2008; 35:277-90. doi: 10.1111/j.1600-051X.2007.01173.x

Hajishengallis G, Chavakis T. Local and Systemic Mechanisms Linking Periodontal Disease and Inflammatory Comorbidities. Nat Rev
Immunol. 2021; 21(7):426—40. doi: 10.1038/541577-020-00488-6.

loannidou E, Malekzadeh T, Dongari-Bagtzoglou A. Effect of Periodontal Treatment on Serum (-Reactive Protein Levels: A Systematic
Review and Meta-Analysis. J Periodontol. 2006; 77:1635—42. doi: 10.1902/jop.2006.050443.

de Freitas COT, Gomes-Filho IS, Naves RC et al. Influence of Periodontal Therapy on (-Reactive Protein Level: A Systematic Review and
Metaanalysis. J Appl Oral Sci. 2012; 20:1--8. doi: 10.1590/51678-77572012000100002.

Demmer RT, Trinquart L, Zuk A et al. The Influence of Anti-Infective Periodontal Treatment on (-Reactive Protein: A Systematic Review
and Meta-Analysis of Randomized Controlled Trials. PloS One. 2013;8:1-9. doi: 10.1371/journal.pone.0077441.

Gomes-Filho IS, Coelho JMF, Cruz SS et al. Chronic periodontitis and C-reactive protein levels. J Periodontol. 2011;82:969-78.

Graziani F, Cei S, Tonetti M et al. Systemic inflammation following non-surgical and surgical periodontal therapy. J Clin Periodontol.
2010;37:848-54.

Noack B, Genco RJ, Trevisan M et al. Periodontal infections contribute to elevated systemic C-reactive protein level. J Periodontol.
2001;72:1221-27.

Slade GD, Offenbacher S, Beck JD et al. Acute-phase inflammatory response to periodontal disease in the US population. J Dent Res.
2000;79(1):49-57.

Slade GD, Ghezzi EM, Heiss G et al. Relationship between periodontal disease and C-reactive protein among adults in the atherosclerosis
risk in communities study. Arch Intern Med. 2003;163:1172-79.

ORCID and contributionship:

Maryana Shevchuk: 0000-0003-0370-0101 °F
Roksolana Shkrebnyuk: 0000-0002-3440-1836 8¢
Volodimira Dyryk: 0000-0002-6383-81728

Oleg Mrochko: 0000-0001-9545-7297P

Conflict of interest:
The Authors declare no conflict of interest.

CORRESPONDING AUTHOR
Maryana Shevchuk

Danylo Halytsky Lviv National Medical University
69 Pekarska st, 79010 Lviv, Ukraine

e-mail: smolyak_83@ukr.net

Received: 16.08.2022
Accepted: 07.06.2023

A—Work conceptand design, B — Data collection and analysis, C—Responsibility for statistical analysis, D — Writing the article, E— Critical review, F — Final approval of the article

@EANSs  Artide published on-line and available in open access are published under Creative Common Attribution-Non Commercial-No Derivatives 4.0 International (CC BY-NC-ND 4.0)

1561



Wiadomosci Lekarskie Medical Advances, VOLUME LXXVI, ISSUE 7, JULY 2023

© Aluna Publishing

ORIGINAL ARTICLE

THE IMPORTANCE OF THE PROGNOSTIC SCORE
FORTHE CHOICE OF CHIVA HEMODYNAMIC SURGERY
AS ATREATMENT METHOD FOR VARICOSE VEINS

OF THE LOWER EXTREMITIES

DOI: 10.36740/WLek202307108

Ihor V. Kolosovych', Khrystyna 0. Korolova', Valerii V. Teplyi', Zhanneta V. Korolova?, Roman A. Sydorenko’
'BOGOMOLETS NATIONAL MEDICAL UNIVERSITY, KYIV, UKRAINE
2SHUPYK NATIONAL HEALTHCARE UNIVERSITY OF UKRAINE, KYIV, UKRAINE

ABSTRACT

The aim: To work out the predictive system that can help to determine the group of patients to whom the hemodynamic surgery of varicose disease, CHIVA,
is beneficial.

Materials and methods: Results of examination and treatment of 58 patients of the main group who underwent hemodynamic surgery and 65 patients
of the comparison group who underwent stripping. Patients of both groups were evaluated in the preoperative period using an evaluation scale, and divided
into three subgroups depending on the scores: 5- 8,9 — 11, and 12 — 15 points.

Results: The best treatment results with the lowest number of relapses were obtained in the subgroup of patients with low scores on the prognostic scale
(5-8 points) after hemodynamic treatment and in the subgroup of patients with a high the number of points (12 -15 points) after the classic stripping (p <
0.05). The same subgroups received more improvement in the quality of life of patients according to CIVIQ 20 (p < 0.001). The subgroup of patients with a high
number of points (12 -15 points) after the stripping received significantly more reduction in scores VCSS (p < 0,01).

Conclusions: Comprehensive assessment of factors such as the anamnestic duration of the disease, the diameter of the great saphenous vein, the presence
of skin complications, dilated varicose collaterals and previous surgical treatment using a prognostic preoperative assessment score allows the surgeon to be
more clearly guided in choosing the optimal method of treatment for each patient and achieve the best treatment results.

KEY WORDS: varicose veins, stripping, hemodynamic surgery, CHIVA

INTRODUCTION

CHIVA (Cure Conservatrice et Hemodynamique de I'In-
sufficience Veineuse en Ambulatoire) is a type of mini-
invasive surgery for varicose vein disease that avoids
destroying the saphenous vein and its collaterals [1].

Based on a theoretical hemodynamic model, CHIVA
is an ultrasound-guided, minimally invasive surgi-
cal strategy performed under local anesthesia. The
strategy has been shown in studies to be safe and
effective [2].

CHIVA is a good alternative to common procedures
that is associated with less bruising, nerve damage
than stripping saphenectomy. The main advantages are
preservation of the saphenous vein, local anesthesia,
low cost, low pain, and fast post-operative recovery [3].

Despite the many advantages of the hemodynamic
approach of CHIVA, there are some disadvantages of
this technique. The main disadvantages for the patient

1562

Wiad Lek. 2023;76(7):1562-1568

are the relatively high frequency of recurrences, and
prolonged onset of clinical and cosmetic effects. For
doctors, the main disadvantage is the need to train
in features of venous hemodynamics and ultrasound
mapping [3, 4].

Taking into account all these facts, an important ques-
tion arises: which category of patients is best suited to
the hemodynamic approach of CHIVA, for whom it will
be most effective and efficient, and which category of
patients with varicose veins is better to choose other
treatments.

THE AIM

The purpose of the work is to work out the predictive
system that can help to determine the group of patients
to whom the hemodynamic surgery of varicose disease,
CHIVA, is beneficial.
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MATERIALS AND METHODS

The results of the examination and hemodynamic
treatment of 58 patients with varicose veins of the
lower extremities and symptoms of chronic venous
insufficiency (CVI), who were hospitalized in the clinic
in the period from 2018 to 2021 were analyzed. The
comparison group consisted of 65 patients with var-
icose veins of the lower extremities who underwent
stripping.

The inclusion criteria:

1) presence of varicose veins (C1 — C6 class of vari-
cose veins according to CEAP classification);

2) agefrom 18 to 65 years;

3) saphenofemoral junction insufficiency;

4) good drainage in the deep venous system;

5) consentof the patient to participate in the study.

Exclusion criteria:

1) patients with severe comorbidities that may
affect the course and outcome of treatment (diabetes
mellitus, autoimmune diseases, oncological diseases,
kidney failure, liver failure, heart failure, severe lung
diseases);

2) deep venous system obstruction.

3) lack of compliance with the use of compression
therapy and its duration.

4) patient disagreement.

In addition to general clinical examinations, all pa-
tients were required to undergo ultrasound duplex
scanning (UDS) veins of the lower extremities in the
supine and standing positions, using the of Parana
manoeuvre and Valsalva tests, with detailed mapping
of the venous hemodynamics of the lower extremities.
Ultrasound examination was performed according to a
standardized scheme [5-7].

Based on the researchers’ data and our own results,
we selected the criteria that most influenced or could
influence the outcome of hemodynamic treatment. The
following criteria we included:

e duration of the disease — time limits, which we di-
vided into: up to 5 years, 5-10 years, and more than
10 years (according to existing data, prolonged
overstretching of venous structures by high pressure
leads to the fact that when the pressure normalizes,
the latter on the background of existing sclerotic
processes cannot restore its original form);

e diameter of the great saphenous vein (GSV) accord-
ing to ultrasound scanning;

e skin complications: pigmentation, venous eczema,
lipodermatosclerosis, healed ulceration, active ul-
ceration;

e visible extended tributaries (multiple varicose
collaterals, tributaries, and nodules that can cause
unsatisfactory cosmetic treatment results for the
patient);

e previous surgical intervention in the anamnesis
(especially the interventions performed on the GSV.
Surgical treatment, first, strongly changes the hemo-
dynamics. In such patients, it is difficult to determine
the type of shunt, and therefore the right strategy.
Secondly, if we are already dealing with relapse, it
may indicate a high ability of veins to recanalize).

We grouped the above data as a scale, giving each of the

parameters the appropriate number of points (Table ).

We evaluated all our patients according to the pro-
posed scale and divided them into subgroups according
to the obtained data. The first subgroup (A) included
patients who scored from 5 to 8 points - their number
was 22, the second subgroup (B) included 19 patients
who scored from 9to 11 points, and the third subgroup
(C) included patients who scored the highest number
of points — from 12 to 15 and the number of such pa-
tients was 17.

Patients in the comparison group were also evaluated
according to our proposed scale and divided into ap-
propriate subgroups: 5-8 points (A1) — 26 patients, 9-11
(B1) — 23, 12-15 points — 16 patients (C1), respectively.

Table 1. Prognostic score of preoperative assessment of patients with varicose veins of the lower extremities

Attribute 1 point 2 points 3 points
1 Duration of the disease Up to 5 years 5-10 years More than 10 years
The di f th V i
2 e diameter of the GSV according Upto 7.5 mm 7.5-10 mm More than 10 mm
to UDS
. s Pigmentation, venous eczema, Healed ulceration or
3 Skin complications None - . . )
lipodermatosclerosis active ulceration
- . . None or reticular varicose Several: 1-3 veins up to 0.5 cm in f\/.lultlple.nodes-,
4 Visible tributaries . . - . varicose tributaries
veins and telangiectasias diameter
and collaterals
. . . Sclerotherapy, miniphlebectomy of
5 History of previous surgical No tributaries, without intervention on Safenectomy, or any

treatment

GSV intervention on GSV
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Table Il. Clinical results of treatment

Evaluation period - 6 months

Groups of patients

Main group Comparison group
Treatment result A B C A1 B1 Cc1
(Total =22) (Total =19) (Total =17) (Total =26) (Total =23) (Total =16)
n % n % n % n % n % n %
Complete recovery 14 63,6 9 47,4 5 294 13 50 13 56,5 9 56,2
Improvement 6 27,3 7 36,8 4 23,5 10 38,5 9 39,2 5 31,3
Abserl;‘;ﬁgz‘s’smve 2 9,1 3 15,8 8 471 3 11,2 1 43 2 125
Evaluation period - 12 months
Groups of patients
Main group Comparison group
Treatment result A B C A1l B1 c1
(Total =22) (Total =19) (Total =17) (Total =26) (Total =23) (Total =16)
n % n % n % n % n % n %
Complete recovery 15 68,2 9 47,4 5 29,5 12 46,2 10 43,5 9 56,3
Improvement 5 22,7 8 42,1 3 17,6 1 43,3 10 43,5 5 31,2
Absence of positive 9,1 2 105 9 529 3 115 3 13 2 125
changes
Table I11. Treatment results according to VCSS
Groups of patients
Main group Comparison group
Assessment time A B C A1 B1 c1
(N=22) (N=19) (N=17) (N=26) (N=23) (N=16)
Before treatment 3,86+0,41 9,26+0,82 16,44+1,84 3,58+0,39 9,57+0,69 15,5+1,88
6 months after treatment 1,59+0,4* 3,11+0,9* 6,94+1,55* 2,23+1,53* 2,13+£0,31* 2,19+0,33*
12 ;’;';::Z r?:ter 1,68+0,48* 340,81 6,81+1,25% 2,27+1,54*% 2,3+0,38* 2,34+1,36%

*p<0,01 Multiple comparisons. Dunn test, compared with the before treatment assessment.

Table IV. The results of treatment according to the CIVIQ 20, presented in the GIS index presented in the GIS index

Groups of patients
Main grou Comparison grou
Assessment time group P group
A B C A1 B1 C1
(N=22) (N=19) (N=17) (N=26) (N=23) (N=16)
Before treatment 76,77+2,44 69,37+1,96 34,18+2,86 75,92+2,24 68,17+1,72 34,25+3,05
6 months after 98,09+0,96* 92,47+1,92* 76,59+2,63* 92,77+0,98* 94,13+1,55* 90,63+2,07*
treatment
12 months after
98,27+0,97* 93+1,79* 75,53+2,52* 92,08+1,04* 92,74+1,86* 90,25+2,15*
treatment

*p<0,01 (Multiple comparisons. Dunn test), compared with the before treatment assessment.

Patients in the main group underwent hemodynamic
treatment according to the principles of CHIVA. Pa-
tients in the comparison group underwent stripping,
supplemented by miniphlebectomy and ligation of
perforating veins.
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The results of treatment were classified into three groups:
complete recovery (complete absence of varicose
veins and symptoms of CVI);
improvement (visible residual or newly formed vari-
cose veins or nodes that have no or little clinical and
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hemodynamic significance);
e absence of positive changes (complete recurrence
of varicose veins, recurrence of symptoms of CVI).
Separately, we counted the number of relapses.

Conducted a score using Venous Clinical Severity
Scoring (VCSS) (according to Clinical practice guidelines
of the Society for Vascular Surgery and the American
Venous Forum) [8].

Satisfaction with the results of treatment was also
assessed using a Chronic Venous Insufficiency quality
of life Questionnaire (CIVIQ 20), in order to compare the
average scores, the absolute scores were converted to
a GIS index [9].

Treatment outcomes were assessed 6 and 12 months
after treatment.

Based on the results, the significance of the proposed
criteria for determining the group of patients for whom
hemodynamic surgery would be the best choice was
evaluated.

Statistical analysis was performed using Statistica 10
(Serial Number: STA999K347150-W) and MedStat. Data
distribution normality was checked using the Shap-
iro-Uilk criterion. A comparison of the data between
the groups was performed using Wilcoxon two-sample
test. Multiple comparisons were performed using Rank
Kruskal-Wallis test and Dunn’s test, Scheeffe”s method
for multiple comparisons.

RESULTS

- Completerecovery(complete absence of varicose
veins and symptoms of CVI).

In the main group in subgroup A after 6 months,
14 patients fully recovered (63,6%), subgroup B - 9
(47,4%), subgroup C - 5 (29,4%) In the comparison
group (patients underwent stripping + miniphlebec-
tomy + elimination of perforant) complete recovery
was achieved in 13 (50%) patients of subgroup A1, 13
(56,5%) - subgroup B1 and 9 (56,2%) — subgroup C1.
After a year of follow-up, the results were: subgroup A
- 15 patients (68,2%), B — 9 (47,4%), C - 5 (29,5%); sub-
group A1 - 12 (46,2%), B1 - 10 (43,5%) C1 - 9 (56,3%)
persons accordingly.

- Improvement (visible residual or newly formed
varicose veins or nodes that have no or little clinical
and hemodynamic significance);

In the main group in subgroup A after 6 months in-
significant residual veins were observed in 6 patients
(27,3%), subgroup B -7 (36,8%), subgroup C-4(23,5%).
In the comparison group, improvements were achieved
in 10 (38,5%) patients of the subgroup A1, 9 (39,2%) —
subgroup B1 and 5 (31,3%) - subgroup C1. After one
year of follow-up, the results were: subgroup A - 5

patients (22,7%), B - 8 (42,1%), C- 3 (17,6%); subgroup
A1-11(43,3%),B1-10(43,5%) C1-5(31,2%) persons
accordingly.

- Absence of positive changes (complete recur-
rence of varicose veins, recurrence of symptoms of
cvi).

In the main group in subgroup A after 6 months recur-
rence of varicose veins, return of symptoms of CVI was
observed in 2 patients (9,1 %), subgroup B - 3 (15,8%),
subgroup C - 8 (47,1%). In the comparison group, no
clinical changes were achieved in 3 (11,2%) patients of
the subgroup A1, 1 (4,3%) - subgroup B1 and 2 (12,5%)
- subgroup C1. After one year of follow-up, the results
were: subgroup A -2 patients (9,1%),B-2(10,5%),C-9
(52,9%); subgroup A1 -3(11,5%), B1 -3 (13%), C1 -2
(12,5%) persons accordingly.

The results are grouped and shown in table (Table II).

There was no statistically significant difference be-
tween the main group and the comparison group when
comparing subgroups, A and A1 (p = 0.266), between
subgroups Band B1 (p =0.334), but between subgroups
C and C1 found a statistically significant difference at
the level of significance (p < 0.05). After one year of
follow-up, the data changed slightly, but this did not
lead to statistically significant changes in the results p
> 0.05. We would like to note that in the main group
there was a trend in subgroups A and B to improve
treatment outcomes in the assessment period of one
year, compared to the 6-month period, and in subgroup
C1 from the comparison group the most stable result
among all subgroups during the whole observation
period was noted.

The number of relapses in different subgroups was
separately assessed and compared. The highest number
of relapses was registered in subgroup C of the main
group - 8 in total, which is statistically significant in
comparison to subgroups A and B of the main group.
(p < 0,05, Rank Kruskal-Wallis test.), and in comparison
with the corresponding subgroup of the comparison
group C1 (p = 0,035, Wilcoxon two sample test).

Evaluation of treatment results on the VCSS scale are
given in table (Table IlI).

As shown in the table, the VCSS score in subgroups
A was 3.86+0.41,B - 9.26+0.82, C - 16.44+1.84, A1 was
3.58+0.39,B1-9.57+0.69,and C1 15.5%1.88, respective-
ly. The difference in score between subgroups A and C,
and A1 and C1 before treatment was more than 75%.
One year after treatment, the scores in subgroups A was
1.68+0.48, B - 93+0.81, C - 6.81+1.25, A1 — 2.27+1.54,
B1 - 2.3 £0.38, and C1 - 2.34+1.36, respectively. The
difference between subgroups A and C was still about
70%, while the difference in VCSS between A1 and C1
after treatment was about 3% (p < 0.01).
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Analyzing the data in Table 2, it can be stated that
patients of all subgroups showed a statistically signifi-
cantdecrease in VCSS after treatment at an assessment
time of 6 months and one year (p < 0,01). In the one-
year period, compared to 6 months, there was a slight
increase in all groups, but not statistically significant.
The strongest decrease was observed in subgroups
A, which underwent hemodynamic treatment and
subgroup C1 (stripping). There was a statistically sig-
nificant difference in the decrease in VCSS between
similar subgroups C and C1 of the main group and the
comparison group in the 6-month period (p = 0.006)
and the annual period (p = 0.008), according to which
subgroup C1 received significantly more reduction in
VCSS after treatment in both terms of assessment.

The obtained results suggest that a more stable result
is suitable for both patients with a low score on the
prognostic preoperative scale and high scores can be
obtained with stripping, while hemodynamic surgery
is more suitable for patients with a low score.

The questionnaire CIVIQ 20 was also used to evaluate
treatment outcomes. Relevant data are shown in table
(Table IV).

GISindexwas in subgroups A at the level 76,77+2,44,
B-69,37+£1,96,C-34,18+2,86, A1 was 75,92+2,24,B1 -
68,17+1,72, and C1 34,25+3,05. The value of the index
for subgroups A and A1 was determined to a greater
extent by subjective symptoms related to cosmetic
dissatisfaction and psychological discomfort, while
for subgroups C and C1 physical symptoms of chronic
venous insufficiency were in the first place.

Based on the results shown in the table, in all groups
there was a statistically significant increase in the qual-
ity of life of patients after treatment for all subgroups
(p < 0.01). It should be noted that in subgroup A there
was a greater increase in the GIS index compared to
subgroup A1 (p < 0.001), and in subgroup C1, on the
contrary, the GIS index was higher compared to sub-
group C (p < 0.001). There was no statistically significant
difference in subgroups B and B1 (p = 0.739).

We proposed to use this scale to 15 colleagues from
4 surgical departments in Ukraine who treat varicose
veins of the lower extremities and practice the hemo-
dynamic approach CHIVA. A year later, we asked col-
leagues about their experience of using our scale and
its usefulness. Among the respondents 93.3% said that
the scale is simple and easy to understand, 86.6% used
it in their daily routine. 73.3% of respondents noted its
usefulness in the clinical evaluation of patients with
varicose veins of the lower extremities and the choice
of treatment. More than half of the respondents — 53.3%
said that the result obtained according to the scale co-
incides with their opinion on the choice of treatment,
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and 26.6% relied entirely on the scale when choosing
a method of treatment. And 86.6% of respondents
confirmed that they will continue to use the scale in
their daily practice.

DISCUSSION

Varicose vein surgery is being increasingly offered and
has many techniques in its arsenal. Much attention is
now being paid to minimally invasive and hemodynam-
ic techniques, but classic techniques such as stripping
continue to be widely used. Each technique shows a
number of advantages, buta number of disadvantages
are also described in some groups of patients [10, 11]
The results of treatment, the presence of relapses, as
well as the occurrence of varicose veins itself, are influ-
enced by many different factors. The presence of tro-
phic ulcers as factors affecting the results of treatment
are distinguished by many scientists. The influence of
chronically increased intra-abdominal pressure due to
obesity, and a history of deep venous thrombosis are
also noted [12].

There are also a number of factors that can affect the
outcome of the operation and the course of the postop-
erative period, both in vein surgery and in other surgical
interventions, for example in abdominal surgery. Such
factors include age, concomitant diseases, features of
hemocoagulation, constant intake of hormonal drugs
and some other medications, etc [13-15]. These factors
are sometimes difficult to identify and take into account
their influence on the effect of treatment.

Use of the CEAP classification system is important for
diagnosis but does not provide guidance for treatment
decisions [16]. For this topical issue for all surgeons
is the choice of a specific technique for a particular
patient.

Based on our experience in treating patients with
varicose veins and literature data, we have identified
several factors that could affect the results of operations
to a greater extent. The results show that factors such
as the duration of the disease, the diameter of the GSV,
the presence of skin complications, visible varicose
veins and previous history of surgical treatment affect
the outcome of treatment, therefore, a comprehensive
assessment of these factors using a scale allows the
surgeon to better navigate and choose a method of
treatment.

For patients with a short-term disease history, small
GSV diameter, no or minor skin complications, no visi-
ble varicose tributaries and collaterals, and a history of
previous surgical treatment, hemodynamic treatment
will be the best option. This is clearly demonstrated by
the assessment with the CIVIQ 20 questionnaire, which
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combines not only an objective scale but also a sub-
jective one, primarily related to the cosmetic comfort
of the patient.

For patients with long-term disease history, large
vein diameter, skin complications, numerous varicose
tributaries and collaterals, the presence of trophic
ulcers, para ulcer eczema, and surgical treatment in
the anamnesis, the best choice will be stripping with
careful elimination of pathological perforators and com-
municators and miniphlebectomy. For this category of
patients, it will provide the most stable functional result
with the minimum number of relapses and will give a
satisfactory cosmetic treatment result.

CONCLUSIONS

1. The prognostic scale allowed to achieve the optimal
surgical approach in 68.2% of patients with a low score
(5-8 points) and this was hemodynamic treatment
according to the principles of CHIVA and in 56.3% of
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ABSTRACT

The aim: To investigate the impact of lymphogranulomatosis (LGM) and periodontal disease on salivary lipid peroxidation and enzymatic antioxidants™ levels
in children.

Materials and methods: 45 children aged 6—16 years with LGM were examined before hematologic therapy (group LGM 1), after therapy (group LGM 2),
and at the remission (group LGM 3). The control group included 70 healthy children. Periodontal state of children, saliva thiobarbituric acid reacting substances
(TBARS), superoxide dismutase (SOD) and catalase were examined.

Results: 6-11 years old children from LGM 1 group showed a higher frequency of periodontal disease (50,0%), as well as 12-15 year olds (80,8%) compared
to healthy children (17,4% and 42,8% accordingly, p<0,05). TBARS levels were higher in LGM 1-3 groups of children with periodontal disease (9,79, 12,3 and
12,6 umol/l, p<0,01) compared to counterparts without it (8,01, 10,1 and 11,6 umol/l, p<0,01) and healthy children with periodontal disease (7,9 umol/I,
p<0,01). SOD activity was higherin LM 1-3 groups of children with periodontal disease (-0,075, -0,086, -0,074 units) compared to children without it (-0,048,
-0,059, -0,04 units, p<0,01) and healthy children with periodontal disease (-0,04 units, p<0,01). Catalase activity was lower in LGM 1-3 groups of children
with periodontal disease (6,72, 5,2 and 6,7 units) compared to counterparts without it (7,3, 3,7 and 4,7 units, p<0,01) and healthy children with periodontal
disease (7,1 units, p<0,01).

Condlusions: Children with periodontal disease related to LM had higher TBARS levels, SOD activity and lower catalase activity in saliva. Both LGM and

periodontal disease altered lipid peroxidation and antioxidant protection in saliva of children.

KEY WORDS: children, periodontal disease, oxidative stress, antioxidant, lymphogranulomatosis

INTRODUCTION
Lympogranulomatosis (LGM) or Hodgkin's lymphoma
is considered as a highly curable blood malignant
disease with distinct clinical, histological, and biologic
manifestations [1,2]. One of the pathogenetic mecha-
nisms of cancerogenesis involves high levels of reactive
oxygen species because of metabolic and signaling
abnormalities [3]. Oxidation stress develops as a result
ofimbalance between lipoperoxidation and antioxidant
system. Superoxide anion radicals cause lipoperoxi-
dation in the plasma membrane of surrounding host
cells leading to the production of hydroxynonenal and
malondialdehyde, the basic components of thiobarbi-
turic acid reacting substances (TBARS). The antioxidant
system contains both enzymatic and non-enzymatic
antioxidants, and the main enzymes are superoxide
dismutase (SOD) and catalase.

It has been shown that the patients with non-Hodgk-
in’s lymphoma at the permission phase had a higher
level of reactive oxygen metabolites and a lower an-

Wiad Lek. 2023;76(7):1569-1575

tioxidant potential in serum as compared to healthy
volunteers [4].

Children with blood malignancies have different
oral manifestations, but only the study of Simon et
al. [5] dealt with this periodontal disease related to
LGM. Moreover, many studies have been conducted to
identify the correlation between oxidative stress and
periodontal disease, in which the markers of oxidative
stress are examined in saliva, blood and gingivae. The
non-invasive sampling makes saliva particularly useful
in the research on children, especially with oral mani-
festations of malignant diseases. Hendi et al. [6] showed
that the periodontal disease-active patients had higher
catalase and lower superoxide dismutase activity as
compared to the periodontal disease-free counterparts.
The total antioxidant capacity level in salivaincreased in
children aged 3-18 years with higher gingival bleeding
[7]. However, Ghallab et al. [8] demonstrated superoxide
dismutase decrease in gingival crevicular fluid of ag-
gressive and chronic periodontitis patients. In addition,
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Téthova et al. [9] claimed that salivary TBARS related to
papillary bleeding index in children.

The authors hypothesized that both LGM and peri-
odontal disease have the impact on salivary lipid perox-
idation and enzymatic antioxidants levels in children.

THE AIM

To investigate the impact of LGM and periodontal
disease on salivary lipid peroxidation and enzymatic
antioxidants levels in children.

MATERIALS AND METHODS

45 children aged 6-16 years who had been diagnosed
with LGM and underwent hematological treatment in
the Pediatric Hematology Ward of Children Hospital
(Poltava, Ukraine) were included in this study. This
cross-sectional study was carried out in 2013-2019 in
Poltava, Ukraine in accordance with the principles of the
Declaration of Helsinki. Ethical approval was obtained
from the Bioethical Committee of PDMU, and parents
received a complete explanation about the aims and
methods of the study, and signed written consent. Pa-
tients were treated according to international protocols
of chemotherapy or had radiotherapy.

Patients with LGM were categorized into three groups.
Group LGM 1 - patients examined before the hema-
tologic therapy; group LGM 2 - patients examined 1
month after the therapy; group LGM 3 - patients ex-
amined while in permanent remission (1-5 years). The
control group included 70 healthy children aged 6-16
years without a history of a systemic disease.

Methods of this study were periodontal examina-
tion and screening of salivary lipid peroxidation and
enzymatic antioxidants. Periodontal examination
was performed in compliance with the guidelines for
periodontal screening in children [10]; the complaints,
medical history, and clinical criteria (gum color, swell-
ing, bleeding during periodontal probing) were used
to make diagnosis of gingivitis or periodontitis in
examined children. A periodontal probe was utilised
for examination (AEP WHO B; Hu-Friedy). Frequency of
gingivitis and periodontitis was evaluated. The children
were instructed to clean teeth with a soft brush or a
cotton pick.

Saliva samples were collected from children similar
to this previously reported Vahabzadeh et al. [11]. The
samples were stored frozen at —20°C and were pro-
cessed as soon as possible to minimize the effects of
storage. Clinical unstimulated salivary samples were
collected from 40 healthy children and 25 children with
LGM. Lipid oxidation was assessed by increasing in the
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concentration of TBARS during 1,5 hours incubation in
iron-ascorbate buffer solution. TBARS was analyzed in
the samples by the formation of a stained trimethine
complex during the reaction of tiobarbituric acid [12].
Also the activity of antioxidant enzymes - SOD and
catalase was studied [12].

The Chi-square test was used to explain the significant
differences in periodontal disease frequencies. Cate-
gorical variables of salivary indices were analyzed by
Student’s t-test. Statistical significance level of p<0,05
was applied for all calculations.

RESULTS

The children from LGM 1 group showed a significantly
higher frequency of periodontal disease as compared
with the control group in 6-11 year olds (50,0% vs
17,4%) and 12-15 year olds (80,8% vs 42,8%, p<0,05)
(Table I). Children from LGM 2 group showed a higher
frequency of periodontal disease in 6-11 year olds (60%)
and 12-15 year olds (90%) compared with the control
group (p<0,05) (Table Il). Same trend was found in the
LGM 3 group (Table Ill). The frequency of periodontal
disease increased in 6-11 years old children over the
course of LGM (p<0,05). Mostly, gingivitis represented
periodontal disease and only 12-16 year olds from LGM
3 group had periodontitis at 16% cases.

Healthy children with periodontal disease had higher
TBARS level than counterparts without it (7,9 vs 5,7
umol/l, p<0,001). TBARS level in LGM 1 group without
periodontal disease (8,01 umol/l) was higher than in
healthy children (p<0,01) (Table Il). This index increased
in the LGM 1 group with periodontal disease (9,79
umol/l) as compared to the control group with peri-
odontal disease (p<0,001) and LGM 1 group without
periodontal disease (p<0,01). TBARS level increased
over the course of LGM, and was higher in the LGM 2
group with periodontal disease (12,3 umol/l) as com-
pared to the healthy children with periodontal disease
(p<0,001) and LGM 2 group without periodontal disease
(10,1 umol/l, p<0,01) (Table lll). Similar trend was found
in the children from LGM 3 group (Table IV), moreover
this index was higher in children without periodontal
disease (11,6 umol/l) and with periodontal disease (12,6
umol/l) as compared to the LGM 2 group (p<0,01).

Healthy children with periodontal disease had higher
SOD activity than counterparts without it (-0,04 vs -0,02
units, p<0,01). SOD activity in LGM 1 group without
periodontal disease (-0,048 units) was higher than in
healthy children (p<0,01) (Table Il). This index increased
in LGM 1 group with periodontal disease (-0,075 units) as
compared to the control group with periodontal disease
(p<0,01) and LGM 1 group without periodontal disease
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Table . Frequency of periodontal disease in children 6-16 years with LGM

Frequency of periodontal disease

Group Age, years n
n %
Control 6-11 35 12 17,416,1
LGM 1 6-11 20 10 50,0£11,1
p,<0,01
LGM 2 6-11 20 12 60,0+10,9
p,<0,01
p,>0,05
LGM 3 6-11 20 16 80,0+8,9
p,<0,01
p,<0,05
Control 12-16 35 15 42,8+6,2
LGM 1 12-16 20 16 80,8+8,9
p,<0,01
LGM 2 12-16 20 18 90,0+6,7
p,<0,01
p,>0,05
LGM 3 12-16 25 19 76,0+8,7
p,<0,01
p,>0,05

Note: p, —as compared to control group; p, — as compared to LGM 1 group

Table I1. Lipid perioxidation and enzymatic activity in saliva of LGM 1 group

LGM 1 group,

Control group,

ind n=20 n=40
ndex
Healthy periodontium, Periodontal disease, Healthy periodontium, Periodontal disease,
n=7 n=13 n=25 n=15
TBARS umol/I 8,01+0,31 9,79+0,18 5,70+0,18 7,90+0,55
p,<0,01 p,<0,01
p,<0,01 p,<0,001 P,<0,001
p,<0,01
SOD, activity units -0,048+0,0045 -0,075+0,0063 -0,02+0,007 -0,04+0,0038

p,<0,01 p,<0,01
p,<0,01 p,<0,001 p,<0,001
p,<0,01

Catalase, activity units 7,30+0,35 6,72+0,55 8,97+0,24 7,10+0,32
p,<0,01
p,<0,01 p1<<0060011 p,<0,001
p,<0,01 P<

Note: p, — as compared to control group with healthy periodontium, p, — as compared to control group with periodontal disease, p, — as compared to

LGM group with periodontal disease

(p<0,001). SOD activity was higher in the LGM 2 group
with periodontal disease (-0,086 units) as compared to
the healthy children with periodontal disease (p<0,001)
and the LGM 2 group without periodontal disease (-0,059
units, p<0,01) (Table IlI). Similar trend was found in the
children from LGM 3 group (Table IV), however, SOD
activity decreased in LGM children without periodontal
disease (-0,04 units) and with it (-0,074 units) as com-
pared to parameters of the LGM 2 group (p<0,01).

Healthy children with periodontal disease had lower
catalase activity than counterparts without it (7,1 vs
8,97 units, p<0,001). Catalase activity in LGM 1 group
without periodontal disease (7,3 units) was lower
than in healthy children (p<0,001) (Table Il). This index
decreased in LGM 1 group with periodontal disease
(6,72 units) as compared to the control group with
periodontal disease (p<0,01) and LGM 1 group without
periodontal disease (p<0,01). Catalase activity was
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Table ll1. Lipid perioxidation and enzymatic activity in saliva of LGM 2 group

LGM 2 group, Control group,
n=20 n=40
Indices
Healthy periodontium, Periodontal disease, Healthy periodontium, Periodontal disease,
n=7 n=13 n=25 n=15
TBARS, umol/I 10,10+0,29 12,30+0,24 5,70+0,18 7,90+0,55
p,<0,01 p.<0,01
p,<0,01 1
2 p,<0,001
p,<0,01 2
SOD, activity units -0,059+0,0046 -0,086+0,0078 -0,02+0,002 -0,04+0,0038
p,<0,01 p.<0,01
P,<001 <0,001
p,<0,01 P25
. . 5,10+£0,45 3,70%0,65 8,97+0,24 7,10+0,32
Catalase, activity units
p,<0,01 6<001
p,<0,01 1
2 p, < 0,001
p,<0,01 2

Note: p, — as compared to control group with healthy periodontium, p, — as compared to control group with periodontal disease, p, — as compared to

LGM group with periodontal disease

Table IV. Lipid perioxidation and enzymatic activity in saliva of LM 3 group

LGM 3 group, Control group,
n=25 n=40
Index
Healthy periodontium, Periodontal disease, Healthy periodontium, Periodontal disease,
n=7 n=13 n=25 n=15
11,60+0,92 12,60+1,21
P,<0,01 p,<0,01
TBARS, umol/I p,<0,01 1<0 601 5,70+0,18 7,90+0,55
P,<0,01 PPy
p,<0,01 P
0,040,006 -0,074+0,006
p,<0,01 p,<0,01
SOD, activity units p,<0,01 1<0 601 -0,02+0,002 -0,04+0,004
P,<001 oy
p,<0,01 Pt
6.70£0,32 4,70+0,55
P,<0,01 p,<0,01
Catalase, activity units p,<0,01 1<O'O1 8,97+0,24 7,10+0,32

P,<0,01 <001
p,<0,01 P

Note: p, —as compared to control group with healthy periodontium, p, — as compared to control group with periodontal disease, p, — as compared to

LGM group with periodontal disease, p, — as compared to LGM 2 group.

lower in the LGM 2 group with periodontal disease
(5,1 units) as compared to the healthy children with
periodontal disease (p<0,001), but higher compared
to the LGM 2 group without periodontal disease (3,7
units, p<0,01) (Table Ill). This parameter increased in
the LGM 3 group (p<0,01) (Table IV), however, catalase
activity was lower in LGM children without periodontal
disease (6,7 units) and with it (4,7 units) as compared
to parameters of the LGM 2 group (p<0,01) and the
control group (p<0,01).
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DISCUSSION

The effect of malignant diseases on the periodontal
state has been studied in a lot of papers, however, only
one research dealt with periodontal changes in patients
with Hodgkin's lymphoma, showing that Russel peri-
odontal index was insignificantly higher in such patients
at the remission phase [5]. In the current study, the
children with LGM demonstrated a significantly higher
frequency of periodontal disease as compared with the
healthy children, which increased over the course of
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disease. Results close to these in the presented study
were obtained by Kaskova et al. [13] in children with
acute lymphoblastic leukemia.

Chronic catarrhal gingivitis in healthy children caus-
es an increase of lipid peroxide oxidation parameters
and a decrease in the enzymatic activity of antioxidant
protective system in oral fluid [14]. However, periodon-
topathogenic bacteria develop different factors against
peroxidation and some anaerobic oral bacteria, including
Streptococcus species, make use of superoxide dismutases
and other enzyms to metabolize oxygen into less harmful
derivatives [15], moreover, cariogenic bacteria developed
mechanisms of bacterial acid-tolerance [16].

In this study, TBARS level and SOD activity in the
healthy children with periodontal disease, represented
mostly by gingivitis, was higher than in the counterparts
without periodontal disease (p<0,01). Results closed
to our dates were obtained by Vinnichenko et al. who
showed that SOD in saliva increased in patients with
mild periodontitis, but decreased at severe stage of its
manifestation [17]. Therefore, increased SOD activity
could be explained by adaptation mechanism to peri-
odontal disease development. In this study, catalase
activity was lower in the children with periodontal dis-
ease (p<0,01), that agrees with data of Gharbietal.[18]
who showed that patients with periodontitis exhibited
a significant decrease in the activities of catalase.

Genetic variation in oxidative stress genes in tumor
cells suggests a possible role for oxidative stress in the
risk of non-Hodgkin lymphoma [19]. In this study, TBARS
level increased over the course of disease, that proba-
bly resulted from the decreased immunity of children
with LGM and the cytotoxic effect of chemotherapy or
radiotherapy. Children had the highest SOD activity and
the lowest catalase activity one month after therapy,
however, these parameters improved at the remission
phase. Glorieu et al. [20] demonstrated that catalase ex-
pression is altered in cancer cells, providing their resis-
tance to peroxidation and cytostatics. Skorska et al. [21]
showed that higher SOD in serum could be predictor of
survival in patients with cancer. So, continued increase
of SOD activity with LGM development might be a sign
of the remission. However, Tome et al. [22] claimed that
an increase of catalase and SOD in lymphoma cells by
chronic oxidative stress exposure results in cells with
a chemoresistant phenotype. Thus, a role of oxidative
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ABSTRACT

The aim: To evaluate the potential protective effect of Eprosartan (ARB) in bilateral renal IRl in male rats.

Materials and methods: 20 Sprague-Dawley rats divided into four groups. Sham group had surgery without IRI. Control group was subjected to 30 min
ischemia and 2 hours of reperfusion. Vehicle group received 14 ml/kg (IP) injection of solvent mixture containing (10% DMSO0, 40% PEG300, 5% Tween-80,
and 45% normal saline) 30 minutes before clamping. Eprosartan-treated group with 30 mg/kg Eprosartan intraperitoneally 30 min before occlusion of renal
pedicles followed by 30 minutes of ischemia and 2 hours of reperfusion. Serum BUN and Creatinine used to assess renal function. Renal tissue was used to
measure the levels of TNF-q, IL-1B, IL-6, F2-isoprostane, and Caspase3 were measured by assessment of renal tissue. Histopathological examinations were
conducted to detect parenchymal damage.

Results: Mean serum levels of BUN and Creatinine as well as mean renal tissue levels of TNF-q, IL-1p, IL-6, F2-isoprostane, and Caspase3 were significantly
increased in control and vehicle groups together with increase in histological damage score compared to sham group, whereas treatment of rats with Eprosartan
resulted in significant reduction in mean serum levels of BUN and Creatinine and mean renal tissue levels of TNF-q, IL-1B, IL-6, F2-isoprostane, and Caspase3
and obvious reduction in tissue injury.

Conclusions: This study demonstrates that Eprosartan pretreatment enhances kidney function by decreasing serum BUN and Creatinine, oxidative stress,

cytokines, and apoptotic markers.

KEY WORDS: effect of Eprosartan, oxidative stress, apoptotic cascades, bilateral rat model

INTRODUCTION

Ischemia/reperfusion injury (IRI) is a term used for
describing the functional and structural changes that
occur when blood flow is restored after a period of
ischemia- Comes as a result of restriction of blood
flow to an organ, followed by rejuvenation of blood
flow and re-oxygenation. Injuries are inevitable and
may occur following infarction, renal artery stenosis,
sepsis, partial nephrectomy, and, most frequently,
during kidney transplantation [1]. Ischemia-reper-
fusion injury is characterized by pathophysiological
mechanisms with both local and systemic effects. This
process occurs basically in two stages: first, during
ischemia, cell energy depletion is the primary factor,
and second, during reperfusion, the interface events
of oxidative and microcirculatory stress, as well as
inflammation and apoptosis [2]. Injury mechanisms
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usually involve the production of reactive oxygen spe-
cies (ROS) response to hypoxia and reperfusion, and
pro-inflammatory cytokines, chemokines, as well as
the activation of multiple enzymes and leukocyte acti-
vation and neutrophil infiltration which impairs organ
function and aggravates tissue damage [3]. Renal injury
due to ischemia/reperfusion (I/R) occurs predictably
in situations where the kidneys are deprived of blood
supply for a period of time, followed by resumption of
blood flow and oxygenation of the tissue, as it can be
shown in patients who have undergone kidney trans-
plantation, trauma, shock, burn, vascular surgery and
the unavoidable outcomes of organ transplantation
and cardiovascular surgery involving aortic clamping.
IRl is also one of the leading causes of acute kidney
injury, which affects approximately 13 million people
worldwide [4]. Acute kidney injury (AKI) is a significant
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and critical problem for nephrology consultants and
a common clinical situation in intensive care settings
in a hospital setting patients and is implicated in high
mortality rates. AKl is expressed by a rapid decline in
kidney function. AKI can cause damage to organs oth-
er than the kidneys, including the heart, lungs, liver,
intestines, and brain [5-7]. Ischemia-reperfusion (I/R)
injury induces a molecular and cellular inflammatory
response in the kidney, including the activation of the
inflammatory-relevant transcription factor nuclear
factor-kappa B (NF-kB), which plays a pivotal role in the
pathogenesis of I/R injury, which results in elevation
of pro-inflammatory cytokines like interleukin 1-beta
(IL-1B), interleukin 6 (IL-6), and tumor necrosis factor
(TNF-a) [8-10]. The inflammatory process is initiated by
the dysfunction of both endothelial and tubular cells.
IL-1, IL-6, and IL-8, TNF-a, TGF-f3 and MCP-1 are among
the proinflammatory/immunomodulatory cytokines
released through into renal tissue and circulation. The
release of IL-6 enhances the expression of oxidative
stress and the extent of kidney damage, malfunction,
and inflammation [11-13]. IL-6 signaling occurs follow-
ing the binding of IL-6 to IL-6 receptor, which activates
the signal transducer and activator of transcription 3
(STAT3). The inflammatory cytokines, which include
TNF-a and IL-1$3, are small proteins that mediate and
regulate inflammation. Tissue I/R damage activates
cascades, which upregulated cytokines such as TNF-a
and IL-1B and plays a crucial role in the initiation of the
systemic inflammatory response. Moreover, neutrophil
accumulation and the level of cytokines containing
TNF-a and IL-1P were higher in the reperfused kidney
while renal TNF-a expression mediates neutrophil
infiltration and injury after renal I/R. The transcription
component Nuclear Factor-kappa B (NF-kB) is a crucial
component in the regulation of innate immunity in
ischemic tissues, playing a significant role in helping to
promote the expression of diverse genes, which include
proinflammatory genes (such as chemokines and cyto-
kines) and genes related to cell adhesion and growth
control [14]. Considered a novel target for the treatment
of inflammatory diseases. TNF-a triggers activation of
the NF-kB, The promoter region of the TNF-a gene has
several DNA binding sites for the transcription protein
nuclear factor kappa B (NF-kB), suggesting that NF-kB is
essential for TNF-a production. Oxidative stress is a state
that occurs when Inadequate balance exists between
the formation of reactive oxygen species (ROS) also
called free radicals, which has one or more unpaired
electrons and is therefore chemically highly reactive;
occurs by increasing (superoxide anions (02), hydroxyl
radical (OH), and hydrogen peroxide (H202)), and de-
creasing in antioxidant defense system (SOD, GPx, and

Catalase) [15]. Recent research shows that abnormal
apoptosis and endoplasmic reticulum stress (ERS) of re-
nal tubular epithelial cells may influence the occurrence
and progression of acute kidney injury (AKI). Activation
of the Janus kinase/signal transducer and activator
of transcription (JAK2/STAT3) pathway mediated the
production of numerous pro-inflammatory cytokines
that contributed to the progression of renal IRI. Several
efforts were made to demonstrate that angiotensin Il
upon activation of the AT, receptor, has a strong relation
with the Janus kinase2/signal transducers and activa-
tors of transcription3 (JAK2/STAT3) signaling pathway
and induces the phosphorylation of JAK2 and subse-
qguent phosphorylation of STAT3 [16]. Renal IRl induces
an inflammatory cascade that contributes to further
renal damage; therefore, inhibition of inflammatory
responses is a therapeutic strategy for protecting renal
tissue. F2-isoprostanes are an end-product biomarker
that can be used to assess systemic as well as renal
oxidative stress. It considered by some scientists to be
the best accurate available biomarker of lipid peroxi-
dation oxidative stress in chronic kidney disease (CKD).
Eprosartan (EPR) is an Angiotensin-receptor blocker
that selectively antagonizes the angiotensin Il type 1
(AT1R) receptor and counteracts most of the deleterious
actions of angiotensin Il. Eprosartan is an ARB with a
special chemical structure that may be relevant to its
mechanism of action [10, 17]. One of the most promis-
ing angiotensin Il receptor antagonists is EPR [16]. EPR
a potent AT1R receptor antagonist differs from other
angiotensin receptor blockers (ARBs) by chemical dis-
tinction and has a unique dual mechanism of action. It
not only blocks AG Il but provides combined inhibition
of both the RAS and sympathetic nervous system by
inhibiting sympathoadrenal activation by angiotensin
[l at the presynaptic level [18-19]. EPR exerts beneficial
effects on the vasculature by inhibiting mechanisms of
inflammation and oxidation.

MATERIALS AND METHODS

ANIMAL MAINTENANCE AND PREPARATION

Animals were fed in a standard diet of food with water
this experimental study was conducted in the research
unit of the College of Medicine at Kufa University and
the laboratory of the Pharmacology and Therapeutics
branch of the College of Medicine at Kufa University.
They were bought from the Ministry of Health’s Center
for Control and Pharmaceutical Research in Baghdad
and housed in the animal facility at the university’s An-
imal Resources Centre in the College of Sciences, Kufa
University, with a temperature regulates at 24+2°Cand
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humidity amongst the 60-65 percent in conformity with
the pattern 24-hour dark/light cycle. After receiving
permission from the Institutional Animal Care and Use
Committee (IACUC) at the University of Kufa, all the rats
were enrolled in the study.

EXPERIMENTAL DESIGN

Sprague Dawley rats ranging in age from 20 to 24 weeks
and weight from 200 to 350 gm were used. Animals
were assigned to four groups (5 animals in each group).
The sham group underwent surgical procedures with-
outIRlinduction.The I/R control group was subjected to
ischemia by clamping the renal pedicles for 30 minutes,
followed by blood restoration for 2 hours [20-21]. The
vehicle treated group received 14 ml/kg of an intraperi-
toneal (IP) injection of a solvent mixture containing 10%
DMSO, 40% PEG300, 5% Tween-80, and 45% saline 30
minutes prior to clamping. Eprosartan-treated group:
rats pretreated with 30 mg/kg Eprosartan intraperito-
neally half an hour prior to occlusion of renal pedicles.
The animals were then subjected to 30 minutes of
ischemia by clamping of renal pedicles followed by 2
hours of reperfusion.

INDUCTION OF RENAL IRI

All rats were weighed and anesthetized with an intra-
peritoneal injection of 100 mg/kg ketamine and 10
mg/kg xylazine [22], under sedation (5-10 minutes), in
order to keep the rats stable during surgery, their limbs
and tails were taped down after they were laid on their
backs. The chest and abdomen were shaved, and the
skin was disinfected with a 10% iodine spray. By pinch-
ing the tail and hind feet, it was determined whether
the rats were sufficiently anesthetized. The intestine was
retracted to expose the abdominal cavity and both renal
pedicles and a midline laparotomy incision is made.
Incorporating a Model of Bilateral Ischemia, The renal
pedicles were then isolated, and non-traumatic micro
vascular clamps were placed around the renal pedicles
to clamp the renal artery and vein [23]. Occlusion was
confirmed by observing patchy blanching of the entire
kidney surface, which, after several minutes, changes
the color of a kidney from red to dark purple. The total
clamping time with non-traumatic vascular clamps
was 30 minutes. During this procedure, T ml of normal
saline was injected into the abdomen, and then the
abdomen was covered with warm and moist gauze to
ensure that the animals remained adequately hydrated.
Throughout the experiments, the body temperature of
each rat was monitored and maintained at 37°C. After
thirty minutes, the clamps were removed from the
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pedicles, restoring renal blood flow, and initiating the
reperfusion phase. The kidney was repositioned, and
the abdominal cavity incision was closed in two layers
with three interrupted sutures. After that, the rat was
euthanized by deep anesthesia, lastly, blood and tissue
samples were collected for examination. Itis important
to note that Kidney ischemia lasting longer than 20
minutes is associated with a renal injury in rat model.

EPROSARTAN PREPARATION

The pure powder of Eprosartan mesylate (Pub Chem
CID:5281037) was purchased from Med Chem Express,
USA Company. Molecular Formula: Cy4H»N,0;S, and
Chemical Name: [(E)-alpha-[[2-butyl-1-[4 carboxyphenyl
methyl]-1H-imidazol-5-yl] methylene]-2thiophenepro-
panoicacid CAS No.: 144143-96-4, Cat. No.: HY-15834A,
Purity: physical description: a crystalline solid, Solubility
In the present study, to prepare the drug, Eprosartan
mesylate powder was dissolved in these solvents each
one by one: 10% DMSO, 40% PEG300, 5% Tween-80,
45% saline, respectively with Solubility of >2.08 mg/
mL, Clear solution, according to manufacturer data-
sheet instructions, Med Chem Express, USA Company.
The dose of the drug that was used is 30 mg/kg of rat
weight intraperitoneally.

ASSESSMENT OF THE RENAL FUNCTION BY
COLORIMETRIC METHOD

After the procedure is complete, each rat’s heart was
punctured, and about (3.5-5 ml) of blood was with-
drawn while the animal was under anesthesia [24]. Each
sample of blood was stored in a gel tube at 37°C without
anticoagulant for 30 minutes. Ahead of time, we labeled
and stacked each gel tube in a rack, The samples were
gathered, and centrifuged at 3000 rpm for 10 minutes
at 4°C, and the sera were stored at 80°C before being
used to measure urea and creatinine concentrations.
Serum samples were analyzed for serum BUN and
serum Creatinine (Scr.) using colorimetric methods,
and commercial kits according to the manufacturer’s
instructions to determine renal functional parameters.

TNF-q, IL-1B, IL-6, Caspases 3 and F2-isoprostane
measurement in kidney using ELISA.

Immediately following the removal of the rat’s heart,
the left kidney was removed, and the organ was washed
in ice-cold isotonic normal saline 0.9% to remove any
blood clots before being dissected in half. One section
was homogenized using a high-intensity ultrasonic lig-
uid processorin a 1:10 (w/v) dilution of phosphate-buff-
ered saline (PBS) containing 1% Triton X-100 and a
protease inhibitor cocktail. The homogenate samples
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Fig. 1. Mean serum BUN level amongst the groups.

The dataare expressed as mean+SEM, N=5.*:p <0.01
compared to the sham group; #: p <0.01 compared to
I/R control and vehicle treated groups; EPR: Eprosartan

Fig. 2. Mean serum creatinine level amongst the groups.
The data are expressed as mean+SEM, N=>5.

*:p <0.01 compared to the sham group;

#:p<0.01 compared to I/R control and vehicle treated
groups; EPR: Eprosartan.

Fig. 3. Mean F2-isoprostane renal tissue level amongst
the groups.

The data are expressed as mean+SEM, N=>5.

*:p <0.01 compared to the sham group;

#:p <0.01 compared to I/R control and vehicle treated
groups; EPR: Eprosartan.

1579



Haidar Hameed Ali Al-Sultany et al.

B Sham
mm Control
TNF-a W= Vehicle
100+ * Em EPR
*
80+
-
[
{
§ 60
s i
3 404
=
2 20- Fig. 4. MeanTNF-arenal tissue level amongst the groups.
The data are expressed as mean+SEM, N=>5.
*:p <0.01 compared to the sham group;
0- S CommiVahils Ebr #:p<0.01comparedtoI/R control and vehicle treated
P Seglion Yeree groups; EPR: Eprosartan

were centrifuged at 4°C for 15 minutes at 14000 rpm
[24].In accordance with the manufacturer’s instructions
for the ELISA kits used (Bioassay Technology Labora-
tory), the supernatant was collected and analyzed for
TNF-q, IL-1B3, IL-6, Caspases 3, and F2-isoprostane levels
by ELISA technique. (Bioassay Technology Laboratory,
China) [25].

TISSUE SAMPLING FOR HISTOPATHOLOGY
ANALYSIS AND DAMAGE SCORES
Analogously, the other portion of the left kidney tissue
sample was fixed in 10% formalin, dehydrated in alcohol
series, cleared in xylene, and embedded in a paraffin
block. Tissue slides were cut into horizontal 5-um thick
sections using a microtome, stained with Hematoxylin
and Eosin for morphological assessment and histolog-
ical scoring [24], and then sent to a histopathologist
for a histopathological evaluation. After fixation, an
observer who was blinded to the experimental treat-
ment groups evaluated scores. Tissue sections were
examined by light microscopy and graded for degen-
eration/necrosis. The scoring system of tissue damage
assessment using quantitative measurements. Renal
tubular damage is characterized by tubular epithelial
swelling, increased cytoplasmic eosinophilia, necrotic
tubules, loss of brush border, vacuolar degeneration,
and Eosinophilic cast formation. The degree of kidney
injury was estimated at X100 and X400 magnifications
[25]. The score of histological changes was identified as
a percentage of renal tubular damage in the section of
kidney tissue as follows:

+ score 0, represents normal,

« score 1, represents <25% of tubular damages,

« score 2, represents 25-50% of tubular damages,
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« score 3, represents 50-75% of tubular damages,
« score 4, represents >75% of tubular damages.

STATISTICAL ANALYSIS

Statistical analysis of the experimental results was con-
ducted according to GraphPad Prism version 7.0, where
Tukey multiple comparisons One-way (ANOVA) was
performed to investigate the significance of differences
between groups. The values were expressed as mean +
standard errors of the mean (SEM) and a P value <0.01
was considered statistically significant.

RESULTS

IMPLICATIONS OF I/R AND EPROSARTAN

ON PARAMETERS OF KIDNEY FUNCTION
(SERUM BUN AND SERUM CREATININE)

This investigation divulged that the serum levels of BUN
and Scr. in the sham group were found to be signifi-
cantly (p <0.01) reduced compared to the levels in I/R
control and vehicle groups. Comparison of I/R control
and vehicle groups showed no statistically significant
difference (p >0.01). Serum BUN and Scr. levels were
significantly (p <0.01) reduced in the Eprosartan treated
group compared to both I/R control and vehicle groups.
Differences in the serum BUN and Scr. levels are docu-
mented in Figures 1 and 2.

Implications of I/R and Eprosartan on the oxidative
stress marker in the kidney (F2-isoprostane)

This investigation divulged that the renal tissue level
of F2-isoprostane in the sham group was found to be
significantly (p <0.01) reduced compared to the levels
in I/R control and vehicle groups. Comparison of I/R
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Fig. 5. Mean IL-1p renal tissue level amongst the
groups.

The data are expressed as mean+SEM, N=>5.

*:p <0.01 compared to the sham group;

#:p<0.01 compared to I/R control and vehicle treated
groups; EPR: Eprosartan.

Fig. 6. Mean Caspases 3 renal tissue level amongst the
groups. The data are expressed as mean+SEM, N=5.
*.p <0.01 compared to the sham group;

#:p <0.01 compared to I/R control and vehicle treated
groups; EPR: Eprosartan.

Fig. 7. Mean histopathology scores amongst the groups.
The data are expressed as mean+SEM, N=>5.

*:p <0.01 compared to the sham group;

#:p<0.01 compared to I/R control and vehicle treated
groups; EPR: Eprosartan
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Fig. 8. Sections of renal tissue stained with hematoxylin and eosin, are depicted in the images above. A) Sham group showed shows normal histology
of renal tubules; B) Control group shows cellular swelling, and increased cytoplasmic eosinophilia) red arrows), cytoplasmic vacuoles (yellow arrows); C)
Vehicle treated group shows a cellular injury including cellular swelling, increased cytoplasmic eosinophilia (red arrows), Eosinophilic cast (blue arrows);
D) Eprosartan treated group shows damaged renal tubules (red arrows), normal renal tubules (blue arrows).

control and vehicle groups showed no statistically
significant difference (p >0.01). Renal tissue level of
F2-isoprostane was significantly (p <0.01) reduced in
the Eprosartan treated group compared to both I/R con-
trol and vehicle groups. Differences in renal tissue level
of F2-isoprostane levels are documented in Figure 3.

Implications of I/R and Eprosartan on the markers
of inflammation in the kidney (TNF-q, IL-1p).

This investigation divulged that the renal tissue level
of TNF-a and IL-1B in the sham group were found to
be significantly (p <0.01) reduced compared to the
levels in I/R control and vehicle groups. Comparison of
I/R control and vehicle groups showed no statistically
significant difference (p >0.01). Renal tissue level of
TNF-a and IL-13 was significantly (p <0.01) reduced in
The Eprosartan treated group compared to both I/R
control and vehicle groups. Differences in renal tissue
level of TNF-a and IL-1(3 levels are documented in Fig-
ures 4 and 5.

Implications of I/R and Eprosartan on the marker
of apoptosis in the kidney (caspases 3).

This investigation divulged that the renal tissue level
of caspases 3 in the sham group was found to be signifi-
cantly (p <0.01) reduced compared to the levels in I/R
control and vehicle groups. Comparison of I/R control
and vehicle groups showed no statistically significant
difference (p >0.01). Renal tissue level of caspases 3
was significantly (p < 0.01) reduced in the Eprosartan
treated group compared to both I/R control and vehicle
groups. Differences in renal tissue level of caspases 3
levels are documented in Figure 6.

HISTOPATHOLOGICAL EXAMINATION

The damage score and architectural changes of kidneys
among the groups were shown in Figures 7 and 8. The
renal architecture was normal in the sham group (Fig.
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8A). Conversely, the histopathological investigation in
I/R control and vehicle treated groups abnormality in
renal structure and severe renal damage including cel-
lular swelling, increased cytoplasmic eosinophilia, and
loss of brush borders. Moreover, a cast formation and
congestion of the lumen are observed. (Fig. 8B and 8C).
Eprosartan pretreated group preserved kidney architec-
ture normally. The treatment effect is characterized by a
slight swelling of the renal tubules with mild interstitial
congestion (Fig. 8D).

DISCUSSION

This study revealed that significant increase in serum
BUN and Scr. levels in I/R control and vehicle treated
groups in comparison to the sham group. Low renal
blood flow and, consequently, a decline in glomerular
filtration rate due to renal tissue injury contribute most
to therise of these two renal functional parameters [26].
The current investigation divulged that the pre-treat-
ment with AT, receptor blocker Eprosartan prior to
ischemia induction is significantly (p < 0.01) lowering
the serum levels of BUN and Scr. compared to levels in
both I/R control and vehicle groups. This result indicates
that Eprosartan has a protective effect on parameters of
renal function (BUN and Scr) after renal IRl was induced
in a rat model. This finding agrees with other studies.
Eprosartan, in an experimental study on rats, was found
to reduce serum BUN and Scr. levels and protect renal
function from the toxicity of streptozotocin, which can
evoke diabetic nephropathy and produce a nephrotoxic
effect and uplift serum BUN and Scr. when given alone.
Research shows that one of the reasons an ARB is ef-
fective in treating kidney disease is due to lowering the
blood pressure by relaxing blood vessels systemically,
additionally, ARB-induced renal vasodilation improves
renal ischemia and hypoxia by increasing renal blood
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flow [27]. The histopathological findings of the present
study showed a significant decrease in the degree of
tissue injury in the Eprosartan treated group in com-
parison to I/R control and vehicle treated groups. This
finding was reported by a previous study which showed
that, when given prior to ischemia, Eprosartan protects
the kidneys by reducing the severity of renal injury
through its anti-inflammatory and antioxidant effects
and this lowering in the degree of injury may be related
to Eprosartan ability to reduce the degree of injury as
aresult, fewer inflammatory cells are recruited to areas
of tissue damage. Previous studies have noted that
inflammatory cytokines such as TNF-a and IL-1p3 were
increased in a rat model of renal ischemic and causes
deleterious effects. Moreover, the increase in these in-
flammatory cytokines is the result of hypoxia followed
by a reduction in renal blood flow. Increased levels of
inflammatory cytokines cause an influx of the infiltra-
tion of inflammatory cells into damaged tissue [28]. The
data gathered in this experiment prove that pre-treat-
ment with the AT, receptor blocker Eprosartan prior to
ischemia induction reduces the level of inflammatory
mediators (TNF-a and IL-1pB) in renal ischemic tissues,
as compared to the levels of these inflammatory cyto-
kines in the IR control and vehicle groups. This signifies
that Eprosartan inhibits inflammation in kidney tissues
that have been subjected to ischemia and reperfusion.
Our exploration is consistent with other experimen-
tal studies. In a study, Eprosartan was found to have
Nephroprotective effects against I/R-induced kidney
damage in rats by decreasing inflammatory pathways.
A possible explanation for this might be demonstrated
in these studies. A study revealed that Eprosartan has a
Neuroprotective mechanism in focal cerebral ischemia
via blocking AT, receptors, considerably reducing the
P-JAK2 and P-STAT3 levels, one of the most signifi-
cant inflammatory pathways in the rat hippocampus.
P-JAK2 and P-STAT3 levels rise after cerebral ischemia,
resulting in multiple neuroinflammatory and apoptotic
events. A study revealed that inhibiting the activation
of the JAK2/STAT3 pathway protected rats from acute
renal injury [29]. Locally produced angiotensin Il in the
kidney, in addition to its hypertensinogenic effect, ac-
tivates numerous intracellular signaling pathways and
induces inflammation, renal cell growth, mitogenesis,
apoptosis, migration, and differentiation. These effects
of angiotensin Il are also mediated through AT R recep-
tor activation and play an important role in the patho-
genesis of renal tissue injury. Furthermore, this study
reported a significantincrease in F2-isoprostane in renal
tissues after IRl in both I/R control and vehicle groups
compared to the sham group. This means that there
is an increase in oxidative stress and ROS formation in

injured renal tissues of I/R control and vehicle groups
compared to the intact tissues of the sham group. Our
result is consistent with previous research. Several
studies showed that the increase in oxidative stress
and the elevation in ROS formation are considered to
be the primary pathological mechanisms in renal IRI.
During the process of blood reperfusion into ischemic
tissues, a substantial amount of ROS is produced, which
exacerbates ischemic injury and renal dysfunction.
Due to their rapid metabolic rate, it was reported that
renal tubular cells are susceptible to oxidative stress.
A study showed that the massive production of ROS
leads to inflammation status capable of infiltration of
neutrophils, promoting DNA damage, increased secre-
tion of protease, and the production of alarge number
of oxidative intermediates.as well as the upregulation
of growth factors, cytokines and genes involved in cell
survival, underlining their impact on several signaling
pathways and mechanisms. This study demonstrated
that the AT, receptor blocker Eprosartan significantly
decreased the F2-isoprostane level and oxidative stress
and free radical formation in ischemic renal tissues
when compared to I/R control and vehicle groups. This
indicates that Eprosartan has an antioxidant effect on
injured and inflamed kidney tissues undergoing I/R.
One study divulged that Pre-treatment with Eprosar-
tan decreased oxidative and apoptotic mediators in
the hippocampus of rats. Eprosartan exerts beneficial
effects on the vasculature by inhibiting mechanisms of
inflammation and oxidation. This result is in agreement
with a study that showed that Eprosartan enhances the
antioxidant system by increasing GSH levels, GPx, and
SOD activities. This experimental study reported that
there is a significant elevation in caspases 3 levels in
renal tissue of both I/R control and vehicle groups (p
<0.01) compared to the sham group after IRI. Caspase-3
(cysteine protease) is an important enzyme involved
in inflammation and apoptosis, key features of renal
IR injury. Multiple inflammatory mediators, neutrophil
infiltration, caspases activation, and the presence of
apoptosis may be responsible for the progression of
I/Rinjury-related inflammation. Furthermore, caspases
has the potential to influence the development of
inflammation and the associated changes in renal
function and morphologic structure according to [30],
it was found that the renal tissue level of caspases 3 is
significantly (P <0.01) decreased in AT1 receptor block-
er Eprosartan treated group in comparison with I/R
control and vehicle groups. This result is in agreement
with a study that showed that Eprosartan markedly
decrease levels of caspases 3 in comparison with the
untreated group in the renal I/R rat model and this may
be related to the anti-apoptotic effect of Eprosartan. A
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study revealed that blocking the AT1 receptor in the CONCLUSIONS

heart inhibits apoptosis by suppressing the action of  This study demonstrates that Eprosartan pretreatment
angiotensin I, and this may be linked to the protective  enhances kidney function by decreasing serum BUN
effects of Eprosartan against caspases 3 that blocks the  and Creatinine, oxidative stress, cytokines, and apop-

AT1 receptor in the kidney. totic markers.
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ABSTRACT

The aim: To determine glycemic condition, regulation of carbohydrate metabolism, degree of insulin resistance in patients with chronic pancreatitis with its
isolated course and with comorbid COPD and diabetes mellitus.

Materials and methods: 110 patients with chronic pancreatitis were examined. The first group of patients included 38 individuals with an isolated course
of chronic pancreatitis (1 group), 2nd group included 35 patients with chronic pancreatitis and COPD, 3rd group included 37 patients with chronic pancreatitis
and COPD and type 3c diabetes mellitus. The control group (CCOPD) included 32 individuals with isolated COPD, the control group (CDM) includes 34 individuals
with isolated type 2 diabetes mellitus. All the patients were examined for functional state of the pancreas and carbohydrate metabolism was assessed.
Results: Patients suffering from chronic pancreatitis with COPD and diabetes mellitus developed 3.2 times increased glucose concentration on an empty
stomach. Blood glucagon content in all patients was lower in comparison with that of practically healthy individuals which is indicative of an insufficient
glucagon secretion by a-cells of the pancreas. Pancreatic polypeptide content in the blood was lower in patients with chronic pancreatitis and COPD and T3¢
diabetes mellitus in comparison with the reference value.

Conclusions: A comorbid course of chronic pancreatitis with exacerbated COPD is associated with more intensive disturbances in carbohydrate metabolism
requlation and glycaemia parameters in comparison with an isolated course of chronic pancreatitis. In case comorbidity includes a chronic pancreatitis,
chronic obstructive pulmonary disease and diabetes mellitus, the most unfavorable glycemic profile is found which is indicative of carbohydrate metabolism

decompensation.

KEY WORDS: chronic pancreatitis, diabetes mellitus, insulin, chronic obstructive pulmonary disease, glucagon, pancreatic polypeptide

INTRODUCTION

Chronic pancreatitis (CP) of various etiology and chronic
obstructive pulmonary disease (COPD) are a frequent
association of somatic pathology in the internal med-
icine clinic [1-4]. This combination is rather specific
since recently the sickness rate of both diseases has
increased. Moreover, there are many mechanisms mu-
tually compromising these pathologies, severity and
resistance of patients to the programmatic therapy
developed for an isolate course of the diseases are
constantly increasing [1, 2]. Each nosology out of this
pathological tandem can result in glucose metabolism
disorders, since both organs - the pancreas and lungs
—take an active partin a direct supply of carbohydrate
metabolism and its regulation [3, 5]. Thus, chronic pan-
creatitis is inflammation of the pancreas associated with
the development of pancreatic swelling, its dystrophy,
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atrophy, fibrosis, strictures of the ducts, calcification of
the organ, exocrine and endocrine functional disorders
of the pancreas [6]. At initial stages during chronic
pancreatitis exacerbations, in addition to enzymatic
imbalance of the pancreas hyperinsulinemia with
clinical signs of hypoglycemic conditions is observed
[7, 8]. In case of chronic pancreatitis developing for
many years occurrence of secondary diabetes mellitus
(DM) is possible due to a considerable decrease of the
area or amount of functioning B-cells in the islet of
Langerhans and absolute insulin insufficiency [9]. The
case in question is type 3c diabetes mellitus (T3cDM)
occurring due to impairment in pancreatic endocrine
function as a special nosologic and morphofunctional
phenomenon which is not still clearly recognized in the
Ukrainian recommendations and classifications [10].
In recent years gastroenterologists have paid special
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attention to the issues of this DM variant indicating a
close relation of its onset with diseases of the pancreas:
several episodes of severe acute pancreatitis, condition
after distal pancreatectomy due to pancreonecrosis,
alcoholic chronic pancreatitis with an increasing risk
of DM development more than three times after be-
ginning of pancreas calcification, hemochromatosis
etc. [6, 9-20].

Epidemiological data concerning this type of DM with
chronic pancreatitis are unknown now, though there
are certain reports indicating its occurrence within
40-60% from the general morbidity associated with
chronic pancreatitis [21,22]. T3cDM is characterized not
only by the development of 3-cellular insufficiency but
decreased glucagon secretion, and association of DM
with pancreatic cancer [12, 17].

In 2006 the American Diabetes Association (ADA)
expanded DM classification in the chapter “Exocrine
diseases of the pancreas” specifying that any process
provoking diffuse damage of the pancreas can cause di-
abetes. The following diseases were considered among
the causes: chronic pancreatitis, injury of the pancreas,
infection of the pancreas, pancreatectomy, pancreatic
adenocarcinoma in the duct, cystic fibrosis and hemo-
chromatosis [9-11]. In the current clinical practice the
most frequent causes of T3cDM are chronic pancreatitis
(76-79%), pancreatic cancer (8-9%), emochromatosis (7-
8%), cystic fibrosis (4%), pancreatectomy (2-3%) [14-16].
In 2011 ADA and the WHO classified DM occurring due
to pancreatic diseases as T3cDM [18].

A working group was organized within the frame of
the annual Congress studying the issues of the pancreas
Pancreas Fest, which in 2012 elaborated a consensus
to use the term “T3cDM” [18]. The consensus declared
a position that carbohydrate metabolic disorders are
common complications of CP with accurate recom-
mendations concerning diagnostics and verification
of the diagnosis T3cDM [18]. The Consortium for the
Study of Chronic Pancreatitis, Diabetes and Pancreatic
Cancer (CPDPC) in 2016 recognized the term “T3cDM”
[19]. Carbohydrate metabolic disorders with this type
of DM vary from hypoglycemia to hyperglycemia on an
empty stomach - insulin dependent DM [6, 9-19]. Its
clinical manifestation can imitate both type 2 and type
1 DM [18].The CPDPC consensus emphasizes that even
at the initial stages of CP development inflammatory
processes and an increase concentration of cytokines
in the pancreas parenchyma can lead to dysfunction of
B-cells of a various degree [19]. Then insulin secretion
decreases progressively with DM secondary to CP. It
correlates with a reduced mass of the acinar epithe-
lium and B-cells. Thus, T3c DM is characterized by a
various degree of glycemic disorders and metabolism

on the whole [14]. Unless special investigations are not
completed the CPDPC consensus estimates an average
occurrence of T3cDM in the population to be 4-5% (from
1t09%) [19, 22, 23].

Peripheral sensitivity to insulin is an urgentissue [4-5,
71. Certain authors do not consider it to be disturbed
[14, 18], others indicate its decrease in pathogenesis
of DM with CP to occur more often among obese
individuals and in case of hyperlipidemia [17]. The
authors of the CPDPC consensus consider pancreatic
polypeptide (PP) to be a key factor in pathogenesis of a
stable glucose production by the liver and isolated liver
resistance to insulin with T3cDM. Pancreatic polypep-
tide is mostly produced by F-cells of the pancreas - it is
polypeptide of 36 amino acid residues [9]. Its secretion
is stimulated by parasympathetic cholinergic effects,
digestive hormones - ghrelin (a “hunger hormone”),
secretin, in case of intake of protein-containing food,
during fasting, physical exertion, acute hypoglycemia
[6, 9-16]. An increased concentration of pancreatic
polypeptide enhances oxygen intake and stimulates
sympathetic activity which is indicative of its partici-
pation in the energy balance regulation. Its secretion
decreases under somatostatin effect and an increasing
concentration of glucose in the blood [17-19]. Pancreat-
ic polypeptide inhibits secretion of the pancreatic juice.
Itis its response to hypoglycemia induced by insulin or
mixed-meal tolerance test (MMTT) that is determined as
an important differential-diagnostic criterion of T3cDM
[12]. Non-responsiveness of pancreatic polypeptide is
able to differentiate T3cDM from early type 1 DM, and
type 2 DM characterized by an increased content of
pancreatic polypeptide in the blood [21].

Therefore, since chronic pancreatitis constitutes
about 90% of causes promoting T3cDM, the diagnos-
tics of chronic pancreatitis appears to be an important
aspect of early diagnostics of T3cDM. The following
diagnostic criteria of chronic pancreatitis with T3cDm
complications are recommended [6, 8, 19, 21]: the major
(compulsory) and additional. The following criteria are
considered to be the major ones: a) exocrine insufficien-
cy of the pancreas available (monoclonal test for fecal
elastase-1 or direct functional tests); b) pathological
structural changes of the pancreas (its visualization by
means of USD, MRI, CT); ) lack of autoimmune markers
of type 1 DM. Detection of additional (minor) criteria
requires a special study of hormonal markers: 1) lack of
pancreatic polypeptide (PP) secretion; 2) disturbances
of incretin secretion (glucagon-like peptide-1 (GLP-1));
3) lack of resistance to insulin (by HOMA-IR); 4) function-
al disorders of B-cells (HOMA-B, C-peptide/glucose); 5)
areduced content of liposoluble vitamins (A, D, E, K) in
the blood [21].
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The lungs participate in metabolic processes as well
including lipid metabolism. They take exogenous lipids
from lipoproteins in the systemic circulation, utilize
them for plastic needs, surfactant synthesis, accumulate
them in lipocytes and macrophages, and store them
for future use to supply energy for all the processes
of metabolism and gas exchange [1, 4]. A number of
literature sources describe lung participation in glucose
metabolism.Thus, such diseases as pneumonia, COPD,
bronchial asthma in its exacerbation stage are associat-
ed with reduced tolerance to glucose in proportion to
increasing hypoxia degree, and development of insulin
resistance syndrome [1-2, 4]. At the same time, pecu-
liarities of carbohydrate metabolism compensation in
patients with chronic pancreatitis and comorbid COPD
and DM are not described in the literature available,
they are not studied. Therefore, it has become the aim
of our research.

Thus, the working hypothesis of our study was to
prove or disprove the likely effect of comorbid COPD on
the course of CP and DM, to establish the predominant
type of DM in patients with CP with this comorbidity.

THE AIM

The aim of this work was determination of the state of
the glycemic profile, regulation of carbohydrate me-
tabolism, the presence and degree of insulin resistance
in patients with isolated chronic pancreatitis and the
probable interdependence of these parameters on the
presence of comorbid COPD and the type of diabetes
mellitus.

MATERIALS AND METHODS

A prospective, cross-sectional study was conducted
with the analysis of medical records of inpatientsin 110
patients with chronic pancreatitis of a mixed etiology
in the exacerbation stage of moderate severity were
examined. The first group of patients included 38 indi-
viduals with an isolated course of chronic pancreatitis
(1 group), 2™ group included 35 patients with chronic
pancreatitis and COPD GOLD2-3 group D, 3" group in-
cluded 37 patients with chronic pancreatitisand COPD
GOLD2-3 group D and T3cDM of a moderate severity.
The control group (CCOPD) included 32 individuals with
isolated COPD GOLD2-3 group D, the control group
(CDM) includes 34 individuals with isolated type 2 DM
of a moderate severity, subcompensated. The average
age of patients was 51.3 + 3.14. The group of compar-
ison included 30 practically healthy individuals (PHI).
The diagnosis of chronic pancreatitis was made ac-
cording to the unified clinical protocol approved by the
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Order of the Ministry of Heath of Ukraine N° 638 dated
10.09.2014 «On Approval and Introduction of Medi-
cal-Technological Documents Concerning Standardized
Medical Aid for Chronic Pancreatitis» on the basis of
classical clinical, ultrasonographic, and biochemical
methods. COPD was diagnosed and treated according
to the recommendations of clinical regularities (the
Order of the Ministry of Heath of Ukraine N°555 dated
27.06.2013 considering GOLD recommendations, 2019).
Distribution of COPD patientsinto A, B, C, D groups was
assessed according to the Modified dyspnea scale of the
Medical Research Council and the sum total calculated
by COPD assessment test.

On admission to the hospital all the patients were ex-
amined for functional state of the pancreas according to
the approved list of activity of the pancreatic enzymes
in duodenal content, systemic blood circulation and
fecal elastase-1 content, proteinogram test, proteolytic
intensity of high and low-molecular proteins.

Carbohydrate metabolism was assessed by glucose
level on an empty stomach and 2 hours after taking
meals by means of glucose-oxidase method, insulin
level in the blood on an empty stomach, glucagononan
empty stomach (DRG System), pancreatic polypeptide
(ELISA Kitfor Pancreatic Polypeptide (PP)) by means of
immune-enzyme analysis (IEA), glycated hemoglobin
content in the blood (HbA1c) by means of a standard
set of reagents “SimkolLtd” (Lviv) according to V.A.
Koroliov's method. Degree of insulin resistance was
determined by the body mass index (BMI), HOMA-IR
(D.R. Matthewsetal), calculated by means of the pro-
gram HOMA Calculator Version 2.2 Diabetes Trials Unit
University of Oxford (Great Britain). The diagnosis of
DM was made according to the Order of the Ministry
of Health of Ukraine N2 1118dated 21.12.2012. The di-
agnosis “Type 2 diabetes mellitus” was verified on the
basis of the “Unified Clinical Protocol of a Specialized
Medical Aid: type 2 DM”(2012). Differential diagnostics
of type 1 diabetes mellitus was made according to the
Adapted clinical instructions based on the evidence
“Type 1 Diabetes Mellitus”(2014).

Statistical analysis of the results obtained was car-
ried out according to the type of the study conducted
and types of numeric data obtained. Normality of
distribution was checked by means of Shapiro-Wilk
and Lilliefors tests, and the method of direct visual
histogram assessment of own values distribution.
Quantitative parameters having normal distribution are
presented as a mean (M) + standard deviation (S). Dis-
crete values are presented in the form of absolute and
relative frequencies (the percentage of observations to
the total amount of the examined). To compare the data
having normal character of distribution, parametric
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Table I. Indicators of glycemia state and regulation of carbohydrate metabolism in patients suffering from chronic pancreatitis in the exacerbation stage
with comorbid chronic obstructive pulmonary diseases and diabetes mellitus, in case of an isolated course of COPD and type 2 DM (M+5)

Indicator, un. of PHI, CP (1), CP + COPD (2), CP+COPD +DM (3), COPD (4), Type 2 DM (5),
measur. (n=32) (n=38) (n=35) (n=37) (n=32) (n=34)
Glucose, 3054018 5.72+0.26 5.85+0.15 12.67+0.45 4.43+0.25 9.59+0.48

mmol/I R * * FLEEIN FXIN# WAL L
Glucose p/p, 6.86+0.20 8.19+0.25 9.28+0.27 17.94+1.38 7.15+0.21 15.80+1.33
mmol/| DA * *E* FLEEIN XXINH# WAL
. 6.21+0.81 5.66+0.58 3.13£0.41 9.52+0.73 28.35+3.08
Insulin, mkOD/I 9.97+0.85 N N Sy /i 2N
27.43+3.27 19.25+£3.45 7.30£0.32 59.88+6.21 118.67+12.11
Glucagon, pg/ml 67.59+6.53 . M e /A4 N
22.53+6.25 16.90+5.12 5.27+0.23 70.61+8.18 96.22+8.16
PP, pg/ml 75.47+8.28 . N BN v N
0.92+0.01 1.03+0.02 4.05+0.03 0.47+0.01 0.33+0.01
Index Caro 0.40+0.01 N By 0 — N
0.84+0.05 0.77£0.04 0.51%0.01 1.19+0.14 4.10+0.24
HOMA-IR 1.21+0.20 N " o/ " XXX IN
119.53+7.25 130.30+8.12 195.62+15.47 83.79+6.10 24.38+2.17
HOMA S 82.80+6.27 N . vy wrh s A
62.90+5.21 56.42+4.48 8.11£1.13 139.81+28.19 71.70+5.13
HOMA B 181.42+30.27 . " « e s s
5.7+0.03 6.1+£0.05 6.8+0.07 4.8+0.03 6.7+£0.06
Hb Alc, % 4.7+0.05 . iy xpre/n o oA S
BMI, kg/m? 24124123 23414115 2585+1.62 2130+ 1.06 26'4551 21 29.] /ifll'zg

Notes: * — the difference is statistically significant (p<0.05) in comparison with the same indicator in practically healthy individuals;
** — the difference is statistically significant (p<0.05) in comparison with the indicator in patients with CP;

A —the difference is statistically significant (p<0.05) in comparison with the indicator in patients with CP and COPD;

# — the difference is statistically significant (p<0.05) in comparison with the indicator in patients with CP, COPD and DM;

## — the difference is statistically significant (p<0.05) in comparison with the indicator in patients with COPD.

tests with assessment of Student t-criterion or Fisher
F-criterion were used. In case of abnormal distribution
the median test and Mann-Whitney U test were used,
the Wilcoxon Rank-Sum test was applied for multiple
comparison (in case of examination of dependent
groups). To assess the degree of dependence between
the variables Pearson’s correlation coefficient test for
parametric distribution was used, and in case of dis-
tribution of parameters reliably different from that of
the norm Spearman’s correlation coefficient was used
measuring the strength and direction of monotonic
associations between two variables. To carry out sta-
tistical and graphic analysis of the results obtained the
software packages Statisticafor Windows version 8.0
(StatSoftinc., USA), Microsoft Excel 2007 (Microsoft,
USA) were applied.

RESULTS

Analysis of the results obtained showed a reliable
increase of glucose content on an empty stomach

in patients suffering from chronic pancreatitis with
an isolated course 1.4 times (p<0.05) in comparison
with PHI, and the level of glycemia increased when
comorbid COPD joined chronic pancreatitis: 1.5 times
in comparison with PHI (p<0.05) (Table I). At the same
time, patients suffering from chronic pancreatitis with
two comorbid diseases — COPD and DM - developed
3.2times increased glucose concentration on an empty
stomach in comparison with PHI (p<0.05). This parame-
terinthe 1stand 2" groups 2.1 and 2.2 times increased
respectively (p<0.05). The state of glycemia on an empty
stomach in patients from the 3" group is similar to that
with DM. Comparison of glucose content in the blood
on an empty stomach in patients with type 2 diabetes
mellitus with the parameter of this group found reliable
1.3 times difference (p<0.05), that appeared to be 2.4
times higher than that of PHI (p<0.05).

A reliably higher level of postprandial (after meals)
glycemia was found in patients with chronic pancre-
atitis from the 15t group, that was 1.2 times higher than
that of the control (p<0.05). At the same time, 1.4 times
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increase of postprandial glycemia was registered in
patients from the 2" group (p<0.05), in the 3" group
-2.6 times as compared to (Table 1) the parameter of
PHI (p, ,<0.05),

Postprandial hyperglycemia was found in patients
from the 5™ group, that was 2.3 times higher than that
of PHI (p<0.05), and that was 11.9 % lower than the
parameters in the 3™ group (p>0.05).

The HbA1c content in the blood showed its reliable
increase in patients from the 1, 2, 3 and 5 groups 1.2,
1.3, 1.4 and 1.4 times respectively in comparison with
PHI (p, ,,<0.05) (Table ).

Examination of insulin content in the blood of pa-
tients from the 1 group found reliable hypoinsulinemia
that was 1.6 times lower than that of PHI (p<0.05),
though in patients from the 2" and 3™ groups insulin
content in the blood was reliably lower - 1.8 and 3.2
times respectively (p,,<0.05) (Table ).

Reliable hyperinsulinemia was found in patients
from the 5™ group, that was 2.8 times higher than that
of PHI (p<0.05). Results of calculation of Caro index
(glucose/insulin) showed that in patients from the 5™
group this index was 1.2 times lower than that of PHI
(p<0.05). At the same time, this index in patients from
the 1, 2,3 and 4 groups was 2.3, 2.6, 10.1 and 1.2 times
higher respectively than that of PHI (p, , ,,<0.05), with
reliable difference between the groups (p<0.05). In
patients from the 5% group of observation HOMA index
of IR 3.4 times increased (p<0.05) HOMA%S index 3.5
times decreased (p<0.05) in comparison with indices of
PHI. Assessment of the similar indices in the 1,2 and 3
groups of patients found reliable decrease of HOMA IR
index1.4, 1.6 and 2.4 times respectively (p<0.05) with
underlying decrease of HOMA%S index 1.4, 1.6 and
2.3 times (p<0.05) in comparison with indices of PHI.
Analysis of HOMA%B index in patients from the 1, 2
and 3 groups was found a decrease of 2.9, 3.2 and 22.6
times (p<0.05) in comparison with PHI.

The blood glucagon content in patients from the 1%
group was 2.5 times lower in comparison with that of
PHI (p<0.05), in patients from the 2 and 3 groups - 3.5
and 9.6 times respectively (p, ,<0.05) (Table ). The pan-
creatic polypeptide content in the blood was 15 times
lower in patients from the 3 group in comparison with
the reference value (p<0.05). At the same time, patients
from 1 and 2 groups presented its reliable decrease 3.4
and 4.4 times respectively (p<0.05).

DISCUSSION

The goal of this study was to determine glycemic con-
dition, regulation of carbohydrate metabolism, degree
of insulin resistance in patients with chronic pancreatitis
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with its isolated course and with comorbid COPD and
diabetes mellitus.

In situation of chronic pancreatitis developing occur-
rence of secondary diabetes mellitus is possible due to a
decrease of the area or amount of functioning B-cellsin
theislet of Langerhans and absolute insulin insufficien-
cy [9]. The case in question is type 3c diabetes mellitus
occurring due to impairment in pancreatic endocrine
function as a special nosologic and morphofunctional
phenomenon [10]. The state of glycemia and regulation
of carbohydrate metabolism in patients with chronic
pancreatitis were assessed depending on comorbid
pathology of COPD and DM.

Analysis of the laboratory findings concerning the
level of postprandial glycemia shows, that it is indicative
of the dependence of a degree of tolerance disorder to
glucose on comorbid COPD and manifested DM.

Investigation of the laboratory results relating to
HbA1c content in the blood serum as a marker of per-
sistence and intensity of hyperglycemia showed its re-
liable increase in patients from the 1, 2,3 and 5 groups,
which confirms the role of chronic pancreatitis in the
development of chronic postprandial hyperglycemia,
advanced disorder to glucose tolerance, intensified
glycosylation of transport proteins (hemoglobin), and
further formation of DM.

The hyperinsulinemia was found in patients from
the 5" group and was indicative of insulin resistance
phenomenon. The insulin content in the blood of pa-
tients found reliable hypoinsulinemia that was which is
indicative of absolutely insufficient insulin secretion by
[-cellsin the islet of Langerhans and the role of chronic
inflammatory process in the pancreas promoting de-
velopment of DM. Moreover, comorbid COPD promotes
DM development in patients with chronic pancreatitis,
since it intensifies inflammation, oxidative and nitric
stress under conditions of hypoxia with intensified
damage of the acinar epithelium of the pancreas and
- cells in the islet of Langerhans, development of hy-
poinsulinemia and hyperglycemia, which was reported
in our previous studies [5].

The valuation of Caro index confirms insulin resistance
syndrome available in patients with type 2 DM. Never-
theless, this index in patients with chronic pancreatitis,
COPD and type 3c diabetes mellitus was higher respec-
tively than that of practically healthy individuals, which
confirms absolute insufficiency of insulin secretion by
- cells in the islet of Langerhans.

Calculation of insulin resistance index by means of
HOMA2 model found deep insulin resistance available
with underlying decreased sensitivity of the peripheral
tissues to insulin in patients with type 2 diabetes mellitus.
Assessment of the similar indices in the patients with
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chronic pancreatitis, COPD and T3cDM was found reliable
decrease of HOMA IR index with important decrease of
HOMA%S index and investigation of HOMA%B index in
these patients found a decreased portion of functioning
B-cellsinthe parenchyma of the pancreas. It might occur
due to chronicinflammation and scarring of the pancre-
as.This decrease was found to be reliable, which explains
a cause of DM formation in the triple pathology group.

Correlation analysis of patients with chronic pancre-
atitis and comorbid COPD and DM found certain cor-
relation between fecal elastase-1 content and HOMA%B
value (r=0.58, p<0.05), strong correlation between
insulin content on an empty stomach and HOMA%B
value (r=0.72, p<0.05).

Absolute insulin insufficiency is found in two patho-
logical conditions — type 1 DM and T3cDMc.To solve the
issue concerning the type of DM in patients with chronic
pancreatitis the content of glucagon and pancreatic
polypeptide was determined in the blood. Thus blood
glucagon contentin patients with first three groups was
lower than in PHI, which is indicative of an insufficient
glucagon secretion by a-cells of the pancreas and con-
firms the role of chronic pancreatitis in the development
of T3cDM. One more important factor which is indicative
of the development of T3cDM in patients with comorbid
pathology of chronic pancreatitis and COPD is pancreatic
polypeptide content in the blood. The PP content in the
blood was lower in every group, which includes patients
with chronic pancreatitis. It should be noted that in
physiological concentrations PP acts as cholecystokinin
antagonist, inhibits pancreatic juice secretion and relaxes
non-striated muscles of sphincters in the gastrointestinal
tract, hepatic-biliary system etc. [14]. According to the
data found in scientific publications PP level in the blood
is lowered in patients with chronic pancreatitis, which is
confirmed by the results of our studies [10, 15, 17, 21].
Therefore, pathogenic loss of B-cells mass in patients with
chronic pancreatitis stipulates endocrine insufficiency
of the pancreas. Meanwhile, contrary to type 1 diabetes
mellitus in addition to decreased insulin secretion the
secretion of glucagon and pancreatic polypeptide de-
creases as well, which can result in the development of
the so-called “brittle disease” (fragile) with considerable
variations of glycemia and increasing risks of uncon-
trolled hypoglycemia episodes [11, 18-19, 23].

CONCLUSIONS

1. Chronic pancreatitis in its exacerbation stage with-
out comorbid pathology is associated with reliable
postprandial hyperglycemia (1.2 times), an increased
content of glycated hemoglobin (1.2 times), hypoinsu-
linemia on an empty stomach (1.6 times), a decreased

content of glucagon in the blood (2.5 times) and pan-
creatic polypeptide (3.4 times), a considerable decrease
of HOMAB value (2.9 times) (p<0.05), which is indicative
of initial signs of carbohydrate metabolism dysfunction.

2. A comorbid course of chronic pancreatitis with ex-
acerbated COPD (2-degrees D) is associated with more
intensive disturbances in carbohydrate metabolism
regulation and glycemia parameters in comparison
with an isolated course of chronic pancreatitis: a higher
(p<0.05) degree of postprandial hyperglycemia (1.4
times), an increased content of glycated hemoglobin
(1.3 times), hypoinsulinemia (1.8 times), a decreased
content of glucagon in the blood (3.5 times) and pan-
creatic polypeptide (4.4 times), decrease of HOMAB val-
ue (3.2 times) (p<0.05), which is indicative of COPD role
in additional damage of a-cells and -cells in the islet
of Langerhans with underlying inflammatory process
in the pancreas due to hypoxia, activation of oxidative
stress, inflammation, cytokine imbalance and fibrosis
of the pancreatic tissue.

3. In case comorbidity includes three components
such as chronic pancreatitis, COPD (2-3 degree D) and
diabetes mellitus, the most unfavorable glycemic profile
is found which is indicative of carbohydrate metabolism
decompensation: hyperglycemia on an empty stomach
(3.2 times), postprandial hyperglycemia (2.6 times), an
increased content of glycated hemoglobin (1.4 times),
hypoinsulinemia on an empty stomach (3.2 times), a
decreased content of glucagon in the blood (3.5 times)
and pancreatic polypeptide (4.4 times), a considerable
decrease of HOMA B value (22.6 times) (p<0.05), which
correlates in the interdependence of the average
strength with the marker of exocrine pancreatic insuf-
ficiency - fecal elastase-1 content (r=0.58, p<0.05). It s
indicative of the formation of T3¢ DM - pancreatogenic
diabetes mellitus with total synthesis insufficiency of
insulin, glucagon and pancreatic polypeptide with a
strong correlation between fasting insulin level and
HOMA% B (r=0.72, p<0.05). The signs of insulin resis-
tance with chronic pancreatitis and comorbid COPD
and T3¢DM were not found.

4. Patients with type 2 diabetes mellitus with an isolat-
ed course presented an excessive body weight (BMI 1.2
times higher), hyperglycemia on an empty stomach (2.4
times) and postprandial hyperglycemia (2.3 times), an
increased content of glycated hemoglobin (1.4 times),
hyperinsulinemia on an empty stomach (2.8 times), an
increased content of glucagon in the blood (1.8 times)
and pancreatic polypeptide (1.3 times), decreased
Caro index (1.2 times), increased HOMAIR (3.4 times),
decreased HOMAS index (3.5 times) (p<0.05), which is
indicative of considerable insulin resistance available
specific for insulin dependent type 2 diabetes mellitus.

1591



Inna Dudka et al.

REFERENCES

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21

Zheleznyakova NM, Pasieshvili TM. Khronicheskii pankreatit i khronicheskaya obstruktivnaya bolezn’ legkikh: klinicheskie aspekty
komorbidnosti. [Chronic pancreatitis and chronic obstructive pulmonary disease: clinical aspects of comorbidity]. Eksperimental'naya i
klinicheskaya gastroenterologiya. 2016; 6(130): 28-32. (in Russian)

. Khukhlina 0S, Dudka IV, Dudka TV, Smandych VS. Klinichna efektyvnist antralyu u khvorykh na khronichnyy pankreatyt [Clinical

effectiveness of antral in patients with chronic pancreatitis]. Aktualni problemy suchasnoyi medytsyny: Visnyk Ukrayinskoyi medychnoyi
stomatologichnoyi akademiyi. 2020; 20(2): 102-107. doi: 10.31718/2077-1096.20.2.102 (in Ukrainian).

. Khukhlina 0S, Grynyuk OYe, Antoniv AA. Optymizatsiya likuvannya nealkogolnogo steatogepatytu u khvorykh z ozhyrinnyam za

komorbidnosti z khronichnym obstruktyvnym zakhvoryuvannyam legen: korektsiya dyslipidemiyi ta insulinorezystentnosti [Optimization
of treatment of nonalcoholic steatohepatitis in obese patients with comorbidity with chronic obstructive pulmonary disease: correction
of dyslipidemia and insulin resistance]. Suchasna gastroenterologiya. 2020; 4 (114):29-36. (in Ukrainian)

. Khukhlina 0S, Smandych VS. Khronichnyy pankreatyt ta ozhyrinnya: mekhanizmy vzayemoobtyazhennya, osoblyvosti klinichnogo

perebigu, optymizatsiya likuvannya [Chronic pancreatitis and obesity: mechanisms of mutual burden, features of the clinical course,
optimization of treatment]. Monografiya. Chernivtsi. 2017, 152 p. (in Ukrainian)

. Khukhlina 0S, SmandychVS. Stan insulinorezystentnosti, intensyvnist endogennoyi intoksykatsiyi u khvorykh na khronichnyy pankreatyt

na tli ozhyrinnya v dynamitsi likuvannya L-karnitynom i L-glutationom [State insulin resistance, the intensity of endogenous intoxication
in patients with chronic pancreatitis against obesity treatment in the dynamics of L-carnitine and L-glutathione]. Zaporozhskyy
medytsynskyy zhurnal. 2016;(6):44-51. (in Ukrainian)

. Ewald N, Kaufmann (, Raspe A et al. Prevalence of diabetes mellitus secondary to pancreatic diseases (type 3c). Diabetes Metab Res Rev.

2012;28(4):338-42.

. Gardner TB, Adler DG, Forsmark CE et al. ACG Clinical Guideline: Chronic Pancreatitis. Am J Gastroenterol. 2020;115(3):322-339. doi:

10.14309/ajg.0000000000000535.

. Mumme L, Breuer TGK, Rohrer S et al. Defects in a-cell function in patients with diabetes due to chronic pancreatitis compared with

patients with type 2 diabetes and healthy individuals. Diabetes Care. 2017;40(10):1314-1322. doi: 10.2337/dc17-0792.

. Lohr JM, Dominguez-Munoz E, Rosendahl J et al. United European Gastroenterology evidence-based guidelines for the diagnosis and

therapy of chronic pancreatitis (HaPanEU). United European Gastroenterol J. 2017; 5(2):153-199. doi: 10.1177/2050640616684695.
Bhattamisra SK, Siang TC, Rong CY et al. Type-3c diabetes mellitus, diabetes of exocrine pancreas — an update. Curr Diabetes Rev.
2019;15(5):382-394. doi: 10.2174/1573399815666190115145702.

Khrystych TM, Teleki YaM, Gontsaryuk DM. Osoblyvosti likuvalnoyi taktyky pry khronichnomu pankreatyti u poyednanni z khronichnym
obstruktyvnym zakhvoryuvannyam legen (Treatment of patients with chronic pancreatitis in comorbidity with chronic obstructive
pulmonary disease). Liky Ukrayiny. 2019;8(234): 24-30. (in Ukrainian)

Ewald N, Bretzel RG, Fantus |G et al. S-2453110 Study Group. Pancreatin therapy in patients with insulin-treated diabetes mellitus and
exocrine pancreatic insufficiency according to low fecal elastase 1 concentrations. Results of a prospective multicentre trial. Diabetes
Metab Res Rev. 2007;23(5):386-91. doi: 10.1002/dmrr.708.

Ewald N, Hardt PD. Diagnosis and treatment of diabetes mellitus in chronic pancreatitis. World J Gastroenterol. 2013;19(42):7276-81.
doi: 10.3748/wjg.v19.i42.7276.

Hardt PD, Brendel MD, Kloer HU, Bretzel RG. Is pancreatic diabetes (type 3c diabetes) underdiagnosed and misdiagnosed? Diabetes Care.
2008; 31(2): S165-5169. d0i:10.2337/dc08-5244.

Hart PA, Bellin MD, Andersen DK et al. Type 3¢ (pancreatogenic) diabetes mellitus secondary to chronic pancreatitis and pancreatic cancer.
Lancet Gastroenterol Hepatol. 2016;1(3):226-237. doi: 10.1016/52468-1253(16)30106-6.

Johnston PC, Thompson J, Mckee A et al. Diabetes and chronic pancreatitis: considerations in the holistic management of an often
neglected disease. J Diabetes Res. 2019;2019:2487804. doi: 10.1155/2019/2487804.

Rickels MR, Bellin M, Toledo FG et al. Pancreas Fest Recommendation Conference Participants. Detection, evaluation and treatment of
diabetes mellitus in chronic pancreatitis: recommendations from Pancreas Fest 2012. Pancreatology. 2013;13(4):336-42. doi: 10.1016/j.
pan.2013.05.002.

Serrano J, Andersen DK, Forsmark CE et al. Consortium for the Study of Chronic Pancreatitis, Diabetes, and Pancreatic Cancer: From
Conceptto Reality. Pancreas. 2018;47(10):1208-1212. doi: 10.1097/MPA.0000000000001167.

Singh VK, Haupt ME, Geller DE et al. Less common etiologies of exocrine pancreaticinsufficiency. World J Gastroenterol. 2017;23(39):7059-
7076. doi: 10.3748/wjg.v23.i39.7059.

Whitcomb DC. North American Pancreatitis Study Group. Pancreatitis: TIGAR-O version 2 risk/etiology checklist with topic reviews,
updates, and use primers. Clin Trans| Gastroenterol. 2019;10(6):e00027. doi: 10.14309/ctg.0000000000000027.

. Woodmansey C, McGovern AP, McCullough KA et al. Incidence, demographics, and clinical characteristics of diabetes of the exocrine

pancreas (type 3¢): a retrospective cohort study. Diabetes Care. 2017;40(11):1486-1493. doi: 10.2337/dc17-0542.

1592



PECULIARITIES OF FORMATION OF CARBOHYDRATE METABOLISM DISORDERS...

22. Ruyatkyna LA, Ruyatkyn DS. Pankreatogennyy sakharnyy dyabet/sakharnyy dyabet typa 3s: sovremennoe sostoyanye problem
(Pancreatogenic diabetes / type 3c diabetes: status update on the problem). Medytsynskyy sovet. 2018;(4):28-35. doi: 10.21518/2079-
701X-2018-4-28-35. (in Russian)

23. Zhi M, Zhu X, Lugea A et al. Incidence of new onset diabetes mellitus secondary to acute pancreatitis: a systematic review and meta-
analysis. Front Physiol. 2019;10:637. doi: 10.3389/fphys.2019.00637.

ORCID and contributionship:

Inna Dudka: 0000-0001-9941-1878°F

Oksana Khukhlina: 0000-0001-6259-2863F
Tetiana Dudka: 0000-0001-8770-8164 ¢
Oksana Voyevidka: 0000-0002-3459-9117 4
Oleksandra Roshchuk: 0000-0002-1877-1546°

Conflict of interest:
The Authors declare no conflict of interest.

CORRESPONDING AUTHOR
Inna Dudka

Bukovinian State Medical University

2 Teatralnaya Square, 58002 Chernivtsi, Ukraine
e-mail: dudkainnav@gmail.com

Received: 26.04.2022
Accepted: 07.06.2023

A—Work conceptand design, B— Data collection and analysis, C— Responsibility for statistical analysis, D —Writing the article, E — Critical review, F — Final approval of the article

@EAMNGhs  Artice published on-line and available in open access are published under Creative Common Attribution-Non Commercial-No Derivatives 4.0 International (CC BY-NC-ND 4.0)

1593



Wiadomosci Lekarskie Medical Advances, VOLUME LXXVI, ISSUE 7, JULY 2023

© Aluna Publishing

ORIGINAL ARTICLE

PATIENT-CENTERED CARE AND SELF-MANAGEMENT:
OPINION OF MILITARY PERSONNEL WITH CORONARY
ARTERY DISEASE

DOI: 10.36740/WLek202307112

Galina Moroz, Taras Kutch, Iryna Tkachuk, Anastasiya Sokoluk, Olexandr Tkalenko
UKRAINIAN MILITARY MEDICAL ACADEMY, KYIV, UKRAINE

ABSTRACT

The aim: To determin attitude of military personnel with coronary artery disease to implementation of the principles of patient- centered care and self-
assessment of adherence to treatment

Materials and methods: 72 military personnel (male aged 30—58 years) with coronary artery disease, who visited the general practitioners at the Outpatient
(are Clinic of the National Military Medical Clinical «<Main Military Clinical Hospital» were interviewed anonymously, using the specially designed questionnaire.
The patients were divided into two groups: the 1st group with individuals of 49 years old and younger (39 military personnel, mean age 42,8+5,0) and the
2nd group who is 50 years and older (33 military personnel, mean age 53,242,4 years).

Results: The results of a sociological survey showed that the majority of military personnel with coronary artery disease believe that doctors do not always
provide them with enough information about their health (61,1%) and they do not always provide emotional support to solve their health problems (66,7 %).
It has been indicated a mismatch between patients’ willingness to participate in shared decision-making regarding a treatment (84,7 % of them) and adher-
ence to treatment — 55,6% of surveyed patients rated adherence to treatment by three points or less on a five-point scale. There is no statistically significant
difference between military personnel of the 1st and 2nd groups.

Conclusions: The results of the study showed the interest and readiness of surveyed military personnel with coronary artery disease to implementation of

the principles of patient-centered medical care.

KEY WORDS: military personnel, coronary artery disease, patient- centered care

INTRODUCTION

The patient-centered care model has become a key
element of the health care quality and provides that
care should meet the individual preferences, needs, and
values of patients, and take into account the patient’s
wishes when making clinical decisions about medical
services [1-3]. This approach shifts the focus from the
traditional model, in which a physician plays the prima-
ry decision-making role, to one that supports a part-
nership among practitioners and patients [2]. Modern
scientific publications use the term «person-centered
care», «person-directed care», «person-focused care»,
which includes, in addition to medical, other human
needs. WHO recommends introducing people-centered
health care as a priority in the development of health
systems in the 21st century [1]. The improving of pa-
tient-centered care requires addressing many issues,
including the evaluation of the effectiveness of their
use in clinical practice — both from the standpoint of pa-
tients and health personals [4, 5]. It should be noted that
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there is no generally accepted approach to evaluating
the effectiveness of patient-centered care. Researchers
use surveys of patients, surveys of physiciansand anal-
ysis of clinical trial results. A large number of question-
naires have been proposed to assess patient-centered
care [4]. The CARE Measure (The Consultation and
Relational Empathy Measure) is a simple, rigorously
tested questionnaire to assess patient-centered care,
whichis widely used in clinical trials. This questionnaire
provides questions to determing the use of the shared
decision-making approach, and the level of empathy.
[4]. An important component of person-centered care
implementation is patient’s educating, engaging in
self management support of health, and increasing
adherence to physician's prescriptions [1]. The results
of a study on the use of patient-centered education
on adherence to the treatment regimen in patients
with coronary artery disease (CAD), published in 2022,
confirmed the positive effect to adherence. [6]. This
aspect is also important for improving medical care
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for military personnel of the Armed Forces of Ukraine
with CAD.To optimize the organization of medical care,
it is important to regularly analyze the use of the basic
principles of patient-centered care, taking into account
the results of a survey of military personnel.

THE AIM

To determin attitude of military personnel with CAD to
implementation of the principles of patient-centered med-
ical care and self-assessment of adherence to treatment.

MATERIALS AND METHODS

We performed a poll of 72 military personnel (male aged
30-58 years, average age 47,6+6,5 years) with coronary
artery disease, who visited the general practitioners
at the Outpatient Care Clinic of the National Military
Medical Clinical «<Main Military Clinical Hospital». When
the size of the research sample was determined, we
used generally accepted approaches and calculations
taking into account the general population of military
personnel who were examined during the period of the
research.The following inclusion criteria apply: military
personnel, men, 25 to 60 years of age, patients with
diagnosis of coronary artery disease who present with
stable (nonemergent), informed consent. Exclusion
criteria: patients being evaluated for other cardiac
diseases (e.g., valvular disease, etiology of cardio-
myopathy). To study the age-related characteristics,
patients were divided into two groups: the 1st group
with individuals of 49 years old and younger (39 mili-
tary personnel, mean age 42,8+5,0) and the 2nd group
who is 50 years and older (33 military personnel, mean
age 53,2+2,4 years). Surveyed military personnel with
CAD had 2 or more chronic diseases: 2 diseases - 9 of
72 surveyed (12,5 %); 3-5 diseases — 32 of 72 surveyed
(44,4 %), 6 or more diseases — 31 of 72 surveyed (43,1 %).
Surveyed military personnel with CAD received routine
medicines treatment. Number of pills for daily intake:
2-5 pills— 19 of the 72 surveyed (26,4 %), 6-10 pills —33
of the 72 surveyed (45,8 %), 10 pills or more — 20 of the
72 surveyed (27,8 %).

The following methods were used to achieve the
aim: sociological, statistical, systematic approach
and analysis. The research material is a questionnaire
with a total number of 72 items. The questionnaire
was designed by the authors to determine attitude
of military personnel with CAD to implementation of
the principles of patient-centered medical care and
self-assessment of comply physician's recommenda-
tions. The survey questionnaire included two blocks
of questions. The first block included questions about

patient’s assessment of doctor’s use of the shared de-
cision-making approach, determination of the level
of empathy, provide information that corresponds
to the main provisions of the CARE questionnaire [4].
The second block of questions included questions to
assess the readiness of military personnel with CAD to
perform self-monitoring of health and participation in
the shared decision-making for treatment; self-assess-
ment of adherence to physician’s recommendations on
non-drug and drug treatment and factors influencing
on adherence to treatment.

Statistical data analysis was performed by the use
of standard statistical package (Statistica v. 6.0) and
Microsoft Excel 2007. Categorical data were presented
as absolute and relative (%) frequency. To enable com-
parisons, we calculated the mean value (M), and the
standard error of the mean (m). The statistical sample
was checked for distribution according to the normal
law. Student’s t-test was used to compare the mean of
a data for the two groups. The results were considered
significant at p <0,05.

RESULTS

Patient-centered care is based on partnership among
health professionals and patients, so the information
provided to a patient is a very important component, as
well as the involvement in the shared decision-making
for the treatment.

The results of a sociological survey showed that the
majority of military personnel with CAD - 44 of 72
(61,1%) believe that doctors do not always provide
them with enough information about their health and
course of the disease: 61,6 + 7,8% of the 1st group,
and 60,6 + 8,5% of the 2nd group (p =0,93); 21 of 72
respondents (29,2%) answered that doctors provide
sufficient information: 20,5 + 6.5% of the 1st group,
and 33,3 + 8,2% of the 2nd group (p = 0,23); 7 of 72
respondents (9,7%) believe that they are provided with
insufficient information. The shared decision-making
requires discussion of many issues with a patient. To
the question « Does the doctor agree with you your
treatment plan?» — «Yes» answered 43 of the 72 sur-
veyed military personnel (59,7%): 66,7 + 7,5% of the
1st group, and 51,5 £ 8,7% of the 2nd group (p =0,20),
«Not always» — 22 of 72 patients (30,6%): 23.0 + 6,7% of
the 1st group, 39,4 £ 8,5% of the 2nd group (p = 0,14);
«No» — 7 of 72 patients (9,7%).

The next questions of the questionnaire were to
discuss the provision of information by doctors on the
appointment of medical treatment. To the question
«Does the doctor discuss with you for what purpose
he prescribes medication?» — «Yes» answered 60 of the

1595



Galina Moroz et al.

72 surveyed military personnel (83,3%): 84,6 + 5,8 of
the 1st group, 81,8 = 6,7% of the 2nd group (p =0,75),
«No always « - 10 of 72 patients (13,9%); «<No» — 2 of 72
patients (2,8%).

To the question « Does the doctor discuss with you
the side effects of the prescribed drugs?» — «Yes»
answered 20 of the 72 surveyed military personnel
(27,8%): 23,1£6,7% of the 1st group, 33,3+8,2% of the
2nd group (p=0,35), «<No always «— 37 of the 72 patients
(51,4 %): 56,4+7,9% of the 1st group, 45,5+8,7% of the
2nd group (p=0,36); «No» — 15 of the 72 respondents
(20,8%).To the question about the doctor’s explanation
of the medication regimen - «Yes» answered 37 of the
72 respondents (51,4 %): 46,2+8,0% of the 1st group,
57,6£8,6% of the 2nd group (p=0,34), «No always «- 28
of the 72 patients (38,9 %): 41,0+7,9 of the 1st group,
36,3+8,4% of the 2nd group (p=0,69); «<No» — 7 of the
72 respondents (9,7%).

To the question «Does the doctor discuss with you
measures to ensure that you do not forget to take drugs
daily?”- «Yes» answered 20 of the 72 surveyed military
personnel with CAD (27,8 %), «No always « - 48 of the 72
patients (66,7 %): 82,1+6,1% of the 1st group, 48,5+8,7%,
of the 2nd group (p=0,03); «<No» — 4 of the 72 respon-
dents (5,6%). Thus, the interviewed military personnel
with CAD need more information about drug therapy.

Patient-centered care involves the active participation
of aninformed patient in the process of self-monitoring.
To the question «Does your doctor provide you with
information on participation in self-monitoring of your
health, and the results of treatment (measuring blood
pressure, heart rate, angina attacks, etc.)?» — «Yes» an-
swered 30 of the 72 respondents (41,7 %): 43,6+£7,9%
of the Ist group, 39,4+8,5% of the 2nd group (p=0,72),
«No always « — 39 of the 72 patients (54,2 %): 56,4+7,9
of the 1st group, 51,5£8,7% of the 2nd group (p=0,68);
«No» - 3 of the 72 (4,2%).

An important part of patient-centered care is the
emotional support of the patient by health profes-
sionals. To the question about the doctor’s emotional
supportin solving patient health problems the majority
of military personnel with CAD answered «Not always
« — 48 of the 72 patients (66,7 %): 71,8+ 7,2% of the
1st group, 60,6+8,5% of the 2nd group (p=0,32); «Yes»
- answered 14 of the 72 (19,4 %); «No» — 10 of the 72
patients (13,9%).

The health professionals - patients partnership is
one of the basic principles of patient-centered care,
which involves an active participation of a patient. To
the question of the questionnaire “As for you, does the
patient have the right to participate in deciding on the
appointment of examinations and treatment? — «Yes»
answered 64 of the 72 respondents (88,9%): 92,3+4,3%
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of the 1st group, 87,9+5,7% of the 2nd group (p=0,54),
«l can’t decide» — 7 of 72 patients (9,7 %). Almost all
surveyed military personnel with CAD (64 of the 72 -
90,3%) answered that they need to discuss a treatment
plan with their doctor in more detail and be involved in
the decision: 92,3 + 4,0% of the 1st group, 84,8+6,3%
of the 2nd group (p=0,27).

The logical question was «Are you ready to take
measures to self-monitor your health and participate
in the shared decision-making?» «Yes» answered 61
of the 72 surveyed military personnel with CAD (84,7
%): 84,6 +5,8% of the 1st group, 84,8+6,3 % of the 2nd
group (p=0,98).

The patient-centered care, shared decision-making
involves a responsible attitude of the patient and par-
ticipation in the implementation of the decision. This
aspect is closely related to the patient’s adherence to
follow the doctor’s recommendations. To the question
«Assess your compliance with the doctor’s recom-
mendations on healthy diet on a five-point scale» - by
5 points - no one rated themselves, by 4 points - 15
of the 72 respondents (20,8 %): 28,2+7,2% military
personnel of the 1st group and 12,1+5,7% of the 2nd
group (p=0,09); by 3 points or less — 64 of 72 patients
(71,9%): 71,8 £ 7.2% of the 1st group, 87,9 + 5.7% of
the 2nd group (p = 0,09). To the question «Assess your
compliance with the doctor’s recommendations on
physical activity (walking, exercise, etc.) on a five-point
scale»— by 5 points — no one rated themselves, by 4
points — 22 of the 72 surveyed military personnel with
CAD (30,6 %): 30,8+7,4% of the 1st group, 30,3+8,0%
of the 2nd group, p=0,96, by 3 points or less - 50 of 72
patients (69,4 %): 69,2+7,4% of the 1st group, 69,7+8,0%
of the 2nd group, p=0,96. To the question «Assess your
compliance with the doctor’s recommendations for
medication on a five-point scale» — by 5 points — no one
rated themselves, by 4 points — 32 of the 72 surveyed
military personnel with CAD (44,4 %): 43,6 +7,9 % of
the 1st group, 45,5 + 8,7 of the 2nd group (p=0,87), by
3 points or less — 40 of 72 patients (55,6%): 56,4 + 7,9%
of the 1st group, 54,5+8,7% of the 2nd group (p=0,87).
Thus, the results of the study showed a lack of adher-
ence to non-drug and drug treatment in majority of
surveyed military personnel with CAD.

The questionnaire included questions to determine
the factors that make it difficult to follow the doctor’s
recommendations on medication. The survey results
are listed in table I.

It was found that the main factor patients called - «I
forget to take medication» and «a large number of drugs
for daily use» (Table ). There is no statistically significant
difference between the military personnel of the 1st
and 2nd groups.
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Table I. Factors affecting adherence to drug treatment

All patients (n=72) 1st group (n=39) 2nd group (n=33) Iﬁl
Factors
number % number % number %

of patients (P+m) of patients (P+m) of patients (P £m)

A large number of drugs for 48,6+ 46,2+ 51,5+
daily use 3 59 18 8,0 17 8,6 0.66

s 70,8+ 76,9+ 63,6+
| forget to take medication 51 54 30 67 21 84 0,23

Distrust of the positive effects 31,9+ 35,9+ 27,3+
of drugs on health 23 5,5 14 7,7 2 78 044

. . . 36,1+ 23,1+ 51,5+
Financial constraints 26 5,7 9 6,7 17 8,7 0,01

, . . 29,2+ 28,2+ 30,3+
I'm afraid of side effects 21 54 11 72 10 80 0,85

DISCUSSION

CAD s adisease that requires long-term comprehensive
treatment. Improving the effectiveness of a treatment
for patients with chronic diseases in curent conditions
isassociated with implementation of patient- centered
care [1, 3, 7]. Recent scientific publications identified
eight principles of patient-centered care: respect for
patient’s values, preferences, and expressed needs,
provision of information and education, emotional
support to relieve fear and anxiety, involvement of
family and friends, physical comfort and symptoms
relief, continuity and secure transition between health
care settings, coordination of care, access to care [2, 3].
One of the main elements of patient-centered care is
to treat a patient with dignity and respect — as a per-
son, not as a clinical case — a combination of diseases
or symptoms [2]. This is an important component of
shared decision-making, involving a patient in the
treatment process as a partner, not just as a recipient of
care [8]. The implementation of this approach requires
appropriate training for both physicians and patients.
At the current stage of improving medical care for
military personnel in Ukraine, the introduction of a
patient-centered approach is important. The results
of our study showed that surveyed military personnel
with CAD need more information and discussion with
the physicians about their health state, the course of
the disease, prescribed medication, and providing in-
formation on patient participation in self-monitoring.
The obtained results should be taken into account for
more effective implementation of the patient-centered
model of health care for military personnel with CAD,
in particular for the training of healthcare profecionals
on these issues.

Emotional support — an important component of
patient-centered care, which aims to improve the
emotional state of a patient, relieve fear and anxiety [5].

Surveys conducted by S.B Frampton et all. [9] found that
most patients choose empathy, respect, and kindness
as critical to medical counseling. Empathy is the ability
to listen and hear, empathize, and emotionally support
a person receiving medical care. In addition, patients
who have a good relationship with the healthcare
professionals tend to indicate satisfaction with the care
provided and have a better adherence to treatment
[10]. The results of our study justify the need to improve
physicians’ communication skills and empathy skills,
because only 19,4% of surveyed military personnel
with CAD affirmative answered to the question «Do
you receive emotional support from a doctor to solve
health problems?»

Partnerships and the shared decision-making are
not always unambiguously perceived by patients. Often
patients want to receive information, but do not want to
be responsible for the shared decision-making. There-
fore patients education should be aimed at involving
them in self-monitoring and self-care [1]. The results
of our study indicate a mismatch between patients’
willingness to participate in shared decision-making
regarding treatment and adherence to treatment. In-
sufficient adherence to treatment is a typical problem
in the treatment of patients with chronic diseases,
including CAD, and has a negative impact on the prog-
nosis [11]. Factors related to adherence to a treatment
include patient’s knowledge, physician’s communi-
cation skills, and more [12]. According to the results
of our study, the main factor that makes it difficult to
follow the adherence to treatment, surveyed military
personnel with CAD called - «forget» (70,8%). This factor
was identified as leading in the study R Khatib et. al.
[11] - 84.9% of CAD patients indicated forgetfulness
as a reason of non-adherence to physician's recom-
mendations. In our study, half of the surveyed military
personnel with CAD identified a large number of drugs
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for daily use as a factor that makes it difficult to follow
the doctor’s recommendations. This fact must be taken
into account, in particularly, to consider the possibility
of prescribing polypills, which is recommended in mod-
ern clinical guidelines for the management of patients
with CAD [13]. Among the factors that make adherence
to treatment difficult, almost 30% of surveyed military
personnel with CAD (Table |) identified distrust in the
positive effects of drugs and fear of side effects, which
may be due to lack of knowledge. Studies conducted by
M. Saki et. al. [6] show that patient-centered education
is effective in improving adherence to the treatment
regimen in patients with CAD. Recommendations for
patients education and their active involvement in the
process of self-monitoring and self-care are consid-
ered at the current stage as an important component
of clinical guidelines. Thus, in «2021 ESC Guidelines
for the diagnosis and treatment of acute and chronic
heart failure» [14] includes a separate section «Patient
education, self-care and lifestyle advice», considers all
aspects of patient participation — self-support, monitor-
ing, patient actions in changing clinical manifestations.
This approach is fully consistent with the introduction
of the principles of patient-centered care.

CONCLUSIONS

1. It has been defined that the majority of military per-
sonnel with CAD believe that doctors do not always
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ABSTRACT

The aim: To evaluate the effect of Necrostatin-1s (Nec-1s), an inhibitor of necroptosis, on acute Dox-induced cardiotoxicity in a mice model.

Materials and methods: Fifteen male mice were used. The animals were allocated into three groups. On the third day of the experiment, a single intraper-
itoneal dose of 20 mg/kg Dox was used to induce cardiotoxicity. Mice in the control group were given vehicle (DMSO) intraperitoneally, whereas mice in the
third group were given 5 mg/kg Nec-1s two days before Dox treatment and continued for a total of five days. Animals were euthanized at the conclusion of the
research. ELISA was used to assess the following parameters: cTnl, TNF-q, IL-1B, GPX-4, and Hmox-1. The expression of TNF-R1 and phosphorylated NF-kp p65
was measured using immunohistochemistry. In addition, a histopathologic evaluation of the cardiac lesions was conducted.

Results: Our results showed that Dox treatment substantially elevated serum cTnl levels, increased tissue inflammatory biomarkers (TNF-q, IL-1p, phospho
NF-kp p65 and TNF-R1), and reduced tissue antioxidant enzymes (GPX-4, Hmox-1). A histopathological analysis showed pronounced necrosis and vacuolization.
These results were drastically changed by pretreatment with Nec-1s, with serum cTnl levels in this group being much lower than in the Dox group. In addition
to a significant decrease in inflammatory markers, antioxidant enzymes were partially recovered. Moreover, there was preservation of the cardiac morphology
to a level that was roughly normal.

Conclusions: Our findings demonstrate that pretreatment with Nec-1s protected against acute Dox-induced cardiotoxicity. This cardioprotective effect was
mainly due to amelioration of inflammation that reflected by inhibition of NF-kB/TNF-a/TNF-R1 pathway, with partial restoration of antioxidant enzymes,
GPX-4 and Hmox1.

KEY WORDS: doxorubicin, cardiotoxicity, necroptosis, Necrostatin-1s

INTRODUCTION

Doxorubicin (Dox) is a powerful and efficient antineo-
plastic drug that is commonly used to treat a variety
of cancers. Dox's therapeutic application is restricted
due to its dose-dependent cardiotoxic impact [1].
While the precise mechanism of the cardiotoxicity
is still unknown, it has been observed that increase
reactive oxygen species generation with defective
antioxidant systems, increase cytokines production, as
well as mitochondrial dysfunction play an important
role during cardiotoxicity [2]. In recent years, molec-
ular mechanisms of Dox-induced cardiotoxicity were
re-investigated where novel forms of cell death were
blamed as major participants, particularly, autopha-
gy, ferroptosis, and necroptosis [3]. Necroptosis is a
controlled kind of necrosis that includes the release of
cytokines that indicate cell death [4]. The binding of
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TNF-a to tumor necrosis factor receptor-1 (TNF-R1)
stimulates complex-I formation. This complex consists
of Adaptor TNF receptor 1-associated death-domain
(TRADD), receptor—interacting protein-1 kinase (RIPK-
1), TNF receptor-associated factor-2 (TRAF-2), inhibitor
of apoptosis proteins clAP-1 and clAP-2, which can
activate NF—kB [5]. Phosphorylation of RIPK-1 recruits
and activates RIPK-3, resulting in the formation of the
necroptosome.The necroptosome then activates the
mixed lineage kinase domain-like protein (MLKL-1),
causing the plasma membrane to rupture and release
organelles and inflammatory substances, prompting
an immunological response and cell death [6]. Several
small molecules known as Necrostatin like Necro-
statin-1 and Necrostatin-1s (Nec-1s) could achieve
Necroptosis inhibition. While necrostatin-1 has been
utilized in multiple trials and has been found to protect
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against several necroptosis-related disorders, it has the
following drawbacks: Necrostatin—1 has an off-target
effect on indolamine 2, 3-dioxygenase (IDO); its half-
life is only approximately one hour [7]. Necrostatin-1s
(Nec-1s) also called 7-CI-O-Nec-1, is a more potent and
selective RIPK1 inhibitor than necrostatin-1 since it
does notinhibitIDO. It is approximately two folds more
effective than Necrostatin-1 [8]. Additionally, Nec-1s
protects against TNF-induced systemic inflammatory
response syndrome without causing a paradoxical
sensitizing effect, so having a more safety profile than
Necrostatin-1 [7]. In a mice model of cardiac ischemic
reperfusion injury, Nec-1s at a dose of 3-6 mg/kg
showed to decrease myocardial necroptosis and ame-
liorate ischemic reperfusion injury [9]. Similarly, it was
reported that treatment with Nec-1s could provide
protection in hepaticischemic reperfusion injury. It has
also shown to protect against acute kidney injury in a
recent preclinical study [10]. As the preventive benefits
of Nec-1s have been shown in several pathological pro-
cesses, the purpose of this investigation was to examine
the protective effects of Nec-1s on acute Dox-induced
cardiotoxicity.

MATERIALS AND METHODS

Fifteen male mice (25-30 g) were used in this study.

They were purchased from the Faculty of Science/

University of Kufa. During the study, the rules for the

protection of animal rights were carefully followed

(ethical approval no. 7924 in 30/3/2022). The animals

were allocated into three groups (five mice per group)

as follows:

1. Control group: received an intraperitoneal (I.P) injec-
tion of 0.3 ml dimethyl sulfoxide for five days

2. Dox group: received 20 mg/kg Dox I.P injection as a
single dose on the 3" day of the experiment

3. Dox plus Nec-1s group: received 20 mg/kg Dox, I.P as

a single dose on the 3" day of the experiment plus 5

mg/kg Nec-1s, I.P, daily for 5 days, starting two days

before Dox injection).
After five days, in all groups, mice were anesthetized
with 80 mg/kg ketamine+10 mg/kg xylazine I.P. For
biochemical investigation, blood was taken through
a thoracotomy and direct heart puncture. The animals
were subsequently anesthetized and euthanized.

The hearts were removed, weighed, and then divided
into two parts after being rinsed twice with an ice-cold
buffer solution. For the tissue homogenization tech-
nique, basal portions were used. The homogenates
were centrifuged at 4°C for 10 minutes at 10000 rpm.
Supernatants were utilized to determine tissue mark-
ers. For histopathological and immunohistochemistry

analysis, the apical portions were fixed in 10% formalin.
Five um thick sections of tissues were stained with
hematoxylin-eosin. Finally, samples were examined
under the light microscope (Olympus, Japan), and
micrographs were taken.

ENZYME-LINKED IMMUNOASSAY

Cardiac troponin | (cTnl) was measured in serum using a
mouse ELISA kit as a marker of acute myocardial damage
(ELK Biotechnology, China). The cardiac tissue homoge-
nate was utilized to detect inflammatory markers (TNF-a
and IL-1p), anti-oxidant enzymes (glutathione peroxi-
dase-4 (GPX-4) and heme oxygenase-1 (Hmox-1)), using
their respective ELISA kits (ELK Biotechnology, China).

HISTOPATHOLOGICAL ANALYSIS

According to Bellingham and colleagues’ description
[11], the following scale was used to grade the histo-
pathological changes: () swelling of the myocardial
fibers and interstitial edema (1+) (Il) myocardial cyto-
plasmic/perinuclear vacuolization (2+), (Ill) myocardial
fiber necrosis (3+), and (0) when no damage observed
in the heart.

IMMUNOHISTOCHEMISTRY STAINING

The immunohistochemistry staining method was
conducted according to manufacturer instructions
(Sunlong Biotech Co. LTD). The sections were incubat-
ed in 3% hydrogen peroxide (H,0,) for 5-10 minutes
then washed in buffer saline. Then, incubated with
primary antibodies (a rabbit anti-TNF-R1 (1:300), rabbit
anti-phospho NF-k(-65 (1:300), ELK Biotechnology,
China,) overnight at 4°C. After rinsing them with buffer
saline, sections were incubated with anti-mouse/rabbit
antibodies as secondary antibodies for 30 minutes and
were placed in avidin-peroxidase complex solution for
30 minutes. Peroxidase activity was revealed by dipping
the sections for five minutes in a mixture of DAB and
H,O.. The sections were slide-mounted, dehydrated,
and cover-slipped. The level of expression was graded
into four grades: 0/1/2/3 dependent on staining inten-
sity, where O indicates no stain or negative, 1 referred to
weak stain, 2 referred to moderate intensity stain, and
3 referred to strong intensity stain [12].

STATISTICAL ANALYSIS

Statistical data were computed using Statistical Package
for the Social Sciences (SPSS) software. The data were
presented as means + standard deviation. Between
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groups analysis was conducted using one-way analy-
sis of variance (ANOVA) and post-hoc LSD testing. For
histopathological and immunohistochemistry scores,
Kruskall-Wallis test with pairwise analysis was used
P <0.05 was deemed statistically significant.

RESULTS
EFFECTS ON SERUM cTnl

Dox treatment significantly increased serum cTnl levels
(P=0.001). Compared to Dox group, Nec-1s pretreat-
ment significantly reduced serum cTnl concentration
(P=0.001) and virtually restored it to control level
(P=0.711), with no significant difference between the
control and Nec-1s groups (Fig. 1A).

EFFECTS ON CARDIACTISSUE
INFLAMMATORY MARKERS (TNF-q, IL-1p)
Cardiac TNF-a and IL-1f3 levels were both considerably
higher in the Dox group compared to the control group
(P=0.001). Their levels were significantly reduced by
Nec-1s pretreatment compared to the Dox group (both
P=0.001). TNF-a levels, on the other hand, remained
considerably elevated in the Nec-1s pretreated group
in comparison to the control group (P=0.025); never-
theless, IL-1(3 levels did not show any significant vari-
ation between control and Nec-1s pretreated groups
(P=0.216) (Fig. 1B, 1C).

EFFECTS ON CARDIACTISSUE ANTI-OXIDANT
PARAMETERS (GPX-4 AND Hmox-1)

As compared to the control group, cardiac GPX-4, and
Hmox-1 levels were found to be considerably lower in
the Dox group (P=0.02,0.001 respectively). Ascompared
to the Dox group, the Nec-1s administration resulted
in a considerable elevation of Hmox-1 concentrations
(P=0.001). On the other hand, although the GPX-4 level
was upregulated by Nec-1s administration, this effect
was not statistically significant (P=0.067) (Fig. 1D, 1E).

EFFECT ONTNF-R1 EXPRESSION

Dox administration caused significant upregulation of
TNF-R1 expression when compared to control, P=0.006.
This was manifested by an increase in the intensity of
immunostaining. Treatment with Nec-1s caused a sig-
nificant reduction in the intensity of TNF-R1 expression
compared to Dox group, P=0.022, with no significant
difference observed between Nec-1s and control
groups (P=0.647), (Fig. 2, Fig. 5).
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EFFECT ON PHOSPHO-NF-k[3 p65
EXPRESSION

As expressed by the intensity of immunostaining, Dox
administration caused significant upregulation of p-NF-
KB p65 expression when compared to control, P=0.003.
While pretreatment with Nec-1s caused a significant
reduction in the intensity of p-NF-k p65 expression
compared to Dox group (P=0.036). Additionally, no
significant difference was observed between Nec-1s
and control groups (P=0.403), (Fig. 3, Fig.6).

EFFECTS ON THE HEART'S
HISTOPATHOLOGY

The histology of the heart tissue in the control group
was consistent with normal morphology (Fig.4). Myo-
cardial lesions were significantly worse in the Dox group
thanin the control group (P=0.005). Cytoplasmic vacu-
olization, multifocal congestion, and necrosis were the
obvious signs of these lesions. The lesions in the Nec-1s
pretreated group, on the other hand, were modest in
intensity and exhibited minor interstitial edema with
no evident cytoplasmic vacuolization or myofibrillar
necrosis. This was considerably lower in comparison
to the Dox group (P=0.02). There were no significant
differences in severity score between Nec-1s pretreated
group and control one (P=0.619).

DISCUSSION

Cardiotoxicity is the most significant and severe adverse
effect of Dox. Many mechanisms, including oxidative
stress, autophagy, mitochondrial dysfunction, apop-
tosis, and necroptosis pathways, contribute to doxoru-
bicin-induced cardiotoxicity [3]. In the current study, a
single intraperitoneal injection of 20 mg/kg of Dox was
able to induce cardiotoxicity, as evidenced by increased
serum cTnland histopathological changes, elevated in-
flammatory parameters (TNF-a, IL-13, TNF-R1, and p-NF-
KB65) and decreased anti-oxidant enzymes (GPX-4,
Hmox-1) cTnlis one of the most reliable and extensively
used biomarkers for evaluating cardiotoxicity [13]. In
our study, Dox treatment caused cardiomyocytes dam-
age, as shown by a significantincrease in the serum level
of cTnl compared to the control group. This is consistent
with a number of experimental investigations describ-
ing the reaction of cTnl to Dox [14, 15]. In the current
study, Nec-1s was able to reduce serum cTnl levels to
a level close to normal. This agent’s efficacy and safety
have been examined in the ischemia-reperfusion I/R
model of cardiac damage. This research demonstrated
that Nec-1s protected isolated Langendorff/perfused
rat hearts from I/R damage by reducing infarct size and
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Fig. 1. Effects of Nec 1s on cardiotoxicity, inflammatory and antioxidant parameters on Dox-induced cardiotoxicity in male mice. Graph illustrates
changes in (A) serum cardiac troponin | (cTnl), (B) cardiac tissue tumor necrosis factor alpha (TNF-a), (C) cardiac tissue interleukin 1-beta (IL-1B) (D)
cardiac tissue glutathione peroxidase 4(GPX-4), (E) cardiac tissue heme oxygenase 1 (Hmox-1) among experimental groups. All data are presented as
mean = SD. (a) P < 0.05 for Dox vs. control; (b) P < 0.05 for Nec 1s plus Dox vs. Dox and (c) P < 0.05 for Nec 1s plus Dox vs. control

improving post-ischemic cardiac performance [16]. In
the present study, Dox caused a significant decrease in
Hmox1 concentration, which was consistent with the
findings of Gu etal.[17], who reported that Dox-induced
cardiomyocytes damage was accompanied by Hmox1

inhibition; however, a study by Qin et al. [18] showed
the opposite, where Hmox1 levels were significantly
increased after Dox treatment. Our study found that
pretreatment with Nec-1s resulted in a considerable
rise in the cardiac Hmox-1 level. The function of Hmox1
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Fig. 2. Immunohistochemistry intensity score for TNF-R1, analyzed by
Kruskal Wallis test. (a) P < 0.05 for Dox vs. control; (b) P < 0.05 for Nec 1s
plus Dox vs. Dox

Fig. 3. Immunohistochemistry intensity score for phospho-NF-kB p65,
analyzed by Kruskal Wallis test. (a) P < 0.05 for Dox vs. control; (b) P < 0.05
for Nec 1s plus Dox vs. Dox

Fig. 4. Photomicrographs of myocardium sections taken at 400X magnification (A—C): (A) Control group which shows normal architecture of myocardium,
(B) Doxorubicin (Dox) group which demonstrates severe lesion with myocardial congestion, myofibrillar necrosis (a) and vacuolization of the cytoplasm
(b). (C) Dox plus Nec 1s group which show mild lesion with no significant vacuolization or myofibrillar necrosis.

has lately been re-examined, and both protective and
detrimental functions have been identified [19-21].
According to these investigations, Hmox1 converts
heme to biliverdin/bilirubin, carbon monoxide, and
Fe++ [22]. Hence, it has been postulated that Hmox-1
has cytoprotective antioxidant activities against various
stress-related conditions through its metabolites biliv-
erdin/bilirubin, which may prevent lipid and protein
peroxidation by scavenging ROS [23]. The second heme
metabolite is carbon monoxide, which has vasodilatory,
anti-inflammatory, and anti-proliferative properties in
several cell types [22-24]. It may also work with NF-k[3
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to alter the production of anti-apoptotic proteins [22].
Fe++isan additional metabolite of Hmox-1. Since it may
interact with cell components and create free radicals,
it is hazardous. This explains the pro-oxidative action
of Hmox1 [19]. In the current work, Hmox1 seems to
have a cardio-protective function, which is consistent
with the findings of Hull et al. [25] who revealed that
Hmox1 mediates cardiac protection in part via modu-
lating mitochondrial autophagy. Regarding GPX-4, the
results of the current investigation show that Dox led
to a considerable downregulation of GPX-4 in cardiac
tissue. These findings are consistent with those of Ta-
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A B

Fig. 5. Inmunohistochemistry staining for TNF-RT expression in cardiac cells (400X). A: Weak intensity stain (brown), represent control, B: Moderate
intensity stain, mainly of Nec 1s pretreated group, C: Strong intensity stain, mainly noticed with Dox group

A B

&

Fig. 6. Inmunohistochemistry staining for phospho-NF-kB p65 expression in cardiac cells (400X). A: Negative stain, B: very weak intensity stain (brown
color), mainly noticed with Nec 1s pretreated group, C: Moderate intensity stain, mainly noticed with Dox group

dokoro et al. [26]. Another study by Li and his colleagues
revealed that Dox administration was associated with
downregulation of GPX-4 and Hmox1, and restoration
of these enzymes was associated with cardio-protection
[27]. Although pretreatment with Nec-1s caused eleva-
tion in GPX-4 level, however, this effect did not reach
the level of significance. In this respect, investigations
have shown that Dox exposure increases oxidative stress,
hence upregulating the expression of the NF-k3 gene. As
aresult, more pro-inflammatory cytokines, such asTNF-a
and IL-1(3, are released into myocardial cells [28]. NF-«kB
compirises five distinct subunits, namely p-65, p-50, c-Rel,
RelB,and p52.The p65:p50 represent the most abundant
heterodimer that activated in response to pathological
stimuli, including ligands binding to TNF-R1 and certain
chemotherapeutic agents [29]. When p65:p50 is phos-
phorylated, it then translocate to the nucleus and starts
the process of gene transcription [30]. TNF-ais an inflam-
matory cytokine that acts in complex with its receptors,
TNF-R1. The TNF/TNF-R1 complex represents a crucial
element of the inflammatory response to Dox. [31], this
was confirmed by our current study, where Dox caused
a significant increase in cardiac expression of p-NF-kf3
p65 and TNF-R1 (as evidenced by increasing intensity of

immunostaining), together with increase in cardiac levels
of TNF-a and IL-1(. These effects were modified partly
or completely by pretreatment with Nec-1s. Acute Dox
injection caused extensive cytoplasmic vacuolization,
congestion of cardiac fibers, and myofibrillar necrosis.
Many prior studies have shown similar cellular and
structural changes [32]. The histopathological results of
our research indicated that Nec-1s has the potential to
attenuate cardiac tissue damages brought on by Dox.
This was proven by the considerable drop in severity
score when compared to the Dox group.

CONCLUSIONS

Our findings demonstrate that pretreatment with Nec 1s,
a potent necroptosis inhibitor, protected against acute
Dox-induced cardiotoxicity. This cardioprotective effect
was reflected by reduction of cTnl level, amelioration
of inflammation by inhibition of expression of cardiac
phospho-NF-k p65 and TNF-R1, reduction of TNF-a
and IL-1p levels with partial restoration of antioxidant
enzymes, GPX-4 and Hmox1. These alterations were
consistent with histopathological features that showed
preservation of normal myocardial morphology.
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ABSTRACT

The aim: To evaluate the mRNA expression of the key requlators of osteogenesis — osteocalcin and BMP-2 in the mouse embryos mandible (17th day of
pregnancy) which were borne by females on high-cholesterol diet for 30 days before fertilization and throughout pregnancy.

Materials and methods: Experimental hypercholesterolemia (2%) was simulated by adding Cholesterol to the diet for 60 days. In experiment were used 40
mature female white mice that were randomly divided to control and experimental groups. The control group were fed with standard chow diet, the experimental
group with diet with cholesterol enriched diet (with addition of 2 grams of Cholesterol per 100 grams of standard chow). The mandibles of mouse embryos
(E—=17) were examined by using molecular genetic methods.

Results: In control group the relative level of BMP-2 mRNA / actin mRNA was 27.0+2.82, the relative level of and osteocalcin mRNA / actin mRNA was 30.5+6,28.
In the jaws of animals in the experimental group with cholesterol enriched diet, the expression relative level of BMP-2 was 30.9+5.81 that is by 14,4% higher
than in control group. Therefore, the expression level of osteocalcin, on the contrary, decreased by 22.3% and was 23.7+5.31.

Conclusions: Our study report influence of the cholesterol enriched diet (2%) on mRNA expression of BMP-2 and osteocalcin encoding genes. The embryos from
mouse on cholesterol enriched diet (2%) had increased level of BMP-2 gene expression, however significantly decreased level of osteocalcin gene expression.

KEY WORDS: hone morphogenetic protein-2, osteocalcin, mouse embryos mandible, hypercholesterolemic diet, cholesterol

INTRODUCTION

Adequate and balanced nutrition of the pregnant
woman ensures the normal fetal development and is
the basis for the formation of organs and tissues of the
oral cavity in the baby. Nutrition during pregnancy play
an important role in tooth development, that basically
include influence on primary tooth formation and the
start of mineralization. More over in future may account
for dental caries susceptibility in children [1].

In all trimesters, more than a half of the sample group
reported fat intakes as percentages of energy that
exceeded the acceptable range of 20-35% [2]. These
results were similar to those [3] in which a third of the
1533 studied pregnant women had total fat intakes
as a percentage of energy exceeded the Acceptable
Micronutrient Distribution Range. Furthermore, a
meta-analysis [4] of the studies also found that the
average fat intakes in pregnant women also above rec-
ommendations (as percentages of energy intake) and
were 35.0% to 37.1%, in accordance with the results [2].

1608

Wiad Lek. 2023;76(7):1608-1614

Unbalanced and poor nutrition of pregnant women
increases the risk of dental caries in the unborn child
by forming low caries susceptibility of the embryo
tooth tissues, fetal immaturity and enamel hypoplasia
of the baby, and as a result, leading to caries of decid-
uous teeth in children [5]. However, still is not enough
studies about particular effects of maternal diet on
dental health of child in order to make evidence-based
statements. There are studies that show that High fat
diet (HFD) has deleterious effect on bone micro-archi-
tecture [6 - 7].

A constant component of fatty foods is cholesterol.
Cholesterol occurs naturally only in foods of animal
origin. The highest concentrations are found in liver and
egg yolk, but red meats, poultry (especially the skin),
full-fat milk, and cheese make significant contributions
to the diet [8]. Dietary cholesterol was implicated in
increasing blood cholesterol levels [9].

Bone morphogenetic protein and osteocalcin play a
crucial role in stages of odontogenesis and tooth germ
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early mineralization. Many studies investigated that
BMP-2 is needed to start the differentiation of stem
cells from exfoliated deciduous teeth into odontoblasts
[10-12]. Some studies show that one of the growth fac-
tors for the isolated dental papilla and odontoblasts in
future was BMP-2 [13]. Also, BMP-2 has been found to
induce differentiation of the cells of follicle into a ce-
mentoblasts or osteoblasts phenotype [14]. One more
of stimulating effect of BMP-2 is proliferation and then
differentiation of pulp cells into odontoblast cells [15],
consequently, BMP-2 are able to induce osteodentine
and tubular dentine, in turn, growth hormone is able
to induce BMP-2 in dental pulp fibroblasts [16].

During tooth development, BMP-2 is initially ex-
pressed in the oral epithelial cells at embryonic day
13 (E13), and at later stages of tooth development its
expression shifts to the mesenchymal dental papilla
and becomes more intense with dentinogenesis [17].

Bone gamma-carboxyglutamate protein (BGLAP,
osteocalcin) is protein that is secreted by mature os-
teoblasts; thus, expression of BGLAP is an indicator for
bone function. One of study paid attention to a vitamin
K-dependent matrix protein — osteocalcin that is pro-
duced by dentine odontoblasts and in bone tissue and
has ability to binding to hydroxyapatite. Finding form
this study suggest key role of osteocalcin in dentino-
and cementogenesis, bone and periodontal ligament
remodeling as well as mineralization [18].

Researches said that osteocalcin was expressed only
during the later stages - at the maturation stage of
enamel formation, and was detected in odontoblasts
and their processes within the extracellular matrix.
Our data show that osteocalcin and osteonectin,
coexpressed in bone and teeth, may diverge in their
functional involvement in relation to the binding spec-
ificities of the cellular and extracellular components of
dental mineralized tissues [19].

There some studies have linked imbalanced ma-
ternal nutrition with violated fetal odontogenesis,
but it unknown whether excessive cholesterol intake
during pregnancy alter teeth germination disorders
via influence on expression of two important proteins
of tooth development and mineralization, BMP-2 and
osteocalcin, that are encoding by BMP-2 and Bglap
genes, correspondingly.

THE AIM

The aim of this study was to evaluate the mRNA ex-
pression of the key regulators of osteogenesis — osteo-
calcin and bone morphogenetic protein 2 (BMP-2) in
the mouse embryos mandible (17" day of pregnancy)
which were borne by females on high-cholesterol

diet for 30 days before fertilization and throughout
pregnancy.

MATERIALS AND METHODS

For decades, the laboratory mouse has been the pre-
ferred model organism for the study of human biology
and diseases. Humans and mice share a very similar
genetic background, and around 90% of both genomes
can be partitioned into regions of conserved synteny.
The extrapolation of the obtained results to humans is
theoretically possible due to the great described genes
sequence similarity between humans and mice [20].

Forty mature female white mice were housed in
cages with controlled conditions and free access to
water (20-24°C, 50-60% relative humidity, artificial 12-h
light — 12-h dark cycle). Mice were randomly divided
to control and experimental groups (20 mice in each
group). The control group were fed with standard chow
diet, the experimental group with diet with cholesterol
enriched diet (with addition of 2 grams of Cholesterol
per 100 grams of standard chow).

Adult females after 30 days of experiment in proestrus
or estrus cycle phase used in this study were paired
overnight with vigorous sexually experienced adult
males in proportion 4 to 1. Successful mating was con-
firmed by the presence of sperm in the vaginal smear
the following morning (07:00-08:00) and this day was
considered day 1 of pregnancy. Only sperm positive
females were used in the study. The pregnant mice were
assigned into various groups according to the design of
the experiment. Throughout pregnancy females were
kept in cages and fed with standard chow for control
group or cholesterol-enriched chow for experimental
group.

Period of mice embryotic development between
E16.5 and E18.5 is known as bell stage. During this
stage influence of BMP-2 and Bglap genes is crucial for
odontogenesis and mineralization [21]. That is why 17
day of embryotic development was chosen as a day of
the end of experiment in order to achieve the aim of this
study. 6 pregnant mice from each group were exposed
by carbon dioxide on the 17th day of pregnancy (E17).
Mandibles of 17 embryonic days old mouse (E17) were
excised to provide molecular-genetic investigation.
All procedures with animals were in accordance with
the «Rules and Regulations for Carrying Out Animal
Research Work».

Mandibles of 17 embryonic days old mouse (E17)
were used for phenol-chloroform extractions of RNA
samples. Sigma-Aldrich (USA) reagents were used
for these purposes. Concentration of RNA in samples
was analyzed using the Thermo Scientific NanoDrop™
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1000 Spectrophotometer (USA) and Thermo Scientific
RevertAid First Strand cDNA Synthesis. 200-300 pg of
total RNA were used for reverse transcription using First
Strand cDNA Synthesis Kit (Fermentas, Lithuania) and
(Oligo(dT),, Primer the oligo(dT)18. PCR amplification
of cDNA from RNA was performed.

BMP-2 and Bglap expression was measured and
performed by real-time PCR. Next primers were used:

BMP-2 Up: 5°-GTGGAGGAACTTCCAGAGATGA-3’,

BMP-2 Dw: 5-CTGCAGATGTGAGAAACTCGTC-3’,

Osteocalcin Up: 5°-CAGGAGGGCAATAAGGTAGTGA-3',

Osteocalcin Dw: 5 -CAGGGTTAAGCTCACACTGCTC-3".

For quantitative analysis, real-time PCR was conduct-
ed with a using SYBR Green PCR Master Mix (Thermo
Fisher Scientific) — 20 uL with 25 pM of each primer.The
thermal cycling conditions (with initial denaturation
and AmpliTag Gold® DNA polymerase activation) were
as follows: 10 min at 95°C followed by 50 cycles of 95°C
for 15 s, 60°C for 60 s (for osteocalcin 61°C).

In order to distinguish among PCR product melting
curve analysis was used. Melting stage consisted of
gradual temperature increase from 60 or 61°C to 94°C.
By the temperature increase, DNA molecules dissociate
and fluorescence of DNA-SYBR Green complex starts
to reduce.

7500 Fast Real-time PCR Software by Applied Biosys-
tems was used to perform the data of this investigation.

Statistical analyses. Data were analyzed with Origin
7.0 and Excel 2000. Shapiro-Wilk test was used for
checking the data for normality. The study of difference
was caried out by Mann-Whitney two-tailed test. Differ-
ences were considered significant at P < 0.05.

RESULTS

To determine the influence of hypercholesterolemia on
BMP-2 and osteocalcin quantity we examined of mRNA
expression of encoding genes of these proteins, as a key
factor of odontogenesis.

Ampilification products (actin, BMP-2 and osteocalcin)
concentration relate to curve of amplification cycle
number and curve of dissociation amplification prod-
ucts are shown in fig. 1.

The real time PCR analysis showed that in control
group with standard chow the expression of BMP-2 and
osteocalcin genes in the mandible of mouse embryos
genes was at approximately the same level. In control
group the relative level of BMP-2 mRNA / actin mRNA
was 27.0£2.82 (fig. 2), the relative level of and osteocal-
cin mRNA / actin mRNA was 30.5+6,28 (fig. 3). However,
in the jaws of animals in the experimental group with
cholesterol enriched diet, the expression relative level
of BMP-2 tended to increase and was 30.9+5.81 (p=0.53;
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p>0,05) that s by 14,4% higher than in control group (fig.
2). Therefore, the expression level of osteocalcin, on the
contrary, decreased by 22.3% and was 23.7+5.31 (fig. 3).

The analysis of the obtained data allows us to assume
that the hypercholesterol diet to some extent changes
the expression of BMP-2 and osteocalcin genes, and
these changes are in different directions. According to
the function of BMP-2 as a key factor in the differentia-
tion of odontoblasts, it can be assumed that increasing
its expression will accelerate odontogenesis. A decrease
in the expression of the osteocalcin gene, which ensures
mineralization in the tissues of the tooth germ, can
lead to insufficient hydroxyapatite saturation of the
hard tissues of the forming tooth, and, as a result, the
eruption of teeth with a reduced level of mineralization.

DISCUSSION

There is a lot of data on the effect of hypercholester-
olemia and of statins on the expression of BMP-2 and
osteocalcin. The most indicative data were obtained
indirectly through the study of the statins effect (known
as hypercholesterolemic agents) on the processes of
calcification and ossification. One of the epidemio-
logical studies have shown that statins increase bone
mineral density and reduce the risk of bone fractures
[22]. Statins can directly stimulate BMP-2 expression and
osteoblast differentiation, while inhibiting osteoclast
activity and osteoblast apoptosis [23].

There are some studies that show that concentration
of osteocalcin in the blood serum depends on the
concentration of cholesterol. People with hypercholes-
terolemia and high blood sugar (metabolic syndrome)
tend to have lower osteocalcin level [24]. Also, hyper-
cholesterolemic drugs (rosuvastatin) increase serum
osteocalcin levels, although this effect does not depend
on lowering cholesterol levels [25].

Unfortunately, these data do not provide a direct
answer how exactly hypercholesterolemia influence
on tooth development, but lowering cholesterol levels
under the influence of statins may suggest that elevated
cholesterol levels may adversely affect BMP-2 expres-
sion and bone mineral density in general. D.L. Franklin
[26] showed that odontoblasts in the early stages of
development contain much less cholesterol than fully
differentiated cells. Cholesterol content and distribu-
tion significantly affect the fluidity of the odontoblast
cell membrane, and the low cholesterol content in
low-differentiated odontoblasts provides budding of
the matrix vesicles required for tooth formation. Earlier,
similar data were obtained: the cholesterol content is
much higher in permanent teeth compared to the teeth
that are formed [27].
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Fig. 1. A: Concentration of amplification products — actin, BMP-2 and osteocalcin correspondingly with curve of amplification cycle number;
B: Concentration of amplification products — actin, BMP-2 and osteocalcin correspondingly with curve of dissociation amplification products.

Analysis of the obtained data suggests that the
hypercholesterolemic diet alters, to some extent, the
expression of BMP-2 and osteocalcin genes, and these
changes are multidirectional. Based on the function
of BMP-2, as a key factor in the differentiation of
odontoblasts and function of osteocalcin as inducer
of dentine and enamel mineralization, we can assume
that increase of its expression will accelerate odonto-
genesis. In this case, the decrease in the expression of
the osteocalcin gene, which provides mineralization in

tooth tissues, can lead to insufficient saturation with
hydroxyapatite of hard tissues of the tooth, which is
formed, resulting in the eruption of teeth with low
mineralization.

The date from some studies showed that lower levels
of osteocalcin are not sufficient to markedly influence
dentinogenesis but enamel mineralization is more
sensitive to osteocalcin presence. This difference could
manifest because of different character of mineraliza-
tion stages of this two tooth hard tissues — enamel crys-
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Fig. 2. mRNA expression of BMP-2 relative to
actin in mandible of mouse embryos in control
with standard chow and experimental choles-
terol enriched diet groups. Research groups are
represented horizontally, the relative level of
BMP-2 mRNA / actin mRNA in are represented
vertically
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Fig. 3. mRNA expression of osteocalcin relative
to actin in mandible of mouse embryos in
control and experimental cholesterol enriched
diet groups. Research groups are represented
horizontally, the relative level of osteocalcin
mRNA/actinmRNA in are represented vertically

tals in secretory stage of enamel formation are growing
in a non-collagenous enamel matrix contained within
a tightly controlled enamel compartment, formed by
the mineralized dentin and the layer of secretory am-
eloblast [28].

In this study we have received evidence that in
mandibles of mouse embryos from mice that had
high-cholesterol diet for 30 days before fertilization
and throughout pregnancy had tendency to increas-
ing BMP-2 expression and decreasing osteocalcin
gene expression. Decreased level of osteocalcin gene
expression could leads to failure in tooth germ early
mineralization.

Results of our study may suggest that maternal
hypercholesterolemia has the specific influence on
health of the oral cavity of future child through altering
saturation of hydroxyapatite and normal process of
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tooth mineralization during tooth formation. In turn
mineralization defects could result in amelogenesis
imperfecta, low level of enamel mineralization and early
caries after tooth eruption.

CONCLUSIONS

Our study report influence of the cholesterol enriched
diet (2%) on mMRNA expression of BMP-2 and osteocalcin
encoding genes. The embryos from mouse on choles-
terol enriched diet (2%) had increased level of BMP-2
gene expression, however significantly decreased level
of osteocalcin gene expression. The histopathological
changes investigation in tooth germs in mandible of 17-
days mouse embryos allows comparison of geneticand
pathomorphological changes and helps to determine
the functional significance of changes in expression of
the studied genes.
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ABSTRACT

The aim: To conduct a primary screening of the ability of aqueous-ethanol extracts of medicinal plants to enhance the effect of fluconazole against resistant
strains of (andida sp. associated with denture stomatitis, to justify the potential use of combined antifungal therapy.

Materials and methods: 40 biochemical tests using the VITEK 2 system with the use of VITEK 2 YST ID card (Biomerieux, France). The computer programs
UTHSCSA ImageTool 2.0 and Microsoft Office Excel 2003 were used for statistical processing of the results.

Results: 114 extracts out of 166 studied ones (68.7 + 0.28%) showed direct antifungal activity in relation to C. tropicalis strain, 74 extracts (44.6 + 0.30%)
turned out to be highly active (d IZ > 10 mm). Only 50 extracts out of 166 studied ones (30.1 = 0.28%) showed antifungal activity against C. albicans strain,
26 extracts (15.7 £ 0.22%) were highly active (d IZ > 10 mm). Significant direct antifungal activity both against C. albicans strain and C. tropicalis strain was
demonstrated by the extracts of the leaves of Sophora japonica, thallus of Mnium cuspidatum Hedw. (M.silvaticum Lindb.), herbs of Euphorbia amygdaloides
L., Lathyrus niger (L.) Bernh., Betonica officinalis L. s. 1., flowers of Primula officinalis Hill., roots of Scrophularia nodosa L.

Conclusions: 1. Aqueous-ethanolic extracts of medicinal and aromatic plants of Ukrainian flora have direct antifungal activity against azole resistant C. albicans
and C. tropicalis (44,6+0,30% and 15,7+0,22% of tested extracts respectively) associated with denture stomatitis as well restore their sensitivity to fluconazole

(44,60,30% and 15,7+0,22% of extracts respectively).

KEY WORDS: plant extracts, Fluconazole, Candida fungi, resistance to antifungal agents, synergism of antifungal action

INTRODUCTION

Candida albicans is one of the most common and viru-
lent representatives of Candida fungi which causes fun-
gal lesions of the mucous membranes predominantly in
people with compromised immune system. Candida re-
sistance to classical antifungals such as polyenes, azoles,
allylamines is a serious practical problem. Imidazole
and triazole are the most commonly used antifungal
agents for candidiasis today. Their mechanism of action
lies in the inhibition of ergosterol biosynthesis which is
indispensable for maintaining the structural integrity of
fungal cell membranes. Activation of elimination sys-
tems is often associated with changes in the structure of
fungal membranes, leading to a decrease in the supply
of azoles into the fungal cell [1,2]. Another innovative
approach is also noteworthy. It consists in an increase
in Candida sensitivity to classical antifungals by neutral-
izing their resistance determinants. An example of such
a strategic approach is the combination of penicillins,
cephalosporins and carbapenems with B-lactamase

Wiad Lek. 2023;76(7):1615-1620

inhibitors in case of bacterial infections. Recently, a
number of synthetic and natural substances capable of
enhancing the Fluconazole effect on resistant Candida
strains have been described [3-5].

THE AIM

To conduct a primary screening of the ability of aque-
ous-ethanol extracts of medicinal plants to enhance the
effect of fluconazole against resistant strains of Candida
sp. associated with denture stomatitis, to justify the
potential use of combined antifungal therapy.

MATERIALS AND METHODS

166 aqueous-ethanol extracts from different parts, namely,
flowers, leaves, aerial parts, roots, fruits and inflorescences
of medicinal and aromatic plants were studied. The dried
crushed raw material was extracted by maceration with
90% aqueous ethanol in accordance with the require-
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ments of the State Pharmacopoeia of Ukraine at room
temperature for 2 weeks (raw material / extraction solvent
ratio 1:10). The residue of the raw material was filtered off
and the volume was adjusted to the initial level with pure
extraction solvent in order to obtain the final extracts.
Testing was performed on clinical strains of C. albicans and
C. tropicalis fungi isolated from the surface of the denture
bed of patients with denture stomatitis. The cultures were
identified according to a set of morphological and cultural
properties and on the basis of 40 biochemical tests using
the VITEK 2 system with the use of VITEK 2 YST ID card
(biomerieux, France). The cultures sensitivity to classical
antifungals was determined by the disk-diffusion method,
and the sensitivity to fluconazole was determined by the
micromethod of serial dilutions in YPD liquid medium with
interpretation of results according to EUCAST (European
Committee on Antimicrobial Susceptibility Testing), Ver-
sion 10.0, 2020-02-04 [6] in addition to the disk-diffusion
method. The minimal fungistatic concentrations (MFC) of
Fluconazole were determined on the basis of the analysis
of culture growth curves obtained by hourly recording of
changes in optical density of the medium using a multi-
mode spectrophotometer for microplates Synergy ™HTX
STLFTA (BioTek Instruments, Inc., USA).

Screening of extracts antifungal activity was per-
formed using agar diffusion micromethod [6]. The
inhibition zones (1Z) diameters less than 7.00 mm were
not taken into account considering the results of control
experiments in order to exclude the effect of extraction
solvent (90% ethanol) on the growth of test cultures.

Similar inoculations on Sabouraud agar were per-
formed with the addition of antifungal agent at final
concentrations of '/,, '/, or '/, MFC for each test strain
for extracts screening for the synergism of antifungal
action with Fluconazole. The diameters of cultures 1Z
under the influence of plant extracts on medium with-
outantifungal agent and on media with subfungistatic
concentrations of Fluconazole were determined after 48
hours of incubation at the temperature of 37° C.

The computer programs UTHSCSA ImageTool 2.0 and
Microsoft Office Excel 2003 were used for statistical pro-
cessing of the results. The reliability of the increase in
the inhibition zones of fungi in the presence of combi-
nations of different concentrations of fluconazole with
plant extracts was evaluated using the Student’s t-test
and one-way analysis of variance (ANOVA).

RESULTS

The presented research was performed on modern
clinical strains of Candidaisolated from dental patients
with complications after denture treatment. The clinical
strains of Candida selected for screening were identified
as C. albicans and C. tropicalis by the VITEK 2 system.
The resistance profiles of both strains to antifungal
agents of different groups were established by the
disk-diffusion method (Table I). Weak fungistatic effect
was observed around disks with Imidazole and Triazole
(including Fluconazole). However, the disk-diffusion
method is considered low-informative for the detection
of antifungal resistance and its results are difficult to be
clinically interpreted from the perspective of the choice
of therapeutic drug and the required dosage regimen
[9]. Therefore, there are no generally accepted criteria
for interpreting its results. Nevertheless, the obtained
evidence showed the polyresistance of both strains to
classical antifungals being a serious practical problem
in clinical practice.

Method of serial dilution and E-test [9] are considered
more reliable for determination of antifungal resistance.
Therefore, both test strains resistance to Fluconazole
was confirmed by microplating method in YPD liquid
medium. Fluconazole MFC was determined in the
presence of well known azoles efflux inhibitors Halo-
peridol [7] and Chloropromazin, in order to determine
the resistance mechanism (Table Il). According to the
criteria of EUCAST (European Committee on Antimi-
crobial Susceptibility Testing), Version 10.0, 2020-02-04

Table I. Comparative Characteristics of the Sensitivity of the Used Fungi Clinical Strains to Antifungal Agents (IZ Diameters, mm)

C. albicans C. tropicalis Breakpoint
Antifungals Fung‘ic.idal Fungistasis Fung.ic.idal Fungistasis (dosejr.eI?ted

activity activity sensitivity)
Amphotericin B 6 9 6 6 10-14
Nystatin 14 14 14 14 17-24
Clotrimazole 6 23 6 15 12-19
Ketoconazole 6 25 6 20 15-18*
Fluconazole 6 30 6 24 15-18
Itraconazole 6 15 6 11 15-18*
Terbinafine 6 6 6 10 12-19

Note: * — precarious indicater
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Table II. Comparative Characteristics of Sensitivity of the Used Clinical Strains of Candida Fungi to Fluconazole

C. albicans

C. tropicalis

Decrease multiplicity of

Decrease multiplicity of

LA [T FCZ MFC LA AT FCZ MFC
Fluconazole (FCZ) 64 - 32 -
Chloropromazin 125 - 250 -
Haloperidol 500 - 500 -
FCZ + Chloropromazin ('/, MIC) 32 4 8
FCZ + Haloperidol ('/, MIC) 8 2 16

Table Ill. Antifungal Activity of Plant Extracts in the Presence of Subfungistatic Concentrations of Fluconazole in Relation to C. Albicans and C. Tropicalis
Strains with Different Mechanisms of Resistance (Diameters of 1Z, mm)

C. albicans (FCZ MFC 62.5 pg/ml) C. tropicalis
Extracts Plant part control control FCZ FCZ FCZ
(without . IF;ZF 3 . IF:IIZF q - FcNZIFC) (without ('/, MFC, (', MFC, ('/,, MFC,
FCZ) 4 s £ FCZ) 125pug/ml)  125pg/ml) 125 pg/ml)
Control (90% ethanol) 4541057 6124044 6.64+0.63 6.40+0.96 459+0.28 7.53+1.60 6.86:0.68 5.29+1.29
Calendula officinalis L. inflorescence 5.40+0.71 5.63+0.56 10.55+1.40%*  10.43+0.79** 5.81+0.90 17.19£4.59%%  10.75£1.04**  11.79+£2.87**
Rudbeckia laciniatal.  inflorescence  4.0040.03  4.00+0.03 7.3342.28 8.97:0.58* 494106  11.55:1.97%  8.19+051%  10.82+3.84**
Matricaria recutita L. inflorescence 9.29+0.31 7.72+0.78 7.39+0.65 16.50+1.54** 6.15+1.52 26.85+£11.77% 6.31+0.70 22.59+6.44%*
Limonium meyeri _stemsand o0 00 6704077 7.28+091  1338£091%*  560+037 0.48+1.45%  8.48+2.56 6.1121.09
(Boiss.) O. Kuntze inflorescence
Crataeg ‘j; g;onogy na flowers 7194076  7.51+030 9.06+1.15%  10.35:1.96*  678+0.87  12.54+1.19% 7494102  11.57+2.58*
Potentilla repens L. aerial part 7.25+0.71 5.67+0.99 11.58+1.48**  11.63+£0.65** 5.81+£0.87 11.37+2.61** 8.06+0.77* 8.32+1.57*
Agrimoniaeupatorial.  aerialpart  4.00+0.03  4.00+0.03 7.45+0.67 8.55:1.20* 3.39+0.66 846+076%  10.65+2.36%  12.92+1.97%
Agrimonia eupatoria L. roots 5614093 1428048  1145+1.10*  7.29+2.07 6.69+1.86 045+276%  1330+£145%  13.77+331%
Soafﬁngiii;ﬁa aerialpart  5.06+074  7.58+0.97 857+039%  8.24+2.08* 5024083  11.96+3.28*  10.67+341*  8.430.58*
Thymus serpylium L. aerialpart  4.96+139  1691+281%  807+1.08%  8.39+1.59* 596064  11.6741.97** 11.1242.18"  8.20%1.75*
Eupatorium roots 746+099  9.52+0.62 5.18+0.72 491£0.71 4155066  1853£3.18%  11.57+0.88**  1231+2.87*
cannabinum L.
Melilotus albus Medik. ~ aerial part 5944074  11.43+0.90**  637+0.85  10.51£1.39%  9.04+1.84 9.13+1.59 11214336 14.75£2.24%
Peucedanum leaves 6.39+1.07  801+0.60*  9.04+0.82%  15.84£0.82**  580+0.60  14.12+0.89%*  11.39+0.60**  7.61+1.97
ruthenicum Bieb.
Piper nigrum L. fruit 400£0.03  12.09£1.91%  1547+1.39%  4.10£0.96 6.82£1.02  2640£9.00%  696+2.06  19.82+5.55*
Sophora japonica L. leaves 10.07£3.40 5.26+0.57 11.25£2.40 10.42+1.92 10.81+0.57 10.61+£1.67 10.17£2.51 9.83+0.94
Salixaurita L. leaves 7.4041.06 463020  13.77+0.87%%  10774071*  526+0.10  11.77+055%  8.10+1.54*  13.20+£3.18**
Juglans regialL. leaves 659+1.19  12.68+143% 7044099  1455:078%  659+1.19  11.67+7.52*  814+104  10.60+1.35*
Geranium phaeum L. aerial part 9.33+2.45 8.62+2.04 8.82+0.44 561+1.11 5.45+0.48 13.19+£1.31**  18.61+4.45%* 11.13£1.16*
Polygonatum roots 1664194  9.92+1.23 13974154  11.45£1.04 6.00£0.48 0.84+3.08%  1134+1.59%  9.5242.67*
verticillatum (L.)
Potentilla repens L. roots 7.25+0.71 5.67+0.99 11.58+1.48* 11.63+0.65* 5.81+0.87 11.37+2.61* 8.06+0.77* 8.32+1.57
Poly "’Chﬁzjsmm”ne aerial part 7.43+2.31 806+0.55  11.1120.83*  1637+121%*  9.40+0.87 7.19+1.62 10.33+1.11 6.560.65
Leucobryumglaucum | oot 7054068 6413076  14.84+121%%  13.10£949%  9.20+1.04 10.18£1.25  10.90+1.88  12.52+1.22*
(Hedw.) Aongstr.
Xan rh(i’;“B’; o etina slans 390£086  9.19£1.34%  7.20£0.90 6.06:0.34 523029 6.68£092  9.05%1.75%  1134%1.16%*

Note: * — p <0.05, ** — p<0.01 in comparison with the control (medium without Fluconazole)

[8], strains with MFC < 2 pg/ml were considered to be
sensitive to Fluconazole. Both of efflux pumps inhibi-
tors effectively reduced C. tropicalis strain resistance to
Fluconazole virtually to the breakpoint. This provided
an opportunity to conclude that this strain resistance to

Fluconazole was provided mainly by the efflux mecha-
nism. C. albicans strain MFC to Fluconazole decreased
8-fold in the presence of chlorpromazine subinhibitory
concentrations and only 2-fold in the presence of Halo-
peridol. In case of both combinations, Fluconazole MIC
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was significantly higher than the threshold for suscep-
tible strains according to EUCAST criteria. Therefore,
assumptions can be made about the dual nature of C.
albicans strain azole resistance, namely the combination
of the efflux mechanism of resistance with mutation(s)
of ergosterol biosynthesis enzymes.

Avery sensitive agar diffusion micromethod was used
in order to differentiate extracts with high, weak and
questionable antimicrobial activity. The same method
was adapted for extracts screening for synergistic in-
teraction with Fluconazole. Similar experiments were
duplicated on media with subfungistatic antifungal
concentrations ('/,, '/, or '/, ,MFC for each test strain).
This method is definitely less sensitive than the check-
erboard titration method or analysis of the dynamics of
cultures growth curves. However, it provides an oppor-
tunity to test simultaneously a large number of drugs
to discriminate them according to their activity and
select the most promising of them for further research.

114 extracts out of 166 studied ones (68.7 + 0.28%)
showed direct antifungal activity in relation to C. tropi-
calis strain, 74 extracts (44.6 £+ 0.30%) turned out to be
highly active (d1Z> 10 mm). Only 50 extracts out of 166
studied ones (30.1 £ 0.28%) showed antifungal activity
against C. albicans strain, 26 extracts (15.7 £ 0.22%)
were highly active (d IZ > 10 mm). Significant direct
antifungal activity both against C. albicans strain and
C. tropicalis strain was demonstrated by the extracts of
the leaves of Sophora japonica, thallus of Mnium cuspi-
datum Hedw. (M.silvaticum Lindb.), herbs of Euphorbia
amygdaloides L., Lathyrus niger (L.) Bernh., Betonica
officinalis L. s. I, flowers of Primula officinalis Hill,, roots
of Scrophularia nodosa L.

The diameters of 1Z of fungal cultures around the
holes with a number of extracts were significantly larger
than in control experiments (in a medium without an-
tifungal agents) when testing plant extracts in media
with subfungistatic concentrations of Fluconazole. This
may indicate the presence of compounds capable of
modifying the Candida resistance to Triazole antifun-
gals, in particular Fluconazole, in the respective extracts.
When screening for synergism with fluconazole, out
of 166 studied extracts, 23 of them showed the most
interesting results presented in the Table lll. 26 extracts
(15,7+0,22%) showed highly synergism activity against
C. tropicalis strain with efflux mechanism of resistance to
Fluconazole which is more susceptible to modification
by biologically active compounds of medicinal plants
than the resistance of the combined type in C. albicans
test strain — 8 extracts (4,8+0,13%). In our opinion, rep-
resentatives of Lamiaceae family plants, the family Eu-
phorbiaceae, the family Rosaceae should be paid special
attention when searching for modifiers of Candida resis-
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tance to Fluconazole. The ability to increase sensitivity
of both test strains to Fluconazole was demonstrated
by extracts of inflorescences of Calendula officinalis
L., Rudbeckia laciniata L., aerial part of Melilotus albus
Medik., aerial part and roots of Agrimonia eupatoria L.,
herbs of Thymus serpyllum L., leaves of Juglans regia L.,
thallus of Xanthoria parietina (L.) Bett.

DISCUSSION

Medicinal plants are an extremely rich natural source
of biologically active compounds, including those with
antifungal properties [4]. Considering the growing
resistance of Candida fungi to existing antifungals and
their extremely limited array, the combination therapy
consisting in the combined use of synergistic agents is
a very promising direction in managing opportunistic
candidiasis. A number of phytocompounds (primarily
phenylpropanoids, flavonoids and terpenoids) can
be described as modifiers of antifungal resistance
[3,4], which are able to neutralize the mechanisms
of acquired resistance to classical antifungal agents.
Alkaloids (berberine, tetrandrin), flavonoids (baicalein,
kaempferol [10], quercetin), terpenoids (thymol, car-
vacrol [11, 13], farnesol [12], eugenol [14,13], menthol,
menthone, carvol) as well as magnolol, honokiol, cur-
cumin [15], methylcyamaldehyde, allyl isothiocyanate
shows synergism with Fluconazole. Our research shows
that modifiers of Candida resistance to Fluconazole
can be widely represented in medicinal plants of the
Ukrainian flora, and this issue requires further in-depth
study, as it may be of great practical importance. It
should be noted that such flavonoids as quercetin and
kaempferol, as well as terpens are extremely common
in plant materials.

In general, the results of large-scale screening provide
valuable information about the new type of action (an
ability to increase the sensitivity of Candida strains
resistant to Fluconazole) of a number of officinal and
nonofficial medicinal and aromatic plants. In the longer
term, they can become a raw material for the creation
of new antifungal drugs and increase the effectiveness
of antifungal therapy. The presented results can be con-
sidered encouraging taking into account the urgency
and unresolved issue of effective antifungal therapy of
opportunistic infections caused by antifungal-resistant
strains of Candida fungi. They are aimed at directing
further research in a more rational direction and they
may be the basis for the implementation of combina-
tion antifungal therapy in clinical practice over time. An
increase in the dosage or combination of two antifungal
drugs cannot solve the problem, since this leads to
increased side effects or toxicity. Combination therapy
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is more beneficial than monotherapy because it may
provide more effective destruction or suppression of
pathogens. The combined action of synergistic agents
is quite easy to achieve in case of localized superficial
lesions (which occur on the mucous membranes of the
prosthetic bed in candidal denture stomatitis): for ex-
ample, using a systemic antifungal agent and a topical
agent that contains a modifier of resistance of plant
origin fungi. Synergistic interactions will increase the
therapeutic efficacy of drugs, reduce the likelihood of
resistance occurrence or further development, and will
reduce dose-related toxicity.

CONCLUSIONS

1. Aqueous-ethanolic extracts of medicinal and aro-
matic plants of Ukrainian flora have direct antifun-
gal activity against azole resistant C. albicans and
C. tropicalis (44,6+0,30% and 15,7+0,22% of tested

extracts respectively) associated with denture sto-
matitis as well restore their sensitivity to fluconazole
(44,6+0,30% and 15,7+0,22% of extracts respectively).

2. The efflux mechanism of Fluconazole resistance in C.
tropicalis test strain is more susceptible to modifica-
tion by biologically active compounds of medicinal
plants (15,7+0,22% of extracts showed significant
synergism) than the resistance of the combined type
in C. albicans test strain (4,8+0,13% synergic extracts).

3. Theability toincrease the sensitivity of both Candida
test strains to Fluconazole was demonstrated by the
inflorescences of Calendula officinalis L., Rudbeckia
laciniata L, aerial part of Melilotus albus Medik., aeri-
al part and roots of Agrimonia eupatoria L., herb of
Thymus serpyllum L., leaves of Juglans regia L., thallus
of Xanthoria parietina (L.) Bett.

4. Plants of the families Lamiaceae, Euphorbiaceae, and
Rosaceae are the most promising for the search for
inhibitors of Candida Fluconazole efflux pumps.
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ABSTRACT

The aim: To study the parameters of the left ventricular (LV) diastolic function in patients with HT with concomitant T2DM and without it before and after
complex treatment with the inclusion of Eplerenone 50 mg per day and Trimetazidine 80 mg per day during 3 months.

Materials and methods: The study included 50 patients, aged 45—54 years (mean age 51.3%1.5 years), women — 24 and men 26 with HT stage Il. All
patients were divided into 2 groups: 1 group (n=25) — patients with HT stage Il (HbA1c level of 5.01+0.13%) and 2 group (n=25) — patients with HT stage
[land concomitant T2DM (HbA1c level of 7.6+0.34%). The control group consisted of 20 healthy individuals (HbA1c level of 4.68+0.49%).

Results: When analyzing the findings on left atrial volume index (LAVI), the highest indicators were observed in patients with HT with T2DM, but slightly
lower in HT, and even lower in the control group, but the differences at this stage were not significant. This suggests that functional changes in cardiomyocyte
kinetics, which develop in patients with comorbid pathology and are caused by metabolic and hemodynamic disorders, can progress steadily.

Conclusions: After a three-month course of treatment with Eplerenone and Trimetazidine, the rate of myocardial relaxation in diastole likely increased in
both groups of those examined. The prescribed treatment with Eplerenone and Trimetazidine has led to a decrease in the rate of progression of heart failure

and a reduction in cardiovascular risks.

KEY WORDS: hypertension, type 2 diabetes mellitus, Eplerenone, Trimetazidine, diastolic flow, comorbid pathology

INTRODUCTION

Nowadays, hypertension (HT) remains the most wide-
spread non-communicable pandemicin human history,
which causes cardiovascular morbidity and mortality.
[1] Cardiovascular mortality holds a leading position
in the overall mortality of the world’s population. This
is attributed to the high comorbidity of cardiovascular
pathology with other diseases. [2,3] The correlation
between HT and various pathological conditions,
which largely determine its progression and develop-
ment of cardiovascular complications, is evident and
well-proven. One of these conditions or diseases is
type 2 diabetes mellitus (T2DM), with about 400 million
patients worldwide, which is projected to increase to
700 million by 2030. [4,5] The aggregate impact of HT
and T2DM greatly impairs the quality of life of patients
and leads to increased disability and fatal cardiovascular
outcomes. [6,7]

Comorbid patients are becoming more prevalent in
modern clinical practice, which brings certain difficul-
ties in the diagnosis and treatment of such patients
[8-10]. Timely diagnosis and treatment of cardiovascu-

Wiad Lek. 2023;76(7):1621-1626

lar complications in T2DM patients in the early stages
refer to important tasks both from the point of view of
prevention and improvement of the course of comor-
bidities. T2DM dramatically reduces both the quality
of life and its average duration. The reason for such
an adverse effect of T2DM consists in the alterations it
causes in the cardiovascular system, kidneys, and other
systems. Alterations in the cardiovascular systemin the
diabetic population can trigger significant disorders
in various organs and systems of the body and have a
negative mutual influence. [7]

Timely diagnosis and treatment of cardiovascular
and nephrological alterations in diabetic patients in
the early stages are among the major tasks both from
the point of view of prevention and improvement of
the course of comorbidities. [7]

THE AIM

To study the parameters of the left ventricular (LV)
diastolic function in patients with HT with concom-
itant T2DM and without it before and after complex
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treatment with the inclusion of Eplerenone 50 mg per
day and Trimetazidine 80 mg per day during 3 months.

MATERIALS AND METHODS

The study was conducted according to the main provi-
sions of the Council of Europe Convention on Human
Rights and Biomedicine (04.04.1997), the Declaration
of Helsinki of the World Medical Association with an
overview of the ethical principles for medical research
involving human subjects (1964-2004), the require-
ments of Good Clinical Practice (GCP) from 1996, and
the Order of the Ministry of Health of Ukraine No. 690
as of 23.09.2009.

The study included 50 patients, aged 45-54 years
(mean age 51.3%£1.5 years), women - 24 and men 26
with HT stage Il. All patients were divided into 2 groups:
1 group (n=25) — patients with HT stage Il (HbA1c
level of 5.01£0.13%) and 2 group (n=25) - patients
with HT stage Il and concomitant T2DM (HbA1c level
of 7.6+0.34%). The patients were comparable in terms
of age, sex, duration of the disease on HT, they were
being treated at the clinic of the GI“L.T. Malaya Therapy
National Institute of the NAMS of Ukraine”. The control
group consisted of 20 healthy individuals (HbA1c level
of 4.682£0.49%). All patients were examined in accor-
dance with the recommendations of the European
Society of hypertension and the European Society of
Cardiology (ESH/ESC, 2019). All respondents signed
an informed consent to participate in the study. The
diagnosis of T2DM was established according to the
recommendations of the American Diabetes Associa-
tion (ADA, 2020)

The inclusion criteria were patients with HT stage Il
and patients with HT stage Il and concomitant T2DM.
The non-inclusion criteria were patients with type 1
diabetes mellitus, congenital heart, and urinary tract
defects, presence of an artificial pacemaker, presence of
artificial heart valves, heart failure stage Il Band lll, acute
myocardial infarction, infectious and severe inflamma-
tory processes, hematological and oncological diseases.

All patients and control subjects underwent general
clinical and laboratory examination (clinical and bio-
chemical blood and urine tests, albuminuria, carbohy-
drate metabolism, etc.), electrocardiography (ECG), and
anthropometric measurements.

Research hypothesis is a positive effect of treatment
with Eplerenone and Trimetazidine for 3 months on the
state of cardiohemodynamics is expected.

The diastolic function of the heart was assessed by
transthoracic echocardiography, which was performed
on the ULTIMA PA ultrasound machine (“Radmir”,
Ukraine) using a phased array transducer with a frequen-
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cy range of 2-3 MHz according to the standard method
of the American Society of Echocardiography [11].

To assess the LV diastolic function by pulsed-wave
Doppler echocardiography, transmitral blood flow
parameters were determined: E/A ratio (where E is
the peak flow velocity of the early filling period, and
A is the peak flow velocity of the late filling period).
Furthermore, according to the guidelines of the Amer-
ican Society of Echocardiography and the European
Association of Cardiovascular Imaging in 2016, the left
atrial volume (LAV), left atrial volume index (LAVI) were
measured using tissue Doppler in pulsed-wave mode,
and the mean value of the early diastolic velocity of
the fibrous ring (e'mean) was calculated [11-12]. E/e’
(theratio between the transmitral flow velocity and the
average velocity of the fibrous ring of the mitral valve)
was calculated as well. This indicator reflects indirectly
the filling pressure of the left ventricle [13-15].

Statistical analysis of the data was performed using
Statistica, 8.0 (Stat Soft Inc, USA), Microsoft Office Excel
2003.The Kolmogorov-Smirnov test was used to assess
the nature of the aggregate distribution of the sample
data. Between-group differences in mean values and
their errors (M £ m) were evaluated using the Student’s
t-test. A probable error of less than 5 % (p < 0.05) was
considered reliable.

The main parameters of transmitral blood flow were
analyzed to determine the LV diastolic function in
patients with HT and T2DM and HT: E, A, E/A, kinetics
parameters of the fibrous ring of the mitral valve: early
diastolic velocity e' of the lateral (e’lateral) and septal
(e'septal) parts and calculating the mean value of the
early diastolic velocity of the fibrous ring (e'mean); LAV,
LAVI. The ratio between the transmitral flow velocity
and the average velocity of the fibrous ring of the mitral
valve E/e" was calculated, which reflects indirectly the
filling pressure of the left ventricle.

RESULTS

The data in Table | suggest that in patients with HT and
HT with comorbid T2DM, the mean kinetics of diastolic
flow of the fibrous ring was significantly lower in com-
parison with the control group. While the e’ mean level
in patients with T2DM and HT was significantly lower
in comparison with patients with HT. Thus, the findings
indicate that aggregate hemodynamic and metabolic
alterations adversely affect the kinetic capabilities of
the myocardium. Moreover, the lowest rates of the myo-
cardial diastolic relaxation rate were probably found
in patients with HT with T2DM. The latter proves that
the comorbidity of these negative factors significantly
reduces the functional capacity of the myocardium.
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Table I. Indicators of LV diastolic function in patients with HT and type 2 DM before treatment (M+m)

Indicators HT and T2DM 2 grade HT Control
n=25 n=25 n=20
E,cm/s 59.91+5.42" 64.81£6.25 77.44+5.04
A, cm/s 82.05+4.38" 67.48+5.48" 55.11+4.63
E/A 0.73+0.15" 0.99+0.32" 1.44£0.16
LAV, mi 54.83+6.86* 58.33+5.31" 44.00+3.83
LAVI, ml/m? 29.33+2.05° 26.31+£1.84 23.63+1.65
e'mean, cm/s 7.76%£1.33 8.98+1.44 14.26+1.90
E/e’mean 7.88+2.16" 7.14+£1.44 6.07+1.16
Note. *Significant difference in indicators compared to the control, p < 0,05
Table II. Indicators of LV diastolic function in patients with HT and type 2 DM after treatment (M+m)
Indicators HT and T2DM 2 grade HT Control
n=25 n=25 n=20
E,cm/s 59.91+5.42 64.81+6.25 77.44+5.04
A, cm/s 82.05+4.38 67.48+5.48 55.11+4.63
E/A 0.73%20.15 0.99+0.32 1.44+0.16
LAV, mi 52.83+6.86 49.33+5.31 44.00£3.83
LAVI, ml/m? 28.91+1.95° 26.31+1.84 23.63+£3 91
e'mean, cm/s 8.64+1.33" 9.92+1.44 14.26+1.90
E/e’mean 7.23+2.16 6.77+1.44 6.07£1.16

Note. *Significant difference in indicators compared to the control, p < 0,05

One of the key criteria for assessing LV diastolic func-
tion is the ratio of the peak flow velocity of the early
filling period E to the mean value of the early diastolic
velocity of the fibrous ring of the mitral valve e'mean
(E/e’'mean reflects indirectly the increase in pressure
in the LV cavity).

An increase in parameters indicating elevated pres-
sure in the LV cavity may result in changes in the vol-
umetric parameters of the left atrium (LA). Therefore,
the next major parameter in the analysis of diastolic
dysfunction, which may indicate the development of
diastolic heart failure, is an increase in left atrial volume
(LAV). Thus, a significant increase in the left atrial vol-
ume was found in both groups (HT and HT with T2DM)
compared to the control group (p<0.05), while this in-
dicator did not differ significantly between the groups.

When analyzing the findings on left atrial volume
index (LAVI), the highest indicators were observed in
patients with HT with T2DM, but slightly lower in HT,
and even lower in the control group, but the differences
at this stage were not significant. This suggests that
functional changes in cardiomyocyte kinetics, which
develop in patients with comorbid pathology and are
caused by metabolic and hemodynamic disorders,
can progress steadily. Eventually, these changes may
progress to dystolic and systolic dysfunction and further
worsening of heart failure.

The analysis of LV diastolic function parameters after
a three-month treatment with Eplerenone 50 mg per
day and Trimetazidine 80 mg per day revealed positive
changes in LV hemodynamic parameters (Table II).

Table Il shows that the mean kinetics of diastolic flow
of the fibrous ring after treatment were significantly
lower in the group of patients with HT and HT with
compared with the control group. While the e'mean
level in patients with HT and T2DM was significantly
lower compared with patients with HT. After treat-
ment, the myocardial diastolic relaxation rate was
significantly accelerated in both groups (HT and HT
with T2DM) compared with pre-treatment (p<0.05)
(Table I1).

Thus, the myocardial kinetic capabilities after treat-
ment have significantly improved, indicating the
possibility of reverse shifts in the functional state of
cardiomyocytes at this stage of disease and the absence
of significant fibrosing alterations, which are leveled by
compensatory capabilities when hemodynamic and
metabolic disorders of the myocardium are normalized.

It is worth noting that the absolute values of the E/
e 'mean ratio, (LAV), and (LAVI) after a three-month
treatment with Eplerenone and Trimetazidine be-
came lower compared to their pre-treatment values.
Our findings are consistent with the results of other
researchers [16-19].
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Thus, a three-month treatment with Eplerenone
and Trimetazidine contributed to the normalization
of hemodynamics and metabolic processes, led to an
improvement in myocardial functionality (increased
myocardial diastolic relaxation rate), inhibition or ter-
mination of further development of adverse changes
in cardiohemodynamics such as an increase in left
ventricular filling pressure (E/e’'mean) and impaired
geometric parameters of the heart (LAV).

DISCUSSION

Analyzing the results for indexed left atrial volume (iLAV),
it should be stated that the highest rates were in patients
with HT and T2DM, somewhat lower at HT, and even lower
in the control group, but the differences didn't reach a
probable level. This suggests that functional changes in
cardiomyocyte kinetics that occur in patients with comor-
bid pathology and are caused by metabolic and hemo-
dynamic disorders, can progress relentlessly. Ultimately,
these changes are transferred into diastolic and systolic
dysfunction, and into further progression of heart failure.

One of the most significant criteria for evaluating the
diastolic function of LV is the ratio of the maximum flow
rate of the early filling period E to the mean value of the
rate of early diastolic movement of the fibrous ring of
the mitral valve e'mean (E/e’'mean indirectly reflects the
increase in pressure in the LV cavity).

As the results show, a significant increase in the ratio
of E/e'mean occurs in the group of patients with HT and
T2DM and HT (p). In this case, the probable difference in
the ratio of E/e'mean between the HT and HT groups with
DM Type 2 is not established. However, the highest indi-
cators of this ratio (E/e'mean) were found in patients with
HT and T2DM. As a result, an increase in the parameters
that indicate an increase in pressure in the LV cavity can
be changesin the volume indicators of the left atrium (LA).
Therefore, the next important parameter in the analysis
of the state of diastolic dysfunction, which may indicate
the development of diastolic heart failure is an increase
in left atrial volume (LAV). Thus, a significant increase in
left atrial volume in both groups (HT and HT with T2DM)
(p<0.05) was found compared to the control group, while
this indicator probably didn't differ between groups.
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ABSTRACT

The aim: To develop a mathematical model of selecting the extent of surgical intervention in the spinal tumors.

Materials and methods: The retrospective study included 237 patients with spinal tumors who underwent the following surgeries: vertebroplasty (V);
vertebroplasty and spinal fixation (F+V); posterior spinal decompression and spinal fixation (F+F); vertebrectomy and replacement of vertebra by a cage with
posterior spinal fixation (F+F+K). The mathematical model is based on the modified Spine Instability Neoplastic Score (SINS). The patients were divided into
two clusters. Cluster analysis was used to build a diagnostic decision tree model.

Results: The difference between two clusters is determined by the extent of surgical intervention, the grade of the vertebral lesion, epidural compression, and
local kyphosis, and neurological signs as well. The cluster Tincluded 115 patients with higher values of SINS compared to the cluster 2. All cases of vertebroplasty
belonged to the cluster 2. In the cluster 1 cases of surgery of large extent: F+F; F+V; F+F+K. Analysis of the decision tree model for cluster 1 showed that a
type of surgery was determined for 97 patients from 115 that relates to 84.3% of overall accuracy. The decision tree model have a high predictive accuracy for
the surgery F+V and better indicators of coverage and predictive accuracy for the surgery F+F+K.

Conclusions: Our study developed a decision tree model to optimize spinal neoplasm surgery, achieving 84.3% accuracy based on significant prognosis criteria.
The model considers surgical type, neurological signs, vertebra lesion grade, and stage of epidural compression, potentially improving clinical outcomes.

KEY WORDS: prognosis, cluster analysis, decompression, decision tree, spinal neoplasm

INTRODUCTION
Surgery has a leading role in spinal tumor treatment.
It can improve mechanical stability, lead to nerve de-
compression, and reduce the amount of pain [1, 2].
Decompression techniques used in the past, without
stabilization, often led to negative results, and many
specialists took the view that radiation therapy was the
best option for treating patients with spinal tumor than
surgery was [3, 4]. However, achievements analysis in
modern surgery has shown that stabilizing operations
in multimodality therapy allow achieving good results
[4-6]. Itis noteworthy that the morbidity rates after sur-
gical interference may be as high as 20-30%[7, 8]. This is
especially true for en block-based big resections, relate
to a high complexity compared to palliative care [9-11].
Integration of modern diagnostic techniques makes
it possible to choose an individual approach to the
treatment of each patient, depending on the type and

Wiad Lek. 2023;76(7):1627-1635

neoplasm location. Prognostic and diagnostic scales are
used in clinical practice to improve treatment outcomes
that help to select a balanced tactic [2, 12-16].

There are still discussions on the advantages and
disadvantages of their use, despite the satisfactory level
of sensitivity and specificity of the available diagnostic
algorithms [17]. The classifications and rating scales
that are currently used in clinical practice, do not fully
determine which surgical intervention should be per-
formed in a particular patient, providing only general
advice for treatment [15, 18]. Therefore, we believe that
itis advisable to improve the known and develop novel
algorithmic approaches to spinal tumor treatment.

THE AIM

The aim of study was to develop a mathematical model of se-
lecting the extent of surgical intervention in the spinal tumors.
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MATERIALS AND METHODS

The study was approved by the Institutional Review
Board (Protocol No. 164 dated 18 April 2017). All pa-
tients signed informed consent forms for participating
in the study.

PATIENTS

The retrospective study included 237 patients (127
women and 110 men) with oncological alterations
in the spine who received one of four type’s surgical
treatment at the Department of the Spine Diseases and
Injuries of Institute from 2008 to 2017 (Table I). The age
of the patients was 18-89 years, body mass index varied
from 18.0to 21.5 kg/m?.The patients were divided into 4
groups on the extent of surgical intervention according
to their medical charts: vertebroplasty or kyphoplasty
(V); vertebroplasty including transpedicular fixation
of the spine one vertebra above and below (F+V); pos-
terior spinal decompression and stabilization of two
vertebrae above and below the decompression zone
(F+F); vertebrectomy and replacement of vertebra by
a cage with an additional stabilization of the spine by
implant (F+F+K).

PATIENT ASSESSMENT SCALE

The mathematical modelis based on the SINS Neoplas-
tic Spine Instability Scale [12], which was supplemented
with the following indicators: neurological examination
assessment on the ASIA scale [19]; type of tumor that
requires palliative/radical surgery; degree (stage) of
epidural compression according to the M. H. Bilsky
[14]; the size of local kyphosis; the existence of adjacent
vertebrae destruction (Table II). All of the above char-
acteristics are considered in practice when deciding on
the tactics of surgical management of neoplasms of the
spine and according to expert view, they preliminarily
assigned the scores. According to the developed sys-
tem, the increase of the number of scores should reflect
an increase of the extent of surgical intervention. The
proposed scoring system that considers nine indicators
was tested on a sample.

STATISTICAL METHODS

The Kruskal-Wallis test was used to compare four
groups of patients with different types of surgery,
and the Mann-Whitney test was used to compare two
groups. Nominal data were given as medians (Me) and
interquartile range [LQ; UQ], minimum and maximum
sample (Min; Max). Cluster analysis (k-means clustering)
was used to build a diagnostic decision tree. To compare
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the occurrence of certain signs between two clusters
of patients, the Z-test was used. Chi-square test was
used to identify the influence of potential predictive
indicators in cluster 1. The obtained results were used
to build a diagnostic decision tree model on the choice
of surgical intervention. A critical level of significance
was accepted as 0.05. The analysis was performed using
the Statistica 12 (TIBCO Software Inc., USA).

RESULTS

The hypothesis on an increase of the scores in the
proposed modified scale SINS (Table Il) coheres with
an increase in the extent of surgical intervention
(Kruskal-Wallis test; H=182.7176; p<0.05). The scores
between all four patients’ groups were significantly
different (Table 3). However threshold values of the
scores which can be used to determine the acceptable
accuracy of the specific extent of the surgery was not
established. During the testing of the linear rating
scale, the best accuracy of determining the extent of
surgery was obtained by applying the rules with the
following threshold scoring values: a) less 10 -“V”; b)
from 10 to 13 - “F+V"; ) from 14 to 16 - “F+F"; more
than 16 - “F+F+K".

Two clusters of patients were identified by used cluster
analysis. The patients in the clusters were similar in these
indicators as the presence of the destruction of adjacent
vertebrae, type of bone lesion, type and tumor location.
The difference between clusters is determined by the
extent of surgical intervention, the grade of the vertebral
lesion, epidural compression, and local kyphosis, and neu-
rological signs as well. The cluster 1included 115 patients
with higher values of these indicators compared to 122
patients who were assigned to the cluster 2 (Table IV).

Further analysis of the structure of the obtained clusters
showed that cluster 1 corresponds to symptoms of a greater
severity and a higher severity of the patient (Table V). The le-
sions located in spinal segments with the limited movement
were observed equally frequently in both clusters; those
within the interjacent spine region were more frequently
observedinthe cluster 1 (p=0.002) and those in the movable
spinal unit were observedin the cluster 2 (p=0.006) (Table IV).

Lytic spinal bone lesions were detected in 93.9% in the
cluster 1,asignificantly higher compared to 76.2% of such
cases in the cluster 2 (p<0.000). At the same time, the
proportion of the patients with mixed type bone lesion
was significantly higher in cluster 2 than in the cluster 1
(p=0.001) (Table IV).

In particular, the cluster 2 did not contain the individuals
with a local kyphosis of more than 21°. The patients with a
local kyphosis between 13°and 21° were in both clusters,
but their proportion was significantly higher in the cluster 1
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Table 1. Distribution of patients according to diagnosis

Primary tumor (n=110) n Spinal metastatic change (n=127) n
Plasma cell myeloma (multiple myeloma) 31 Poorly differentiated cancer 28
Hemangioma 17 Adenocarcinoma 24
Giant cell tumor 12 Undifferentiated cancer 24
Eosinophilic granuloma 10 Breast cancer 14
Malignant lymphoma 9 Clear cell renal cell carcinoma 13
Chordoma 5 Squamous cell cancer 11
Aneurysmal bone cyst 5 Granular cell cancer
Chondrosarcoma 3 Thyroid cancer
Osteoid osteoma 3 Seminoma 1
Osteoblastoma 3 Malignant chemodectoma 1
Fibrosarcoma 3 Melanoma 1
Osteosarcoma 2 Small cell lung cancer 1
Osteochondroma 2
Angiosarcoma 2
Ewing’s sarcoma 1
Polymorphcellular sarcoma 1
Malignant fibrous histiocytoma 1
Table I1. Modified Spine Instability Neoplastic Score (SINS)
Ne Component Score  Ne¢ Component Score
1 Location 6 Neurological signs (ASIA scale):
interjacent spine region (nape-C2, C7-Th1,Th12-L1, L5-51); A 2
movable spinal unit (C2-C6, L2-L4); 2 B 2
spinal segments with limited movement (Th3-Th10); 1 C 2
immovable spinal segment (52-S5) 0 D 1
2 Pain E 0
at exertion and rest; 2 7 Stage of epidural compression:
only at exertion; 1 stage lll, Bilsky 3; 3
only at rest 0 stage I, Bilsky 2, Bilsky 1¢; 2
3 Rachiopathy (bone destruction) stage |, Bilsky 1b, Bilsky 1a; 1
Iytic; 2 stage O, Bilsky O 0
mixed (lytic/blastic); 1 g Pe °f5”try9;e”g?teupnig‘;‘:“9 onthe
blastic 0 radical;
4 Spine shape (size of local kyphosis) palliative 0
>30°% 3 9 Destructive of adjacent vertebrae:
22°-30°% 2 absent; 0
13°-21°% 1 presented 1
<12° 0
5 Grade of vertebral lesion
body collapse with destruction of the posterior backbone 5
complex;
more than 60%, collapse; 4
31-60 %, collapse; 3
less than 30%, collapse; 2

without collapse
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Table Il1. Threshold score values on a modified scale (SINS) for patient groups based on extent of surgery

Score
Group of patients Mann-Whitney test
Me [LQ; UQ] Min; Max
. , V: U=52,5; p<0,01
v 816:9] 314 F+F: U=17,0; p<0,01
. . F+F: U=113,5; p<0,01
Fv 12012;14] 10,13 F+F+K: U=66,5; p<0,01
F+F 16 [14; 16] 12;20 F+F+K: U=632,0; p<0,01
F+F+K 17 [16; 19] 10; 23 V: U=35,0; p<0,01

Data presented as medians (Me) and interquartile range [LQ; UQ]; minimum and maximum sample (Min; Max). Group of patients: vertebroplasty or
kyphoplasty (V); vertebroplasty with transpedicular fixation of the spine one vertebra above and below (F+V); posterior spinal decompression and
stabilization of two vertebrae above and below the decompression zone (F+F); vertebrectomy and replacement of vertebra by a cage with an additional
stabilization of the spine by implant (F+F+K).

e | Classification Tree for CLUSTER
--=-2 Number of splits = 2; Number of terminal nodes = 3

]
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2 1
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Table IV. Assignment of the patients by two clusters (n, %) in Modified Spine Instability Neoplastic Score (SINS)

Patients
Component Cluster 1 Cluster 2 Z-test
(n=115) (n=122)
n (%) n (%)
1 Location
interjacent spine region (nape-C2, C7-Th1,Th12-L1, L5-S1) 70 (60.9) 52 (42.6) 7=2.858, p=0.002
movable spinal unit (C2-C6, L2-L4) 27 (23.5) 47 (38.5) 7=2.542, p=0.006
spinal segments with limited movement (Th3-Th10) 18 (15.6) 23 (18.9) 7=0.653, p=0.256
2 Pain
at exertion and rest 75 (65.2) 42 (34.4) Z=4.980, p<0.000
only at exertion 40 (34.8) 60 (49.2) 7=2.270, p=0.012
only at rest 0 20 (16.4) —
3 Rachiopathy (bone destruction)
lytic 108 (93.9) 93 (76.2) 7=3.972, p<0.000
mixed (lytic, blastic) 7 (6.1) 23 (18.9) Z=3.051, p=0.001
blastic 0 6(4.9) —
4 Spine shape (size of local kyphosis)
>30% 5(4.3) 0 —
22°-30° 52(45.2) 0 —
13°-21° 47 (40.9) 18 (14.8) Z=4.666, p<0.000
<12° 11(9.6) 104 (85.2) Z=17.922, p<0.000
5 Grade of vertebral lesion
body collapse with destruction of the posterior backbone complex 51 (44.4) 0 —
more than 60% collapse; 52 (45.2) 0 —
31-60% collapse; 10(8.7) 35(28.7) Z=4.109, p<0.000
less than 30% collapse 2(1.7) 48 (39.3) 7=8.197, p<0.000
without collapse 0 39 (32) —
6 Neurological signs (ASIA scale):
A 14(12.2) 0 —
B 15(13.0) 0 —
C 18(15.7) 0 —
D 35(30.4) 0 —
E 33(28.7) 122 (100) —
7 Stage of epidural compression:
stage lll, Bilsky 3; 38 (33.0) 0 —
stage ll, Bilsky 2, Bilsky 1¢; 61 (53.0) 0 —
stage |, Bilsky 1b, Bilsky 1a; 15(13.0) 43 (35.2) Z=4.154, p<0.000
stage 0, Bilsky 0 1(1.0) 79 (64.8) —
8 Type of surgery (depending on the type of tumor):
radical; 22 (19.1) 0
palliative 93 (80.9) 121 (98.4) 2=4.351,p<0.000
9 Destructive of adjacent vertebrae:
absent 88 (76.5) 108 (88.5)
presented 27 (235) 14(11.5) 22453, p=0.007
10 Extent of surgery:
Vv 0 122 (100) —
F+V 18 (15.6) 0 —
F+F 47 (40.9) 0 —
F+F+K 50 (43.5) 0 —

Extent of surgery: vertebroplasty or kyphoplasty (V); vertebroplasty with transpedicular fixation of the spine one vertebra above and below (F+V);
posterior spinal decompression and stabilization of two vertebrae above and below the decompression zone (F+F); vertebrectomy and replacement of
vertebra by a cage with an additional stabilization of the spine by implant (F+F-+K).
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(p<0.000). The majority of the patients with a local kyphosis
less than 12° belonged to the cluster 2 (Table V).

All cases of vertebral lesions with a body collapse and
destruction of the posterior column and collapse of more
than 60% belonged to the cluster 1, and all cases of ver-
tebral lesions without collapse belonged to the cluster 2.
The number of patients with a vertebral body collapse of
less than 30% in cluster 1 was significantly lower compared
to cluster 2 (p<0.000) (Table IV).

All patients who did not have any neurological symp-
toms (E gradein the ASIA scale) were in the cluster 2, while
the neurological status could meet even the most severe
stages of motor and sensory spinal dysplasia in the cluster
1, the majority of patients felt pain both during exertion
and at rest (Table IV).

The tumors that caused the performance of radical sur-
gicalintervention were in the cluster 1 (p<0.000) (Table V).

The described patterns allowed determining the most
informative combination of features positing that the
overall sample of the patients is stratified into two clusters.
The found rule can be represented as a decision tree (Fig
1), whereby the cluster 1 should include the individuals
whose degree of vertebral lesion relates to the collapse
on the level of more than 60% or vertebral body collapse
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with the destruction of posterior backbone complex; if the
collapse is not more than 60% and the degree of epidural
compression (spinal stenosis) of stage Il or Ill.

We should pay attention to the patients’ allocation in
the obtained clusters in the extent of surgical intervention
(Table V). In particular, all cases where vertebroplasty was
performed belonged to the cluster 2. The patients in the
cluster 1 were those who underwent surgery of a large ex-
tent. Thus, we can formulate an algorithm that prescribes
the surgeries with the lowest extent (vertebroplasty) to
determine the cluster of the patients based on the decision
tree (Fig 1). The indicators for such operations are spinal
stenosis at stages 0 or |, where the vertebral lesion comes
with body collapse at the level of no more than 60%.

Further studies were aimed at determining the compo-
nents of the modified SINS, which statistically significantly
affect the distribution of patientsin the cluster 1 into three
groups, depending on the extent of surgical intervention.
Chi square test showed that these components were neu-
rological signs (ASIA scale) (p<0.000), grade of vertebral
lesion (p<0.000), stage of epidural compression (p<0.000)
and type of surgery (depending on the type of tumor)
(p<0.000). Other components did not have a significant
effect (Fig 2).
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Further, using the obtained significant components, a
decision tree model was built, in which the type of surgery
is selected based on successive “yes” or “no” answers to a
series of questions regarding certain characteristics of the
patient’s condition. According to this model, as shown in
Figure 3, F+F+K surgery should be indicated for the most
severe motor and sensory spinal disorders, corresponding
to A, B or Con the ASIA scale or, in the absence of neuro-
logical symptoms (E on the ASIA scale), or patients with
types of tumors requiring radical surgery (Fig 3).

F+V surgery is performed only in cases of spinal neo-
plasms, allowing palliative surgery, and in the absence
of manifestations of motor and sensory spinal disorders,
while the vertebral lesion must occur without collapse
of the vertebral body or be accompanied by a collapse
of no more than 60%, or, in more severe lesions of the
vertebra, spinal canal stenosis should correspond to the
signs of stage | (with the spread of the neoplasm into the
epidural space without deformation of the dural sac or
deformation of the dural sac, but without signs of impact
on the spinal cord) (Fig 3).

Signs for the appointment of F+F surgery are mild motor
disfunction with preservation of normal sensitivity (D on
the ASIA scale), or the absence of neurological symptoms
in neoplasms that allow palliative intervention, or severe
lesions of the vertebra with body collapse of more than 60%
and the degree of epidural compression Il or lll stages (Fig 3).

Analysis of the results of the developed decision tree
for cluster 1 showed that a type of surgical intervention
was determined for 97 patients from 115 that relates to
84.3% of overall accuracy. Overall, the decision tree mod-
el showed the highest predictive accuracy for the F+V
surgical intervention (100%), but was also predictively
accurate for the F+F+K (80.0%) and F+F (83.72%) surgical
interventions.

DISCUSSION

We developed mathematical model to select the
extent of surgical management of the patients with
malignant spine tumors by cluster analysis in retro-
spective study. This mathematical model allows to
choose the most optimal from three types of surgical
intervention with an accuracy of 84.3% for the treat-
ment of patients with tumor lesions of the thoracic
and lumbar vertebrae.

The progress in timely diagnosis, conservative
treatment, and surgical management of oncologic
pathology has allowed to increase the lifetime and life
quality of patients. The decision on the advisability and
treatment strategy of patients in this category is based
on a multidisciplinary approach that considers not only
the features of the spinal lesion but also the prognosis

of the patient’s survival, the presence of comorbidity,
as well as a wide range of secondary factors that can
significantly affect the non-final result of treatment.

Prognostic and diagnostic scales have been devel-
oped and improved, whereby it is possible to choose
the best treatment tactics of patients to objectify de-
cision-making over the past few decades.

Y. Tokuhashi et al. [20] and K. Tomita et al. [16]
prognostic survival scales are known to evaluate the
patient’s survival outcomes, as well as the advisability
and possibility of spinal surgical intervention. The Bau-
er, modified Bauer, Van der Linden, Rades and Katagiri
scales are also used in clinical practice [21].

The development of the Spinal Instability Neoplastic
Score has become a significant evolutionary step in the
development of a systematic approach to the surgical
management of spinal tumor lesions. This tool helps the
surgeon to choose between standard diagnostic alterna-
tives in oncology, specifically conservative, surgical man-
agement or palliative treatment, based on the location
and extent of the pathological process of column [20].

The conceptual development of NOMS considers the
features of neurologic presentation of spinal lesions,
the specificity of the neoplastic process, the presence
of metastases, as well as the assident general state of
patient’s health. The use of this framework facilitates a
well-structured approach to the choice of treatment
tactics based on consideration of most of the factors
that can lead to poor treatment outcomes [22].

O.Barzilai et al.[23] has presented an algorithm of im-
plementation of minimally invasive surgery in the treat-
ment of metastatic tumor lesions in the thoracic and
lumbar spine. The author concludes about algorithm
effectiveness in terms of reducing post-surgical pain
syndrome, quicker rehabilitation, and, consequently,
improvement of life quality in cancer-stricken, based on
the study of the results of this algorithm in 51 patients.

A common feature of most predictive algorithms and
clinical decision-making paradigms is to build their struc-
ture and judge their effectiveness based on their clinical
verification using the standard features that are specific to
eachtool.Itis clear that this approach is quite effective, but
in our opinion, itis too standardized. There is an opinion that
further progress of medicine and oncology is particularly
related to the personalization of diagnostic and therapeutic
processes that allow to choose the most significant disease
markers from the standard ones for a particular patient.

We have emphasized not the clinical statement in our
work, but rather the mathematical background as the
need for surgical management and a choice of specific
surgical management, which is not coherent to other
algorithms. The use of only mathematical methods in
its development is a blindside of our study. In the years
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ahead, there is a need for a prospective clinical verifi-
cation of the obtained results, which will significantly
improve the value of our findings.

CONCLUSIONS

We conducted a statistical analysis of prognostic criteria in
patients with spinal neoplasms and developed a decision
tree model using mathematical modeling to select the

extent of surgical intervention. Our results showed that
our mathematical model can accurately predict the most
optimal surgical intervention with an accuracy of 84.3%.
The model takes into account the neurological signs, type of
surgery (radical or palliative), grade of vertebral lesion, and
stage of epidural compression. Our mathematical model
provides a quantitative approach to decision-making in
clinical practice and may help to optimize surgical outcomes
in these patients.
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ABSTRACT

The aim: To examine risk factors and evaluate the use of D-dimer as a biomarker of disease severity and mortality in patients with COVID-19.

Materials and methods: Data from a large NYU Langone Health system were analyzed to examine the prevalence of elevated D-dimer levels at first detection
and the trend. A retrospective cohort study of 2,377 patients (NYU Langone Health) with severe COVID-19. Also we conducted a retrospective study based on
the mortality database of 247 patients from COVID-19 at the Chernivtsi Regional Clinical Hospital.

Results: Patients with elevated baseline D-dimer were more likely to have critical illness than patients with normal D-dimer (43.9% vs. 18.5%).

The frequency of adverse eventsincreased with increasing D-dimer levels. Individuals with D-dimer >2000 ng/mL had the highest risk of critical ilIness (66.0%).
Conclusions: Thus, the level of D-dimer can be considered an important prognostic factor in COVID-19, as its level is elevated in the vast majority of patients

with COVID-19 and correlates with a severe course and high mortality.

KEY WORDS: thrombosis, D-dimer, thromboembolism, coagulopathy, COVID-19

INTRODUCTION

Numerous studies have shown that D-dimeris a valuable
marker of coagulation activation and fibrinolysis. Normal-
ly, small amounts of D-dimer are detected in a healthy
person due to the fact that approximately 2-3% of
normally produced fibrinogen undergoes a continuous
physiological cycle of fibrin formation and dissolution [1].

However, doctors in China, where the epidemic
began, first reported that the level of D-dimer can be
increased during COVID-19. A study of 191 patients with
COVID-19 who were hospitalized in Wuhan in January
2020 at the start of the pandemic found that D-dimer
levels were elevated in many of these patients, and the
magnitude of the increase was greatest in those who
died of the disease. A number of subsequent studies
conducted around the world confirmed that D-dimer
levels are elevated in those with severe COVID-19 and
correlated with mortality rates [2].

In hospitalized patients with COVID-19, blood coag-
ulation disorders, in particular, an increase in the level
of D-dimer, fibrinogen, and an increase in prothrombin
time are increasingly being detected [3].

Among adults admitted to the emergency depart-
ment, the most common causes of elevated D-dimer

1636

Wiad Lek. 2023;76(7):1636-1641

levels are VTE (venous thromboembolism) and PE (pul-
monary embolism). Previous studies in patients with
community-acquired pneumonia (ACP) and chronic
obstructive pulmonary disease (COPD) have shown
that D-dimer levels are higher in severe cases and can
be used as a prognostic biomarker [4].

However, the significance of D-dimer in patients with
COVID-19 has not been fully investigated. We analyzed
D-dimer levels in patient groups stratified by clinical
severity, complications, and in-hospital death, and
assessed the role of D-dimer as a biomarker of disease
severity and clinical course.

THE AIM

The aim of the work is to examine risk factors and evalu-
ate the use of D-dimer as a biomarker of disease severity
and mortality in patients with COVID-19.

MATERIALS AND METHODS

We analyzed data from a large health care system at
NYU Langone Health to examine the prevalence of el-
evated D-dimer levels at first detection and at baseline,
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and the association of the biomarker with thrombotic
events, acute kidney injury, critical illness, and all-cause
mortality. In a retrospective cohort study of 2,377 pa-
tients (NYU Langone Health) with severe COVID-19,
1,823 (76.0%) had elevated D-dimer above the labora-
tory upper limit of normal at hospital admission, 2,049
(86%) — an increase in the level of D-dimer during the
period of hospitalization.

Also we conducted a retrospective study based on
the mortality database of 247 patients from COVID-19
at the Chernivtsi Regional Clinical Hospital

RESULTS

In our analysis of clinical cases of patients with a diag-
nosis of COVID-19, elevation of D-dimer during hospi-
talization became a common phenomenon and was
associated with both increased disease severity and
in-hospital mortality. D-dimer can be synthesized only
when the formation and degradation of cross-linked
fibrin occurs, which is a global marker of activation of
coagulation and fibrinolysis, and therefore reflects en-

hanced thrombotic activity [5]. Coagulation disorders
such as hypercoagulability, thrombocytopenia, venous
thrombosis, and disseminated intravascular coagula-
tion (DIC) occur in approximately 60-70% of hospital-
ized patients. Autopsies showed that in nearly 58% of
patients, the cause of death was pulmonary embolism
or venous thrombosis, while CVD was reported in 70%
of patients who died of COVID-19.

Numerous studies have also demonstrated an asso-
ciation between a trend in D-dimer levels and disease
progression in COVID-19. Initial studies equated elevat-
ed D-dimer levels with CVD, but scientific studies have
shown that coagulopathy associated with COVID-19
is a unique form. Innate immune response and endo-
thelial damage contribute to coagulopathy associated
with COVID-19. There is increasing evidence for an
inflammatory component of coagulopathy associated
with COVID-19, with one study even showing that an
elevated white blood cell count during hospitalization
is an independent predictor of VTE. Proposed contrib-
uting factors include endothelial damage, cytokine
storm, complement activation, especially the alterna-

1637



Tetiana R. Kolotylo et al.

D-dimer level

1 -
0
0.23-0.50 pg/ml 0.5-2.0 pg/ml

Correlation between occurrence of critical illness and

M Probability of critical iliness depending on D-dimer level

>2.0 pg/ml
Fig. 3. The probability of a critical illness

depending on the level of D-dimer

patients from COVID-19 in the

within
>2.0 ug/ml

» within the normal range (up to 0.23 pg/ml) = within 0.23-0.5 pg/ml

= within 0.5-2.0 pg/ml) = within >2.0pg/ml)

D-dimer level based on the database of mortality of

Chernivtsi Regional Clinical Hospital

within the normal
___range (upto 0.23

28% | pg/ml)
‘L within 0.23-0.5 pg/ml
17%

within 0.5-2.0 pug/ml)

46%

Fig. 4. D-dimer level in patients with
(ovID-19

tive pathway, which induces a hypercoagulable state
and the formation of neutrophil extracellular traps [6].

It is currently known that acute lung injury in
COVID-19is associated with an increased frequency of
thromboembolic events, which is a consequence of an
imbalance between procoagulation factors and natural
inhibitors of blood coagulation, cessation of fibrinolysis,
endothelial damage, and the inflammatory process. It
has been established that PE can be detected in 20-30%
of patients with an acute course of COVID-19 [7].

D-dimer testing during hospitalization is routinely
used in patients with COVID-19 in the healthcare sys-
tem. The upper limit of normal for D-dimer analysis
is 0.23 pg/ml (230 ng/ml). Currently, it is known that
D-dimer can be not only a marker of hypercoagulation
and prothrombotic state, but also participate in the
pathogenesis of the disease. Fibrin breakdown products
cause acute pulmonary dysfunction and have a direct
procoagulant effect [8].

The D-dimer level is positively correlated with disease
severity and inversely proportional to survival. Some
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case series report D-dimer values > 3 mg/L in 85%
of patients who died after COVID-19, others D-dimer
values > 1 mg/L in 81% of patients who died after
COVID-19, and only 24% of surviving patients had a
D-dimer level > 1 mg/I.

In early retrospective cohort studies of patients with
COVID-19 in Wuhan, China, abnormalities in coagula-
tion parameters including elevated D-dimer and pro-
thrombin time were found. These coagulation changes
were predictive of high mortality, with 15 of 22 (71.4%)
failing International Society of Thrombosis and Haemo-
stasis (ISTH) criteria for disseminated intravascular coag-
ulation (DVT) compared with only 1 of 162 (0.6), which
were confirmed in an early study [8]. By March 2020,
the ISTH published an algorithm for the recognition
and treatment of “Coagulopathy in COVID-19". Markers
of coagulation disorders in COVID-19 currently being
investigated include D-dimer levels, platelet count, von
Willebrand factor (VWF), factor VI, thromboelastogra-
phy (TEG), lupus anticoagulant (LAC), antiphospholipid
antibodies (APL), and fibrinogen [9].
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In addition to abnormalities in laboratory markers of
coagulation, COVID-19 infection has been associated
with both venous and arterial thrombosis. Autopsy
studies of patients with COVID-19 have shown both
macro- and microvascular thrombosis. The SARS-Cov2
virus uses angiotensin-converting enzyme-2 (ACE-2) as
its main receptor; this membrane protein is expressed
in blood vessels, lungs, heart, kidney, and many other
tissues. It has been hypothesized that the binding of
SARS-CoV-2 to ACE-2 leads to a local and systemic
inflammatory response, endothelial damage, and an
imbalance of pro- and anticoagulant signals, leading
to macro- and microvascular thrombosis [9].

During SARS-COV-2 infection, dysregulation of coag-
ulation/anticoagulation cascades, increased viral rep-
lication and immune mechanism can be explained by
an abnormal blood coagulation system, which includes
both cellular and protein components. Considering the
endothelial aggression and prothrombotic mechanisms
caused by SARS-CoV-2, as well as the statistical results
of the studies, we can say that the increased value of
D-dimers can be prognostic for abnormal functional pa-
rameters of the liver and the severe course of the disease.

Presumably, elevated D-dimer represents a state of
hyperfibrinolysis and increased inflammatory burden
caused by SARS-COV-2 infection. In our logistic re-
gression model to assess risk factors associated with
mortality, systemic anticoagulation was not examined
in detail. However, in a recent study thatincluded 2,773
hospitalized patients with COVID-19, experts found that
taking a therapeutic dose of anticoagulants was asso-
ciated with a reduced risk of death, especially among
patients who required mechanical ventilation.

The pathophysiology of coagulopathy associated
with COVID-19 is an important factor in the appropri-
ate treatment and monitoring of these complications.
Experts emphasize the importance of diagnosis and
treatment of coagulation disorders in COVID-19 to
improve the outcomes of treatment of patients with
COVID-19 with thromboembolic complications. Pro-
longed elevation of D-dimer may predict persistent
ventilation-perfusion mismatch due to macro- and/
or microthrombi and persistent inflammatory lung
injury. Thus, elevated D-dimer levels may not only be
a consequence of COVID-19, but also an associated
comorbidity [10].

The results of patients at the time of hospitalization
with an elevated D-dimer level were correlated with the
following conditions: 45.0% of patients were in critical
condition, 20.0% — with thrombosis, and 43.0% — with
acute kidney injury. Individuals without elevated D-di-
mer at presentation were more likely to be discharged
without developing severe conditions. Patients with el-

evated baseline D-dimer were more likely than patients
with normal D-dimer to have critical illness (43.9% vs.
18.5%), any thrombotic event (19.4% vs. 10.2%); acute
kidney injury (42.4% vs. 19.0%) and death (29.9% vs.
10.8%) (Figure 1).

It is currently known that the frequency of adverse
events increased with increasing D-dimer levels. Indi-
viduals with D-dimer >2000 ng/mL had the highest
risk of critical illness (66.0%), thrombosis (37.8%), acute
kidney injury (58.3%), and death (47.0%). D-dimer was
387 (25-75th percentile), and 1823 (76.0%) patients had
elevated D-dimer (>230 ng/ml). Median peak D-dimer
was 767 (25th-75th percentile), and 2049 (86.0%) had
elevated D-dimer >230 ng/mL at some point during
hospitalization. Compared with patients with normal
baseline D-dimer, patients with elevated baseline
D-dimer were older (mean age 65) and had a lower
body mass index (28.8). Among patients with elevated
D-dimer, comorbidities were more common, including
hypertension (63.5%), hyperlipidemia (44.2%), coro-
nary heart disease (23.4%), and chronic kidney disease
(23.0%) [8]. According to the results of studies, at ad-
mission, 1823 (76.0%) patients had elevated D-dimer (>
0.23 pg/ml (230 ng/ml)); 932 (39.0%) - in the range of
0.23-0.50 pg/ml (230-500 ng/ml), 628 (26.0%) — 0.501-
2.0 pg/ml (501-2000 ng /ml), and 263 (11.0%) — > 2.0
pg/ml (2000 ng/ml) (Figure 2).

Of the total studied population, 899 (37.8%) patients
had a critical illness (admitted to the intensive care
unit), 620 (26.1%) needed mechanical ventilation, 410
(17.2%) had thrombotic events (DVT, PE, heart attack
myocardial, ischemic stroke)) and 871 (36.8%) had acute
kidney injury (AKI). Considering all these serious adverse
clinical outcomes of COVID-19, patients with elevated
D-dimer (> 0.23 pg/mL (230 ng/mL)) at the time of
hospitalization were more likely to be affected than
those with normal D-dimer (< 0.23 ug/ml (230 ng/ml)).
For example, 43.9% of patients with elevated D-dimer
at hospitalization compared with 18.5% of patients
with normal D-dimer at hospitalization developed
critical illness. Similarly, patients with elevated D-dimer
on admission were more likely to require mechanical
ventilation compared to patients with normal D-dimer
levels (29.9% vs. 13.9%), and were more likely to suffer
from APN (42.4% vs. 19.0%) and from thrombosis (19.4%
versus 10.2). %).

It was found that the magnitude of the D-dimer in-
crease upon admission to the hospital isindependently
associated with the risk of serious clinical consequenc-
es. After controlling for age, sex, ethnicity, defined list of
comorbidities, and prescribed treatment, critical illness
was 1.8 times higher if D-dimer was in the range of
0.23-0.50 pg/ml (230- 500 ng/ml) than normal (< 0.23
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pg/ml (230 ng/ml)), 3.1 times more likely if D-dimer was
in the range of 0.5-2.0 pg/ml (500-2000 ng/ml) and 5.6
times more likely if D-dimer at admission was > 2.0 ug/
ml (2000 ng/ml) (Figure 3).

In addition, we conducted a retrospective study based
on the database of mortality of patients from COVID-19
in the Chernivtsi Regional Clinical Hospital. It was estab-
lished that the elevated level of D-dimer was noted in
225 out of 247 patients with coronavirus disease, which
is 91.0%. It was found that in all patients the level of
D-dimer varied in the range: within the normal range
(< 0.23 pg/ml (230 ng/ml)) — in 22 people (8.9%); 0.23-
0.50 pg/ml (230-500 ng/ml) — in 43 people (17.4%); in
the range of 0.5-2.0 ug/ml (500-2000 ng/ml) - in 114
people (46.2%); and more than 2.0 ug/ml (2000 ng/ml)
in 68 people (27.5%) (Figure 4).

Thus, the results of D-dimer studies should be used
as a biomarker to assess clinical outcomes in patients
with COVID-19. Itis worth noting that the obtained data
indicate a connection between the levels of D-dimer
and the severity of the disease and mortality, which is
also confirmed by the data of other scientists.

DISCUSSION

When assessing the trajectory of D-dimer elevation
during COVID-19, it was found that D-dimer levels
continued to rise after hospitalization, reaching a max-
imum level around day 5 before gradually plateauing
at a level below the peak but greater than, than the
level at hospitalization. Median D-dimer for the entire
study population at admission was 0.387 mcg/mL (387
ng/mL) (25th-75th percentile range: 0.237-0.713 mcg/
mL (237-713 ng/mL)) compared with a median peak of
0.767 pg/mL (767 ng/mL) (25th-75th percentile: 0.328-
3.372 ug/mL (328-3372 ng/mL)) after approximately
5 days. The results of the study demonstrate that the
magnitude of the peak D-dimer level, as well as the
magnitude of the D-dimer level at hospitalization, cor-
relates with the risk of an adverse clinical course. It was
found that of the total study population, 301 (12.7%)
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ABSTRACT

The aim: To define antimicrobial properties of 50%, 70% and 90% ethanolic extracts of Ruta graveolens L. against macrolide resistant (MLS-resistant) skin
isolates of staphylococci and Propionibacterium acnes, and to determine MIC and MBC of investigated extracts.

Materials and methods: Extracts were prepared by the method of maceration. Bacterial cultures were identified by biochemical microtests. Identification
of MLS-resistance type was performed by using disc-diffusion method. The MIC and MBC were determined by serial two-fold dilution of ethanolic extracts
of Ruta graveolens L. in MHB and HBB for staphylococci and P, acnes, respectively. Bacterial growth in each well was assayed by absorption at 495 nm, using a
spectrophotometer SynergyTMHTX STLFTA (BioTek Instruments, Inc., USA).

Results: All ethanolic extracts of garden ruta were active against all staphylococci and P acnes skin isolates and showed exclusively bactericidal activity (MBC/MIC
ratios ranged from 1to 2) against all investigated strains. 90% extract of Ruta graveolens L. showed better results than 50% and 70% extracts — average MiCand
MBC concentations for P acnes strains were 1.38+0.66 mg/mL and for staphylococcal strains average MIC was 2.1+1.16 mg/mL and MBC — 2.86+1.2 mg/mL.
Conclusions: 50%, 70% and 90% ethanolic garden ruta extracts showed moderate antibacterial activity against main skin pathogens, responsible for acnes
vulgaris development — S. epidermidis, S. aureus and P acnes. No difference in susceptibility between resistance and sensitive strains of staphylococci and P acnes

indicate that acquired MLS-resistance of investigated skin isolates does not affect on the level of their sensitivity to ruta extracts.

KEY WORDS: antibacterial activity, plant extracts, MLS-resistance

INTRODUCTION

The homeostasis of cutaneous microbiome is im-
portant to its function as a barrier against infectious
agents and colonization of skin surface by pathogens.
Three most observed genera of skin ecosystem -
Corynebacteria, Propionibacteria and Staphylococci.
Disturbance of skin microbiome can lead to various
pathological conditions and inflammatory skin dis-
eases, such as acnes vulgaris [1-3].

Nowadays, increasing in antibiotic resistance among
microorganisms is a global public health concern.
That usually happens because of indiscriminate use
of antimicrobials, careless prescription or selling of
antibiotics without a prescription by doctors (which
is appear in a lot of countries in the world) [4, 5].
Furthermore, increasing of antimicrobial resistance
among skin pathogens can be as a result of long-term
administration and/or low-concentration exposure of
oral antimicrobials (usually macrolides) [6]. However,
using of topical treatments in therapy of skin disorders
less likely cause antibiotic resistance [7].
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Such increasing in number of multidrug-resis-
tant strains of microorganisms and development
of strains with low susceptibility to antimicrobials
drives scientists from different countries to discover
new antimicrobial agents and overcome antibiotic
resistance. Such agents may include plant extracts,
which have substantive antimicrobial potential [8],
have less side effects than antibiotics and are cheaper
in manufacturing.

Among variety of plants with medicinal interest,
there is Ruta graveolens which belongs to family
Rutaceae and contain a huge amount of biologically
active compounds such as essential oils, alkaloids,
flavonoids, coumarins, tannins, volatile oils, sterols
and triterpenes [9]. Moreover, pharmacological trials
indicate a variety of activities, such as antipyretic,
anti-inflammatory, antioxidant, antiulcer, wound
healing, anthelmintic, antiseptic, antifungal and
antimicrobial properties [10-12]. Furthermore, some
studies reported antitumor activity of Ruta graveolo-
ensL.[13,14].
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Table I. Strains characteristics

Strains Associated resistance Phenotype of MLS-resistance MIC ERY
(ng/mL)
Staphylococci:
S.aureus N°1 MR, TR resistant 2000
S. aureus N°2 - susceptible 500
S. epidermidis N°1 MR resistant 8000
S. epidermidis N°2 MR resistant 4000
S. epidermidis N°3 - resistant 2000
S. epidermidis N°4 MR, TR, QR resistant 500
S. epidermidis N°5 TR constitutive 500
S. epidermidis N°6 - constitutive 500
S. epidermidis N°7 - inducible 500
S. epidermidis N°8 QR susceptible 16
S. haemolyticus Ne1 MR, QR resistant 4000
Propionibacterium acnes:
Pacnes N°1 MR, QR resistant 4000
P.acnes N2 MR, TR, QR resistant 2000

Notes: MR — methicillin resistant; TR — tetracycline resistant; Q — quinolones resistant.

In our previous study [16] we established that 50%,
70% and 90% ethanolic extracts of Ruta graveolens L.
herb are more active, than 40% and 96% extracts, and
staphylococci are the most susceptible microorgan-
isms to garden ruta extracts.

THE AIM

To define antimicrobial properties of 50%, 70% and
90% ethanolic extracts of Ruta graveolens L. against
main causative agents of skin diseases — skin isolates
of staphylococci and Propionibacterium acnes, espe-
cially emphasized macrolide resistant (MLS-resistant)
isolates, and to determine MIC and MBC of investi-
gated extracts.

MATERIALS AND METHODS
PLANT EXTRACTS

In our investigation we used 3 water-ethanolic extracts
of garden ruta (extractants - 50%, 70% and 90% eth-
anol) herb. Extracts were prepared by the method of
maceration (according to the recommendations of the
State Pharmacopoeia of Ukraine). This maceration is
the re-extraction of the original plant material in sep-
arate portions of fresh extractant. The total amount of
extractant was divided into 3 parts and successively
infused raw materials with the first part of extractant,
then with second and third one, each time draining the

extract. For complete extraction of biologically active
substances, the infusion of raw materials was carried
out with constant shaking. The infusion time lasted for
24 hours with the first portion of the extractant and
for 2 hours with each subsequent portion of extract-
ant. Such extraction allows deplete the raw material
completely in shorter time, because of constantly
maintained high difference in concentration of raw
material and the extractant [16]. The aliquots 1.0 mL
of prepared extracts have been dried exhaustively at
room temperature to determine the weight of dry
residue of extracted components (Table II).

BACTERIAL STRAINS
Investigation of antimicrobial activity of garden ruta
extracts were performed on 13 strains of skin isolates.
Bacterial cultures were identified by biochemical mi-
crotests «<STAPHYtest 16» (Lachema, Czech Republic)
as 2 stains of S. aureus, 8 strains of S. epidermidis and 1
S. haemolyticus strain, and by kxANAEROtest 23» (Lache-
ma, Czech Republic) as 2 strains of P. acnes.
Identification of MLS-resistance type was performed
by using disc-diffusion method, by recommendation
of EUCAST (The European Committee on Antimicrobial
Susceptibility Testing). Susceptibility to 6 antibiotics
was examined: erythromycin (E, 15 pg/disc), claryth-
romycin (CLR, 15 pg/disc), roxithromycin (RO, 30 pg/
disc), spiramycin (SR, 30 pg/disc), lincomycin (L, 15 pg/
disc) and clindamycin (CD, 2 pg/disc). In addition, for
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Table 1. Minimum inhibitory and minimum bactericidal concentrations of Ruta graveolens L. ethanolic extracts on skin isolates of staphylococci and

Propionibacterium acnes.

MLS-
Strains of staphylococci resistance Ethanolic extracts of Ruta graveolens L.
phenotype
50% 70% 90%
Weight of dry residue 109 mg/mL 110 mg/mL 74 mg/mL
MBC/ MBC/ MBC/
mic  MBC .- MIC MBC o MIC MBC  C
1:40*  1:40 1:40 1:40 1:40 1:40
0
1.5. aureus N°1 R 273% 273 ! 275 275 ! 1.85 1.85 !
1:40 1:20 1:20 1:20 1:160  1:80
0
2.5 aureus Ne2 > 273 5.45 2 55 55 ! 0.46 0.92 2
o 1:40 1:40 1:40 1:20 1:20 1:20
0
3.5. epidermidis N°2 R 273 273 ! 275 55 2 37 37 !
X . 1:20 1:20 1:40 1:20 1:40 1:20
[
4.5. epidermidis N°1 R 545 545 ! 275 55 2 1.85 37 2
. 1:40 1:40 1:40 1:40 1:20 1:20
0
3.5, haemolyticus N1 R 273 273 ! 2.75 275 ! 37 37 !
o 1:80 1:40 1:80 1:40 1:160  1:80
(9
6. 5. epidermidis N°3 R 136 273 2 138 275 2 0.46 0.92 2
o 1:40 1:40 1:40 1:40 1:40 1:20
O,
7.5. epidermidis No4 R 273 273 ! 275 275 ! 1.85 37 2
o 1:40 1:40 1:40 1:40 1:40 1220
0
8.5. epidermidis N°6 ¢ 273 273 ! 275 275 ! 1.85 37 2
B 1:40 1:40 1:40 1:40 1:40 1:20
0
9. 5. epidermidis N°> ¢ 273 273 ! 275 275 ! 1.85 37 2
o 1:40 1:40 1:80 1:40 120 1220
0
10. 5. epidermidis N7 273 273 ! 138 275 2 37 37 !
. . 1:40 1:40 1:40 1:40 1:40 1:40
0
11.5. epidermidis N°8 > 273 273 ! 275 275 ! 1.85 1.85 !
Avarage 285+ 3.2+ 275+ 35+ 21+ 286+
9 0.95 1.1 1.06 1.28 116 1.2
GeoMean 273 3.09 258 332 1.74 253
1:80 1:40 1:80 1:80 1:80 1:80
0
12. Pacnes N°2 R 136 273 2 138 138 ! 0.92 0.92 !
1:40 1:40 1:80 1:40 1:40 1:40
0
13. Pacnes N°1 R 273 273 ! 138 275 2 185 185 !
205+ 2.06+ 138+ 138+
Avarage 097 273 138 0.97 0.66 0.66
GeoMean 1.93 273 1.38 1.95 1.3 1.3

Notes:

R - resistant, S — susceptible, C — constitutive, | — inducible;
*Extract dilutions

**MICand MBC expressed in mg/mL

the detection of MLS-resistant phenotypes (inducible
or constitutive), the double disc-diffusion test (D test)
was applied, by placing erythromycin and clindamycin
discs 12-20 mm apart (edge to edge). D-shaped zone
around disc with clindamycin, induced by erythromy-
cinto beresistant and reported as inducible resistance
[17]. Strains characteristic are presented in Table I.
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DETERMINATION OF MINIMUM INHIBITORY
CONCENTRATION (MIC), MINIMUM
BACTERICIDAL CONCENTRATION (MBC)
AND LIQUID TIME - KILL CURVE METHOD
Bacterial suspensions of staphylococci (10 CFU/mL)
were inoculated into Mueller-Hinton liquid broth (MHB)
and Heart-brain broth (HBB) was used for Pacnes (10’
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Fig. 1. Time-kill curves of 50% (A), 70% (B) and 90% (C) Ruta graveolens L. extracts on multiple resistant strain S. epidermidis N°4
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CFU/mL), dispensed at 100 ul/well in a 96-well microti-
ter plate. The MIC and MBC were determined by serial
two-fold dilution of ethanolic extracts of Ruta graveo-
lens L. in MHB and HBB for staphylococci and P. acnes,
respectively. After incubation at 37°C for 24-48 hours
for staphylococci and 48-72 hours for P. acnes, bacterial
growth (increasing of OD) in each well was assayed
by absorption at 495 nm, using a spectrophotometer
Synergy™HTX S1LFTA (BioTek Instruments, Inc., USA).
Culturing of P. acnes strains was carried out under an-
aerobic condition provided by Gas generation pouch
system (GasPak™ EZ, Bacton, Dickinson and Co, USA).

MIC for staphylococci was determined after 24 hours
of incubation, as the lowest concentration of extract
that inhibits visible bacterial growth, compared to con-
trol wells (microbial culture only). If during 48 hours of
incubation there was no increase in OD by more than
10%, then this concentration of extract was considered
as MBC. MIC and MBC for P. acnes was determined after
48 and 72 hours, respectively.

Bacteriostatic activity has been defined as a ratio of
MBC to MIC of > 4, while a bactericidal action has the
ratio of MBC to MICis < 4 [18].

To further confirm the bactericidal activity of extracts
under study, time-kill curves was performed. Monitoring
of bacterial growth kinetic was performed by OD mea-
suring every 1 hour for a period of 48 hours. The growth
curves were built using the Gen 5 Software (Figure 1).

STATISTICAL ANALYSIS

All experiments were performed in triplicate and results
were expressed as the mean =+ standard deviation (SD).
Statistical analyses were performed by ANOVA, GEN5
and Microsoft Office Excel 2011.

RESULTS
All ethanolic extracts of garden ruta showed antimicrobial
activity against all staphylococci and P. acnes skin isolates.
MICs of 50% ethanolic extract against most tested
strains were in a dilution 1:40 (activity ranged between
dilution of extract from 1:20 to 1:80), whereas bactericidal
activity of this extract was in dilution 1:40 against 11
investigated strains and 1:20 against only 2 strains. Ruta
extract on 70% of ethanol showed the same activity as
50% extract — bacteriostatic and bactericidal activity
were detected in dilution 1:40 for 8 staphylococcal strains,
whereas P. acnes were more susceptible for this extract
(MIC were 1:80 for both strains). More diverse MIC and
MBC were showed by 90% ethanolic ruta extract: MIC
values were 1:20 against 2 tested strains, 1:40 — against
7 strains, 1:80 only for one P. acnes and 1:160 against
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2 staphylococcal strains. MBC values of 90% ethanolic
extract were in dilution 1:20 against 7 strains of staphylo-
cocci, 1:40 —against 2 S. epidermidis strains and 1 P. acnes
strain and in dilution 1:80 - against 3 tested strains (2
strains of staphylococci and 1 strain of P. acnes).

Active concentrations of extracted components were
calculated as weight of dry residues (after evaporation
of 1.000 mL of extract at room temperature) divided
into dilution and were presented in mg/mL (Table Il).

The MIC values of 50%, 70% and 90% Ruta graveolens L.
ethanolic extracts ranged from 1.36 to 5.45 mg/mL, 1.38 to
5.5 mg/mL and 0.46 to 3.7 mg/mL, respectively. Minimum
bactericidal concentrations ranged from 2.73 to 5.45 mg/
mL, 1.28t0 5.5 mg/mL and 0.92 to 3.7 mg/mL for 50%, 70%
and 90% ethanolic extracts, respectively. Also, strains of
P.acnes were more susceptible to ruta herb extracts (MIC of
50% - 2.05+£0.97 mg/mL; of 70% — 1.38 mg/mL and of 90%
- 1.38+0.66 mg/mL) than strains of staphylococci (MICs of
50%, 70%, 90% were 2.85+0.95 mg/mL, 2.75+1.06 mg/mL
and 2.1£1.16 mg/mlL, respectively). 90% extract of Ruta gra-
veolens L.showed better results than 50% and 70% extracts
- average MIC and MBC concentations for P. acnes strains
were 1.38+0.66 mg/mL and for staphylococcal strains aver-
age MICwas 2.1£1.16 mg/mL and MBC - 2.86+1.2 mg/mL.

Additionally, the GeoMean value for MIC of 90% ruta ex-
tract were lower (1.74 mg/mL for staphylococciand 1.3 mg/
mL for P. acnes strains) than for other investigated extracts
(for 50% extract GeoMean was 2.73 mg/mL for staphylococci
and 1.93 mg/mL for P.acnes strains; for 70% ruta extract Geo-
Mean was 2.58 mg/mL for staphylococci strainsand 1.95 mg/
mL for P, acnes strains). Average MIC and MBC were almost
the same for 50% and 70% ruta extracts, and indicate that
there is almost no difference between this two extractants
in a preparing of ethanolic extracts from Ruta graveolens L.

Also, all ruta extracts showed exclusively bactericidal
activity (MBC/MIC ratios ranged from 1 to 2) against all
investigated strains (Table II).

There was no difference in susceptibility between
resistance and sensitive strains of staphylococci and
Pacnes. So, acquired MLS-resistance of investigated
strains of skin isolates does not affect on the level of
their sensitivity to ruta extracts.

Analysis of staphylococci growth curves (Fig. 1)
demonstrates substantial prolongation of initial lag-
phase in the media supplemented with ruta extracts
(8-10 hours for % MIC of extracts, 12-13 hours for 2
MIC of extracts) comparing with the pure MH broth (4
hours). Duration of exponential log-phase was mostly
unchanged. But testing of 50% ruta extract in ¥2 MIC
and Y MIC revealed two-phase character of culture
exponential growth. The rapid exponential OD increase
for 4 hours was followed by slowing down period of OD
increase for the next 5-7 hours before achieving plateau.
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DISCUSSION

Various plants are used worldwide in a traditional
medicine for treatment of bacterial infections. Al-
though most of them have been tested in vitro, bur
more controlled clinical trials are needed to confirm
effectiveness of such herbal drugs [19]. The antimi-
crobial properties of plants are associated with the
presence of various biologically active substances,
such as flavonoids, alkaloids, tannins, terpenoids and
essential oils [20]. Also, there are many studies on the
possibility of using plants in the treatment of skin
diseases, including acne [21-23].

Acnes vulgaris is a chronic inflammatory disorder
of skin (pilosebaceous follicles) that affects usually
adolescents and young people. Pathogenesis of acnes
includes increasing in sebum production, ductal hy-
percornification, development of inflammation and
colonization of the duct by P. acnes [24]. Other mi-
croorganisms which are often isolated from patients
with acne vulgaris include Staphylococcus epidermidis,
Malasezia furfur and Staphylococcus aureus, which is the
most common nosocomial pathogen with high level of
antibiotic resistance [24, 25]. That is why in our research
we used staphylococci and Propionibacterium acnes
skin isolates as tested strains. Besides, staphylococci are
considered as gold standard in the study of antibacterial
action of antibiotics and other antimicrobial agents,
especially plant extracts [26].

Ruta graveolens L. is known to have long been used
in folk medicine, as a plant with numerous biologi-
cal activities, including antimicrobial [10-14]. Such a
variety of actions corresponds to the rich chemical
compositions of the plant [9]. Secondary metabolites
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ABSTRACT

The aim: Identifying the relationship between the presence of oral habit and acquired maxillomandibular anomalies, influence of oral habits on the skeleton
and muscular system formation in children.

Materials and methods: We conducted clinical, radiological methods of examination of 60 patients aged 9-12 with acquired maxillomandibular anomalies,
15 persons aged 9-12 years without maxillomandibular anomalies and acquired deformities (norm group) and 15 persons aged 9-12 years with hereditary
syndromes, which are combined with bone deformities in the maxillofacial area (comparison group).

Results: Clinical examination showed that oral habits were manifested in 98.3% of patients. The results of clinical and radiological examination, analysis of
cephalometric parameters and data on the thickness of the masticatory muscles on symmetrical areas of the face confirm the relationship between chronic oral
habits and formation of acquired maxillomandibular anomalies; confirm the presence of acquired rather than congenital deformity of the facial skeleton, which
is associated with changes in the thickness of the masticatory muscles on the part of the deformation Ta compensatory muscle hypertrophy on the opposite side.

Conclusions: The oral habit should be considered as one of the triggers in the development of acquired deformities of the maxillofacial area.

KEY WORDS: cephalometric analysis, acquired deformities of the maxillofacial area, oral habits

INTRODUCTION

According to the data of a whole galaxy of scientists,
the prevalence of dento-jaw anomalies ranges from
35.0% to 75.0% among all pathologies of the max-
illomandibular system [1-5]. Scientists emphasize
various etiopathogenetic chains in the development
of anomalies and deformations. However, often the
cause of acquired abnormalities are oralhabits of pa-
tients. Today, the problem of oral habits in children with
maxillomandibular anomalies and acquired deformities
is relevant, as they are progressing faster and more
intensively among young people who are in distance
learning. Children use oral bad habits very often sup-
porting the head with hands, causing chronicinjury in
this area, sitting in front of a monitor with his mouth
open, despite a positive breath test (presence of nasal
breathing), keeping fingers in the mouth, pencils, biting
nails, pencils or pens. Isolated studies indicate that the
systematic use of oral habits in causes changes in the
facial skeleton and maxillofacial area [3, 6-9]. We sug-
gest that oral habits, especially those associated with
prolonged mechanical exposure to the facial skeleton
and jaw bones, are the trigger for deformation in cellular
mechanotransduction of the functional matrix of the
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skeletal system and is the phenotypic expression of
the human body. Combining discoveries from cellular
mechanotransduction with the theory of biological
networks, it forces scientists to reconsider the existence
of a functional matrix developed by E. Moss and the
influence of genotypic expression on bone formation.
Anvils indicate the presence of different types of intra-
cellular mechanotransduction processes. They translate
the information content of the stimulus of the periosteal
functional matrix into the cell signal of the skeletal unit
(bone). Scientists emphasize the correlation between
theintensity and duration of endogenous electric fields
created by skeletal muscle activity and those to which
bone cells respond best. Phenotypic expression triggers
a chain of macromolecular levers that connect the ex-
tracellular matrix to the bone cell genome, suggesting
a different way of epigenetic regulation of the bone
cell genome. Intercellular slit connections allow bone
cells to transmit and then process information of the
periosteal functional matrix after its initial intracellular
mechanotransduction [10, 11, 5]. Physical forces play an
important role in modulating cell function and shaping
tissue structure. Mechanotransduction, the process by
which cells convert physically induced signals into bio-
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chemical reactions, is critical for mediating adaptation
to mechanical stress in connective tissues [12, 6, 11].
Scientists emphasize that slit connections, like

electrical synapses, underlie the organization of bone
tissue as a connected cellular network and the fact
that all bone adaptation processes are multicellular.
The bone is “tuned” to the exact frequency of skeletal
muscle activity. The inclusion of concepts and databas-
esrelated to intracellular and intercellular mechanisms
and processes of bone cell mechanotransduction and
organization of bone as a biologically related cellular
network allows us to reconsider the functional matrix
hypothesis, which offers an explanatory chain extend-
ing from the epigenetic event of muscle contraction
hierarchically down to the regulation of the bone cell
genome [11, 13]. We suggest that intercellular mech-
anotransduction is a critical component in achieving
coordinated remodeling responses to the application
of force in connective tissues, which requires further
study and research.

Without modern diagnostic methods, it is not always
a simple task to establish what kind of abnormality
the patient has. 2D diagnostics (orthopantomogram,
2D lateral and direct cephalography) allows studying
a number of angular and linear parameters. Often, the
orthodontist needs additional X-ray examinations,
which is associated with two-dimensional flattening,
variable magnification of various anatomical structures
of the facial skull and limitation due to total overlap.
We can replace 2D diagnostics with three-dimensional
reconstruction using cone-beam computed tomogra-
phy. The patient will receive a lower dose of radiation
than with multispiral computed tomography, but more
than with 2D diagnostics. 3D cephalometry allows
you to visualize the bone structure of the maxillofacial
area and muscles, study and evaluate the anatomical
structures of the facial skull in thin sections in all three
planes, study the base of the skull to understand the
patient’s congenital or acquired deformity, help the
orthodontist avoid diagnostic errors

THE AIM

Identifying the relationship between the presence of
oral habit and acquired maxillomandibular anomalies,
influence of oral habits on the skeleton and muscular
system formation in children.

MATERIALS AND METHODS

We conducted clinical, radiological methods of exam-
ination of 60 patients aged 9-12 with acquired maxil-
lomandibular anomalies, 15 persons aged 9-12 years

without maxillomandibular anomalies and acquired
deformities (norm group) and 15 persons aged 9-12
years with hereditary syndromes, which are combined
with bone deformities in the maxillofacial area (com-
parison group).

We conducted a secret survey to identify a oral
habit in patients. We conducted a secret survey to
identify a oral habit. We conducted a photo pro-
tocol and processed the results using AutoCAD
2007. Muscle hypertonia musculus oblicularis oris was
determined. The presence of such pathology indicates
problems with swallowing (excessive muscle tension),
speech and rest. We performed a respiratory test to
detect nasal breathing in pat ients, necessarily during
the external oral examination.

We studied and analyzed the data of computed
tomograms of 60 patients with acquired maxillo-
mandibular anomalies, deformities, 15 tomograms of
persons of the norm group. X-ray methods included
examination of the patient on a spiral computed to-
mography scan TOSHIBA Aquilion PRIME 160-slices
MODEL TSX-302A / 1C. The scan was performed ac-
cording to a specially developed protocol. During the
scan, the position of the jaws in the bite and the head
remains stable in order to reduce the risk of artifacts.
The reconstruction algorithm at the time of the study
was set as“bone” or“high resolution”. The matrix exten-
sion was 512x512. The scan range included the facial
and cerebral skulls. The thickness of the slice during
the scan was 3-5 mm, the step in the reconstruction
of the slice was 1 mm. All sections matched the ana-
tomical area, had the same proportions and sizes and
were scanned at the same table height. The scan was
performed in one direction. After the study, archival
data were stored in Dikom format.

The main method of examination is stereotopometric
analysis (three-dimensional cephalometry), which stud-
ied the ratio of the structures of the facial head relative to
three mutually perpendicular planes. Three-dimensional
cephalometric analysis was performed on computer re-
constructions in SimPlant Pro 11.04 software. SurgiCase
(Materialize) was used according to the developed mod-
ified method of cephalometric and stereotopometric
analysis. To perform stereotopometric analysis of the
facial skeleton, we used the method developed by us
to construct the base planes, which are centered at the
reference point of the coordinate system. The latter is
located between the trabecular and parachordal parts
of the skull in the projection of the sagittal basal plane
between the round hole. This point is recommended as
a centering pointin craniological studies for two reasons.
The first confirms the results of observations of D.E.
Lieberman, C.F. Ross, M.J. Ravosa (2000). Thus, all their
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Fig. 2. SSD computer reconstruction of the skull, masticatory muscles
disproportion. Patient, 9 years old, oral habit leaning on her left arm

studies of cranial growth processes point to the center of
the basicranium (oval area near the body of a cuneiform
bone), which reaches its final size and shape faster than
other parts of the skull because all vital cranial nerves,
vessels perforate the skull base in this area. The second
reason is the transformation of the bony platform of the
cuneiform bone under the influence of the growth of
brain structures in contrast to the center relative to which
the transformation occurs. To identify anthropometric
points, we use standard anatomical zones defined in
craniology[14, 13].

In order to determine the position of the upper jaw
in the skull, we introduced the point of least variabil-
ity of the upper jaw. The above navigation index was
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Fig. 3. SSD computer reconstruction of the skull, masticatory muscles
disproportion. Patient, 9 years old, oral habit leaning on her left arm

recorded by us in the center of the perpendicular
dropped from the point of nasion to the middle of the
base of the upper jaw. That is, this is the point of the
center of the triangle of the upper jaw formed by the
points N, PNS, ns. Measurement of angular and linear
parameters is carried out automatically after marking
the above anthropometric points. E. Martin’s method
was taken as a basis. Statistical processing of the re-
sults was performed using a personal computer using
the software package Statistica 8.0. Data distribution
was assessed using the Kolmogorov-Smirnov test of
normality. Mean values and standard errors were cal-
culated for continuous variables. Correlation between
parameters was analyzed using Spearman’s correlation
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Table I. Parameters of linear cephalometric parameters in the control group and patients aged 9 to 12 years with acquired lower and upper micrognathia

Pathology under study

Ne Measured Indicator = = = =
Upper micrognathia Lower micrognathia Norm
55.76+1.213 58.36+0.905
1. N - Se 58.73+0.828
p<0.05 p>0.05
22.58+1.253 25.78+0.682
2. Mart.63 Biom G2 25.91+0.586
p<0.02 p>0.05
. X 22.46+0.989 25.47%0.765
3. The distance between greater palatine foramen 25.91£0.592
p<0.007 p>0.05
34.69+0.77 37.05+0.924
4. (ns) or VPOK - (pns) 37.33x0.915
p<0.05 p>0.05
iti jaw i Y=34.85%+1.185 Y=38.15+£0.485
5 The position of the upper jaw in the skull from the Y=38.1140.625
point «0». p<0.02 p>0.05
iti jaw i Y=41,75%1,295 Y=47,18+0,525
6. The position of the upperjaw in the skull from the Y=47,0240,551
point «S» p<0,001 p>0.05
. . Y=7.1+£0.632 Y=9.01+0.465
7. The position of the point «0» Y=9.23+0.464
p<0.01 p>0.05
6.34+0.581 11.68+0.684
8. PNS - ppw 12.36+0.624
p<0.0000006 p>0.05
27.89+1.043 36.90+0.899
9. Ba - PNS 37.28+0.851
p<0.0000009 p>0.05
13.62+0.600 14.32+0.40
10. T1 15.11+£0.544
p>0.05 p>0.05
5,35+0,504 8,48+0,478
1. P2 9,400,663
p<0.00002 p>0.05
- P3 6.21+0.481 12.34+0.80 13.76£0.815
) p<0.0000003 p>0.05 o
22.53+0.54 24.59+1.
T2 >3+0.548 59+1.09 25.23+0.876
13. p<0,05 p>0.05
23.20+1.209 29.02+1.112
14. Vv 28.51%1.115
p<0.003 p>0.05
33.66+0.849 39.18+1.153
15. N - SpP (Mx - PI) 38.73+1.155
p<0.001 p>0.05
34.62+1.174 39.03+0.904
16. Mart.60 38.87+1.197
p<0.05 p>0.05
49.84+1.603 52.1+0.974
17. Mart.61 51.66+0.945
p>0,05 p>0,05
. 32.33+0.794 36.5£1.216
18. Mart.55.Biom NH' 36.45+1.447
p<0.05 p>0.05
+ +i
19. Mart.54.Biom NB. 18.0620.797 20060434 20.26+0.591
p<0,04 p>0,05
86.97+3.13 81.87+1.242
20. Mart.43(1) Biom IOW. 80.32+1.409
p>0.05 p>0.05
- - - N - "
o1 Height of Nasion (N) above the line connecting the 13.64+0.881 15.68+0.653 14.54+0.985
points fmol and fmor p>0.05 p>0.05
33.97+0.844 33.32+0.477
22. Mart.51a Biom O1'L. 32.98+0.528
p>0.05 p>0.05
20.46+1.132 18.06+0.569
23. Mart.49a Biom DC. 18.43+0.814
p>0,05 p>0,05
34.82+1.262 36.12+0.53
24. The depth of the orbita 35.49+0.694
p>0,05 p>0,05
inati i 8.33+0.637 8.66%0.307
25, Determination of the symmet-ry of the medial edge 8.36+0.419
of the orbita p>0,05 p>0.05
1.26+0. 1.54+0.
26. Mart 52.Biom.O2L. 31.26x0.908 31.54x0.596 30.24+0.751
p>0,05 p>0.05
i 66.65+1.782 67.82+1.343
27. Mart.46.Biom GB. 68.03+£1.676
p>0,05 p>0.05
67.85+1.109 73.97+1.556
28. Mart.40 74.21+1.603
p<0.01 p>0.05
) 51.76+1.512 54.41+1.48
29. Mart.48. Biom.G'H. 54.37+1.597
p>0.05 p>0,05
85.14+1.143 86.71+1.553
30. Mart.5 87.19+1.632
p>0.05 p>0.05
i 48.51+1.997 42.64+1.491
31, Mart.68.Biom 8.5 99 (S} 9 49,411,541
Cpl. p>0.05 p<0.003
. . 58.49+2.245 52.22+2.884
32. Biom. pg go straight length from angles 59.46+1.913
p>0.05 p<0.04
j 45.49+1. 41.27%1.
33, The length ofthg body ofthg lower jaw 5.49%1.903 365 16.8741.382
(teleradiology graphic) p>0.05 p<0.01

Notes: p — significance in compared groups during follow-up period
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Table 1. Parameters of linear cephalometric parameters in the control group and patients aged 9 to 12 years with acquired lower and upper micrognathia

Pathology under study
N2 Measured Indicator
Upper micrognathia Lower micrognathia Norm
i 33.93+2.045 28.94+1.641
1. Mart.70.8iom. 35.02+2.074
RI. p>0.05 p<0.04

Distance fromdistal point

2. fragment to projection of the articular fossa Jaw branch available Jaw branch present Jaw branch present
i i 33.68+2.068 34.86%1.591
3. The height of the brarlwches of lower jaw 33.46+2.143
MT2 (teleradiography) p>0.05 p>0.05
. 80.21+£3.036 72.41+£3.564
4. Total mandibular length 81.44+2.676
p>0.05 p<0.04
5. Distance from Pg to the projection of the Jaw branch available Jaw branch present Jaw branch present
articular fossa
_ 5.84+0.482 12.54+1.334
6. PNS = ppw 12.49%1.271
(teleradiography) p<0.00001 p>0.05
_ 27.51£1.108 34.84+0.895
7. Ba = PNS 34.86+0.782
(teleradiography) p<0.00001 p>0.05
T1 12.68+0.675 12.81+0.531
8. . 12.55+0.505
(teleradiography) p>0.05 p>0.05
P2 5.83£0.413 9.05+0.674
9. . 9.34+0.666
(teleradiography) p<0.001 p>0.05
P3 6.35+0.239 10.85%+1.273
10. . 10.78+1.163
(teleradiography) p<0,0002 p>0,05
T 20.76%0.829 23.99+0.988
11. . 23.51+0.59
(teleradiography) p<0.01 p>0.05
Vv 21.14+£0.921 28.38+0.905
12. . 27.10+£0.898
(teleradiography) p<0,00009 p>0,05
_ - 33.57+£2.238 38.86%£1.078
13. N = SpP (Mx - P) 38.53+1.231
(teleradiography) p>0.05 p>0.05

Notes: p — significance in compared groups during follow-up period

Fig. 4. SSD computer reconstruction of the skull, masticatory muscles
disproportion. Patient, 9 years old, oral habit leaning on her left arm
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coefficient and tested for significance. Significance was
setat p < 0.05[15].

RESULTS

The results of a secret survey showed that 98.3% of
the surveyed patients (59 people) have bad oral habits
(supporting the head with hands - 53 people, sitting
in front of a monitor with open mouth - 4 patients,
keeping fingers in the mouth, pencils — 2 people).

In the comparison group, the results of the photo-
protocol corresponded to the picture that accompa-
nied the main diagnosis. 41.7% (25/60) of patients in
the main group and 6 people in the comparison group
were diagnosed with muscular hypertonia musculus
oblicularis oris, while in the norm group there were no
person this such pathological condition (p<0.01). In
the presence of hypertension in patients, the dentition
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Table lll. Angular cephalometric parameters in the control group and patients aged 9 to 12 years with acquired lower and upper micrognathia

Measured Indicator

Pathology under study

Acquired upper

Acquired lower

Norm

micrognathia micrognathia
71.59+1.322 78.05%1.257
1. Angle F or front angle 77.81£1.372
p<0.01 p>0.05
2. The position of the.plane of the Within the axial base plane 2,98+0,238 Within the axial base plane
Frankfurt horizontal
3. Position of the plane'of the base of Within the axial base plane 5,44%0,611 Within the axial base plane
the upper jaw
4. Position of the mandibular plane in Within the axial base plane 5.62+0.79 Within the axial base plane
the transverse plane
5. The position ofthe sagittal plane to Within the sagittal base plane 3.2540.561 Within the sagittal base
point A plane
6. The position ofthg sagittal plane to Within the sagittal base plane 8.05+1.161 Within the sagittal base
the point Me plane
7. Position of the plane Zml, Zmr, ANS Within the axial base plane 4.38+0.49 Within the axial base plane
The degree of inclination of the 3.97+1.224 3.64+£1.012
8. base of the upper jaw (Mx-Pl) in the 4.22+0.942
sagittal plane p>0.05 p>0.05

Notes: p — significance in compared groups during follow-up period

Table IV. Angular cephalometric parameters in the control group and patients aged 9 to 12 years with acquired lower and upper micrognathia

Pathology under study
Ne Measured Indicator Acquired upper Acquired lower
; o : o Norm
micrognathia micrognathia
135.6+1.263 137.1+1.489
1 Mart.77 137.94+1.469
p>0.05 p>0.05
iti 75.14%1.277 77.36%1.244
2 Position of the plane ofthe 76.93+1.177
entrance to the orbita p>0.05 p>0.05
iti 36.41+1.822 37.56+0.892
3. Position of the Ia.teral wall of the 374240893
orbita p>0.05 p>0.05
iti i 8.01+0.542 10.95+0.702
4 Position of the mgdlal wall of the 11.1340.725
orbita p<0.01 p>0.05
110.36%1.575 109.58+1.378
5. Zigo-maxillary angle p>0.05 p>0.05 108.74+1.326
p>0.05 p>0.05
53.52+1.271 57.93%1.241
6. Angle N 58.34+1.231
p<0.01 p>0.05
84.62+1.545 83.64+1.298
7. Angle A 83.84+1.411
p>0.05 p>0.05
37.31+£0.594 38.41+£0.776
8. Angle B 0>0.05 0>0.05 38,13+0.904

Notes: p — significance in compared groups during follow-up period

narrows and shortens. This pathological condition
is one of the etiological factors in the development
of dental anomalies, in particular, the accumulation
of teeth in the frontal jaw. Hypotonia of the circular
muscles of the mouth was diagnosed in 15.0% (9/60)

of patients in the main group and in 2 people in the
norm group. Hypotonia is one of the etiological factors
in the development of medial occlusion. At the time
of the breath test, only 65.0% (39/60) had a positive
test bilateral, indicating nasal breathing and proper
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sinus formation. Other patients had nasal breathing
disorders and were referred to an otorhinolaryngolo-
gist. The results of the clinical study were confirmed
by cephalometric analysis, which indicated impaired
formation of the maxillary sinuses (unilateral or / and
bilateral) in those patients who do not have nasal
breathing due to the anatomical structure of the na-
sal passages or inflammation in the sinus. Therefore,
we recommend that you include these indicators as
mandatory - in the diagnosis of maxillomandibular
pathology.

According to the data of the 3D cephalometric ex-
amination presented in tables|, Ilin patients aged 9-12
with acquired anomalies of jaw development revealed
disproportions distinctive of the gnathic part of the
facial skeleton. Comparative analysis of maxillofacial
parameters presented in patients with acquired upper
micrognathia showed the presence of shortening to
34.69+0.77 mm (p<0.05) of the length of the base of
the upper jaw (ns) or VPOK - (pns), which was reflected
in the presence of mesial occlusion and typical of this
type violation of the profile of the face, namely the
depression of the upper lip and its base. The above
changes were also confirmed by reducing the facial
angle F to 71.5941.322 (p<0.01). Shortening of the
base of the upper jaw and reduction of the facial angle
was combined with a change in the ratio of the chin
bones and alveolar process of the upper jaw, which
was reflected in the increase to 110.36+1.575 (p>0.05)
zygo-maxillary angle. This type of disproportion in pa-
tients with acquired upper micrognathia was reflected
in the change of facial profile: smoothness and flatten-
ing of the relief of the chin bones and occipital areas.
Clinical examinations were confirmed by the results of
cephalometric analysis. These patients have oral habits
(sucking the tongue and / or fingers, sleeping with the
mouth open), hypotonia of the circular muscles of the
mouth, lack of new breathing. Patients with genetic
factors in the development of medial occlusion were
not included in the study.

Comparative analysis of the parameters of the fa-
cial skeleton, presented in tables I-IV in patients with
acquired lower micrognathia showed the presence
of malformations of its lower third. The expressed
disproportions, as a rule, were noted in disturbance of
development of both one, and symmetrically of two
parties of a lower jaw. In the first case, a significant
underdevelopment of the mandibular branch was
combined with the existing bone ankylosis of the tem-
poromandibular joint. In the second case, a significant
symmetrical shortening of the mandibular branches
was usually combined with intact temporomandibular
joints. In both nosological units there was a shorten-
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ing to 34.86%£1.591 mm (p>0.05) in the height of the
mandibular branch. The latter type of pathology was
usually combined with a reduction of the projection
length parameter from the corners, shortening to
41.27+1.365 mm (p<0.01) of direct length from the
corners and reducing to 72.41+3.564 mm (p<0.04) of
the total mandibular length. The above parameters
were confirmed by distal occlusion and their charac-
teristic facial profile, namely the beveled type of facial
configuration silt in which the lower third of the face is
shortened, the chin is shifted to the buttocks - “bird’s
face type’, the lower lip is turned out, on which in most
cases the upper incisors are located, the labial fossa
is extremely well expressed, the lips do not close. The
results of cephalometric analysis were confirmed by
a photoprotocol, which on all indicators traced the
shortening of the branches of the mandible. Such
patients reported having an oral habit of leaning on
their chin with their hands or sucking / biting their
lower lip. One-sided disproportions are characterized
by a violation of symmetry, which was confirmed by a
shift of the sagittal plane to 3.24+0.557 compared with
the norm. With such anomalies it is indeed important
to assess the masticatory muscles and symmetrical
areas of the face. There is a decrease in the thickness of
the masticatory muscle, lateral and medial pterygoid
muscles on the side where the patient has a habit of
supporting the head. A significant positive correlation
(rxly= 0,85%0,14) was found between the presence of
oral habit and acquired maxillomandibular anomalies
(p<0.05).

We offer the results of a study of patientK., 9 years old
with existing acquired deformities in the maxillofacial
area. Diagnosis: acquired deformity of the lower jaw on
the left side. According to computed tomography, there
is a violation of the symmetry of the facial skeleton due
to the displacement of the lower jaw to the right. The
articular head of the left temporomandibular joint is
displaced to the front (Fig. 1). No changes in the base
of the skull were detected.

Analysis of the thickness of the masticatory muscles
showed a difference between the left and right sides.
The difference was also observed in the lateral ptery-
goid muscles (Figs. 2, 3, 4).

DISCUSSION

3D cephalometric analysis helped us identify the
relationship between the presence of oral habit and
acquired maxillomandibular anomalies. Our resurch
has proven that 3D cephalometric analysis helps the
orthodontist to properly examine the patient to make
a correct plan of complex treatment and has a great ad-
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vantage over all 2D diagnostic methods. Scientists also
prefare 3D cephalometric analysis over 2D diagnostic
methods [14, 2]. However some of them still use 2D
diagnostic methods [1]. The results of our study showed
the importance of such analysis, because thanks to it
we can study the condition of the bones of the facial
skull, temporomandibular joints, muscular system. In
the process of studying the bones of the skull base, the
doctor can determine whether the maxillomandibular
anomaly and deformity is congenital or acquired and
prove the relationship between the bad oral habit and
the existing acquired deformity of the maxillofacial area.

Systematic use of oral habits causes constant traumat-
ic effects on the bone structure and muscular system,
and as a result deforms the affected area. We have
found significant positive correlation (rxly= 0,85+0,14)
between the presence of oral habitand acquired maxil-
lomandibularanomalies (p<0.05). The results of clinical
research and cephalometric analysis obtained by us
allow us to do not reject the hypothesis of the theory
of the functional matrix. The genetics of the organism
play a major role in the formation of this matrix, but the
long-term influence of physical forces plays a prominent
role in the phenotype of bone structure. In the main
group of patients, such a mechanical factor was the
action of an oral habit that affected the phenotype,
namely the maxillofacial area with the subsequent
development of acquired deformities. The results of 3D
cephalometry confirm this theory by the presence of
bone deformity and thinning of the muscles from the
side of the traumatic factor and causes compensatory
muscle hypertrophy on the opposite side. The results of
our study are confirmed by the results of other authors,
who emphasize that physical forces play an important
role in modulating cell function and shaping tissue
structure and, as a result, start the process of mechano-
transduction. Cells convert physically induced signals
into biochemical reactions, are critical for mediating
adaptation to mechanical stress in connective tissues
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ABSTRACT

The aim: To perform a comparative analysis of VTE in patients with acute surgical abdominal pathology before and during the COVID-19 pandemic.
Materials and methods: Retrospective study covered 53062 patients operated in the surgical clinic (Lviv city emergency hospital) in 2000-2019. Prospective
analysis was based on the results of treatment of 546 patients operated at the same surgical clinic from April 2020 (Tst surgical patient with COVID-19) till
December 2021. The study analyzed 48 (8.8%) patients operated for acute abdominal pathology and confirmed diagnosis of COVID-19.

Results: In the st group, heparin prophylaxis was used in 42.3% of patients, of which non-fractionated heparin were used in 58.6% and low molecular
weight heparin — in the remaining patients. From 2020 to 2021, pharmacoprophylaxis was used in 84.5% of cases, of which 67.2% — low molecular weight
heparins, 20.1% — non-fractionated heparins and 12.7% — modern oral anticoagulants. The results were unexpected: with a significant increase in the ve-
nous thromboembolism prevention in the 2nd group, a decrease in the number of episodes of thromboembolic complications was not observed. In contrast,
pulmonary artery embolism was recorded in 10.6% of patients in the 1st group and 23.5% — in 2nd group, which is a 2.2-fold increase in fatal cases of venous
thrombosis (p<0.05) in patients with COVID-19.

Condlusions: Increase of mortality due to pulmonary artery embolism more than twicefold in patients with COVID-19 operated for acute surgical abdominal

pathology is an objective evidence of a potentiated, uncontrolled risk of venous thromboembolism and requires further in-depth study.

KEY WORDS: venous thrombosis and embolism, COVID-19, thromboembolic complications, acute surgical abdominal pathology

INTRODUCTION

Prediction and prevention of post-operative compli-
cations remains one of the most pressing problems
of clinical surgery. Venous thrombosis and embolism
(VTE) is a complication, which differs from others by
the particular severity of the course, complexity of
diagnosis and treatment and high mortality. The sharp
rise in venous thromboembolism (VT) in the context
of the 2019 COVID-19 pandemic attracts increasing
attention of experts around the world [1-4]. According
to current data, about a third of patients’ deaths in the
postoperative period are due to VTE[1, 5, 6]. Clinicians
[1, 2, 7] report that 71.4% of patients who died of
COVID-19 were diagnosed with multifocal thrombosis
as a manifestation of uncontrolled hypercoagulation.
Although thromboembolic complications (TEC) are
still considered to be the most favorable in the context
of prevention, studies of last 2 years have raised the
question of assessment of the real risk of VTE in surgical
patients with severe respiratory syndrome caused by
SARS-CoV.

Wiad Lek. 2023;76(7):1659-1662

THE AIM

To perform a comparative analysis of VTE in patients
with acute surgical abdominal pathology before and
during the COVID-19 pandemic.

MATERIALS AND METHODS

Retrospective analysis of the results of treatment of
patients, who underwent surgery for acute surgical ab-
dominal pathology before the COVID-19 pandemic (1st
group) and prospective analysis - for the period from
April 2020 to December 2021 (2nd group) were done.

The necessity of research was due to following: 1)
from April 2020, hospitals began to admit surgical pa-
tients with concomitant COVID-19; 2) during the 2nd
and 3rd quarters of 2020, there was an increase of VTE
in patients with acute surgical abdominal pathology; 3)
in early 2021, an urgent need for detailed study of TEC
in the clinic and the development of differentiated ap-
proaches to specific prevention of VT; 4) rising number
of reports about atypical localization of thrombosis of
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veins (portal, mesenteric, splenic, renal etc.) in surgical
patients with severe COVID-19-induced respiratory
syndrome.

Retrospective study covered 53062 patients operat-
ed in the surgical clinic (Lviv city emergency hospital)
in 2000-2019. Women slightly predominated (53.4%).
The mean age of patients was 56.2+11.5.In emergency
mode, 53547 interventions were performed for acute
diseases of the abdominal organs (appendicitis — 20.1%,
cholecystitis - 18.2%, bowel obstruction - 19.5%,
incarcerated hernia - 10.8%, perforated gastric or du-
odenal ulcer - 12.3%, destructive pancreatitis — 3.4%,
other acute surgical pathology - 5.5%) and abdominal
trauma (10.2%).

After surgery, 1673 patients (3.2%) died, mainly from
purulent-septic complications or multiple organ failure.
Pulmonary artery embolism (PAE) occurred in 178 pa-
tients (10.6%) on 7.4+3.2 days after emergency surgery.
In 12 patients (6.7%), PAE was clinically subacute and
its intensive therapy proved to be effective. Clinical and
radiological signs of pulmonary infarction appeared in
8 (4.5%) patients 3-4 days after PAE. Acute sudden heart
and lung failure caused death of 101 (56.8%) patient
despite resuscitation. In 65 (36.5%) patients with PAE,
cause of death was revealed only at autopsy.

Prospective analysis was based on the results of treat-
ment of 546 patients operated at the same surgical clin-
ic from April 2020 (when 1st surgical patient was diag-
nosed with COVID-19) till December 2021. Men slightly
prevailed - 52.7%. Age of patients ranged from 21 to
85 (mean — 62.1+21.2). Acute intestinal obstruction
was the indication for surgery in 140 (25.6%) patients,
86 of them (15.8%) had obstructive colon cancer, acute
appendicitis - 120 (22.0%), incarcerated hernia — 105
(19.2%) (of which intestinal resection was done in 4.7%),
acute cholecystitis — 89 (16.3%), perforated ulcer - 68
(12.5%), perforated diverticulitis of the descending and
sigmoid colon - 14 (2.6%) and segmental small bowel
necrosis — 10 (1.8%).

The study analyzed 48 (8.8%) patients operated for
acute abdominal pathology and confirmed the diag-
nosis of COVID-19. Positive polymerase chain reaction
(PCR) for identification of SARS-CoV-2 was confirmed in
83.3% of patients, express test for antigen was positive
only in 17.7% of cases. There were 37 (77.1%) patients
in the specialized Intensive care unit (ICU) for patients
with COVID-19, of whom 17 (45.9%) required invasive
breathing support, average bed stay was 7.6+3.2 days.
Ondays 3.8+1.9, 17 (35.4%) post-surgical patients died,
autopsy was performed in 15 (88.2%). Causes of death
were: multiple organ failure (35.3%), heart and respi-
ratory failure (29.4%), PAE (23.5%) and purulent-septic
complications (11.8%).
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In 1st group, 37.1% of patients were diagnosed
with peritonitis of various spread: local delimited in
31.2%, local non-delimited - 25.7%, diffuse in - 43.1%.
Mannheim peritonitis index (MPI) value was: | - 27.4%,
Il - 52.3% and Il - 20.3%. Despite the fact that in the
2nd group there were more patients with diffuse peri-
tonitis (49.1%) and cases with MPI value lll were slightly
predominant, no significant difference (p>0.05) was
noticed between the indicators.

However, assessing the preoperative condition of
patients according to the classification of American
Society of Anesthesiologists, it was found that in 1st
group class | was stated in 13.3% of patients, in 2nd -
9.8%; class Il —in 26.2% and in 21.3% respectively; class
[l - in 28.4% and in 32.4% respectively; class IV - in
21.0% and in 25.2% respectively; classV -in 11.1% and
in 11.3% respectively. The increase in the number of
patients with class lll and IV in the 2nd group was due
to an increase in the incidence of disseminated intra-
vascular coagulation and respiratory failure due to viral
pneumonia and decreased cardiac ejection fraction due
to overload of right part of heart caused by VTE.

Patients of both groups were individually stratified
according to VTE risk levels according to the J. Caprini
risk assessment scale [5, 8]. Low (1-2 points), moderate
(3-4 points) and high (5 or more points) degrees of risk
in the 1st group were found in 3.5%, 72.2% and 24.3%
of patients, in 2nd - respectively, in 2.8%, 62.2% and
35.0% cases (p<0.05). All patients with moderate and
high risk were given VTE drug prophylaxis according to
the current recommendations and taking into account
the peculiarities of COVID-19.

Pre-operative preparation both study groups con-
sisted of correction of water-electrolyte balance,
functions of major organs and systems, antibiotic
prophylaxis or antibiotic therapy. All surgical inter-
ventions were performed within 24 h using general
anesthesiain 87.5% of patients (endotracheal - 74.2%),
regional-in 12.5%. The average duration of the oper-
ation was 98+51.8 min.

RESULTS AND DISCUSSION

Venous thrombosis and embolism is a complication
in surgery being exceptional for the number of ex-
isting guidelines, consensuses, clinical protocols and
standards of prevention [6, 9]. Nevertheless, with the
threating pace of SARS-CoV-2 spread, global medicine
had faced new, unknown challenges associated with
VT, which are much more aggressive, dramatically
worsening treatment outcomes. Assessing the danger,
it was necessary to modernize clinical guidelines, mainly
changing the concept of VTE risk assessment in patients
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with COVID-19 and developing new diagnostic and
preventive methods, adapted to current reality.

For comparative analysis, we stratified both study
groups by degree of VTE risk in accordance with the
9th ACCP guideline. A distinct increase in the number
of high-risk patients with TEC was seenin the 1st group
from 24.3% to 35% (p<0.05), while in the 2nd this was
due to an increase in the number of operations for
complicated surgical pathology, significant increase in
hospital stay and, consequently, prolongation of bed
rest for more than 72 hours and the number of central
vein catheterizations.

Analysis of the nature and effectiveness of specific
VTE prevention was performed in both study groups.
In the 1stgroup, heparin prophylaxis was used in 42.3%
of patients, of which non-fractionated heparins (NFH)
were used in 58.6% and low molecular weight heparins
(LMWH) —in the remaining patients. From 2020 to 2021,
pharmacoprophylaxis was used in 84.5% of cases, of
which 67.2% - LMWH, 20.1% —NFH and 12.7% - modern
oral anticoagulants. The results were unexpected: with
a significant increase in the VTE prevention in the 2nd
group, a decrease in the number of episodes of TEC was
not observed. In contrast, PAE was recorded in 10.6%
of patients in the 1st group and 23.5% — in 2nd group,
which is a 2.2-fold increase in fatal cases of VT (p<0.05)
in patients with COVID-19. The reasons for such a sub-
stantial increase in the incidence of VT are confirmed
by preliminary data on the potentiated risk of VTE in
patients with acute surgical abdominal pathology on
the background of severe respiratory syndrome caused
by SARS-CoV-2.

As well, this comparative analysis of groups'’stratifica-
tions revealed a slightincrease in the number of patients
with a high risk of VTE in the 2nd (COVID-19) group.
Widely known, in case of low degree risk it is advisable
to limit the use of mechanical prophylaxis, while in
moderate and high degrees of risk, the use of anticoag-
ulants in appropriate doses is necessary [10]. Therefore,
the application of the 8th edition of the ACCP guideline

REFERENCES

and local clinical protocols, especially developed for
emergency surgery, will elevate the importance of phar-
macological prevention of VTE. Giving priority to specific
prophylaxis will optimize the solution to the problem of
VTE in Ukraine, where most mechanical methods (graded
elastic compression, intermittent pneumocompression,
electrical muscle stimulation etc.) are mostly not avail-
able and non-specific prevention is reduced only to early
activation of the patient after surgery.

Indicators of the timing of death after surgery in study
groups deserve special attention. Thus, in the 1st group
it equaled 7.4+3.2 days, in 2nd - 3.8+1.9, which may
point upon a more aggressive course of thanatogenesis
in patients with COVID-19 and a theoretical increase in
the number of TEC in patients due to the progression
of respiratory failure, which do not “live up” until PAE
occurs.

CONCLUSIONS

1.Venous thrombosis and embolism are one of the
most serious postoperative complications in emer-
gency surgery, especially on the background of the
COVID-19 pandemic.

2. Modern features of the problem of VTE in surgical pa-
tients with COVID-19 are the decrease in the propor-
tion of patients with low risk of VTE and an increase
in the number of patients with high risk of VTE.

3. Optimizing the solution to the problem of VTE in
emergency surgery is seen in assessment of the real
scale of TECin patients with COVID-19 and widening of
the indications for pharmacological prevention of VT.

4. Increase of mortality due to PAE more than twicefold
in patients with COVID-19 operated for acute surgical
abdominal pathology is an objective evidence of a
potentiated, uncontrolled risk of VTE and requires
further in-depth study.

5. Actual TEC values in surgical patients with COVID-19
may be underestimated due to shortening of the
hospitalization-death period.

1. Katsoularis |, Fonseca-Rodriguez O, Farrington P et al. Risks of deep vein thrombosis, pulmonary embolism, and bleeding after covid-19:
nationwide self-controlled cases series and matched cohort study. BMJ. 2022;376:¢069590.
2. De Simone B, Chouillard E, Di Saverio S et al. Emergency surgery during the COVID-19 pandemic: what you need to know for practice.

Ann Royal Coll Surg Engl. 2020;102(5):323-333.

3. Engelen M, Vandenbriele C, Balthazar T et al. Venous Thromboembolism in Patients Discharged after COVID-19 Hospitalization. Semin

Thromb Hemost. 2021;47(04):362-371.

4. Bozzani A, AriciV, Tavazzi G et al. Acute arterial and deep venous thromboembolism in COVID-19 patients: Risk factors and personalized

therapy. Surgery. 2020;168:987-992.

5. Geerts WH, Bergquist D, Pineo GF et al. Prevention of Venous Thromboembolism: American College of Chest Physicians Evidence-Based
Clinical Practice Guidelines (8-th Edition). Chest. 2008;133:381-453.

1661



Nazar R. Fedchyshyn et al.

6. Nikolaides AN, Fareed J, Kakkar AK et al. Prevention and treatment of venous thromboembolism: international consensus statement
(quidelines according to scientific evidence). Int Angiol. 2006;25:101-161.

7. Doglietto F, Vezzoli M, Gheza F et al. Factors Associated With Surgical Mortality and Complications Among Patients With and Without
Coronavirus Disease 2019 (COVID-19) in Italy. JAMA Surg. 2020;155(8):691-702.

8. Cohen AT, Tapson VF, Bergman JF et al. Venous thromboembolism risk and prophylaxis in the acute hospital care setting (ENDORSE study):
a multinational cross-sectional study. Lancet. 2008;371:387-394.

9. Samama MM, Dahl OE, Quinlan DJ. Quantification of risk factors for venous thromboembolism: a preliminary study for the development
of a risk assessment tool. Haematologica. 2003;88:1410-1421.

10. Heit JA, Silverstein MD, Mohr DN. The epidemiology of venous thromboembolism in the community. Thromb Haemost. 2001;86:452-463.

ORCID and contributionship:

Nazar R. Fedchyshyn: 0000-0003-4695-7599 48 ¢ .F
Oleh B. Matviychuk: 0000-0002-5864-1535 8 D.EF
Nataliya V. Izhytska: 0000-0002-7089-5810 <°F

Conflict of interest:
The Authors declare no conflict of interest.

CORRESPONDING AUTHOR
Nazar R. Fedchyshyn

12 Krupyarska Str., apt 17

Lviv-79014, Ukraine

e-mail: fednaz@ukr.net

Received: 22.09.2022
Accepted: 05.05.2023

A—Work concept and design, B —Data collection and analysis, C—Responsibility for statistical analysis, D —Writing the article, E— Critical review, F — Final approval of the article

@EsaMShs  Artice published on-line and available in open access are published under Creative Common Attribution-Non Commercial-No Derivatives 4.0 International (CC BY-NC-ND 4.0)

1662



© Aluna Publishing

Wiadomosci Lekarskie Medical Advances, VOLUME LXXVI, ISSUE 7, JULY 2023

ORIGINAL ARTICLE

ACCUMULATION OF HEAVY METALS IN THE COLON
AND BLOOD OF PATIENTS WITH COLORECTAL CANCER

DOI: 10.36740/WLek202307122

Bohdan Tataryn'?, Anna Kryzhanivska', Alina Andriiv', Nadiya Riznychuk?®, Svetlana Horoshko?,
Eugene Graf?, Lilia Tataryn®

"IVANO-FRANKIVSK NATIONAL MEDICAL UNIVERSITY, IVANO-FRANKIVSK, UKRAINE

2CARPATHIAN CLINICAL ONCOLOGY CENTER OF IVANO-FRANKIVSK REGIONAL COUNCIL, IVANO-FRANKIVSK, UKRAINE
3VASYL STEFANYK PRECARPATHIAN NATIONAL UNIVERSITY, IVANO-FRANKIVSK, UKRAINE

ABSTRACT

The aim: To determine the accumulation of heavy metals, namely Cr, Cd, Cu, Pb, Zn by a tumour in correlation with unaffected colon tissue and blood of
patients with colorectal cancer.

Materials and methods: The study is based on the results of observation of 180 patients with CRC. The following samples were taken from: the tumor, the
colon and blood unaffected by the tumor — during the operative treatment of patients in the surgical department of the communal non-profit enterprise
“Precarpathian Clinical Oncology Center of the Ivano-Frankivsk regional council” for 2018-2020.

Results: According to the obtained results, the blood of patients with CRC contains much less heavy metals: Pb — 8.6 and 9.3 times less than in the tumour and
unaffected by cancer colon, respectively; (r— 9 and 14.8 times less; (d — 3.75 and 5 times less; Cu — 1.48 and 1.18 times less than in the tumour and unaffected
colon, respectively. Besides, the content of Zn in the blood is 1.04 times higher than in non-cancerous tissue of the colon.

Conclusions: It can be stated that the highest content of Ph, Cr and Cd was recorded in non-cancerous tissue of the colon of patients with CRC; the highest

content of Zn and Cu was revealed tumour tissue.

KEY WORDS: colorectal cancer, heavy metals, colon

INTRODUCTION

Carcinogenesis of heavy metals (HM) occurs in two main
ways: direct impact on the genetic apparatus of the
cell, and due to the impact on the enzymatic systems.
The danger of HM poisoning is due to their ability to
accumulate. In the human body, heavy metals are ac-
cumulated on the surface of chromosomes and lead to
structural modifications of nucleic acids.

A number of clinical and experimental studies have
shown that some carcinogenic HMs are characterized
by inhibitory effects on the growth of malignant tu-
mours at certain concentrations [1-3].

According to a number of scientific studies, envi-
ronmental contamination by heavy metals (HM) is in
second place in terms of environmental hazards after
pesticides pollution. The problem of increasing number
of HMs in the environment has led to the intensifica-
tion of the study of theirimpact on carcinogenesis; the
available literature contains many studies devoted to
carcinogenic effects of environmental pollution [4].

The accumulation of HMs in the external environ-
ment is due to their characteristic features: resistance

Wiad Lek. 2023;76(7):1663-1669

to environmental factors, solubility in water medium,
sorption by soil and plants. [5-7].

HMs are accumulated in tumour tissue in breast
cancer. Besides, a correlation between HMs content in
the tumour and habitual area contaminated by VMs
has been found.

According to recent studies, there is a correlation be-
tween the content of chromium and lead in the blood of
patients with colorectal cancer (CRC) and the duration
of recurrence-free survival [8].

CRCis characterized by high heterogeneity of course
of the disease and response to therapy, even within
clinically homogeneous patient groups. From the stand-
point of the above, there is a need for new prognostic
factors [9-11].

THE AIM

According to the obtained results, the content of such
heavy metals as Cr, Cu, Cd in the blood of patients with
CRCis statistically significantly higher than in healthy peo-
ple, while the content of Zn and Pb in the blood is lower.
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Table I. Pb content in patients with CRC

Test material Blood Primary tumour Colon without malignant neoplasm
Average value pg/g 0.03 0.26 0.28
Standard error 0.001 0.043 0.016
Table I1. Cr content in patients with CRC
Test material Blood Primary tumour Colon without malignant neoplasm
Average value pg/g 0,06 0,54 0,89
Standard error 0,001 0,114 0,150
Table Ill. Cd content in patients with CRC
Test material Blood Primary tumour Colon without malignant neoplasm
Average value pg/g 0,04 0,15 0,20
Standard error 0,001 0,017 0,025
Table IV. Cu content in patients with CRC
Test material Blood Primary tumour Colon without malignant neoplasm
Average value pg/g 1,37 2,03 1,61
Standard error 0,04 0,27 0,41
Table V. Zn content in patients with CRC
Test material Blood Primary tumour Colon without malignant neoplasm
Average value pg/g 4,35 7,74 4,19
Standard error 0,07 0,66 0,85

With an increase of chromium in the blood of patients
with CRC (regression coefficient is -22.2782) and lead
(regression coefficient is -8.8742), there is a statistically
significant lower recurrence-free survival.

The aim - To determine the accumulation of heavy
metals, namely Cr, Cd, Cu, Pb, Zn by a tumour in correla-
tion with unaffected colon tissue and blood of patients
with colorectal cancer.

MATERIALS AND METHODS

According toa previous study, it was determined thatin pa-
tients with colorectal cancer, the content of chromiumin the
blood is 2.2, cadmium is 3.4, and copper is 1.4 higher than
in healthy people, while the content of lead and zinc in the
blood of patients with colorectal cancerislowerby 3and 1.4
times, respectively (p<0.001 - for chromium, cadmium, zinc
and lead; p<0.05 - for copper). The prognostic assessment
of heavy metals on recurrence-free survival in colorectal
cancer patients was carried out (using the construction of a
regression model) —with the content of chromium (regres-
sion coefficient -22.3) and zinc (regression coefficient 0.5),
p<0.05, i.e., with an increase in the chromium content in
the blood of patients and a decrease in zinc, a lower recur-
rence-free survival rate was observed. We think it is rather
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important to understand the distribution of the studied
metals in the body of patients with colorectal cancer (CRC).

The study is based on the results of observation of 180
patients with CRC. The following samples were taken
from: the tumor, the colon and blood unaffected by the
tumor — during the operative treatment of patients in
the surgical department of the communal non-profit
enterprise “Precarpathian Clinical Oncology Center of
the lvano-Frankivsk regional council” for 2018-2020.

In order to understand the peculiarities of the accu-
mulation and distribution of heavy metals in the body
of patients with CRC, the following groups were formed
for comparison:

- 157 patients with metal content in the blood;

- 39 patients with metal content of in the primary tumor;
To study the content of heavy metals in the colon
unaffected by the tumor of CRC patients and to study
the accumulation of metals in the colon, samples were
taken from 12 persons out of 39 studied patients.

The database was formed using Ms Excel tables.
Statistical processing of qualitative (categorical) data
was carried out using the methods of non-parametric
statistics and by determining the frequency of various
clinical manifestations per 100 examined persons in
each group (in %).
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Fig. 1. Box-and-whiskers plot of Pb content in patients with CRC.
According to calculations, p = 0.000000, which indicates the reliability
of the data.

Fig. 4. Box-and-whiskers plot of copper content in patients with CRC.
According to calculations, p = 0.000248, which indicates the reliability
of the data.
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Fig. 2. Box-and-whiskers plot of Cr content in patients with CRC.
According to calculations, p = 0.000000, which indicates the reliability
of the data.

Box-and-whiskers plot of Cd content in patients with CRC
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Fig. 3. Box-and-whiskers plot of Cd content in patients with CRC.
According to calculations, p = 0.000000, which indicates the reliability
of the data.

Fig. 5. Box-and-whiskers plot of zinc content in patients with CRC.
According to calculations, p = 0.000000, which indicates the reliability
of the data.

The reliability (confidence limits) of the obtained
indicators was confirmed by calculating the error (
m) for relative values.

Using the calculation of Pearson’s chi-square (x2) cor-
respondence criterion, the reliability of the difference
in frequency indicators in different observation groups
was evaluated, as well as the null hypothesis was tested.

Variational and statistical analysis of the research to
assess the degree of reliability of the results was carried
out using a personal computer, Microsoft® Office Excel®
2007 and Statistica v.6 application programs (Statsoft
Inc., USA).

Comparison of two fractions: two sets of objects that
may have arandom attribute A.Two samples of volumes
nx and ny are formed from these sets. The number of
objects with feature A in the first sample is a random
variable X, and in the second - a random variable Y. It
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Fig. 6. Average values of Ph, Crand
(d content in patients with CRC.

Blood

Colon

Fig. 7. Average values of Cu and Zn
in patients with CRC.

Tumour

is believed that the random variables X and Y are inde-
pendent and subject to the binomial distribution law
with parameters (nx, px) and (nY, pY).

The indicators of the degree of correlation between
the studied indicators, the relative risk (odds ratio) and
the correlation coefficient were studied. One type of
indicators shows a change in risk when moving from
one discrete group to another; the other one indicates
the regularity in the interaction of variables over the en-
tire range of values. Mostly, relative risk and odds ratio
are used to describe interaction between qualitative
variables (measured on a nominal scale).

By determining the odds ratio, we can estimate the cor-
relation between a certain result and a risk factor, as well as
compare groups of subjects by the frequency of detection
of a certain risk factor and determine its quantification.

The correlation coefficient is used to analyze interac-
tion involving at least one quantitative or semiquanti-
tative variable.

The influence of the studied metals in the patients’
blood on the duration of the relapse-free period (in
months) was determined based on the construction of
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theregression model: y=EXP(4.224-0.343*Cu+0.470*Zn-
2.243*Cd-8.874*Pb-22.278*Cr).

RESULTS

According to a previous study, the content of heavy
metals, namely: Cr, Cd, Cu, Pb, Zn in the colon of patients
with CRC and healthy patients was studied. The follow-
ing results were obtained: the content of heavy metals,
namely Cr - 28.7 times higher (p = 0.000044), Pb - 2.77
times higher (p = 0.000000) and Cd - 3.2 times higher
(p=0.000117) in unaffected colon of patients with CRC
than in the colon of healthy patients; whereas for Zn
and Cu the obtained data are not statistically significant
(p =0.303704 and p = 0.095517, respectively).

COMPARISON OF LEAD ACCUMULATION BY
TUMOUR, UNAFFECTED BY CANCER COLON
AND BLOOD OF PATIENTS WITH CRC

In patients with CRC, unaffected by cancer tissue of
the colon is 1.1 times more prone to Pb accumulation
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Fig. 8. Average values and confidence intervals of Cr, Cd, Cu, Pb, Zn content
in patients with CRC.

compared to the cancer tumour. Much lower metal
levels are detected in the blood of patients: 8.6 and 9.3
times less than in the tumour and unaffected by cancer
colon, respectively (Table I, Fig. 1).

COMPARISON OF CHROMIUM
ACCUMULATION BY TUMOUR, UNAFFECTED
BY CANCER COLON AND BLOOD OF
PATIENTS WITH CRC

According to the obtained data, unaffected tissue of
the colon is 1.65 times more prone to accumulation of
Cr compared to the cancer tumour. Much lower metal
levels are detected in the blood of patients: 9 and 14.8
times less than in the tumour and unaffected by cancer
colon, respectively (Table II, Fig. 2).

COMPARISON OF CADMIUM
ACCUMULATION BY TUMOUR, UNAFFECTED
BY CANCER COLON AND BLOOD OF
PATIENTS WITH CRC

In patients with CRC, unaffected by cancer tissue of the co-
lonis 1.3 times more prone to Cd accumulation compared to
the cancertumour. Much lower metal levels are detected in
patients’blood:3.75 and 5 times less than in the tumourand
unaffected by cancer colon, respectively. (Table Il Fig. 3).

COMPARISON OF COPPER ACCUMULATION
BY TUMOUR, UNAFFECTED BY CANCER
COLON AND BLOOD OF PATIENTS WITH CRC
In patients with CRC, the tumour is 1.26 times more
prone to Cu accumulation compared to unaffected
by cancer tissue of the colon. A lower level of metal is

detected in the blood of patients: 1.48 and 1.18 times
less than in the tumour and colon without neoplasm,
respectively (Table IV, Fig. 4).

COMPARISON OF ZINC ACCUMULATION BY
TUMOUR, UNAFFECTED BY CANCER COLON
AND BLOOD OF PATIENTS WITH CRC

In patients with CRC, the tumour is 1.85 and 1.8 times
more prone to Zn accumulation compared to unaffect-
ed by cancer tissue of the colon and blood, respectively
(TableV, Fig. 5).

Having analyzed the obtained data, we can state that
levels of lead, chromium and cadmium in unaffected by
cancer tissue of the colon were higher compared with
these levels in a tumour (1.1 times — for Pb, 1.65 times
—forCrand 1, 3 times - for Cd). In all cases, much lower
content of heavy metals was revealed in the blood of
patients with CRC (Fig. 6).

The results of study showed that the levels of zinc
and copper were higher in tumor tissue compared to
unaffected by cancer colon tissue of patients with CRC
(1.26 times — for Cu and 1.85 times - for Zn). The content
of these metals in the blood and healthy tissue of the
colon is at a relatively equal level.

It should be noted that zinc was mostly accumulated
in the blood of patients with CRC. Its content in blood
was 1.04 times higher in comparison with unaffected
tissue of the colon (Fig. 7).

To summarize the obtained results, we made a graph
of average values and confidence intervals of Cr, Cd,
Cu, Pb, Zn content in blood, healthy colon tissue and
tumour of patients with CRC (Fig. 8).

DISCUSSION

Despite the latest diagnostic methods, immunohisto-
chemical studies, microsatellite instability and modern
treatments based on the molecular profile of the tu-
mour, the results of survival of patients with colorectal
cancer remain unsatisfactory, which encourages scien-
tists to continue studying this pathology. Patients with
stage Il colorectal cancer (CRC) are of particular interest,
as the choice of adjuvant treatment for these patients
depends on negative prognostic factors.

According to the NCCN recommendations, 2020,
negative prognostic factors in patients with col-
orectal cancer include: poorly differentiated and
undifferentiated tumour, lymphatic and perineural
invasion, less than 12 examined lymph nodes, intes-
tinal obstruction, and localized perforation. If these
prognostic factors are present, adjuvant chemother-
apy is recommended. However, the adjuvant therapy
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is not suggested if there are only one or two negative
prognostic factors.

Besides, there is evidence in the literature that neg-
ative prognostic factors are the following: young and
senile age of patients, mutations in KRAS and BRAF,
positive TS marker, CEA level above 25.0 ng/ml, micro-
invasive foci, morphometric parameters of coagulation
tumour necrosis, infiltration of the tumour stroma by
immunocytes, lymphocytic infiltrates, and the ratio of
neutrophils to NLR>4 lymphocytes.

Recently, a lot of information has appeared in the
literature on the impact of environmental pollution
on the occurrence of cancer. According to a number
of scientific studies, environmental pollution by heavy
metals is in second place in terms of environmental
hazard, after pollution by pesticides.

There is no study on the effects of heavy metals on
the prognosis and course of colorectal cancer in the
available literature.

Thus, the study of new prognostic factors will help cli-
nicians in case of a negative prognosis to prescribe adju-
vant therapy in a timely manner and prevent recurrence.
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ABSTRACT

The aim of this study was to determine the level of ROS production by blood leukocytes of rats with PCOS under the conditions of intermittent cold exposure.
Materials and methods: In the study, 40 immature female rats of the WAG population at the age of 27 days with a body weight of 80-90 g were used. Five
groups were formed (8 animals in each group). Group 1was represented by intact rats that were not subjected to any manipulations. Group 2 was represented
by rats that were injected subcutaneously with 0.2 ml of purified and sterilized olive oil daily for 25 days. Group 3 was represented by rats that were exposed
to intermittent cold for 25 days. Group 4 was represented by rats that were modeled with PCOS. Group 5 was represented by rats, which were simulated PCOS
against the background of intermittent cold exposure. ROS production was estimated in leukocytes isolated from rats of all groups by flow cytometry using
the fluorescent probe of 2,7-dichlorodihydrofluorescein diacetate (H2DCFDA).

Results: The experimental study revealed an intracellular excessive production of ROS by leukocytes in rats with polycystic ovary syndrome. The use of inter-
mittent cold exposure normalized the production of reactive oxygen species by leukocytes in rats with polycystic ovary syndrome.

Conclusions: The effectiveness of intermittent cold exposure, proven by the authors, allows recommending its use as one of the methods of prevention and

treatment of the polycystic ovary syndrome.

KEY WORDS: leukocytes, rats, reactive oxygen species, polycystic ovary syndrome, intermittent cold exposure, oxidative stress

INTRODUCTION

Polycystic ovary syndrome (PCOS), the major endo-
crinopathy among reproductive-aged women, is not
yet perceived as an important health problem in the
world. It affects 4-20% of women of reproductive age
worldwide [1]. This pathology is associated by hyper-
androgenism, hirsutism, menstrual disorders, ovulatory
dysfunction, polycystic ovaries and metabolic disorders
[2, 3]. In the development of PCOS, according to many
scientists, one of the key roles is played by oxidative
stress, in which there is an increase in the production
of reactive oxygen species (ROS) [4, 5].

It is now known that free radical reactions involving
free radicals (a part of a molecule or a molecule having
an unpaired electron) can lead to the formation of ROS
and reactive nitrogen species. Oxidative stress reflects
a disturbance in the balance between the formation
and elimination of ROS. ROS include both free radical
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and non-free radical molecules, in particular hydrogen
peroxide, hydroxyl radical, singlet oxygen, etc. [4-6]. In
a healthy body, there is a balance between oxidant and
antioxidant systems (enzymatic and non-enzymatic)
[4]. The study of pathophysiological mechanisms of
the oxidative stress development in PCOS is necessary
for the development of modern effective methods of
preclinical correction, prevention and rehabilitation of
reproductive pathology.

In patients with PCOS, a combination of low-grade
chronic inflammation, vascular endothelium damage,
excessive production of ROS and oxidative stress devel-
opment is common [4-8]. PCOS patients demonstrated
significantly higher concentrations of circulating inflam-
matory cells, such as lymphocytes, neutrophils, eosin-
ophils, monocytes etc. [7]. It is extremely important to
search the sources, i.e. cells that can produce an excessive
amount of ROS causing the development of PCOS.
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THE AIM

The aim of the study was to determine the level of ROS
production by blood leukocytes of rats with PCOS under
the conditions of intermittent cold exposure.

MATERIALS AND METHODS

Inthe study, 40 immature female rats of the WAG population
at the age of 27 days with a body weight of 80-90 g were
used. Five groups were formed (8 animals in each group).

Group 1 was represented by intact rats that were not
subjected to any manipulations.

Group 2 was represented by rats that were injected
subcutaneously with 0.2 ml of purified and sterilized
olive oil daily for 25 days.

Group 3 was represented by rats that were exposed to
intermittent cold for 25 days. Intermittent cold exposure
was modeled by keeping animals daily for 4 hoursin a
chamber where the light regime and temperature + 4°C
were maintained. The animals were kept under normal
conditions for the last 20 hours of the day. The animals
were exposed to intermittent cold for 25 days.

Group 4 was represented by rats that were modeled
with PCOS. PCOS was modeled by daily subcutaneous
administration for 25 days of dehydroepiandrosterone
(DHEA) at a dose of 8 mg per 100 g of animal body weight,
dissolved in 0.2 ml of purified and sterilized olive oil.

Group 5 was represented by rats, which were simulat-
ed PCOS against the background of intermittent cold
exposure. In this group, the methods for modeling of
intermittent cold exposure and PCOS were similar to
those used in groups 3 and 4.

Rats of all groups receiving the same diet were re-
moved from the experiment by cervical dislocation on
the 26th day. After decapitation of animals of groups 1-5
blood samples were collected to vacutainer tubes
with ethylenediaminetetraacetic acid dipotassium salt
(EDTA) (Guangzhou, China).

Preparation of samples (blood) for research on a flow
cytometer according to the protocol took place at the

Institute of Experimental and Clinical Medicine of the
Kharkiv National Medical University (Ukraine).

The method used in this study for determining the
generation of ROS in leukocytes was described by us
in a previously published article [9].

Suspension of leukocytes was prepared. Blood from
each animal lysed and washed twice with Pharmalyse
solution (BD, USA) and phosphate-buffered saline.
Blood samples in the amount of 100 ul were placed
in a 12x75 mm polystyrene tube (Falcon, Mexico),
and 2 ml of 1x FACSLyse solution (BD FACS™ Lysing,
San Jose, USA) was added. We mixed and incubated
in the dark at 23°C for 15 minutes. Then, for 5 min,
centrifugation was carried out at 500 g. Supernatant
liquid was discarded and 2 ml of sodium phosphate
buffer was added.

Leukocyte suspensions were used for further evalua-
tion of ROS levels in leukocytes. The fluorescent probe
of 2,7-dichlorodihydrofluorescein diacetate (H2DCFDA)
was employed for detection the intracellular ROS con-
centration. It is cleaved by intracellular esterases to form
2,7-dichlorodihydrofluorescein, which is transformed by
ROS into highly fluorescent 2,7- dichlorofluorescein (DCF).

The flow cytometer BD FACSCanto ™ Il (BD Biosciences,
USA) was used. The mean fluorescence intensity (MFI) of
DCF was analyzed using BD FACSDiva™software (Becton
Dickinson, USA) for quantitative assessment of ROS pro-
duction by leukocytes.

Statistical processing of the obtained data was per-
formed using the Graph Pad Prism 5 program (Graph
Pad Software, USA). The indicators were compared
using the non-parametric Mann-Whitney U test. The
results in groups were presented in the form of median
(Me) and interquartile ranges. The differences at p<0.05
were considered statistically significant.

RESULTS

In groups 1-5, flow cytometry allowed us to assess the
generation of ROS by analyzing the fluorescence inten-

Table L. The analysis of the fluorescence intensity of DCF in leukocytes of peripheral blood of rats of groups 1-5.

Group MFI of DCF in leukocytes
number Median [25% percentile; 75% percentile]
Group 1 407.1 [355.8;425.9]
Group 2 416.5 [374.8;456.0]
Group 3 361.6 [297.2,409.5]
Group 4 539.4 123 [494.5; 632.4]
Group 5 377.0 ¢ [347.5;404.8]

Note: ' — significant (p<0.05) difference compared to the indicator of group 1; 2 — significant (p<0.05) difference compared to the indicator of group
2;3 = significant (p<0.05) difference compared to the indicator of group 3; * — significant (p<0.05) difference compared to the indicator of group 4.
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sity of DCF in a population of leukocytes. The results
obtained are presented in table I.

The MFI of DCF in group 1 coincides with the results
obtained by us earlier [9] and will be used in this study
as a standard indicator. Figure 1 shows the generation
of ROS in leukocytes of rat No. 2 of group 1.

In group 2 the MFI of DCF in leukocytes did not sig-
nificantly (p>0.05) differ from the indicator of group 1
(Table ). Figure 2 presents the results of evaluating the
fluorescence intensity of DCF in leukocytes in rat No. 1
of group 2.

The MFI of DCF in leukocytes in group 3 was charac-
terized by a tendency (p>0.05) to decrease compared
to the indicator of group 1 (Table I). Figure 3 shows the
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leukocytes is 499.91.

results of the fluorescence intensity assessment of DCF
in leukocytes in rat No. 4 of group 3.

In group 4 the MFI of DCF was significantly (p<0.05)
higher compared with the corresponding indicators of
groups 1-3 (Table I). The results obtained in this group
indicated the formation of a larger number of ROS
compared to groups 1-3. Figure 4 shows the results of
evaluating the fluorescence intensity of DCF in leuko-
cytes in rat No. 3 of group 4.

In group 5 the MFI of DCF in leukocytes decreased
(p<0.05) compared with the corresponding indicator
of group 4 and did not significantly (p>0.05) differ
from the corresponding indicators of groups 1-3 (Ta-
ble I). Figure 5 presents the results of evaluating the
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fluorescence intensity of DCF in leukocytes in rat No.
6 of group 5.

DISCUSSION

Blood leukocytes provide the body’s immune sta-
tus. The most numerous populations of leukocytes
are neutrophils (47-72%), which are microphages
and carry out phagocytosis of infectious agents.
Morphologically, these cells have a segmented
nucleus, an endoplasmic reticulum that does not
contain ribosomes. There are few mitochondria in

the cells, but they contain many different granules
with various enzymes (peroxidases, hydrolases, alka-
line phosphatase), proteins - lactoferrin, lysozyme,
cationic proteins and others. The source of energy
is glucose, which is oxidized in the pentose phos-
phate pathway, glycolysis reactions (90%) or can be
transformed and stored as glycogen in tissues. An
increase in the intensity of metabolic pathways for
the conversion of glucose accompanies phagocy-
tosis. During phagocytosis, the intensity of oxygen
uptake by neutrophils increases with the formation
of ROS: 1) superoxide anion formed with the help of
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oxidase (NADPH-dependent); 2) hydrogen peroxide,
the formation of which depends on the activity
of NADH-dependent oxidase; 3) hypochloric acid
formed under the action of myeloperoxidase (hy-
pochloric acid in the form of an anion reacts with
hydrogen peroxide to form singlet oxygen); 4) free
radicals, which have a powerful bactericidal effect,
are unstable, active and interact with organic sub-
stances. Due to the formation of ROS in neutrophils,
the bactericidal action of these cells is carried out,
as well as the regulation of the functioning of the
neutrophils themselves [9]. In the human body, the
generation of ROS by neutrophilic leukocytes can
have not only physiological or homeostatic, but also
pathological significance [10].

ROS play a vital role in ovarian physiological activity
as a secondary messenger for cellular signaling and
are involved in the regulation of the ovarian cycle,
including in meiosis, ovulation, corpus luteum main-
tenance, and regression [11].

Excessive generation of ROS and violation of the
activity of antioxidant protection are the cause of
oxidative stress. The latter, as is known, manifests
itself as free-radical oxidation of lipids, proteins,
and nucleic acids, i.e., initiates the lipid, protein, and
nucleic mechanisms of cellular damage. Oxidative
stress is the cause of the development of ovarian
diseases including age-related ovarian dysfunction,
ovarian cancer, PCOS, ovarian endometriosis [11, 12].
Overproduction of ROS may damage the oocytes and
impair their fertilization capacity [13].

In this study, the author determined the excessive
generation of ROS by leukocytes in experimental
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PCOS. Excessive production of ROS, from our point
of view, is due to neutrophilic leukocytes, since these
cells account for the largest percentage in the leuko-
cyte formula. Excessive generation of ROS and the
development of oxidative stress have also been noted
in numerous studies by various scientists conducted
on clinical and experimental material [14].

Cold exposure is one of the stressogenic factors.
Literature data about the influence of cold on the
processes of ROS generation and the occurrence
of oxidative stress are debatable and contradictory.
According to some scientists, cold exposure results
in an elevation of metabolic rate in mammals, an im-
balance in the antioxidant defense system, increased
ROS production and oxidative stress. Elevation of ROS
production correlated with an increase in energy gen-
eration [15]. The results of some studies indicate the
activation of the antioxidant system (enzymatic and/
or non-enzymatic) and a decrease in the production
of ROS under conditions of cold exposure [16-18].
Contradictory data from the literature, from our point
of view, are mainly caused by different characteristics
of the cold factor (duration of action, degree of tem-
perature reduction, etc.).

Our experimental study showed that the use of
intermittent cold exposure (4 hours every day at a
temperature of +4°C for 25 days) in rats with PCOS
led to the normalization of the rate of ROS production
by leukocytes. Taking into account the importance of
hyperproduction of ROS in the etiopathogenesis of
PCOS, the results allow us to recommend the inter-
mittent cold exposure as one of the methods of pre-
vention and treatment of the above ovary pathology.
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In the literature of recent years, there are studies
that use a technique similar to ours for modeling
the PCOS and prove the effectiveness of using the
cold exposure, aspirin, glutamine, vitamin D, vitamin
C, marjoram, metformin, transplantation of brown
adipose etc. as methods of treatment of this pathol-
ogy [19-23]. In these studies, the effectiveness of the
treatment methods was proven by studying various
processes and mechanisms, including the oxidant and
antioxidant systems.

CONCLUSIONS

The experimental study revealed an intracellular
excessive production of reactive oxygen species by
leukocytes in polycystic ovary syndrome. The use of
intermittent cold exposure normalized the production
of reactive oxygen species by leukocytes in rats with
polycystic ovary syndrome. The effectiveness of inter-
mittent cold exposure, proven by the authors, allows
recommending its use as one of the methods of preven-
tion and treatment of the polycystic ovary syndrome.
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ABSTRACT

The aim: To identify the main motivational components of improving the healthcare quality in health care providers in Sumy.

Materials and methods: The study involved data obtained from 187 doctors working in primary health care institutions, inpatient and outpatient departments
of health care institutions in Sumy, during September-November 2020. The study used systematic, bibliosemantic approaches, comparative and statistical
analysis, and logical generalization. The obtained data were processed and statistically analyzed with Google Forms and Microsoft Excel 2010 Windows.
Results: The analysis of data received from the surveyed group of respondents showed that 83 doctors (44.39%) have 11-15 years'work experience, 51 people
(27.27%) — 6-10 years, 40 people (21.39%) have up to 5 years of work experience and 13 people (6.95%) — more than 15 years. Most doctors (114 people
(60.96%)) work for one position, 39 people (20.86%) work for less than one, while 34 people (18.18%) work for more than one position. The number of doctors
who indicated that they were mostly overworked during the working day was 123 (65.77%), another 46 (24.60%) indicated that they were overworked during
the working day correspondingly to their workload at occupied position, and 18 respondents (9.63%) answered that they were not fully loaded. At the same
time, 91.98% of people indicated that the actual amount of their salary does not correspond to the workload, and there is no financial stimulation system for
medical care quality increasing (87.70% of responses).

Condlusions: The study showed that the healthcare facilities where the respondents work do not have an effective system of staff motivation for work quality
(79.14% of responses). It was found that doctors are ready to work harder and better for additional pay, despite the high level of workload (88.24% of responses),

and consider it necessary to introduce an effective stimulation system to improve the quality of medical services (96.79% of responses).

KEY WORDS: healthcare quality, health care provider, healthcare institution, healthcare quality management

INTRODUCTION

The main issue of preserving and progressive develop-
ment of health care today is ensuring the quality of the
medical sector, which is related to the general aspects
of the process of improving the management of profes-
sional activities of medical personnel, at state, regional
and local levels. A major problem in many countries,
including Ukraine, is low supply of healthcare workers,
especially in rural areas, due to low motivation to work
in the healthcare sector. The priority policy direction
of many countries until 2030 involves development of
human/medical resources for healthcare institutions. For
example, China has proposed a partnership strategy for
communities and the health care system (HCS), namely:
jointownership and program development, joint super-
vision and constructive feedback, a balanced package
of incentives, both financial and non-financial, and a
practical monitoring system thatincludes HCS data [1, 2].

Wiad Lek. 2023;76(7):1677-1680

The problem of improving the incentive system for
healthcare providers is of relevance, as this approach
can boost the work of healthcare professionals and
increase their efficiency. Today, in most municipal and
even private healthcare institutions, healthcare providers
are paid based on a single salary scale, including all addi-
tional payments. This type of remuneration is fixed and
therefore does not depend on the quality and content
of medical services provided, so healthcare providers
receive a fixed salary even if they have not completed
a certain amount of work. This situation indicates that
the remuneration system fails to fulfill one of the most
important functions of stimulating highly efficient work
and improving the quality of medical care (QMC) [3, 4].

Methods, techniques, and tools of motivating have
undergone a long evolutionary way. For many years,
the model of physical coercion to work was dominant,
followed by the models of economic necessity and
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incentives based on productivity. Motivation of health
care staff is closely related to the process of encour-
aging professionals to work through the formation of
behavioral motives to achieve personal goals and goals
of health care institution, as motivation process involves
the use of interdependent categories in a certain se-
quence: needs of health care workers — their interests
- motives for professional activity — actions [5, 6].
Today, it is necessary to improve the mechanism of
incentives and psychosocial environment for healthcare
providers in healthcare institutions to ensure they perform
their professional duties with high quality. From the man-
agement level there should be moves to provide support
and financial incentives to healthcare workers due to the
constant increase in their workload, high level of respon-
sibility, difficulties in the work process, and presence of
stressful professional factors, which leads to emotional,
mental, and nervous tension, “burnout’, and risk of losing
health while performing their professional duties. The
experience of management in medical field shows that
the traditional methods of the system for assessing the
motivational orientation of healthcare providers no longer
meet the needs of the management apparatus [7, 8].
The relevance of developing a high-quality system of
healthcare providers® motivation in healthcare institutions
contributes to identification of effective tools and incentives
to impact the behavior of healthcare providers to achieve
their own goals and the goals of the healthcare facility [9].
However, despite many studies in this area, the problem
of healthcare providers’motivation has not been solved in
Ukraine. Despite the obvious economic, social, and orga-
nizational feasibility, the problem of motivation remains a
priority for the state to overcome in the healthcare sector.

THE AIM

To identify the main motivational components of improv-
ing the healthcare quality in health care providers in Sumy.

MATERIALS AND METHODS

The study involved doctors working in primary health
care institutions (PHIs), inpatient and outpatient units of
health care institutions in Sumy, during September-No-
vember 2020. A total of 187 respondents took part
in the survey. The questionnaires were reviewed and
approved by the Academic Council of the Educational
and Research Medical Institute of Sumy State Univer-
sity. The study used a systematic and bibliosemantic
approaches, comparative and statistical analysis, and
logical generalization. Using the functions of Google
Forms and Microsoft Excel 2010 for Windows, the data
were processed and statistically analyzed.
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RESULTS AND DISCUSSION

The healthcare providers who participated in the sur-
vey were divided into professional groups, depending
on their place of work: specialized doctors, who work
in outpatient departments - 73 people (39.04%), spe-
cialist doctors, working in inpatient departments of
therapeutic profile - 54 people (28.88%), general prac-
titioners-family doctors (GP-FD) - 45 people (24.06%),
specialist doctors working in inpatient departments of
surgical profile — 15 people (8.02%) (Table I).

When distributing the respondents by work experi-
ence in healthcare system, it was found that 83 people
(44.39%) have 11-15 years” work experience, 51 people
(27.27%) — 6-10 years, 40 people (21.39%) - up to 5
years, and 13 people (6.95%) — more than 15 years.

Most of the surveyed doctors (114 people (60.96%))
work aton position, 39 people (20.86%) work for less than
one position, 34 people (18.18%) work for more than one.

As per the survey results, most doctors indicated
that they were overworked during the working day
(123 people (65.77%)); another 46 people (24.60%)
indicated that they were loaded correspondently with
workload of their position during the working day,
and 18 respondents (9.63%) said that they were not
fully occupied. It should be noted that all doctors who
indicated that their workload was less than the full-time,
work in inpatient departments of HCFs. Among the
doctors who, in their opinion, are overworked, the vast
majority work in outpatient departments — 68 people
(55.28%) and in primary healthcare institutions - 44
people (35.77%). Only 11 people (8.94%) working in
inpatient departments reported being overworked.
These data confirm that many healthcare services are
provided in outpatient settings, particularly at the level
of primary care centers, which requires more material,
technical and human resources.

The survey showed that 56.68% of respondents
are satisfied with material and technical support and
working conditions at the workplace; at the same time
the share of respondents who were dissatisfied with
existing working conditions equaled 43.32%. At the
same time, healthcare providers who do not have a
certification category or have the second category are
less satisfied with their working conditions than health-
care providers with first or higher certification category.

Almost all doctors (91.98% of responses) indicated
that the actual amount of their salary does not corre-
spond to the workload, and only 8.02% of the surveyed
doctors are satisfied with their salary.

Analyzing the answers to the question “Do you receive
a surcharge for increasing of quality of medical service?’,
it can be stated that there is almost no system of financial
incentives for doctors for quality medical care: 164 people
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Table 1. Distribution of respondents by professional groups and place of work (in absolute numbers and %)

No Group of doctors by professional distribution in’::::zz::t’::re’?::z::s) Nli':rbefg t?‘i;:?’sa;:::?‘;’r)\ts
1 2 3 4
1 General practitioners-family doctors (GP) 45 24.06%
2 Physicians who work in the polyclinic departments 73 39.04%
3 Physicians who work in the therapeutic inpatient departments 54 28.88%
4 Physicians who work in the surgical inpatient departments 15 8.02%
5 In total 187 100%

(87.70%) gave a negative answer, only 23 people (12.30%)
said that they received a surcharge for high quality work.
All surveyed healthcare providers with less than 5 years of
work experience did not receive any additional payments
for quality of work at all to be mentioned.

Despite the high level of doctors’ workload, most
of respondents (165 people (88.24%) answered the
question“Are you willing to work more for an additional
payment?”positively. Only 22 people (11.76%) said they
did not want to perform extra work for payment.

The study identified the motivating factors of respon-
dents that made them choose a doctor carrier (the question
with multiple choice). The answers received show that more
than half of the respondents (57.75%) chose their profession
because they want to benefit and help people; 41.18% of
respondents said they work as doctors because of their
professional interest; 31.55% of people - to feel needed by
people; 25.13% of people - to help treat their family and
friends; 29.95% of people - to obtain material benefits;
24.6% of people mentioned social status, stable job, and
public respect for the profession as motivating factors.

Despite the low level of material satisfaction in re-
spondents, the majority (139 people (74.33%)) are not
ready to change their profession to another with higher
salary; 48 people (25.67%) would like to change their
profession to receive higher payment. Respondents
with more years of working experience (11 years and
more) are more likely to be neither ready nor willing to
change their profession (19.79%) than respondents with
less than 10 years of experience (50.80%).

To the question“In your opinion, does the healthcare
institution where you work have a system of motivation
for medical staff?” 148 people (79.14%) answered nega-
tively, only 19 people (10.16%) confirmed the existence
of a motivation system, and another 20 people (10.70%)
indicated that this system exists partially.

According to healthcare providers, the main in-
centives to improve QHC are (multiple answers were
possible): financial (73.26%), respect of patients and
society in general (51.87% of answers), well-established
teamwork and moral satisfaction from work (47.05%),
opportunities for professional and career growth

(35.83%), and recognition and respect from manage-
ment (6.42% of answers).

The survey demonstrates that almost all doctors (181
people (96.79%)) believe that effective mechanisms for
motivating the provision of QHC should be introduced.

The data obtained during our study proves that health-
care providers are positive forimplementation of an effec-
tive incentive system to improve QHC, yet all they agree
that at present moment the motivational component is
practically absent in Sumy healthcare institutions. It has
been established that regardless of work experience and
place of work, one of the main motivational factors for
health care providers is moral satisfaction from work and
gaining respect from society. Thus, despite the low level
of salaries, the main priorities for medical staff have been
and remain the principles of humanism and ethics.

CONCLUSIONS

1. The survey of healthcare providers showed that the
vast majority (164 people (87.70%)) does not receive
additional payments for quality work. In addition,
79.14% of respondents noted that the hospitals
where they work do not have effective system of
staff motivation for the quality of medical care.

2. Itwasfound thata large scale of doctors (139 people
(74.33%)) are not ready to change their profession
to another with higher payment, even given a low
level of their material satisfaction.

3. Itwasfound thatthe respondents are ready to work
more and better for additional pay, despite the high
level of workload, namely 165 people (88.24%) are
ready for this. In addition to material incentives,
doctors mentioned moral satisfaction from work
(47.05% of responses) and respect from patients
and society as a whole (51.87% of responses) as
important motivational factors for improving the
quality of care.

4. The survey has shown that almost all healthcare pro-
viders (181 people (96.79%)) consider it necessary to
introduce an effective system of motivation at the level
of healthcare institutions toimprove the quality of care.
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ABSTRACT
The aim: Based on the specifics of the criminal legislation, which provides liability for collaborative activity, it is necessary to offer an adequate understanding
of the limits of the criminal liability of pharmaceutical employees for these criminal offenses, as well as to determine the characteristics of the components of

these criminal offenses related to the pharmaceutical activities carried out by pharmaceutical employees.

Materials and methods: The conducted research is based on the analysis of the provisions of the criminal legislation of Ukraine and Georgia.
Conclusions: The main problems of criminal liability for collaboration activities by pharmaceutical employees are connected to the following: without clari-
fication of the aforementioned criminal offenses, it is impossible to specify the limits of criminal liability.

KEY WORDS: criminal liability, collaborative activity, pharmaceutical employers, criminal offence

INTRODUCTION

Since the current criminal legislation of Ukraine has newly
introduced concept of “collaborative activities’, there are
problems of criminal liability of certain categories of per-
sons (employees) performing professional functions, as
well as the selection of the types of actions provided in the
current Criminal Code (hereinafter referred to as the CC)
of Ukraine and under certain conditions may constitute
criminal offenses connected with collaborative activities.

The lack of ways to solve these problems hinders the
efficiency to implement mechanisms for prevention
criminal offenses typical to the criminal legislation con-
nected with assistance of certain categories of persons
(employees) performing professional functions in col-
laborative activities carried out by them in certain forms.

Thus, with the start of a full-scale military invasion in
February 2022, CC of Ukraine was amended with new
article, which is criminalizing any type of the coopera-
tion with an aggressor state. These new mechanisms,
although “included” at the normative level, vague and
broad definition of collaborationism and types of col-
laborative activities can become problematic for law
enforcement agencies and judicial bodies.

Provisions regarding “collaborative activities” are not
widely used in criminal legislation. Thus, the experience

Wiad Lek. 2023;76(7):1681-1684

of Georgia, which has art. 322-2 in CC of Georgia [1]
and special Law on Occupied Territories [2] could be an
example that can be used for comparison.

THE AIM

The aim of this study is to propose an adequate un-
derstanding of the limits of the criminal liability of
pharmaceutical employees for collaborative activities.
Also, to determine which of the specific types of criminal
offenses provided by criminal legislation, so called “fit”
the content of such a“subject” of collaborative activities
of pharmaceutical employees.

MATERIALS AND METHODS

The conducted research is based on the analysis of the
provisions of the criminal legislation of Ukraine and
Georgia. We compared provisions of criminal legislation
and formulate proposal forimproving certain provisions
of Ukrainian criminal legislation, which provide criminal
liability for assistance in committing subversive activities
against state and collaborative activities carried out by
certain categories of employees performing professional
functions (focusing on pharmaceutical employees).
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REVIEW AND DISCUSSION

1. CRIMINAL LEGISLATION OF GEORGIA

In 2008, after the Russian-Georgian war of August 2008,
CC of Georgia was amended with Chapter XXXVII “Vi-
olation of the legal regime of the occupied territories”
which contains from 2 articles. Also, special Law of
Georgia on the Occupied Territories had been passed.
Article 322-2 of CC of Georgia defined that crime is
conducting”... economic activities in the occupied ter-
ritories that are prohibited under the Law of Geor-
gia on the Occupied Territories”. [1] Also, for the act
specified in this article, a legal person could be punished
by fine, deprivation of the right to carry a particular
activity or by liquidation.

According to the Law of Georgia on Occupied Terri-
tories, any economic activity in Abkhazia and South.
Ossetia without prior authorization from Georgian
authorities are violation of legislation provision. Men-
tioned legal act prohibit any economic activity in the
occupied territory which, “...irrespective of whether it
is carried out to gain profit, income or compensation,
if an appropriate licence or a permit, authorization or
registration is required to conduct this activity under
the Laws of Georgia on Licences and Permits,..." [2].
Obviously, the activities of pharmaceutical workers fall
under the provisions of this law (making a profit and
the need to obtain an appropriate license).

However, economic activity in these territories has not
been much of anissue, as there is simply little economic
activity there, [3] and what is more, ties and business
contacts with the rest of Georgia territory are limited.
As for 2017, there were only 4 cases of illegal economic
activity in occupied territories. [4] Despite the direct
prohibition of any business activity in Georgian occu-
pied territories, the effectiveness of the implementation
of mechanisms for bringing to criminal responsibility
remains at an insignificant level.

2. CRIMINAL LEGISLATION OF UKRAINE

Since temporary occupation of Crimea and part of
Ukraine’s territory in the east, special law of Ukraine“On
Ensuring Civil Rights and Freedoms, and the Legal Re-
gime on the Temporarily Occupied Territory of Ukraine”
[5] had been passed, where art.13 had been regulating
peculiarities of economic activity in the temporarily
occupied territory.

Thus, with the start of a full-scale military invasion in
February 2022, CC of Ukraine was amended with num-
ber of crimes regarding criminal liability for cooperation
with the aggressor in, inter alia, economic spheres.
Under the new regulation, collaborative activities can
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take various forms. Among them: conducting economic
activities in cooperation with the aggressor state and
illegal authorities.

The composition of this crime (part 4 article 111-1 CC
of Ukraine) is formulated in the following way:

“Transfer of material resources to illegal armed or
paramilitary formations created in the temporarily
occupied territory and/or armed or paramilitary for-
mations of the aggressor state, and/or conducting
economic activities in cooperation with the aggressor
state, illegal authorities created in the temporarily occu-
pied territory, including the occupation administration
of the aggressor state”. [6]

Thus, it is prohibited for all businesses registered in
Ukraine to carry out any economic activity in coopera-
tion with the occupation administration. Based on the
objectives of our article, the question arises - could
pharmaceutical workers be punished, if they, for ex-
ample, continue their business in occupied territories?

3. DETERMINING OF COLLABORATIVE
ACTIVITIES WHICH CAN BE COMMITTED BY
PHARMACEUTICAL EMPLOYEES

Clarification of the main forms of collaborative activity
which in part 1-7 article 111-1 of the CC of Ukraine ac-
quire the meaning of certain types of criminal offenses
with independent compositions in the CC and other
acts of criminal legislation is absent. Therefore, the
following should be taken into account when clarifying
the main forms of collaborative activity that can be
committed by pharmaceutical employees:

3.1. Definition of “pharmaceutical employees” in the
context of “collaborative activities”. Pharmaceutical
employees are a special subject of crime. [7] Basically,
these are pharmaceutical employees engaged in phar-
maceutical activities, who have the appropriate special
education and meet the uniform qualification require-
ments. Also, pharmaceutical employees, as special
subjects of the crime, must hold the relevant position
of a pharmacist, a specialist with a pharmaceutical
education, in accordance with the list established by
pharmaceutical legislation. Provision of parts 1-3, 5, 7
Article 111-1 of the CC of Ukraine provides liability for
“citizens of Ukraine”, although foreigners or stateless
persons may commit acts of assistance in committing
subversive activities against Ukraine or any form of
collaborative activity.

3.2.Limitation of the range of subjects to only citizens
of Ukraine. This means that the issue of the importance
of persons without citizenship or with “dual” citizenship
must be resolved (this is a matter of administrative
legislation, but from the point of view of criminal
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law assessment it is important that foreigners and
persons without citizenship under certain conditions
can be accomplices in collaborative activities). After
all, pharmaceutical employees can be all the specified
categories of persons.

3.3. It is important to pay attention to the fact that
economic activity is carried out by a business entity. In
the case of establishing the facts of the carrying out of
such economic activity, itis necessary to determine who
acted and made decisions on behalf of such a business
entity. This will be, first of all, a manager (director), a per-
son performing his duties, or another person who acted
on behalf of a business entity (during negotiations,
conclusion and signing of a contract, delivery of goods,
works, services). Persons who performed technical func-
tions (storekeepers, pharmacists), depending on their
intention, may be accomplices in such a crime, or their
actions may not fall under the signs of the objective
side of the crime (performance of economic activity). [8]

3.4. Medicinal products, with which pharmaceutical
activity is carried out, can be material resources within
the meaning of part 4 Art. 111-1 of the CC of Ukraine,
which are transferred by pharmaceutical employees to
“illegal armed or paramilitary formations created in the
temporarily occupied territory, and/or armed or para-
military formations of the aggressor state”. However,
the concept of “material resources” is not defined in
the CC of Ukraine and non-criminal legislation. When
defining them at the theoretical-and-applied level, it
should be taken into account that these are any stocks
in tangible and stuff form that can be used for the pur-
pose of their further use or consumption (ie, including
medicinal products).

3.5. Pharmaceutical activity performed by pharma-
ceutical employees is a type of economic activity. But
what concrete forms of such economic activity could
be classified as performed with cooperation with the
aggressor state, illegal authorities created in the tem-
porarily occupied territory” In fact, any supply of goods,
performance of works, service provision could be. So, do
the act of selling a medicine to a customer constitutes
crime? Or paying taxes on an account of illegal authori-
ties? Thus, pharmaceutical activity should be defined. It
is obvious that pharmaceutical activity will have certain
limits, which, in our opinion, will not intersect with any
form of collaboration activity. One of the possible op-
tionsis to supplement Law“On Medicines”with the pro-
vision that “pharmaceutical activity - activities related
to the creation, pharmaceutical development, preclini-
cal research, clinical research (trials), state registration of
medicines, production, manufacture (production) in the
pharmacy, appointment, application, import, whole-
sale and retail trade, distance trade, quality control of

medicines, implementation of pharmacovigilance. (the
preamble of the Law of Ukraine “On Medicines” dated
July 22, 2022 [9] is a normative reference for such a
definition of the concept of pharmaceutical activity).
Further, itis the pharmaceutical activity that cannot be
carried out without public authorities (strictly - illegal)
that should constitute a crime.

3.6. Under certain conditions, a pharmaceutical em-
ployee may hold a position and perform the functions
specified in part 5 Art. 111-1 of the CC of Ukraine.
However, in this case, it is necessary for criminal liabil-
ity to establish not only holding by a pharmaceutical
employee a certain position (that he/she is in a certain
way enrolled in a personnel unit), but first of all his/
her performing the corresponding specified functions.
These functions belong to the sphere of public law
(they have the nature of powers of authority, and their
normative reference point is the provision of part 1 of
the note to Art. 364 of the CC). Therefore, the presence
of a pharmaceutical employee in a position in the field
of private law and the performance of certain functions
(powers) by him/her can be taken into account when
characterizing them as accomplices in collaborative
activities.

CONCLUSIONS

When solving the main problems of criminal liability
for collaboration activities by pharmaceutical em-
ployees, the following should be taken into account:
possible problems are connected with the legislative
explanation (concretization) of the forms of collabo-
rative activity, distinguished by the legislator in parts
4 and 5 article 111-1 of the CC of Ukraine and acquire
the meaning of certain types of criminal offenses with
independent compositions.

The main problem of part 4 article 111-1 of the CC of
Ukraine affecting criminal liability of pharmaceutical
employees is the lack of legislative explanation of the
concept of material resources (in particular, whether
medicinal products as a subject of pharmaceutical
activity performed by pharmaceutical employees may
recognize as material resources). The concept of mate-
rial resources is absent in the current legislation, and
when determining them, it is necessary to take into
account tangible and stuff materials able to be used
for the purpose of their further use or consumption (in-
cluding medicinal products in the process of performed
pharmaceutical activity).

Since pharmaceutical activity performed by pharma-
ceutical employees is a kind of economic activity, then
the current legislation should formulate the definition
of the concept of pharmaceutical activity.
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In addition, organizational-and-administrative and  on pharmaceutical activity. This legislative specification
administrative-and-economic functions in the field of  directly influences the solving of the main problems of
publiclaw and their powers in the activities of legal en-  criminal liability of pharmaceutical employees for the
tities in private law should be specified in the legislation ~ form of collaboration activity.
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ABSTRACT

The aim: The aim of the study is to generalize the established by scientists features of the legal requlation of the institute of transplantation in Ukraine and
other countries.

Materials and methods: The article examines the institute of transplantation, its medico-legal character, and the problems of implementing the institute in
Ukraine. In the study, the authors applied general scientific methods, which include system analysis, system modeling, dialectical method. The authors used
the following materials: laws, decrees of the President of Ukraine, resolutions of the government and ministries of healthcare, dissertations and articles by
scientists, assessments of leading experts in the field.

Condlusions: Theoretically, the legal aspect of the study of the institute of transplantation is important for formulating the general patterns of its emergence,
developing prospects for its functioning and strategic directions for its further development, building a system for protecting the rights of all participants in
this legal relationship. Different aspects of transplantation can be considered separately: medical or surgical; biological; psychological. But there is an equally

important aspect — the legal one, which reveals the institute of transplantation from the standpoint of the protection of human dignity.

KEY WORDS: transplantation, biological material, implant, medical service, donor

INTRODUCTION
It can be said without a doubt that the perfection of
legislation that regulates any sphere of activity is an
important condition for the effective performance
by the state of its functions. Activities in the field of
health care, medicine and in such a significant area
as the transplantation of human anatomical materials
are no exception. After all, the life and health of every
member of society is recognized as the highest value,
which determines the relevance of the chosen topic.
Transplantology poses a number of moral and ethical,
legal and religious questions to society, the answers
to which may be contradictory from the point of view
of morality, religion and law. However, the existence
of real legal relations in the field of transplantation
gives rise to the need to find compromises between
the specified systems of social rules. That is why the
issue of regulation of this activity at the legislative level
is important. Practice proves that, for the most part,
the lack of clear rules and responsibility in the field of
transplantation gives rise to illegal trade in organs or
tissues, forced donation and even killing for the purpose
of extracting organs or tissues from a person. All these
negative factors and possible consequences encourage

Wiad Lek. 2023;76(7):1685-1693

us to regulate medical and legal activities related to
transplantation within the limits of the law.

If a person’s health is at risk and/or he or she is
disturbed by thoughts of a fatal disease, it is difficult
to focus on anything else, to think about economic
benefits, procreation, personal development, career
growth. Staying alive and being healthy becomes a
person’s priority above all listed above [1]. The quality
of life of the population significantly depends on the
level of development of medicine, in particular, such
a field as transplantology. The need for donor organs
grows every year, which requires the development of
an effective mechanism for regulating legal relations
in this area [2].

Today all over the world transplantation is considered
an extremely effective and generally non-alternative
method of treatment for diseases of vital organs, in-
cluding heart, kidneys, liver, lungs, and others. That is
why transplantation in developed countries is one of
the most dynamically developing areas of medicine.
The problem of legal regulation of human organ trans-
plantation is being solved to a greater or lesser extent
by Ukrainian and foreign scientists: H. Anikina [3], O.
Gel [4], S. Grinchak [5], V. Shulga [6], D. Zadykhailo, V.
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Milash, V. Yarotskyi [7], O. Shevchuk [8, 9], V. Trofymen-
ko, I. Martynivskyi, G. Honcharenko, D. Zatinatskyi [8],
O. Lysoded, I. Borysenko, O. Bababeva [9] and others.
The flourishing of successful transplantation practices
in the developed countries of the world at the end of
the 20th and the beginning of the 21st centuries and
pronounced lag initin Ukraine lead to an urgent need
to investigate the problem. The sphere of health care
is one of the most important areas that require legal
regulation and control, based on the fact that human
life and health are the highest social value [10]. In addi-
tion, transplantation concerns two people at the same
time - the donor and the recipient, and in the opinion
of O. Stets, O. Bylochenko and Yu. Chabanenko, medical
personnel as well, which brings it closest to legal science
and requires the “clearer” legal regulation among all
medical disciplines”[11, 8]. The extreme importance of
the problem is also confirmed by the decisions of vari-
ous international organizations, which define the basic
principles of transplantology, which are recommended
to all states [12]. In the context of integration into the
European Union, Ukraine undertook to make efforts
to harmonize its legislation with the legislation of the
European Union, including in matters of human organs
transplantation [13]. The national legislation on trans-
plantation of human organs consists of a large number
of normative legal acts, which leads to the problem of
inconsistency of some norms and the need to make the
necessary changes to the current legislation.

THE AIM

The aim of the study is to generalize the established by
scientists features of the legal regulation of the institute
of transplantation in Ukraine and other countries. The
materials of the article are valuable for and can be used
by transplantologists, students of medical universities
specializing in this area, medical law teachers of legal
educational institutions, students of the relevant profile
and all those who are interested in the raised issues.

MATERIALS AND METHODS
The article examines the institution of transplantation,
its medico-legal character and legal regulation, the
problems of implementing the institution, the mech-
anisms of its implementation in a modern democratic
society. The methodological basis of the research
is general scientific methods, which include system
analysis, system modeling, and the dialectical method.
In order to determine the characteristic features of
the laws of Ukraine on the transplantation of human
organs, the authors used the following materials: laws,
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decrees of the President of Ukraine, resolutions of the
government and ministries of healthcare, disserta-
tions and articles of scientists, assessments of leading
experts in the field, as well as theoretical scientific
methods and techniques of research. The compara-
tive-legal method contributed to the generalization
of the experience of developed countries in the field
of transplantation. The historical-legal method was
used in the study of the formation and development
of the administrative-legal regulation of the institute
of transplantation in Ukraine. The formal-legal meth-
od provided an analysis of the powers of subjects of
state management of transplantation in Ukraine. The
technical-legal method was used to interpret the pro-
visions of law of the institute of transplantation. The
method of legal forecasting was used to determine a
complex of possible options for the development of
transplantology in Ukraine.

REVIEW AND DISCUSSION

Despite the ongoing war on the territory of our coun-
try and the current special legal regime [14], scientists
of the country are trying to pay due attention to the
vital issues of the development of medical and legal
institutes in Ukraine, and the institute of transplantol-
ogy is no exception. Transplantation is a specialized
method of treatment, which is that the organs or
cells from one person (donor) are transplanted to
another (recipient). Today, scientists predict that in
30 years, 60% of surgical interventions will be related
to transplantation. These forecasts are based on the
global rate of growth in the number of transplant
operations. There is no country on the planetin which
the institution of transplantation is prohibited. The
World Health Organization notes that 104 countries
of the world have the financial, material, technical and
human resources to carry out the transplantation of
organs or cells from the donor to the recipient [15]. P.
Humel and his colleagues, conducting an assessment
of the functions of national ethics committees around
the world, systematized bioethical topics discussed
on websites and contents of well-known authors. The
search was conducted in English, French and Spanish.
Discussion topics were grouped into thematic catego-
ries through an iterative regrouping process to come
to a core set of topics. The five main topics of these
publications were: research ethics (124; 9%), genetics
and genomics (62; 6%), organ transplantation (58; 5%),
assisted reproductive technologies (49; 4%) and end
of life (36; 3%) [16]. We see that the topic of organ
transplantation is a relevant and widely discussed
topic in scientific doctrine.
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More than 24,000 organ or cell transplant opera-
tions are performed annually in the USA, more than
4,000 are performed in Spain, and more than 1,500
transplantations are performed in Poland [17, p. 66].
This branch of medicine is actively developing in the
Baltic countries, in particular, in Estonia, where the
rate of organ and cell transplantation per 1 million
population is 46.2, the rate in Latvia — 36.2, in Lithu-
ania - 22 [15].

The era of modern organ transplantation was “his-
torically opened” by our compatriot Professor Yu.Yu.
Voronim (1895-1962) [18], who in 1933 performed
the world’s first cadaveric kidney transplant to a per-
son in the city of Kharkiv (where he was undergoing
an internship). It was the first attempt in history to
transplant a whole organ into a person. An elderly
man with a severe brain injury was brought to the
clinic; he died peacefully in the emergency room. On
the same day, a young woman who attempted suicide
was dying in the clinic: she had taken a fatal dose of
sulema. Unfortunately, the girl was hospitalized only
four days after the suicide attempt. Her body was sick
for four days, the kidneys were not functioning. The
surgeon performed extirpation of the right kidney
of the corpse, transferred it to the operating room
to the patient. After applying vascular sutures, the
blood circulation in the kidney was restored, the blood
supply was sufficient. The kidney was included in the
blood circulation and began to function on its own.
The first recipient lived with the new organ for only
48 hours [19].

Today, the annual need for organ transplantation in
the country is 3,653 cases, of which 2,115 are kidneys,
830 are liver, 30 are pancreas, 89 are pancreas and kid-
ney together, 328 are heart, 240 are lungs, 3 are heart
and lungs together, intestines are 42 cases. At the same
time, transplant operations part is 0.8% of all surgical
interventions. According to the Ministry of Health,
5 liver transplantations, 2 kidney transplantations,
and 93 complex transplantations were performed in
Ukraine in 2016 [20].

The material base for this extremely important
branch of medicine was developing in Ukraine. Six
centers received the right to perform operations on
the transplantation of human organs: the National
Institute of Surgery and Transplantation named after
0. O. Shalimoy, Lviv Regional Clinical Hospital, Odesa
Regional Clinical Hospital, Regional Clinical Center of
Urology and Nephrology named after V. I. Shapoval
(Kharkiv), Zaporizhzhia Regional Clinical Hospital,
Dnipropetrovsk Regional Clinical Hospital named after
. 1. Mechnikov, which are able to carry out up to 1,000
organ transplantations per year [21].

The legislative framework for the implementation
of human organ transplantation was also developing.
The basis of the regulation of this legal institution is
laid down in the norms of the Constitution of Ukraine
[22] and the Civil Code of Ukraine [23]. For a more
detailed clarification of the mechanism of regulation
of the organ and cell transplantation institute, we
should refer to the Law of Ukraine“On the Application
of Transplantation of Anatomical Materials to Humans”
[24], Fundamentals of the Legislation of Ukraine on
Health Care [25], which, in turn, play a role of the med-
ical activity code. In order to quickly regulate medical
activities in the field of transplantation, by-laws of
executive authorities are adopted, including, for ex-
ample, the order “On establishing diagnostic criteria
for brain death and procedures for determining the
moment of death of a person”[26].

The adoption of the Law of Ukraine “On the Ap-
plication of Transplantation of Anatomical Materials
to Humans” [24] became the basis for the formation
of the newest stage of transplantology in Ukraine.
Changes in legislation in the field of organ and cell
transplantation allowed:

- to improve the terminological apparatus of this
institute;

- to make changes to the criminal legislation regarding
increased liability for illegal removal and transplan-
tation of anatomical materials to a person (Article
143 of the Criminal Code of Ukraine [27];

- to define the concept of “the moment of irreversible
death” by making appropriate changes to the basic
norms of health care. The “moment of irreversible
death” is proposed to mean the biological death
of a person or the moment of the death of his or
her brain. In practice, the ascertaining of death is
confirmed by a council of doctors and the drawing
up of a legal act signed by all council participants.
The specified legal document is kept in the patient’s
medical records.

In international law, issues regarding the institution of

transplantation are regulated by the Helsinki Declara-

tion of the World Medical Association “Ethical Princi-
ples of Medical Research Involving Human Subjects”
from 1964 [28], which states that progress in medicine
is based on works that ultimately include research with
the participation of a human as an object of research.
The purpose of such research is the need to explain
the causes and consequences of diseases, to improve
existing preventive, diagnostic, and therapeutic mea-
sures. The following international document establish-
ing the principles of legal regulation of the institution
of transplantology is the International Declaration on
Transplantation of Human Organs of 1987 [29], which
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declares that both the donor and the recipient are
patients, and therefore all measures must be taken to
protect the rights of both. Finally, the 1997 Conven-
tion on the Protection of Human Rights and Dignity
of the Human Being with regard of the Application of
Biology and Medicine [30] and its Protocols emphasize
that modern biology and medicine are developing at
an accelerated pace, and their improper use can lead
to actions that threaten human dignity. Therefore,
progress in these fields should be used for the benefit
of present and future generations, while the interests
of anindividual should be higher than the interests of
the entire society or science.

Systematizing the problems of the institute of trans-
plantation, three main aspects should be highlighted.

First, the Law of Ukraine “On the Application of
Transplantation of Anatomic Materials to Humans”
[24] establishes the mandatory consent of relatives
(a spouse, children, parents, brothers, sisters) for the
removal of biological materials from the human body
for transplantation and the production of implants. In
the absence of relatives, consent for transplantation
can be given by a person who has the duty to carry
out a person’s burial. In the event of the death of a
person under the age of 18, consent to the selection
of materials is given by the child’s parents or the legal
representatives. As a rule, such consent is not given
in practice. And in cases where consent is given, the
need to prepare a large number of legal documents
plays a negative role as a psychological and emotional
factor and affects decision-making.

When obtaining consent for donation, a significant
role is assigned to the coordinator, who organizes
communication with the persons giving consent for
the removal of organs and cells from the donor. The
coordinator first contacts the persons who can give
consent to transplantation by phone, finds out the
degree of their family connection with the donor,
their place of residence, and then organizes a personal
meeting. During the meeting, the coordinator informs
the authorized person about the provisions of the
current legislation of Ukraine, explains the goals of
removing the organs or cells of a deceased person,
informs about the voluntariness of consent to the
donation of anatomical materials that must be taken
with awareness of the meaning of the actions, without
any coercion. During the meeting with the coordina-
tor, other close relatives and family members or other
legal representatives of the deceased may be present.
If it is necessary to provide additional explanations
regarding donation, brain death, biological death, the
coordinator can involve doctors of other specialties in
such explanations.
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Obtaining consent from the relatives of the deceased
is of greatimportance for the observance of the rights
of all participants in legal relations concerning organ
transplantation. This thesis is revealed, in particular, in
the decisions of the European Court of Human Rights.
And although the Convention on the Protection of
Human Rights and Fundamental Freedoms does not
directly provide for the protection of the right to
health, applying for the protection of this right is possi-
ble on the basis of Articles 2, 3, 5, 8 of the Convention.
Thus, in the case “Petrova v. Republic of Latvia” [35]
the applicant pointed to the fact that after the death
of her son as a result of a traffic accident, his kidneys
and spleen were removed for the purpose of organ
transplantation without her consent or her son’s prior
consent to these actions. The applicant became aware
of what had happened nine months later during the
criminal proceedings regarding the traffic accident
in which her son had died. The country’s authorities
emphasized that such actions corresponded to the
current Latvian legislation, since at the time of the
applicant’s son’s death, the provisions of the law were
in force, which did not oblige medical professionals to
search for and inform relatives of the deceased about
the possible removal of organs, as well as clarify their
right to object against the removal of his organs or
tissues. The European Court of Human Rights empha-
sized that Latvian legislation was not formulated clear-
ly enough and did not provide effective protection
against arbitrariness. A similar situation is reflected
in the case “Elberte v. Republic of Latvia” [36], which
concerned the removal of the body tissues from the
applicant’s deceased husband and their transfer to
a pharmaceutical company in Germany for medical
experts without her knowledge and consent. Elberte
became aware of this situation only two years later,
when a criminal investigation was launched in the
Republic of Latvia in connection with the assumption
of large-scale illegal removal of organs and tissues
from the dead.

Here we should mention the above Convention on
the Protection of Human Rights and Dignity of Human
Being with regard to the Application of Biology and
Medicine. This Convention is the completion of the
codification of the principles of bioethics and the
starting point for the development of the transplant
institution in the future. Currently, 35 countries have
signed the Convention, 29 of them have ratified it.
The main achievement of it is that it became the first
legally binding international instrument that covered
a huge range of ethical issues in the field of biological
research, indicated a wide range of ethical and legal
principles applicable to medical actions and new
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biomedical technologies. Article 29 of the Convention
provides for the right of the European Court of Human
Rights to formulate conclusions on legal issues regard-
ing the interpretation of the text of the Convention.
Many principles of the Convention are directly related
to private law and categorical requirement to obtain
consent for medical intervention. The Convention
can be called a treaty on patient rights, which acts as
a codification of the principles of medical practice.
The focus of the norms of the specified international
document is expressed in the protection of the dignity
and individual integrity of a person, guaranteeing the
observance of the inviolability of the person in con-
nection with the application of the achievements of
biology and medicine. The Convention introduces four
key principles of bioethics: the primacy of a person,
providing equal access to health care, the need for
consent to medical intervention (and the protection
of those who are unable to give it), confidentiality.

Transplantation of organs from a deceased person
today is a more expedient and justified form of dona-
tion, because under such conditions the life and health
of a living donor is preserved. It should be noted that
the risk of postoperative complications for the donor
is always quite high. In addition, organ transplantation
from a deceased donor is less expensive, which is
often of great importance to recipients. Postmortem
transplantation allows for a greater number of trans-
plants to recipients (one donor can give biomaterial
to several patients at once) and to perform surgical
interventions that are impossible from a living donor.
Therefore, today, the increase in the number of sur-
gical interventions for the transplantation of organs
and cells should be carried out at the expense of the
increase in the number of posthumous donors. The
insufficient number of posthumous donors in Ukraine,
in turn, necessitates the search for biomaterials in
other countries [31]. International requlation of bio-
material exchange and transplantation operations is
carried out on the basis of the Declaration of Istanbul
on Organ Trafficking and Transplant Tourism [32]. In
the mentioned Declaration, it was proposed to take
measures to increase the efficiency of donation from
the dead, as well as measures to combat transplant
tourism, commercialization of transplantation, and
organ trafficking; measures to ensure the protection
and safety of donors’ lives [13].

Secondly, the legislation of Ukraine provides for a
limited list of persons who can become donors of
organs or tissues. The existing list makes itimpossible
to donate between cousins, third cousins, godparents,
as well as persons who are willing to become donors
for people who are not relatives of the recipient. It

is about the functioning of the so-called “family do-

nation”, to which only close relatives have the right

to provide their biomaterial for transplantation. It
is precisely such legal norms in Ukraine that force

Ukrainians to use foreign medical services and, as a

result, not to support the domestic medical sphere. It

is a well-known fact that material from a living donor
takes root better in a patient than the material from

a cadaver donor. But the humaneness of replacing

cadaver donation with an altruistic one remains an

open question from the standpoint of human dignity,
legal values, moral and ethical beliefs.

It should be noted that the procedure for granting
the consent of the donor for the removal of biomate-
rials, the expression of will for the legal representative
regarding the removal of implants from the body of
the deceased in Ukraine is regulated by the Decree of
the Cabinet of Ministers of Ukraine of December 27,
2018 No. 1211“Some issues of implementation of the
Law of Ukraine“On the Application of Transplantation
of Anatomical Materials to Humans” [33].

Thirdly, it should also be noted the lack of suffi-
cient control by law enforcement agencies over the
transplantation institute. It is necessary to develop
surveillance to identify and bring to justice persons
who carry out “brokerage” or other illegal activities
(especially through the Internet) in the field of ex-
traction of anatomical materials for transplantation
and manufacturing of bio-implants. A monitoring
system for the detection of advertisements for the
sale or purchase of human organs or tissues can be
an effective mechanism for regulating the institute
of transplantation.

As S. Grinchak points out, it is very difficult to bring
to justice medical staff who perform actions in the
field of transplantation that have signs of a crime. This
indicates a high level of latency of such crimes and
significantly complicates the assessment of their real
state. And if we take into account that only a small part
of criminal proceedings regarding crimes in the field
of providing medical services come to the stage of
trial, then we can conclude that the country does not
have a sufficiently effective mechanism for combating
such crimes [5].

Based on world experience, two options for the de-
velopment of this institute can be identified:

- the first way is a person’s lifetime consent to be a
donor after death. Germany, Poland, France, and
Spain have long used such a system, where a person
is asked about the possible use of his or her organs
after death while he or she is still alive.

- the second way is to introduce a system of “presump-
tion of consent”, when all residents of the country
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are potential donors, but if they are not ready to

be donors after death due to some moral-ethical,

religious or other beliefs, they must notify the spe-
cial institutions that put such persons into a special
register.

Such systems have a number of advantages:

1) the lists of potential donors is formed.

2) a national register of persons who, during their life-
time, spoke against the transplantation of their or-
gansin case of death is formed; this person’s organs
must not be removed under any circumstances.

For example, in Ukraine, in accordance with the Res-
olution of the Cabinet of Ministers of Ukraine dated
December 23, 2020 No. 1366 “On approval of the
Regulation on the Unified State Information System
for Transplantation of Organs and Tissues” [34] there
is the Unified State Information System for Organ and
Tissue Transplantation operates, the task of which is
to identify donor-recipient pairs, provide the partic-
ipants of the national organ transplantation system
with effective and expedient (in real time) information
on potential donors of human anatomical materials,
available human anatomical materials intended for
transplantation and/or production of bio-implants,
persons in need of medical assistance with the appli-
cation of transplantation, persons in need of medical
observation in connection with the transfer of trans-
plantation, as well as other information necessary for
the normal functioning of the transplantation system
in Ukraine. Access to the registers of the Unified Sys-
tem is free.

The functioning of the system is provided at the ex-
pense of the state budget. The Unified State Informa-
tion System of Organs and Tissues for Transplantation
contains information on the voluntary consent of a
person or his or her representative to the removal of
anatomical materials or the manufacture of bio-im-
plants, data on donors and recipients, information
on medical institutions that have the right to real
opportunities to perform transplant surgeries, data
on transplants coordinators.

The first registry of cell donors appeared in the
United States of America, the Americans were the
first in the world to use the method of bone marrow
transplantation. Initially, similar registries functioned
separately in each state, but this made it difficult to
find the necessary donor or material. In order to im-
prove the search system, such separate registers were
combined into the National Register of the United
States of America. Over time, such information bases
also appearin Europe, Asia, and Australia. However, the
creation of domestic registries did not always provide
an opportunity to find the right donor or anatomical
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material. This led to the creation of relevant interna-

tional databases (for example, in Europe - European

Marrow Donor Information System), and then the

formation of a worldwide network - Bone Marrow

Donors Worldwide.

European Marrow Donor Information System is an
open network between different bone marrow donor
registries for patients waiting for a transplant who
do not have compatible family donors. The network
consists of the same system in all countries. Email
addresses are used as a method of communication.
Bone Marrow Donors Worldwide is a voluntary joint
association of bone marrow donor registries and um-
bilical cord blood banks to provide centralized and
anonymous information on phenotypes, other data
of unrelated bone marrow and umbilical cord blood
donors; ensuring easy access to this information by
doctors and recipients needing stem cell transplants.
The system includes 51 bone marrow donor registries
from 37 countries and 29 cord blood registries from
19 countries.

Separately, itis worth paying attention to the medi-
cal services that can be provided at the transplantation
institute:

1) the first of them consists in the provision of medical
assistance with the application of transplantation,
that is, in fact, transplantation services (transplan-
tation of anatomical material), which are provided
in transplantation centers;

2) the second is the implementation of activities
related to transplantation: medical services for
the extraction of anatomical materials from living
donors; removal of anatomical materials from a ca-
daver donor; storage and transportation of human
anatomical materials intended for transplantation,
storage and transportation of such materials for the
manufacture of bio-implants.

The innovative provision of the Law of Ukraine “On
the Application of Transplantation of Anatomical Ma-
terials to Humans” [25] allows health care institutions
and scientific institutions of all forms of ownership to
carry out transplantation activities today. Before the
entry into force of the new law, such actions could
only be carried out by state and communal health
care institutions. The new law gives the right to all
health care institutions that have a license to carry
out economic activities in the field of medical practice
(including the right to provide medical assistance with
the application of transplantation and to carry out
activities related to transplantation) to carry out such
medical activities. This provision opens wide prospects
directly for medical institutions and doctors working
in private hospitals.
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CONCLUSIONS

Organ donation is a legal relationship that has not yet
been properly substantiated in legal and medical prac-
tice in Ukraine, and society’s acceptance of the institute
of transplantation as an innovative one is accompa-
nied by many opposing views. The legal aspect of the
study of the institute of transplantation is important
for formulating the general patterns of its emergence,
developing prospects for its functioning and strategic
directions for further development, building a system
for protecting the rights of all participants in this legal
relationship.

When transplanting organs in humans, different
aspects of the problem can be considered separately:
medical or surgical, which includes the method and pro-
cedure of transplanting biological material; biological,
which reveals compatibility or suppression, rejection
of transplanted biomaterial by the human body; psy-
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ABSTRACT

We present clinical case of marble disease in 5 yo girl. The management of this child was made in Vinnitsia Regional Children’s Hospital (Vinnitsia, Ukraine).
(BC, X-ray of bones, bone marrow biopsy, genetical testing, MRI of the brain and CT of the skull were done during this period. Marble disease is a very rare
disease with very serious consequences, the prevention of which requires timely diagnosis and treatment, namely the prevention of infectious complications
and early allogenic transplantation of stem cells. Asit s a genetically determined disease, it is not possible to prevent the development of osteopetrosis. Genetic

screening and proper treatment will allow the patient to lead an almost normal life.

KEY WORDS: marble disease, children, clinical presentation

INTRODUCTION

Marble disease (osteopetrosis, Albers-Schoenberg
disease) is a very rare inherited disease characterized
by high bone density due to mutations that affect the
formation or function of osteoclasts. There are two main
clinical forms, namely benign autosomal dominant
(adult) and malignant autosomal recessive (infantile). The
prevalence is 1 case per 100 thousand population and
occurs due to osteoclast dysfunction, which causes the
development of osteosclerosis [1, 2]. Autosomal recessive
(intermediate) form is very rare. Diagnosed in childhood
and has manifestations of malignant disease. The vast
majority of young patients with malignant osteopetro-
sis die at an early age, but the development of medical
science has made it possible to improve the quality of
care for these patients, which has extended survival [3].

It should be noted that there is a secondary osteop-
etrosis, for example, associated with viral hepatitis C,
which is characterized by a generalized increase in bone
mass and a significant increase in the level of alkaline
phosphatase in the serum. This form of the disease
occurs in the elderly and is not described in pediatric
patients. Despite significant progress in the develop-
ment of genetics, a significant proportion of patients
remain undiagnosed [4]. Histological examination
may reveal the complete absence of osteoclasts in the
bone biopsy or, conversely, an increase in the number
of multinucleated osteoclasts on the background of
spongy bone sclerosis with increased mineralization
of the bone matrix [5].
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The most common cause of children’s malignant
marble bones believed mutation gene TCIRG1, but the
numerous studies revealed mutations of additional genes
and is TNFSF11, TNFRSF11A, CLCN7, OSTM1, SNX10,
PLEKHM1, which is also associated with autosomal - reces-
sive form of marble disease [6]. In order to diagnose these
disorders in malignant infantile osteopetrosis use seques-
tration of the whole exome, and mutations are detected
in four genes: CLCN7, TCIRG1, SNX10 and TNFRSF11A [7].

But in about 20% of cases the molecular basis is un-
known. It is described that the key regulator of bone
remodeling is NF-kB signaling. Recent results have shown
that inactivation of NF-kB enhances osteoblast differen-
tiation in vitro and bone formation in vivo. The complex
of this transcription includes five subunits, such as p65
(RelA), RelB, c-Rel, p50/p105 (NF-kB1) and p52/p100 (NF-
KB2). One of them, namely Rela/p65, is very important
within the NF-kB pathway for bone homeostasis and may
be one of the genetic markers of Marble Disease [8, 9].

Usually, the first clinical sign of the disease are fractures
that occur spontaneously or with minor trauma, followed
by slow and incorrect consolidation of the fracture. In
addition, detect hematological disorders, neurological dis-
orders and delayed psychomotor development [10]. The
literature describes the correlation between radiological
data and mutations in genes. Thus, patients with TCIRGT1
and RANK mutations often have pathological fractures,
in addition to hepatosplenomegaly and hydrocepha-
lus. Varus deformity of the femoral neck is more typical
for patients with TCIRG1 mutation [11]. Children with
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Table I. Indicators of peripheral blood in dynamics:

Date HB (g/l) (x:‘gﬁ ) (:;I(B)'-SI) Platelets (thousand/mm?)
05/07/2018 64 2.29 6.89 312
02/26/2019 52 1.90 20.0 52
05/08/2019 42 1.20 124 19
07/17/2019 71 1.46 10.5 58
10/08/2019 63 1.46 13.0 71
01/20/2020 49 1.32 11.4 21
04/03/2020 39 1.12 16.9 19
08/09/2020 52 1.41 134 28
11/27/2020 55 1.56 14.1 34
01/23/2021 24 0.90 20.2 68
05/09/2021 37 1.12 22.7 34

malignant osteopetrosis also have impaired tooth devel-
opment (delayed or failed eruption, improperly formed
crowns and roots, enamel hypoplasia) and jaws, which
often causes osteomyelitis, which is usually difficult to treat
and can be fatal. Therefore, prevention and treatment of
oral infection requires constant supervision of a dentist
and maxillofacial surgeon [12]. Due to the disorder of
resorption of osteoclasts, there is a violation of bone mar-
row formation, which leads to defective hematopoiesis
and mortality during the first ten years of life. The only
currently available treatment for some forms of autoso-
mal recessive osteopetrosis is allogeneic hematopoietic
stem cell transplantation (allogenic transplantation of the
stem cells) from a familial or nonfamily donor. The best
results are achieved in children in the first year of life, as
the residual volume of the bone marrow cavity decreases
over time. Magnetic resonance imaging (MRI) should be
used to assess the bone marrow cavity, which also allows
to assess skeletal reconstruction after transplantation
and the consequences of changes in the hematopoietic
system [13]. Despite the increase in the overall survival of
patients after allogenic transplantation of the stem cells,
the issue of treatment tactics remains unresolved. The
problem is the search for a compatible donor and the
presence of neurological symptoms, which significantly
worsens the prognosis. Today, new treatments are being
sought, preclinical studies are being conducted, such as
genetherapy, systemic administration of deficient protein,
intrauterine allogenic transplantation of the stem cellsand
correction of defects in genes [14].

CASE REPORT

A girl, 5 years old (born on February 24, 2016) is often
hospitalized in the oncohematology department of
Vinnytsia Regional Children Hospital due to severe
anemia, which requires replacement blood transfusion

with erythrocytes. First time she came to the clinic on
May 7, 2018 with complaints on pale skin, inhibition,
the appearance of multiple bruises on the skin, fever.

The child lives with his mother, who has a significant
delay in mental development, there were no patholog-
ical changes during the physical examination.

Examination of the child revealed a delay in physical
(subnanism) and mental development. The girl is calm,
has no contact with others, has a small vocabulary. The
pronounced pallor of the skin and mucous membranes
attracted attention. Hemorrhagic syndrome with poly-
chrome and polymorphic rash on the skin of the face,
chest, extremities. Peripheral lymph nodes are not
enlarged. At auscultation of lungs - vesicular respira-
tion. RR 20 per min, Sp0O2 98%. Heart sounds are muf-
fled, tachycardia - 140 beats per minute, and a systolic
murmur was heard above the apex. The abdomen is
enlarged, theliveris +2 cm, the spleenis +3 cm from the
edge of the costal arch, peristalsis is active. Urination is
free, urine is light in color. Stools are decorated.

The child was examined by related specialists:
e Medical genetic - Alberts-Schoenber disease (mar-

ble disease);
e Tuberculosis specialist (phtisiatrist): data for specific
pathology in the lungs was not detected;

e ENT: Acute rhinitis;
e Ophtalmologist: fundus within normal limits;
X-ray examination of skeletal bones was performed
and the presence of diffuse osteosclerosis in the bones
of the skull and extremities, which is characteristic of
marble disease (Figure 1-8).

The girl was repeatedly examined for bone marrow.

Cytological examination of the bone marrow
(08.05.2018): Bone marrow punctate small cell, he-
matopoiesis of the normoblastic type. The calculation
was performed on 200 classes. When counting at low
magnification in a smear 2 megakaryocytes.
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Fig. 1. Chest X-ray of the patient with Marble

disease Marble disease

Fig. 2. Sided chest X-ray of the patient with  Fig. 3. Scull X-ray (frontal view)

Fig. 4. Scull X-ray (sided view)

Cytological examination of the bone marrow (28.02.2021):
Counting due to high cellularity, hematopoiesis of the
normoblastic type. Granulocyte, erythroid sprouts — dys-
poesis; megakaryocyte — suppression; blasts — 0.6%; the
relative number of lymphocytes increased to 23.2%.

Peripheral blood indicators in dynamics are shown
inTable 1.

On January 21,2020, a genetic study was performed and
a mutation in the CLCN7 gene was detected, which may
indicate an autosomal recessive form of marble disease.

In January 2021, the mother reported that the child’s
eyesight had deteriorated and there was periodic twitch-
ing of the limbs. The girl was consulted by an ophthal-
mologist — atrophy of the optic nerve of both eyes was
detected. MRI of the brain was performed, followed by
examination by a pediatric neurologist: atrophy of the
cerebral cortex.
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Fig. 5. X-ray of the right knee (frontal view)  Fig.6. X-ray of therightknee (sided view)

In March 2021, there was a facial deformity (figures
9, 10). Osteomyelitis of the jaw was suspected.

On March 10, 2021, a CT scan of the skull and brain
was performed. Conclusion: CT signs of hyperostosis
with diffuse compaction of skull bones, which is most
characteristic of marble disease, pathological fracture
along the right maxillary suture with diastasis at its level
and signs of osteomyelitis at its level, with edema and
infiltration of the soft tissues of the right nose. -orbital
area and right cheek with right exophthalmos; CT
signs of dilatation with slowed blood flow through
the venous sinuses of the brain, bilateral hemispheric
cerebellar edema.

The child receives symptomatic treatment: eryth-
rocyte transfusion, platelet apheresis, antibacterial
therapy according to the indications. The documents
were considered by the Multidisciplinary Commission



MARBLE DISEASE (CASE REPORT)

Fig. 7. X-ray of the right
elbow (frontal view)

Fig. 8. X-ray of the right elbow
(sided view)

of National Child Clinic"OKHMATDIT"in Kyiv, the indica-
tions to stem cells transplantation were not established.

DISCUSSION

Osteopetrosis belongs to the group of metabolic dis-
eases of the skeletal system, which disrupts the recon-
struction and growth of bone tissue, leading to gener-

Fig. 9. Photo of the child with marble disease

‘ alized osteosclerosis and predisposition to pathological

fractures. In addition, there is bone marrow failure due
to ossification of the bone marrow canal, manifested
by peripheral pancytopenia. This pathology was first
described by the German radiologist Alberson-Schoen-
bergin 1904, who described the radiological picture of
increased bone density due to osteoclast dysfunction
[15]. Due to abnormal modeling and remodeling of
the skeleton, mineral homeostasis is disturbed, which
leads to deformation of the tubular bones and upper
and lower jaws with impaired tooth growth. The growth
of bone tissue in the bone marrow canal reduces bone
marrow cellity and activates extramedullary hemato-
poesis, which is manifested by hepatosplenomegaly.
Compression of the cranial nerve openings leads to
blindness, deafness and paralysis [16].

There are three forms of osteopetrosis: benign au-
tosomal dominant, malignant autosomal recessive
and intermediate autosomal dominant. According to
statistics, the prevalenceis 1in 100,000 - 500,000 cas-
es [1]. The autosomal recessive form of osteopetrosis
is known as childhood malignant osteopetrosis and
occursin 1in 250,000 newborns. Most often, children
with related pathologies are born with this pathol-
ogy. Much less - in families, where parents found a
defective gene. Autosomal recessive osteoporosis

Fig. 10. Photo of the child with marble disease
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related to the presence of mutations in different genes
are involved in functional capacity and osteoclast
differentiation. Stigmas of dysembryogenesis, skull
abnormalities and teething, hypocalcemia are ob-
served in children. The only method of treatment of
this form — THC, without which there is mortality up
to 10 years of age [17].

The most common form of autosomal recessive
osteopetrosis is caused by a mutation in the TCIRGT1
gene. TCIRG1-mutated osteoclasts have significantly
reduced resorptive capacity. In addition, this form is
characterized by the development of rickets and osteo-
malacia, due to impaired absorption of calcium in the
stomach [18].The second frequency autosomal recessive
form connected with mutations in the CLCN7 gene. In
the presence of this mutation, a wide range of clinical
manifestations is observed. Patients have a very severe
course of the disease, with skeletal defect and bone
marrow failure combined with primary neurodegenera-
tion, reminiscent of lysosomal storage diseases, cerebral
atrophy, hyperkinesia, axial hypotension and peripheral
hypertension [19]. Much less is observed austosomal
recessive marble bones, related mutations in OSTM1.

However, it is associated with primary severe neu-
rodegeneration and a life expectancy of less than 2
years [20]. The complete absence of osteoclasts is the
main feature of the form depleted of osteoclasts. It is
caused by the absence of RANKL and is encoded by
the TNFSF11 gene. Patients have impaired T cell syn-
thesis and cytokine production. In addition, reduces
the formation of B cells and the synthesis of immuno-
globulins [21]. There is also a report of a heterozygous
mutation in the CSF1R gene, which encodes the MCSF
(macrophage colony-stimulating factor) receptor,
which is found in related children and is manifested
by osteopetrosis with brain malformations [22]. This
disease should be differentiated from other metabolic
diseases characterized by fragility of the skeletal system,
such as rickets, incomplete osteogenesis, Ehlers-Danlos
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