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CONTENTS

Clinical significance of postoperative acute pancreatitis
of non-resection genesis in abdominal surgery

Tetiana V. Formanchuk', Maxym A. Hudz', Oleg V. Honcharenko', Hryhoriy V. Lapshyn’
'NATIONAL PIROGOV MEMORIAL MEDICAL UNIVERSITY, VINNYTSYA, UKRAINE
2UNIVERSITY CLINIC SCHLESWIG-HOLSTEIN, LUBECK, GERMANY

ABSTRACT

Aim: To analyse in detail the incidence of POAP after urgent abdominal and endoscopic transpapillary surgical interventions.

Materials and Methods: A retrospective analysis of 52 clinical cases of POAP was done, among which 27 patients developed POAP after urgent abdominal
interventions and 25 patients — after endoscopic transpapillary interventions.

Results: The incidence of POAP after urgent surgical interventions consisted 0,3%, after endoscopic transpapillary interventions — 18,25%. In the structure
of urgent surgical interventions complicated by POAP, gastric and duodenal surgery — 25% (13) and splenectomy — 9,6% (5) were dominating. There was a
significant predominance of men in the group of patients with POAP after abdominal interventions and a significant predominance of women in the group
with endoscopic retrograde cholangiopancreatography induced POAP (ERCP-induced POAP). POAP can develop at any age; up to 70 years of age, there was
anincrease in the incidence of POAP with the age of patients, and after 70 years of age the incidence rate was decreasing. The dominant morphological form
of POAP was edematous — 67,3% (35).

Conclusions: The issue of a unified definition of POAP after operations on internal organs of nonresectional genesis is not resolved. The incidence rate of POAP

after surgeries on internal organs, which have direct anatomical and functional relationship with the pancreas dominate.

KEY WORDS: acute postoperative pancreatitis, ERCP-induced pancreatitis, incidence rate, gender distribution, age distribution

INTRODUCTION

Postoperative acute pancreatitis (POAP) remains an
unresolved issue of general surgery and has long
been its peculiar «black box». The absence of clear
unified international criteria for the diagnosis of this
pathology significantly complicates the collection of
reliable statistical data and explains the variability in
the frequency of this pathology. The highest incidence
of POAP is natural after surgical interventions on
the pancreas itself, especially with various types of
pancreatic resection, which is associated with direct
trauma to the pancreas. According to different authors,
the incidence of POAP in pancreatic resections varies
from 8,3% 10 65,7% [1-3], according to the International
Study Group of Pancreatic Surgery (ISGPS), the incidence
of post-pancreatectomy acute pancreatitis (PPAP) was
32% [4]. The development of POAP after abdominal
surgery is associated with the indirect effect of surgical
procedures on the pancreas or other indirect factors of
aggression (metabolic, circulatory) and, according to
different authors, ranges from 2,5 to 85% [5-71.

Wiad Lek. 2024;77(11):2119-2126. doi: 10.36740/WLek/197078 (DOl

In the last decade, significant progress has been made
in clearly defining this pathology, diagnostic criteria, and
a detailed study of its clinical relevance. However, all this
was mainly related to acute postoperative pancreatitis
of postresection genesis and, accordingly, relatively
new recently described terms were proposed - the so-
called «postpancreatectomy acute pancreatitis» (PPAP)
or «postoperative acute pancreatitis of the pancreatic
remnant» as a new clinical form [2]. Some progress has
also been made recently in differentiating the concepts
of PPAP and postoperative hyperamylasemia, which has
long been identified with PPAP [8, 9].

The search for criteria for the diagnosis of POAP
was limited to individual publications. Laboratory
criteria included a wide range of tests with different
diagnostic values. For some time, the diagnostic
triad of leukocytosis, C-reactive protein, and blood
amylase was widely used among surgeons to diagnose
POAP after abdominal interventions [10]. However,
it is known that an increase in the total leukocyte
count is not a specific marker of acute pancreatic
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inflammation and may occur in the postoperative
period as a result of other complications. Connor’s 2016
definition of acute pancreatic inflammation based on
biochemical parametersincluded anincreasein urinary
trypsinogen-2 >50 pg/L or serum amylase/lipase >
upper limit of normal between 0-2 days after surgery
and was related to acute pancreatic inflammation
after resectional surgery. Similarly, the definition
proposed in 2022 by the International Study Group
on Pancreatic Surgery (ISGPS) was used for resection-
related POAP. It was based on biochemical, clinical, and
radiological criteria: persistent postoperative serum
hyperamylasemia (POH) exceeding the institutional
upper limit of normal at least during the first 48 hours
after surgery, relevant clinically significant signs, and
radiological changes consistent with PPAP.

While the concept of POAP after pancreatic resection
has made significant progress in recent years, POAP
as a complication of other abdominal surgeries is
still undefined. The definition paradigm has not
changed much, the diagnostic criteria remain unclear,
and there are no protocols for the perioperative
management of acute postoperative pancreatitis after
general abdominal surgery. Therefore, in our opinion,
large-scale reports and further detailed study of this
pathology are still needed.

AIM

The aim of the study is to analyze the frequency,
etiology, gender and age characteristics of acute
postoperative pancreatitis in abdominal surgery de-
partment.

MATERIALS AND METHODS
We carried out a retrospective analysis of the treatment
of 52 patients with POAP. Among them, POAP
developed after abdominal surgery in 27 patients
who were hospitalized in the department of surgery
and endoscopy, and the intensive care unit of the
city clinical emergency hospital from January 2018
to December 2022 and in 25 patients with POAP after
duodenoscopic interventions, including endoscopic
retrograde cholangiopancreatography (ERCP), who
were hospitalized in the department of surgery and
endoscopy and the intensive care unit of the Vinnytsia
regional Pirogov memorial clinical hospital in 2020.
There were 23 (44,2%) men and 29 (55,8%) women.
To make the diagnosis of POAP, we used the criteria
proposed by Connor in 2016 based on biochemical
parameters for diagnosis: the definition of POAP
included an increase in urine trypsinogen-2 >50 ug/L or

2120

serum amylase/lipase > upper limit of normal between
0-2 days after surgery [11]. All patients gave informed
consent to the processing of their clinical data before
enrollment in the study. The ethical standards defined
in the “Declaration of Helsinki of the World Medical
Association” of 2004 were observed.

During hospitalization, patients underwent a standard set
of laboratory tests (general and biochemical blood and urine
tests) and instrumental studies (gastroscopy and radiological
imaging methods). To monitor the development of the
pathological process, these studies were repeated in the
dynamics. Patients also underwent ultrasound examination
of the abdominal cavity in the postoperative period. If
necessary, an additional X-ray examination of the chest
and computed tomography of the abdominal cavity and
retroperitoneal space were performed.

Statistical processing of the obtained results was
performed using SPSS software 24.0. The data were
tested for normality of distribution using the W-test
(Shapiro-Wilk test). Visualization was carried out
using the R program package, version 4.3.3. Kernel
density plots were created for data visualization.
For a general idea of the distribution of data and
their characteristics, arithmetic mean and standard
deviations were calculated. Quantitative values were
presented in the form of median and interquartile range
(25th and 75th percentiles) in the case of non-normal
distribution of indicators, as determined by the W-test
(Shapiro-Wilk criterion) and in the form of mean (M)
standard deviation of the mean (o) in the case of normal
distribution (p by W-test > 0,05). Continuous variables
were compared using the Kruskal-Wallis sum of ranks
test. Categorical variables were expressed as absolute
and relative (%) frequency and compared using the x?
testor the Fisher’s exact test. The significance level was
setat 95%, and the p-value was considered statistically
significant if it was less than 0,05.

RESULTS

The incidence of POAP after endoscopic interventions
was 18,25%, after urgent abdominal surgery — 0,3%.
Analyzing the age and gender of patients, in patients
with POAP after abdominal surgery, except for the
ERCP technique, there was a significant prevalence
of men over women - 59,3% and 40,7%, respectively
(p<0,05). At the same time, in the group of patients
with ERCP-induced pancreatitis, there was a significant
predominance of women over men - 72% and 28%,
respectively (p<0,05).

The mean age of patients with POAP was 55,56+14,12
years and did not differ between women and men with
POAP of different etiologies, except for ERCP-induced
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POAP

Genesis
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Fig. 1. Distribution of patients with POAP of different genesis by morphological type of inflammation and age.

APPD. Instead, the mean age of men with ERCP-induced
pancreatitis significantly exceeded the mean age of
women with AP of similar etiology — 67,57+12,08 and
55,94+12,73, respectively (p<0,05) (Table 1).

The development of POAP was characteristic in all
age groups, regardless of the etiology and morphologic
type of inflammation. The age range of patients did
not depend on the etiology and morphologic type
of pancreatic inflammation and ranged from 19 to 87
years (Fig. 1).

All surgical interventions that resulted in the
development of POAP are conditionally classified as
interventions with direct and indirect effects on the
pancreas. The high incidence of POAP after operations
oninternal organs that are anatomically or functionally
related to the pancreas is natural. In particular, ERCP-
induced POAP was dominant in the structure of POAP
development - 48,1% (n=25), which is explained by
increased pressure in the ductal system of both the
pancreas and extrahepatic bile ducts, trauma of the
major duodenal papilla during papillotomy, and its
posttraumatic edema. Gastric surgery was the second
most common cause of POAP, which consisted one
fourth part of all causes of POAP. Intraoperative damage
of blood vessels, pancreatic parenchyma, or ducts is
often the cause of POAP after these operations, which
is especially common in large penetrating ulcers.

Splenectomy was the cause of the development
of POAP in 9,6% (n=5) of all patients with POAP. As a
rule, this occurs during technically difficult surgical
interventions, often accompanied by intraoperative
trauma of the tail of the pancreas, especially in
patients with polytrauma against the background of
intraperitoneal bleeding and anemia, hemorrhagic
shock. Surgical interventions on the colon caused the
development of POAP in 3,85% (n=2) patients and
were not associated with the direct involvement of the
pancreas in the pathological process, but they were
associated with the peculiarities of mobilization of the
tissues surrounding the gland, as well as liver resection.

As for small bowel surgery, it caused the development
of POAP in 3,85% (n=2) cases and, in our opinion, devel-
oped as a result of the complex effect of indirect factors
(metabolic, circulatory disorders, intestinal paresis, etc.).
Laparoscopic cholecystectomy is rarely complicated by
postoperative pancreatitis, and it was the cause of the
development of POAP in 3,85% (n=2) patients. Surgical
interventions on the pancreas itself are the most com-
mon and pathogenetically sound cause of the devel-
opment of POAP, when direct trauma to the pancreatic
parenchyma, its ducts and peripancreatic tissue, with
the release of cytokinase, which activates pancreatic
enzymes and a subsequent cascade of biochemical
reactions leading to self-digestion of the pancreas.
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Table 1. Distribution of patients with POAP by etiology and age

Average age of patients

Type of AP
i Men Women P
POAP 48,5+10,94 48,09+15,92 NS
(n=27) (n=16) (n=11)
ERCP-induced AP 67,57+12,08 55,94+12,73 <0.05
(n=25) (n=7) (n=18) !
Note: NS — non-significant.
Table 2. Distribution of patients by type of surgery that resulted in POAP
Ne Surgeries that resulted in POAP Number of patients
: (n=52) (n=52)
1. Surgery on the pancreas 2 (3,85%)
2. Splenectomy 5(9,6%)
Surgery on the stomach: 13 (25%)
3 Resection of the stomach 2
’ Suturing of a perforated gastroduodenal ulcer 5
Excision and suturing of a perforated gastroduodenal ulcer 6
4. Laparoscopic cholecystectomy 2 (3,85 %)
Surgeries on the small and large intestine: 4(7,7%)
5. Operations on the colon (left-sided hemicolectomy, Hartmann's operation + atypical liver resection) 2
Surgery on the small intestine (resection of the intestine, liquidation of the intestinal volvulus) 2
6. Stab wound of internal organs 1(1,9%)
Endoscopic surgical interventions: 25 (48,1%)
7 ERCP, litho-extraction for gallstone disease 19
’ ERCP, litho-extraction for postcholecystectomy syndrome 3
ERCP, stenting for malignant tumors of the pancreaticobiliary system 3
Table 3. Intergroup comparison of patients with different POAP genesis by morphological type and severity of the disease
S POAP ERCP-induced
0 -
N The criterion (n=27) (n=25) P-value
Morphological type
1. Edematous-interstitial 19 (70,4%) 23 (92%) 0,078*
Necrotic aseptic 8(29,6%) 2 (8%)
Severity of the course
2 Mild 18 (66,7%) 17 (68%) NS
’ Moderate 7 (25,9%) 7 (28%)
Severe 2 (7,4%) 1 (4%)

Notes: * — the Fisher’s exact test; NS — non-significant.

In 2 (3,85%) cases, pancreatic surgery was complicated
by POAP. Such a small number of complications can be
explained by the fact that the medical institutions where
the material was collected are not specialized centers for
pancreatic surgery and the total number of surgical inter-
ventions on the pancreas is single. Surgical intervention
for penetrating stab wounds of the abdominal cavity with
damage of the elements of the hepatoduodenal ligament
had a direct traumatic genesis of parapancreatic structures
and was predictably complicated by the development of
POAP (Table 2).

The distribution of patients by the morphological type of
POAP was performed similarly to that of AP, based on the
criteria of the Atlanta classification 2012. According to them,
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among all patients with POAP, the edematous-interstitial
type of pancreatic inflammation dominated without
significant gender preferences and with the involvement
of patients of all age groups — 42 (80,8%), the rest of the
patients developed necrotizing aseptic POAP-in 10(19,2%)
patients, which was characterized by significant differences
in age and gender distribution - in particular, there was a
significantincrease in the frequency of POAP in women with
age, whilein men POAP developedinaall age groups (Fig. 2).

The issue of classification of POAP by severity is still
being actively discussed in the world. We stratified patients
according to the severity of the course in accordance with
the criteria of the Atlanta 2012 classification. According toiit,
patients with no complications and no organ disorders had
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Fig. 3. Distribution of
Genesis [] ERCP-induced POAP [T] PoAP patients by age, genesis
and severity of POAP.

mild POAP, moderate POAP was diagnosed in patients with
complications and/or transient organ failure. Severe POAP
was diagnosed in the presence of persistent organ failure
(>48 hours). Thus, the vast majority of patients had a mild
course of POAP - 35 (67,3%) cases, 14 (26,9%) had moderate
severity of POAP, and 3 (5,8%) patients had severe POAP.
Intergroup analysis of various etiological forms of POAP
did not reveal a significant difference between groups in
morphological forms of the disease with a slight tendency
towards reliability and in the severity of the course of the
disease (Table 3).

Regarding the age distribution in different etiologic
forms of POAP, in both etiologic groups there was a
tendency to increase the severity of POAP with age. This
can be explained primarily by an increase in the number
of comorbidities with age, and with an increase in the
number of comorbidities, the severity of POAP (Fig. 3).

DISCUSSION
POAP can develop after any abdominal surgery. The
incidence of POAP varies considerably, which, accord-
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ing to a recent meta-analysis in 2023, depended on the
definition and diagnostic criteria used by the authors
[12]. The high incidence of this disease after surgery on
organs that have an anatomical and functional relation-
ship with the pancreas is logical, but the development
of this pathology is not limited to them and can occur
after any intervention on the abdominal organs [13, 14].
In our study, the incidence of POAP after transpapillary
endoscopicinterventions was 18,25%, while after urgent
abdominal surgery, this figure was 0,3%.

In our opinion, such a low incidence of POAP is due to
several reasons: insufficient diagnosis due to the lack of
a clear definition of the criteria for this pathology; false
association of deterioration in the early postoperative
period with intra-abdominal complications due to the
underlying pathology; a large number of surgical inter-
ventions used in the formula for calculating the incidence
rate due to hernia repairs, appendectomies, and other
operations.

In recent years, significant progress has been made in
the study of this pathology, unified criteria for diagnosis
and definition of POAP have been proposed, and new
views on the etiology have been described. However,
in the vast majority of cases, all of this relates to post-
resection pancreatitis, in which there is direct trauma of
the pancreatic parenchyma and a cascade of complex
biochemical reactions is triggered [15-18]. Instead, there
are currently no clear unified criteria for diagnosing POAP
after urgent and other abdominal interventions, so the
issue of POAP requires further comprehensive study.

There are certain gender-specific patterns in the
distribution of POAP. As our study showed, the frequency
of POAP in men and women differed depending on the
etiology. The prevalence of women by 2,5 times over
the number of men in the group with ERCP-induced
POAP is natural, since women suffer from cholelithiasis
2-3 times more often [19]. In contrast, in the group of
patients with POAP not associated with ERCP, there was a
predominance of men over women in the ratio of 1,45:1.

Most often, POAP developed after operations on
organs that have a direct anatomical and functional
connection with the gland due to direct orindirect effects
of mechanical or chemical factors: after endoscopic
transpapillary interventions — 25 (48,1%), gastric and
duodenal operations — 13 (25%), splenectomy - 5 (9,6%).

POAP can develop at any age, regardless of gender. In
our study, the age of patients ranged from 19 to 87 years.
There was an increase in the incidence of POAP with
the age of up to 70 years, after 70 years the incidence of
this pathology decreased again, which, in our opinion,
was due to the limited scope of surgical interventions in
patients of this age group in the setting of concomitant
diseases.
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The gender and age distribution of patients with POAP
in different morphologic forms of AP was quite interesting.
In particular, in the edematous form, there was a similar
distribution of women and men, as well as the number
and age of patients — an increase in the incidence of POAP
with age, the highest peak incidence from 50 to 60 years,
followed by a gradual decrease. In the necrotic form, there
was an increase in the incidence in women over 65 years
of age. Previous studies have established that age older
than 65 years, together with the diameter of the pancreatic
duct, the thickness of the pancreas, neoadjuvant therapy,
resection at the level of the body and tail, as well as
neuroendocrine histology are independent predictors of
acute postoperative pancreatitis [20]. Regarding the severity
of POAP regardless of gender and etiologic distribution, the
edematous form of the disease was dominant - 67,3%(35).
This echoes the data of other authors, who also noted the
predominance of mild and moderate severe forms of acute
pancreatitis in patients with postoperative pancreatitis [2].

CONCLUSIONS
The issue of a unified definition of POAP after oper-

ations on internal organs of nonresectional genesis
is not resolved. In the structure of acute pancreatic
complications, operations on internal organs that have
a direct anatomical and functional relationship with
the pancreas dominate. Further in-depth study of the
incidence of nonresectional POAP, its gender and age
characteristics, and etiology is needed to develop effec-
tive strategies for the prevention of POAP in the future.

PROSPECTS FOR FURTHER RESEARCH

Further studies are needed to expand and provide a
better understanding of postoperative pancreatitis
and the development of more effective approaches to
its prevention and treatment.

Prospects for future research in the field of postoperative
pancreatitis of nonresectional genesis may include several
areas. An in-depth study of pathogenesis with a detailed
investigation of the mechanisms of postoperative pancre-
atitis, including the role of inflammatory mediators,immune
response and the impact of various surgical procedures on
pancreatic tissues. This will allow to better understand the
processes that cause the development of this complication.

The development and implementation of new pre-
ventive strategies is urgent. Further research should
be aimed at developing new methods of preventing
postoperative pancreatitis, including pharmacologi-
cal and non-pharmacological approaches. Particular
attention should be paid to ways to reduce pancreatic
trauma during surgery.
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The effect of cell therapy on the intensity of lipid peroxidation
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ABSTRACT

Aim: To determine the effect of cell therapy on the intensity of lipid peroxidation processes in the liver, kidneys and lungs of rats of different ages under
conditions of experimental cranio-skeletal trauma (CST).

Materials and Methods: In the experiments, 129 white male Wistar line rats of different age groups were used: immature rats aged 100-120 days and
weighing 90-110 g; mature rats aged 6-8 months and weighing 180-200 g; and old rats aged 19-23 months and weighing 300-320 g. In each age group,
(ST was modeled under thiopental sodium anesthesia. The control rats were only injected with thiopental sodium anesthesia. For the purpose of correction,
cryopreserved neuroblast cells (NBC) from Wistar line rats were injected intravenously at a dose of 0,5 mI*106 cells in groups of injured rats of different age
groups. Additionally, in separate groups, rat mesenchymal stem cells (MSC) were injected intraperitoneally at a dose of 0,25 mI*105 cells per rat. The animals
were taken out of the experiments using anesthesia after 14 days by total heart bleeding. The content of thiobarbituric acid reagents was determined in 10
% extract of liver, kidney and lung homogenate.

Results: In 14 days after the (ST was applied in rats of different age groups, a significantly higher content of TBA-active lipid peroxidation products was
observed compared to control groups of rats of the corresponding age. Under conditions of NBC monotherapy in experimental groups of different aged rats, a
decrease in the content of TBA-active lipid peroxidation products occurred in the liver, kidney and lungs, but the result was statistically significant only in the
group of mature rats. The injection of a combination of NBC and MSC for the purpose of correction was accompanied by a significantly greater effect compared
to rats without correction. After 14 days of post-traumatic period, the content of TBA-active lipid peroxidation products in the liver and kidneys of different aged
rats significantly decreased. In these organs, as well as in the lungs of mature rats, the combination therapy showed a greater antioxidant effect compared to
rats without correction and rats with NBC monotherapy. The obtained results shed light on the specificity of the systemic antioxidant effect of combined NBC
and MSC cell therapy in rats of different age groups with CST, which should be taken into account in the development of cell transplantation strategies under
conditions of severe combined trauma.

Conclusions: Combined transplantation of NBC and MSC during acute period of (ST among rats of different age groups is accompanied by a systemic antiox-
idant effect, which is manifested by a significant decrease in the content of TBA-active lipid peroxidation products in the liver, kidney and lungs, the degree of
which is mostly marked among mature rats.

KEY WORDS: cranio-cerebral trauma, skeletal trauma, liver, kidney, lungs, oxidative stress, cell therapy

Wiad Lek. 2024;77(11):2127-2134. doi: 10.36740/WLek/197081 € Dol

INTRODUCTION

Combined cranio-cerebral and skeletal trauma affects
millions of people worldwide each year and happens to
individuals of all ages. Such traumas are accompanied
by significant severity and high mortality. All of the
survivors are often affected by persistent disorders of
the central nervous system and musculoskeletal system.
According to the Global Disease Burden study, only the
incidence of CCT in 2016 amounted to 27,1 (24,3-30,3)

million cases, with a prevalence of 55,5 (53,4-57,6) mil-
lion [1]. During the acute phase of CCT (up to 2 days),
primary neuronal and ganglion damage is noted due
to mechanical destruction of nervous and vascular
structures with hemorrhages, ischemia, edema, and
damage of the blood-brain barrier. In the future, sec-
ondary degeneration of nerve structures is noted (2-
14 days), which is caused by acute inflammation and
ischemia. In its pathogenesis, the formation of reactive
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oxygen species, glutamate toxicity, and the release of
proapoptotic cytokines play a leading role [2, 3]. All
these factors lead to serious neurological dysfunction,
localized disorders in the affected bone segment [4] and
systemic disorders with the development of traumatic
disease (TD) [5].

Despite significant advances in understanding the
pathogenesis of cranio-skeletal trauma (CST), there is
still no ideal treatment for such an injury. This is due to
physiologically low postnatal neurogenesis and a high
probability of complications caused by secondary dam-
age to internal organs with the formation of multiorgan
dysfunction and deficiency [6, 7].

During treatment strategy for CST after the survivor
has recovered from shock, the prevention of second-
ary brain damage and systemic disorders, as well as
stimulation of neurogenesis, which is primarily aimed
at reducing neurological deficits, are at the forefront.
Under these conditions, therapy involves overcoming
the key factors of CST pathogenesis, such as hypoxia,
oxidative stress, systemic response of the organism to
inflammation, and endogenous intoxication syndrome
(5,8, 9].

According to the data from the literature, cell therapy
is a promising pathogenetically based mean of correct-
ing CST. The therapeutic effect of cell transplantation
under conditions of CCT has been widely studied over
the last 35 years [10]. The main hypotheses of the thera-
peutic effect are that transplanted cells can differentiate
into functional neurons and glial cells, replacing lost
tissue and restoring functional networks, or synthesize
factors to reduce secondary degeneration of nerve cells
and enhance their recovery. In recent years, the systemic
effect of cell therapy under conditions of CST has also
been confirmed. Thus, intraperitoneal injection of fetal
nerve cells under conditions of CST in the acute period,
the period of early and late manifestations of TD in the
liver, lungs and kidneys contributed to a decrease in
the intensity of lipid peroxidation processes, provided
protection of the enzyme and glutathione links of
antioxidant defense, reduced the manifestations of
immune reactions and cytokinogenesis, slowed down
microscopic and submicroscopic changesin the studied
organs [11,12].

Pluripotent stem cells have the ability to self-renew
and differentiate into other cells. There is more and more
evidence in the literature that the functional capacity of
stem cells depends on the age. As the organism ages,
the ability of stem cells to renew differentiation dete-
riorates [13]. However, the effect of cell therapy on the
course of systemic disorders under conditions of CST
depending on age is almost unstudied.
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AIM

The aim of the study is to determine the effect of cell
therapy on the intensity of lipid peroxidation processes
in the liver, kidneys, and lungs among rats of different
age groups under experimental CST.

MATERIALS AND METHODS

For the experiments, 129 white male Wistar line rats
of three age groups were randomly selected at the
vivarium of the I. Horbachevsky Ternopil National Med-
ical University: immature rats aged 100-120 days and
weighing 90-110 g; mature rats aged 6-8 months and
weighing 180-200 g; and old rats aged 19-23 months
and weighing 300-320 g. All rats were maintained on a
standard vivarium diet with constant access to water.

In each age group (43 rats in each), under thiopental
sodium anesthesia (40 mg-kg™), CST was modeled
according to the method described in work [14]. In
immature (young) rats, a dosed mechanical impact was
first applied to the left femur with a solid instrument
with a wedge-shaped nozzle and an energy of 0,320 J,
achieving a closed fracture of the femur. Next, a dosed
impact to the skull with an energy of 0,226 J was applied
with a dull instrument at a point 3 mm anterior to the
interaural line. In mature (adult) rats, a similar impact
with an energy of 0,637 J was applied to cause a femur
fracture, and a dosed impact to the skull at a point 5
c¢m anterior to the interaural line with an energy of
0,375 J was applied. In old rats, femoral fracture was
achieved by applying a dosed hit to the femur with an
energy of 0,796 J, and CCT - by a dosed hit to the skull
with an energy of 0,549 J at a point 6 mm anterior to
the interaural line.

Impact energy among rats of different age groups
caused moderate CCT [5]. In the experiments, no rats
with penetrating skull injuries or open femur fractures
were used. In the control groups (7 rats each), the
animals were only injected with thiopental sodium
anesthesia.

For the purpose of correction, cryopreserved
neuroblast cells ( NBC) of Wistar line rats (ASK Health
Medical Diagnostic Center Limited Liability Company,
Kharkiv, Ukraine) and rat mesenchymal stem cells
(MSC) cultured to the fourth passage, isolated from
umbilical cords of Wistar female fetuses at the late stage
of gestation, obtained from the cell culture laboratory
of the I. Horbachevsky Ternopil National Medical
University, Ministry of Health of Ukraine were used in
groups of rats of different ages with CST.

After defrosting, the neuroblast cell suspension (NCS) was
injected into the tail vein at 12 h after modeling CST in 7
animals of each age group ata dose of 0,5 ml that contained
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106 cells. In another experimental group, the injection of
neuroblasts and intraperitoneal injection of 0,25 ml of MSC
suspension at a dose of 5*10° cells per rat were combined
[15]. The effectiveness of cell therapy was evaluated after
14 days. In the comparison groups, physiological solution
was injected intravenously and intraperitoneally.

The rats were taken out of the experiments under con-
ditions of anesthesia by total bleeding from the heart.
The cooled and blood-washed liver, kidneys, and lungs
were homogenized in a Silent Crasher 75000 homoge-
nizer (Germany). The systemic effect of the CST on the
rat's body of different ages was evaluated on the basis
of the activity of lipid peroxidation (LPO). The content
of thiobarbituric acid reagents (TBA-active products of
lipid peroxidation) was determined in 10 % of the liver,
kidney, and lung homogenate extracts according to
the method described in work [16] using a LabAnalyt
SP-V1000 spectrophotometer (Granum, China).

The experiments were performed in accordance
with the “General Ethical Principles for Experiments on
Animals”adopted by the First National Congress on Bio-
ethics (Kyiv, 2001) and agreed with the provisions of the
“European Convention for the Protection of Vertebrate
Animals Used for Experimental and Other Scientific
Purposes” (Strasbourg, 1986), as well as the conclusion
of the Bioethics Commission of the I. Horbachevsky
Ternopil National Medical University of the Ministry of
Health of Ukraine No. 72 from 06.01.2023.

The obtained digital material was processed in the
STATISTICA software package (StatSoft Inc., USA). The
median (Me), lower and upper quartiles (LQ, UQ) were
determined. For anindependent comparison of the de-
gree of indicators deviation among animals of different
age groups, the average ratio of individual values of the
studied indicators to the average value of the control
group was calculated [17]. The significance of differenc-
es was assessed by the nonparametric Mann-Whitney
criterion.

RESULTS

The research has shown that in 14 days after modeling
of CST among rats of different ages, compared to the
control, a statistically significantly higher content of
TBA-active lipid peroxidation products in the liver was
observed (Fig. 1): among immature rats in 2,31 times
(p<0,05), among mature rats in 2,33 times (p<0,05),
among old rats in 2,37 times (p<0,05). The use of NBC
among rats with CST of different age groups compared
with rats without correction caused a decrease in the
concentration of TBA-active lipid peroxidation products
in the liver, but only among mature rats the result was
statistically significant. The indicator decreased by 16,8

% (p<0,05). Considering all age groups rats, the indi-
cator continued to be significantly higher than in the
control (p<0,05). Under the influence of the combined
injection of NBC and MSC to rats of different ages with
CST there was an even greater decrease in the content
of TBA-active lipid peroxidation products in the liver.
Compared with rats without correction, the indicator
decreased by 20,0 % (p<0,05) among immature rats,
by 31,9 % (p<0,05) among mature rats, and by 10,8 %
(p<0,05) among old rats. Compared with injured rats
injected just with NBC, the combined cell therapy
caused a statistically significant decrease in the content
of TBA-active lipid peroxidation products only in the
group of mature rats (by 18,2 %, p<0,05). Despite ongo-
ing treatment, the indicator continued to be statistically
significantly higher than in the control group (p<0,05).

Comparison of the average ratio of the individual
values of TBA-active lipid peroxidation products in the
liver of different aged rats in 14 days after causing CST
to the average value of rats without correction (Table
1) showed that under the conditions of only NBC injec-
tion, the studied indicator between rats of differentage
groups showed no statistically significant difference
(p>0,05). At the same time, under the conditions of
combined cell therapy among mature rats, the indi-
cator was statistically significantly lower than among
immature (by 12,5 %, p<0,05) and old rats (by 20,4
%, p<0,05). Furthermore, the combined cell therapy
caused a statistically significant decrease in the value
of the indexin the groups of immature and mature rats
(respectively by 13,0 and 20,4 %, p<0,05).

The analysis of the content of TBA-active lipid perox-
idation products in the kidney under the influence of
CST among rats of different ages revealed (Fig. 2) that
after 14 days the indicator was significantly higher than
in the control: among immature rats - in 2,41 times
(p<0,05), among mature rats - in 2,97 times (p<0,05),
among old rats - in 3,49 times (p<0,05). Under the
influence of NBC injection, compared to rats without
correction, the indicator decreased. The result was
statistically significant in the groups of immature and
mature rats (respectively, by 10,5 and 15,7 %, p<0,05).
The combined NBC and MSC injection among rats of dif-
ferentages caused a further decrease in the content of
TBA-active lipid peroxidation products in the kidney. In
the group of immature rats, compared with rats without
correction, the indicator decreased by 18,8 % (p<0,05),
in the group of mature rats - by 35,6 % (p<0,05), in
old rats group - by 8,7 % (p<0,05). Compared to rats
injected just with NBC, the combined cell therapy was
accompanied by a decrease in the content of TBA-active
products of lipid peroxidation in the kidney only in the
group of mature rats (by 23,6 %, p<0,05).
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Table 1. The effect of cell therapy on the average ratio of individual values of TBA-active lipid peroxidation products in the liver of different aged rats to
the average value of rats without correction at 14 days after cranio-skeletal trauma, Me (LQ;UQ) - median (lower and upper quartiles)

Animal group NBC NBC+MSC P
Immature 0,92 (0,85; 0,95) 0,80 (0,77;0,84) <0,05
Mature 0,88(0,81;0,91) 0,70 (0,67; 0,74) <0,05
old 0,94 (0,91; 0,95) 0,88 (0,83; 0,96)* >0,05

Notes. Here and in Tables II, [ll:

1.* - differences in the group of immature rats are statistically significant (p<0,05).
2. # - differences in the group of mature rats are statistically significant (p<0,05).

Table 2. The effect of cell therapy on the average ratio of individual values of TBA-active lipid peroxidation products in the kidney of different aged rats
to the average value of rats without correction at 14 days after cranio-skeletal trauma, Me (LQ;UQ) - median (lower and upper quartiles)

Animal group NBC NBC+MSC p
Immature 0,90 (0,86; 0,95) 0,84 (0,81;0,89) >0,05
Mature 0,84 (0,83; 0,90) 0,67 (0,63; 0,68)" <0,05
Old 0,94 (0,91; 0,95) 0,92 (0,89; 0,96)* >0,05

Table 3. The effect of cell therapy on the average ratio of individual values of TBA-active products of lipid peroxidation in the lungs of different aged rats
to the average value of rats without correction at 14 days after cranio-skeletal trauma, Me (LQ;UQ) - median (lower and upper quartiles)

Animal group NBC NBC+MSC )
Immature 0,94 (0,88; 0,95) 0,90 (0,88; 0,93) >0,05
Mature 0,86 (0,83; 0,88) 0,77 (0,71;0,79)" <0,05
Old 0,96 (0,90; 1,02)* 0,94 (0,89; 0,97)* >0,05

The research of the cell therapy effect on the average
ratio of individual values of TBA-active lipid peroxida-
tion products in the kidney of different age rats to the
average value of rats without correction in 14 days after
cranio-skeletal injury (Table 2) showed that under the
conditions of only NBC injection, the indicator between
the experimental groups of rats of different ages did
not statistically significantly vary (p>0,05). Under the
conditions of combined therapy, the indicator was sig-
nificantly lower in the group of mature rats compared to
immature rats (by 20,2 %, p<0,05) and old rats (by 27,2
%, p<0,05). Under conditions of combined cell therapy
compared with NBC monotherapy, the indicator be-
came lower in all experimental groups of rats, but only
in the group of mature rats the result was statistically
significant - by 20,2 % (p<0,05).

Inturn, an increase in the content of TBA-active prod-
ucts of lipid peroxidation was also observed in the lungs
of different age rats after 14 days under the influence of
CST. Compared to the control group, index of immature
ratsincreasedin 2,17 times (p<0,05), of mature rats - in
2,10 times (p<0,05), of old rats - in 2,50 times (p<0,05).
Under the influence of NBC injection among rats of dif-
ferent age groups, the indicator decreased, but only in
the group of mature rats the result was statistically sig-
nificant (by 14,5 %, p<0,05). The combined cell therapy
did not significantly change the content of TBA-active
lipid peroxidation products among immature and old
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rats compared to the injured rats without correction,
but among mature rats it caused a statistically signifi-
cant decrease in the value of the studied indicator - by
21,0% (p<0,5). Likewise, in this group, the index became
lower in the background of combination therapy com-
pared to rats with NBC monotherapy (by 7,6 %, p<0,05).
The average ratio of individual values of the content
of TBA-active lipid peroxidation products in the lungs of
different aged rats to the average value of rats without
correction 14 days after cranio-skeletal trauma (Table
3) under the influence of NBC was the lowest in the
group of mature rats. The differences were statistically
significant compared to the group of old rats - by 10,4
% (p<0,05). Under the influence of combined cell ther-
apy, the indicator was also the lowest in the group of
mature rats and statistically significantly different from
the group of immature rats (by 14,4 %, p<0,05) and old
rats (by 18,1 %, p<0,05). In the group of mature rats,
combined cell therapy was accompanied by a signif-
icant decrease in the value of the studied indicator
compared to NBC monotherapy (by 10,4 %, p<0,05).

DISCUSSION

The results obtained indicate that the activation of lipid
peroxidation processes in the liver, kidneys and lungs
under the influence of CST among rats of different
ages is prolonged in time. Even after 14 days of the
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4,5

Fig. 1. Effect of cell therapy on the
content of TBA-active lipid peroxidation
products in the liver at 14 days after
cranio-skeletal trauma in rats of different
ages.

Note: * - differences in injured rats with-
out correction are statistically significant,
p<0,05; # - differences in injured rats
with NBC correction are statistically
significant, p<0,05).

OControl group % No correction xNBC

Fig. 2. Effect of cell therapy on the content
of TBA-active lipid peroxidation productsin

Sexually immature Sexually mature

the kidney at 14 days after cranio-skeletal
trauma in rats of different ages.

post-traumatic period, a significantly higher content of
TBA-active lipid peroxidation products was observed in
the studied organs compared to the control rats groups
of the corresponding age. A prolonged increase in the
content of lipid peroxidation products, the source of
which is the affected brain and limb tissue, under the
influence of CST was also noted by other authors both
in the early [17] and late period of TD [18], but their
studies were conducted using only mature rats. For the
first time we proved the leading role of oxidative stress
in the pathogenesis of CST, which, regardless of age,
does not subside by day 14 of the experiment.

Under conditions of NBC monotherapy in experi-
mental groups of rats of different ages, a decrease in
the content of TBA-active products of lipid peroxida-
tion in internal organs was observed, but in the liver,
kidney and lungs the result was statistically significant
only in the group of mature rats, and in the kidney of
immature rats. Thus, the intravenous injection of allo-
geneic neuroblasts led to a decrease in the systemic
manifestations of CST. Neuroblasts are immature cells

of the neuronal lineage that migrate from their places
of formation to targeted brain regions, where they turn
into neurons and integrate into neuronal networks [19].
As a rule, neurotransplantation is performed locally in
certain brain structures, which is accompanied by a
decrease in the degeneration of neurons compromised
by trauma. Neuroprotective effect is considered to be
a key mechanism by which neuroblasts can improve
functional outcomes after experimental damage of
the central nervous system [20]. This phenomenon is
based on the paracrine effect of neuroblasts due to the
secretion of trophic factors involved in neuroprotection
[21].In addition, extra mechanisms may be involved in
the protection of injured tissues, such as homeostatic
support of compromised cells through gap junctions
with transplanted progenitor cells [22].

The systemic antioxidant effect detected by us after
NBC injection is apparently due to both neuroprotec-
tive effects (reduced source of damage and formation
of prooxidant factors) and direct antioxidant effects,
as shownin some studies [11, 12]. Itis remarkable that
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the effectiveness of NBC injection was clearly higher
in mature rats, somewhat lower in immature rats, and
insignificant in old rats. The low systemic therapeutic
effect in old rats is consistent with the concept of
“stem cell senescence’, which implies the inability of
pluripotent stem cells to continue to replace body
tissues with a sufficient amount of differentiated cells
to maintain the original function of this tissue [13].

Among the mechanisms that limit the functional
capabilities of stem cells in aging, the authors primar-
ily identify changes in the microenvironment, such
as increased levels of reactive oxygen species and
proinflammatory cytokines, insufficient antioxidant
protection, hormone imbalance, reduced ability of the
body to synthesize ATP, etc. In such conditions, stem
cells and progenitor cells obviously have a low capac-
ity for development and realization of their functions.

The use of a combination of a NBC and MSC for
correction compared to rats without correction is
accompanied by a significantly greater effect. After
14 days of the post-traumatic period, the content of
TBA-active lipid peroxidation products in the liver
and kidneys of rats of different ages significantly
decreased. In these organs, as well as in the lungs of
mature rats, the combination therapy shows a greater
antioxidant effect compared to rats without correction
and rats with NBC monotherapy.

As can be seen, the combined effect, which includes
2 cell types with different levels of differentiation and
properties, achieves a higher antioxidant effect in
internal organs and is greater in mature rats, which is
obviously due to the effect of summing the biological
effects of both cell types. In this group, the degree of
reduction in the content of TBA-active lipid peroxida-
tion products was also significantly higher compared
to rats without correction.

According to data from the literature, the MSC is
characterized by the suppression of inflammation
and the synthesis of biologically active substances
that promote neuroprotection and regeneration. Due
to the immunomodaulatory effect of MSC, a low level
of rejection is characteristic [23]. It has been proven
that MSC can reduce secondary degeneration due to
the secretion of trophic factors such as vascular en-
dothelial growth factor (VEGF), nerve growth factor
(NGF), glial cell-derived neurotrophic factor (GDNF)
and brain-derived neurotrophic factor (BDNF) [24].
At the same time, age creates a negative background
for the therapeutic effect of both NBC and MSC. In
immature rats on the background of an excess of stem
cells and progenitor cells, additional transplantation of
NBC and MSCis accompanied by a moderate systemic
antioxidant effect. According to the effectiveness of
combined cell therapy, rats of different ages with CST
can be divided as follows:

Old rats <= Immature rats < Mature rats

In summary, the results shed light on the specificity of
the systemic antioxidant effect of combined NBC and
MSC cell therapy among rats of different age groups
with CST, which should be taken into account during
development of cell transplantation strategies in cases
of severe combined trauma.

CONCLUSIONS

Combined transplantation of both NBC and MSC during
the acute period of CST among rats of different ages is
accompanied by a systemic antioxidant effect, which
is manifested by a significant decrease in the content
of TBA-active lipid peroxidation products in the liver,
kidney and lungs, the degree of which is mostly marked
among mature rats.
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Influence of acute respiratory diseases on hemodynamicin
school-age children

Oleksandr H. Buriak, Yurii M. Nechytailo
BUKOVINIAN STATE MEDICAL UNIVERSITY, CHERNIVTSI, UKRAINE

ABSTRACT

Aim: To assess changes of blood pressure and central hemodynamic in children with acute respiratory diseases.

Materials and Methods: A total of 40 children aged 10-12 years with community acquired pneumonia and acute bronchitis in the period of early recovery
were enrolled in the study with data comparing with control group of 30 healthy children. The hemodynamic parameters included blood pressure and calcu-
lation of systolic and minute blood output volumes.

Results: In children with respiratory diseases a significant decrease in systolic, pulse and average dynamic blood pressure with a slight difference in diastolic
pressure were registered. This may indicate the phenomena of diastolic dysfunction due to increase of pulmonary blood flow resistance and deterioration the
process of the left heart ventricles filling in diastole. Average dynamic blood pressure was significantly lower in children with respiratory diseases compared with
control group: in patients with pneumonia (mean = standard error of mean) — 76,1+2,1 mm Hg, with bronchitis — 77,1+1,4 mm Hg, in healthy individuals
82,1£1,6 mm Hg (p<0,05). The analysis of cardiac output indicators showed in children with respiratory diseases a decrease in stroke volume but in the same
time, the indicator of minute blood output volumes was compensated by higher heart rate without significant difference between the groups.
Conclusions: The hemodynamic reduction in children with acute respiratory pathology could be caused by diastolic dysfunction and disorders of autonomic
regulation.

KEY WORDS: acute bronchitis, pneumonia, blood pressure, children

INTRODUCTION

Acute inflammatory diseases of respiratory system in
children considered worldwide as the most common
and serious infectious cause of high morbidity, hospi-
talization and mortality [1]. Despite modern means of
treatment and disease prevention, the number of the
respiratory diseases is not decreasing. This pathology
has significant seasonality, increases every year in the
fall and winter months and is prone to outbreaks [2, 3].
According to multicenter study, only pneumonia is the
cause of death of about 16% of children under 5 years
of age worldwide and all inflammatory respiratory dis-
eases are leading to a multitude of complications [4].
Between them, many clinical studies have identified an
increase in short- and long-term risk of cardiovascular
events following acute respiratory infections [5-7]. The
mechanism of these complications remains to be fully
established. Blood pressure (BP), heart rate and cardiac
output, are the principal hemodynamic processes pa-
rameters, which could be affected during respiratory
diseases. Episodes of diseases often cause increased

Wiad Lek. 2024;77(11):2135-2139. doi: 10.36740/WLek/197128 (bl

heart rates to compensate reduced oxygenation, lead-
ing to an elevated cardiac workload and potentially
heart failure in severe cases [8].

Analysis of the relationship between respiratory
diseases and changes in the cardiovascular system has
become especially relevant with the emergence of the
COVID-19 epidemic [9]. A number of factors determine
the severity of hemodynamic changes, including the
degree of arterial narrowing and vasoconstriction,
increased heart rates, BP, sufficient microcirculation,
providing oxygen supplying to the myocardium relative
to demands [10]. Acute infections may stimulate plate-
let activation by bacterial products or directly through
pro-inflammatory cytokines [11]. Indirect platelet acti-
vation may also result during infection from mechanical
stress induced by changes in blood volume and vascular
tone. Pneumonia recovering persons do not return to
their preinfection health quickly and sometimes expe-
rience an increased risk of cardiovascular changes [12].
The mechanisms of this association are not well un-
derstood, but a persistent dysregulated inflammatory

2135


https://wiadlek.pl/11-2024/
https://www.doi.org/10.36740/WLek/197128

Oleksandr H. Buriak, Yurii M. Nechytailo

response and hemodynamic changes appears to play
a central role. Significant alterations in BP, both hypo-
and hypertension, may also occur due to the complex
interplay between systemic inflammation and vascular
dysfunction. For this reason, there is a need to better
understanding the inflammatory cross talk between
the lungs and the heart during and after pneumonia
or bronchitis to develop on preventing measures of
respiratory-associated cardiovascular events [13-15].

AIM

Study aimed to assess changes of blood pressure and
central hemodynamicin children with acute respiratory
diseases.

MATERIALS AND METHODS

In this study 40 children (age 10-12 years) with acute
respiratory diseases in period of early recovery — 20
with pneumonia (mean age [mean (M) * standard
error of mean (SEM)] - 11,0+0,2 years) and 20 with
bronchitis (mean age - 11,1£0,2 years), were enrolled.
Exclusion criteria for both groups included the presence
of any kidney or heart disease, which could influence
BP parameters. The obtained data were comparing
with measurement from control group of 30 healthy
children (mean age — 11,2+0,1 years). All participants
underwent a comprehensive assessment of medical
history, physical examination and evaluation of BP
parameters. BP was measured by oscillometric device
(Omron HEM-7121, Omron, Japan) with an appropri-
ately sized cuff. The next value of BP were analyzed:
systolic BP (SBP), diastolic BP (DBP), pulse BP (PBP),
as well as the average dynamic BP (ABP) according
to Hickem’s formula (ABP = DBP+PBP/3). As the most
important indicators of the contractile function of the
heart - systolic (stroke) volume (SV) and minute blood
output volumes MBV) were calculated by an indirect
method according to Star’s formula. Systolic volume =
100+0,5*PBP — 0,6XDBP-0,6xA, where “A” s the child’s
age in years. The minute blood volume calculated by
multiplying SV by the heart rate (HR).

Statistical analysis was done using The Statistical Lab
(v.3, CeDiS, 2005, freeware). Quantitative data were
presented as M + SEM. Descriptive statistics, normality
of the data distribution assessed using the Shapiro-Wilk
test and non-parametric tests, such as the Mann-Whit-
ney U test, were used. All p-values were two-tailed and
p<0,05 was considered statistically significant.

The study was conducted in accordance with the
principles of the World Medical Association’s Declara-
tion of Helsinki «Ethical Principles for Medical Research
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Involving Human Subjects». Informed consent to par-
ticipate was obtained from all those included in the
study (parents of children or their guardians), which
emphasizes the absence of invasive interventions. The
study protocol was discussed and approved at a meet-
ing of the Biomedical Ethics Committee of Bukovinian
State Medical University.

RESULTS

Children from all three groups did not have a significant
difference in anthropometric measurements, especially
those which could influenced BP - height and body
mass index (BMI). Height and weight were in the mid-
dle percentile corridors. Resting BP was classified as
normotensive and the pulse rate was in main groups
nearly the same as in healthy persons (pneumonia pa-
tients — 87,6+2,3 bpm, with bronchitis — 88,0+2,8 and
healthy - 83,2+1,9, p>0.05). But a mean SBP in both
groups of patients were significantly lower than in the
control group - figure 1 shows a visual representation
of the differences in SBP between the all groups. In
contrast to this, the mean DBP was at the same level in
the main groups (62,3+1,9 mmHg and 62,6+1,3 mmHg)
with non-significant difference compared to the control
group (65,8+1,4 mmHg) (p>0,05).

In children with respiratory diseases, a decrease in
pulse BP was registered (Fig. 2), as a result of a lower
level of systolic pressure with a slight difference in
diastolic pressure. This may indicate the phenomena
of diastolic dysfunction due to deterioration of the
process of filling the left heart ventricles in diastole.
Such a result may indicate an increase in pulmonary
blood flow resistance and an increase in BP in the pul-
monary vessels [16]. Another causes may be a decrease
in myocardium relaxation during diastole, but for this
meter an echocardiographic study should be used to
detail the mechanism.

In our study the average dynamic pressure, which is
considered an integral indicator of BP was calculated.
ABP was significantly lower in children with respiratory
diseases compared to the control group: in patients
with pneumonia - 76,1£2,1 mmHg, with bronchitis -
77,1£1,4mmHg, in healthy individuals 82,1+1,6 mmHg
(p<0,05). In the frequency analysis of ABP data in the
corresponding groups is noticeable the direction to
smaller values in sick children (Fig. 3).

DISCUSSION

The analysis of cardiac output indicators showed in chil-
dren with respiratory diseases a decrease in stroke vol-
ume, which was the smallest in patients with pneumonia
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Fig. 1. Comparison of systolic BP between groups.

Fig. 2. Comparison of pulse BP between groups.
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Fig. 3. Comparison of ABP frequency between groups.
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(76,5+1,6 ml), when in children with bronchitis it was a little
higher (77,6+1,3 ml) but significantly differ with index in
healthy persons (81,8+1,4 ml) (p<0,05). At the same time,
the indicator of MBV was compensated by higher heart
rate and was within the range 6,6-6,8 liter per minute with-
outsignificant difference between the groups. According
toinvestigation of L. Tabacof etal. (2023), the phenomena
of SV reduction in respiratory pathology during the recov-
ery period was not related to changes in the myocardium,
but to disorders of autonomic regulation — phenomena
of dysautonomia [17]. The authors proposed pathophys-
iologic connections between acute respiratory diseases
and dysautonomia because of hypovolemia due to fever,
decreased fluid intake, nausea, excessive diaphoresis and
prolonged bed rest. These changes are on the basis of
increased cardiac sympathetic nervous system outflow,
cardiac and extracardiac postganglionic sympathetic
neurons activity. In some investigations clinicians show
that affected individuals may benefit from effective inter-
ventions or oral fluid rehydration and electrolyte repletion
as well as pharmacotherapy and autonomic rehabilitation
[15]. But by opinion of S. Blitshteyn et al. (2022) such
cardiac changes are in fact related to prolonged periods
of inactivity, rather than any cardinal pathobiological fea-
tures of dysautonomia [18]. At the same time, we believe
that dysautonomia is the leading pathogenic factor of
described hemodynamic changes, but the general mech-

anisms include the features given by the cited authors. In
any case, C. Stotts et al. (2023) indicated on need to better
understand the inflammatory cross talk between the lungs
and the heart during and after pneumonia and focused on
preventing pneumonia-associated cardiovascular events
in future. They also discuss opportunities for new clinical
strategies to promote inflammatory resolution pathways
as a novel therapeutic target to reduce the risk of cardiac
events post-pneumonia [15].

CONCLUSIONS

1. In the study, we found that children with acute
respiratory diseases in the period of early recover
exhibit significantly lower level of systolic pressure
and average dynamic BP, with a slight difference in
diastolic pressure.This may indicate the phenomena
of light diastolic dysfunction.

2. The analysis of cardiac output indicators showed
in children with respiratory diseases a decrease in
stroke volume which significantly differ with such
index in healthy persons. The indicator of MBV was
compensated in sick children by higher heart rate
and was without significant difference between all
groups.The phenomena of SV reduction in children
with respiratory pathology could be caused by dis-
orders of autonomic regulation.
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Comparison of the effectiveness of regional anesthesia

under ultrasound guidance and tumescent anesthesia in the
application of modern surgical treatment methods for chronic
venous disease of the lower extremities

Volodymyr I. Cherniy, Vitalii S. Myrona
STATE INSTITUTION OF SCIENCE «CENTER OF INNOVATIVE HEALTHCARE TECHNOLOGIES» STATE ADMINISTRATIVE DEPARTMENT, KYIV, UKRAINE

ABSTRACT

Aim: To compare the effectiveness of tumescent anesthesia and regional anesthesia under ultrasound guidance in terms of their impact on nociceptive and
stress systems, as well as systemic hemodynamics, in patients with chronic venous disease of the lower extremities, undergoing surgical treatment.
Materials and Methods: Fifty patients (average age 48 +15 years; 19 [38 %] males and 31 [62 %] females) with chronic venous disease of the lower extrem-
ities, who underwent surgical treatment (endovenous laser ablation and miniphlebectomy on one limb), were examined. Twenty-five patients (main group)
underwent surgery under femoral nerve block with 150 mg of lidocaine and sciatic nerve block (popliteal fossa) with 150 mg of lidocaine under ultrasound
guidance. Another 25 patients (comparison group) underwent surgery under tumescent anesthesia, with the tumescent solution consisting of 400 mg of
lidocaine, 50 mg of bupivacaine, and 400 ml of saline solution. We studied the parameters of systemic hemodynamics, heart rate variability, as well as blood
glucose and plasma cortisol levels. The pain level was assessed by the use of the Visual Analogue Scale (VAS).

Results: The VAS pain levels during regional anesthesia under ultrasound guidance for endovenous laser ablation and miniphlebectomy were significantly
lower than in patients who received tumescent anesthesia.

Conclusions: The regional anesthesia method under ultrasound guidance in patients with chronic venous disease of the lower extremities more effectively
reduces surgical stress compared to tumescent anesthesia.

KEY WORDS: endovenous laser ablation, miniphlebectomy, femoral nerve block, sciatic nerve block (popliteal fossa), Visual Analogue Scale, pain

INTRODUCTION

Endovenous laser ablation (EVLA) is one of the modern
methods for treating chronic venous diseases of the
lower extremities. Instead of ligating or removing the
«affected» trunk of the great saphenous vein (GSV),
it is heated (coagulated) with a laser from the inside
(endovenously) [1, 2]. Most patients report increased
skin sensitivity along the treated vein. Some patients
experience a painful cord-like sensation along the inner
thigh for 5-7 days after the procedure (EVLA).The sensa-
tion of tightness and pain during or after the procedure
may depend on adherence to the ablation technique
and the adequacy of anesthesia [3].

There are several methods of anesthesia used during
EVLA, but one of the most common is tumescent anes-
thesia - a type of local anesthesia. The essence of the
method is to anesthetize the area exposed to thermal
effects and to form a cushion that surrounds the great
saphenous vein.This cushion is created from a balanced

2140

Wiad Lek. 2024;77(11):2140-2147. doi: 10.36740/WLek/197147 (Dol

solution of local anesthetic adjusted for acid-base
composition [4].

The effect of single-dose epidural anesthesia on post-
operative pain and hospital stay duration after surgery
for chronic venous disease has been studied, comparing
it with general anesthesia. Epidural anesthesia provided
adequate anesthesia and more effective postoperative
analgesia compared to general anesthesia [5]. General
anesthesia carries the risk of delayed discharge and
prolonged immobilization, which increases the risk of
deep vein thrombosis.

The safety and effectiveness of femoral nerve and ob-
turator nerve blocks performed solely under ultrasound
guidance were evaluated to reduce or prevent pain
during tumescent anesthesia injections for GSV EVLA.
Sixty patients in two groups underwent EVLA for GSV
insufficiency. All patients received tumescent anesthe-
sia. However, one group received preoperative femoral
nerve block (FNB) and obturator nerve block (n. obtura-
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torius) under ultrasound guidance. All patients assessed
pain levels using the Visual Analogue Scale (VAS) from
the start to the end of the laser ablation procedure. No
complications from FNB or n. obturatorius block were
observed. Pain related to tumescent anesthesia infusion
and laser ablation was significantly more intense in the
group without FNB and n. obturatorius block. FNB and
n. obturatorius block under ultrasound guidance are
safe, adequate, and effective options for reducing and/
or eliminating intraoperative discomfort associated
with tumescent anesthesia injections [6].

EVLA using tumescent anesthesia for treating great
saphenous vein insufficiency can be painful and some-
times requires analgesosedation. FNB allows for pain
relief in the ablation area (medial surface of the thigh).
A double-blind randomized controlled study aimed to
determine whether FNB before tumescent anesthesia
reduces pain during GSV EVLA combined with mini-
phlebectomy. The placebo group (control group - 40
patients) received FNB with 10 ml of 0,9% saline before
tumescent injection, while the FNB group (intervention
group; 40 patients) received 5 ml of lidocaine 5 mg/ml
with adrenaline 10 mg/ml combined with 5 ml of 0,9% sa-
line for a total volume of 10 ml for FNB before tumescent
anesthesia. It was found that patients undergoing GSV
EVLA with miniphlebectomy under tumescent anesthe-
sia experienced mild or moderate pain during tumescent
injection.The most painful part of the procedure was the
tumescent injection before miniphlebectomy, and FNB
significantly reduced this pain [7].

The analgesic effect of specific tumescent anesthetic
solutions containing lidocaine, ropivacaine, or a com-
bination of lidocaine and ropivacaine was compared
during endovenous radiofrequency ablation for the
treatment of chronic venous disease. One hundred
forty-nine patients with chronic venous disease of the
lower extremities were randomly assigned to three
groups: a lidocaine group (Group ), a ropivacaine group
(Group II), and a lidocaine + ropivacaine group (Group
). Intraoperative VAS scores in Group Il were higher
than in Groups | and Ill, both 8 and 12 hours after the
procedure. The use of a tumescent anesthetic solution
containing a combination of lidocaine and ropivacaine
significantly improved patient comfort [8].

AIM

The aim of the study was to compare the effectiveness
of tumescent anesthesia and regional anesthesia under
ultrasound guidance in terms of their impact on noci-
ceptive and stress systems, as well as systemic hemo-
dynamics, in patients with chronic venous disease of
the lower extremities, undergoing surgical treatment.

MATERIALS AND METHODS

Fifty patients (average age [mean * standard deviation]
48 +15 years; 19 [38 %] males and 31 [62 %] females)
with chronic venous disease (varicose veins) of the low-
er extremities, who underwent surgical treatment (EVLA
and miniphlebectomy on one limb), were examined.
Patients were selected and randomized to receive either
regional anesthesia or tumescent anesthesia. Twen-
ty-five patients (Group 1 — main group) were operated
under regional anesthesia with ultrasound guidance,
while 25 patients (Group 2 - comparison group) were
operated under tumescent anesthesia. The exclusion
criteria: patients with terminal-stage cancer; patients
with decompensated chronic diseases; refusal to sign
an informed consent.

The severity of chronic venous disease of the lower ex-
tremities was classified using the Clinical-Etiological-An-
atomical-Pathophysiological (CEAP) classification, with
patients ranging from C2 to C6 according to CEAP.

The protocol for regional anesthesia under ultrasound
guidance for EVLA and miniphlebectomy in Group 1
was as follows: premedication with pantoprazole 40 mg
intravenous, ondansetron 8 mg intravenous, and dex-
ketoprofen 50 mg intravenous; sedation with propofol
5 mg/kg/hr intravenous, maintenance with humidified
oxygen flow adjustment. Symptomatic correction of
parameters related to blood pressure, heart rate, SpO,,
and respiratory rate was performed. Intraoperative
analgesia included paracetamol («Infulgan») 1000 mg
intravenous and fentanyl (0,025-0,05 mg) intravenous
(for pain levels of 5 or higher on the VAS); femoral nerve
block with 150 mg of lidocaine, and sciatic nerve block
(popliteal fossa) with 150 mg of lidocaine. A cushion
was formed around the great saphenous vein with
saline solution.

The protocol for tumescent anesthesia during EVLA
and miniphlebectomy in Group 2 differed in that in-
stead of femoral and sciatic nerve blocks, tumescent
anesthesia was performed with a solution containing
400 mg of lidocaine, 50 mg of bupivacaine, and 400
ml of saline. Postoperative analgesia in both groups
included intravenous dexketoprofen.

Monitoring of the functional and humoral status of
the patient was conducted to assess the adequacy of
anesthesia during the perioperative period, taking
into account the following indicators: systemic hemo-
dynamics (using a Drager cardiomonitor), heart rate
variability (HRV) as a criterion for the balance between
nociception and antinociception (normalized low [LFn]
and high [HFn] frequency powers, and LF/HF ratio) [10],
VAS pain level, with VAS scores studied dynamically over
9 hours. Glycemia was measured using a test strip meth-
od (Contour glucometer), and plasma cortisol levels
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Fig. 1. Hemodynamic indica-
tors (A: systolic blood pressure;
B: diastolic blood pressure;
(: heart rate) during tumes-
cent anesthesia and regional
anesthesia under ultrasound
guidance for EVLA and mini-
phlebectomy. Data presented
as Me and 95% CI. Observa-
tion periods: T1 — before the
surgery; T2 — 15 minutes after
the start of the surgery; T3 -
45 minutes after the start of
the surgery; T4 — 60 minutes
after the start of the surgery;
T5 - 90 minutes after the start
of the surgery; 6 — end of the
surgery; T7 — 60 minutes after
the completion of the surgery.
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Fig. 2. The VAS pain lev-
els during tumescent and
regional anesthesia under
ultrasound guidance for
endovenous laser ablation
and miniphlebectomy. Data
presented as M and 95% CI.
Observation periods:T1—15
minutes after the start of
the surgery; T2 — 45 minutes
afterthe start of the surgery;
T3 — 60 minutes after the
start of the surgery; T4 —90
minutes after the start of
the surgery; T5 — end of the
surgery; T6 — 1 hour after
the surgery; T7 — 3 hours
after the surgery; T8 — 6

hours after the surgery; T9
— 9 hours after the surgery.

Fig. 3. The LF/HF ratio
during tumescent and re-
gional anesthesia under
ultrasound guidance for
EVLA and miniphlebecto-
my. Data presented as Me
and 95% Cl. Observation
periods: T1 — before the
operation; T2 — 15 minutes
after the start of the opera-
tion; T3 — 45 minutes after
the start of the operation;
T4 — 60 minutes after the
start of the operation; T5 —
90 minutes after the start of
the operation.

were assessed by animmunochemiluminescent meth-
od [11]. The dosage of opioids used for analgesia and
the number of hospital bed days were also recorded.
Statistical analysis of the data was conducted using
the Statistica 10.0 (StatSoft Inc., USA) and EZR v. 1.67
software [12]. Quantitative parameters were presented
as the mean (M) + standard deviation, M with 95 %
confidence interval (Cl), median (Me) with interquartile

range (IQR), and Me with 95 Cl. The Student's T-test
was used for the comparison of the studied groups in
case of normal distribution of quantitative data. The
Mann-Whitney U-test was used, when the quantitative
data distribution deviated from normal. Qualitative
parameters were presented as absolute and relative (%)
frequency. We used the Fisher's exact test to compare
the qualitative (categorical) parameters between the

2143



Volodymyr I. Cherniy, Vitalii S. Myrona

180 |-
A-A
i -1 - 2
140 |-
E
— =
on
=t
-2 100 |-
L
>
2
S
A
= 60
o
o
20 | | \
Il 2 3 A
7k N
S
é 6 -
]
L Fig. 4. Levels of cortisol (A
K [M and 95 Cl]) and glucose (B
9 [Me and 95% CI]) in the blood
g s during tumescent and regional
= L anesthesia under ultrasound
O guidance during endovenous
A-A 1 laser ablation and mini-phle-
o-@ 2 bectomy. T1 — start of the
operation (incision); T2 — 60
4 - | . | minutes after the start of the
TI T2 T3 B operation; T3 — 1 hour after
the operation.

studied groups. A p-value less than 0,05 was considered
statistically significant [12, 13].

RESULTS
The studied groups were comparable by average age
([Me (IQR)] group 1: 47 [35-63] years; group 2: 44 [35-
571 years [p=0,717]), gender (males/females: group 1 -
10/15; group 2 - 9/16 [p=1,000]), as well as the severity
of chronic venous disease of lower extremities.
Systemic hemodynamic indicators during tumescent
anesthesia and regional anesthesia under ultrasound
guidance for EVLA and miniphlebectomy did not sig-
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nificantly differ from age-related norms throughout
the entire perioperative observation period. However,
a clear trend was observed towards increased systolic
(Fig. 1A) and diastolic blood pressure (Figure 1B), and
heart rate (Figure 1C) in patients of Group 2. Sixty min-
utes after the start of the procedure, systolic blood pres-
sure and diastolic blood pressure were 10% (p < 0,007)
and 11,7% (p < 0,039) higher in Group 2, respectively
(Figures 1A and 1B, respectively). Ninety minutes after
the start of the procedure, these indicators remained
10% (p < 0,006) and 11,7% (p < 0,034) higher in Group
2, respectively (Fig. 1A and 1B, respectively).

The VAS pain levels during tumescent and regional
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Table 1. Average dose of propofol and fentanyl used in the study groups, Me (IQR)

. Group 1 Group 2
Indicator n=25 n=25 P
Propofol, mg 200 (0 - 300) 300 (225 - 400) 0,016
Fentanyl, mg 0(0-0) 0(0-175) 0,044

anesthesia under ultrasound guidance for EVLA and
miniphlebectomy differed significantly between the
groups throughout the entire perioperative obser-
vation period. In Group 1, the VAS pain level was sig-
nificantly lower compared to patients in Group 2 (p <
0,001) - see Fig. 2.

The study of the balance between nociception and
antinociception (LF/HF) during tumescent and regional
anesthesia under ultrasound guidance for endovenous
laser ablation and miniphlebectomy showed a significant
decrease in the LF/HF ratio 15 minutes after the start of
the surgery in patients of Group 1, with a reduction of
58,6% compared to patients in Group 2 (see Fig. 3).

Cortisol levels in the blood during tumescent and
regional anesthesia under ultrasound guidance for
EVLA and miniphlebectomy did not differ significantly
between groups throughout the perioperative obser-
vation. However, a clear tendency towards increased
cortisol levels was observed in patients in Group 2 (Fig.
4A).Blood glucose levels also did not differ significantly
between the groups (Fig. 4B).

Comparative evaluation of the average doses of
propofol and fentanyl used is presented in Table 1. The
average doses of propofol and fentanyl used in Group
2 were higher. In Group 1, fentanyl was administered to
4 patients (6 ampoules - 0,6 mg). In Group 2, fentanyl
was administered to 10 patients (18 ampoules - 1,8 mg).

The number of bed days for patients with varicose
disease in the postoperative period did not differ sig-
nificantly between the study groups.

DISCUSSION

Activation of the sympathetic nervous system (SNS) and
the hypothalamic-pituitary-adrenal system may result
from inadequate overall analgesia and be accompanied
by clinical effects of SNS hyperactivity, such as arterial
hypertension, tachycardia, centralization of blood cir-
culation, tissue perfusion disturbances, increased levels
of adrenocorticotropic hormone (ACTH) and cortisol in
plasma, and hyperglycemia [3].

Higher invasiveness of surgery elicits a higher degree
of surgical stress responses including neuroendo-
crine-metabolic and inflammatory-immune responses,
which are associated with the occurrence of major
postoperative complications [13].

Cortisol, along with glucose, is traditionally classified
as a stress hormone, with its concentration rising pro-
portionally to the severity of surgical trauma [3].

Surgical interventions inevitably involve tissue trau-
ma, which in turn is accompanied by pain and noci-
ceptive impulses from the surgical site to the central
nervous system via the spinothalamic and spinoretic-
ular tracts, leading to what is known as surgical stress.
Surgical tissue damage is associated with the release
of biologically active substances from the damaged
tissues, such as serotonin, histamine, bradykinin, and
pro-inflammatory cytokines [14].

Inadequate anesthesia can result in elevated levels
of catecholamines in the blood, as well as increased
activity of the hypothalamic-pituitary-adrenal and
renin-angiotensin-aldosterone systems, leading to
increased production and release of ACTH, endor-
phins, antidiuretic hormone, thyroxine, and cortisol.
This causes a stress-induced reconfiguration of the
circulatory system, manifested by increased total
peripheral vascular resistance, arterial hyperten-
sion (primarily due to endothelin-1 production),
tachycardia, and a pro-inflammatory shiftin vascular
endothelial metabolism, which can trigger dissemi-
nated intravascular coagulation and the fibrinolytic
system [3, 14].

Our comparison of tumescent anesthesia protocols
and regional anesthesia methods under ultrasound
guidance in patients with chronic venous disease un-
dergoing EVLA and miniphlebectomy indicates that
these methods can be the preferred choice. However,
the study of the impact of different anesthetic regimens
on nociceptive and stress systems, as well as systemic
hemodynamics in patients with chronic venous dis-
ease, demonstrated that regional anesthesia under
ultrasound guidance provides more adequate protec-
tion against surgical stress compared to tumescent
anesthesia. Pain levels, measured using the VAS scale,
were significantly lower during regional anesthesia
under ultrasound guidance than in patients receiving
tumescent anesthesia.

CONCLUSIONS
1. The regional anesthesia method under ultrasound
guidance is more effective in mitigating surgical
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stress in patients with chronic venous disease com- 3. The regional anesthesia method under ultrasound
pared to tumescent anesthesia. guidance in patients with chronic venous disease
Since the blockade directly targets the nerve, re- required a smaller dose of propofol and fentanyl. The
gional anesthesia under ultrasound guidance uses number of hospital days for patients with chronic
a smalleramount of local anesthetic than tumescent venous disease in the postoperative period did not
anesthesia, thereby reducing the risk of toxic effects. significantly differ between the groups.
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ABSTRACT

Aim: To analyze and compare the experiences and perceptions of artificial intelligence (Al) among practicing doctors and medical students.

Materials and Methods: A survey was conducted among 30 doctors and 30 fifth-year master’s students enrolled in the “Medicine” program. Participants
were asked about their experiences with Al, their perceptions of Al'simpact on their education and practice, and their views on the benefits and drawbacks of
Al'in the medical field. The data were analyzed to compare the responses between the two groups.

Results: Among the respondents, 8 doctors (26,67%) and 4 students (13,33%) had not used Al in their practice or studies. The analysis was conducted on the
remaining 22 doctors and 26 students. The study found that students generally rated the effectiveness of Al higher than physicians did, particularly in areas such
as enhancing work and educational experiences. Both groups used Al primarily for information retrieval, with students showing a slightly greater openness to
expanding Al's role in education and practice. Despite recognizing the advantages of Al, both groups expressed concerns regarding its accuracy and reliability.
Conclusions: The study indicates that while Al, particularly ChatGPT, is increasingly being adopted in medical education and practice, there is still a level of
caution and skepticism among both students and professionals. Further research is needed to optimize the integration of Al in medical curricula and address

the ethical implications of its use.

KEY WORDS: Artificial Intelligence, Medical Education, ChatGPT, Clinical Practice

INTRODUCTION

The rapid advancement of artificial intelligence (Al) has
profoundly impacted various sectors, with healthcare
standing at the forefront of this technological evolution.
Al'sintegration into medical practice and education has
brought about significant changes, offering new tools
for diagnosis, treatment planning, and the management
of patient data. These advancements have the potential
to enhance the efficiency and accuracy of healthcare
delivery, thereby improving patient outcomes.

Al has been shown to significantly improve diag-
nostic accuracy, enhance decision-making processes,
and streamline clinical workflows. For instance, Al can
analyze complex medical data with greater speed and
accuracy than traditional methods, offering a new level
of support to healthcare professionals [1]. Furthermore,
Al's ability to personalize treatment plans and predict
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patient outcomes is transforming patient care by allow-
ing for more targeted and effective interventions [2].

In the context of medical education, Al is increasingly
being recognized for its potential to revolutionize how
medical students and professionals acquire knowledge
and skills. Al-driven educational tools, such as virtual
simulations and adaptive learning platforms, provide
students with personalized learning experiences tai-
lored to their individual needs and progress [3]. These
tools also enable students to engage in realistic clinical
scenarios, improving their problem-solving abilities
and readiness for real-world practice. However, despite
these advantages, there are ongoing discussions about
the challenges associated with Al integration, including
concerns about the potential depersonalization of care
and the need for rigorous validation of Al tools to ensure
their reliability and safety in clinical settings [4].


https://wiadlek.pl/11-2024/
https://www.doi.org/10.36740/WLek/197083
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These advancements have sparked interest in com-
paring the adoption and perception of Al between
practicing doctors and medical students, as their ex-
periences and evaluations of Al can provide valuable
insights into the future direction of Al in healthcare.
Understanding these perspectives is crucial for develop-
ing strategies that optimize Al’s use in both educational
and practical contexts.

AIM

The objective of this study is to analyze and compare
the experiences and perceptions of artificial intelligence
(Al) among practicing doctors and medical students.
The tasks of the research: to analyze and compare the
trends in the frequency of Al usage between practicing
doctors and medical students; to analyze and compare
the evaluations of the effectiveness, as well as the posi-
tive and negative aspects of the use of Al by doctors and
medical students; to assess the prospects of Al usage
in the educational process and practical activities of
doctors and medical students.

MATERIALS AND METHODS

Research Method: Data collection was carried out using
a questionnaire that was initially generated by ChatGPT
in response to a relevant inquiry. The questionnaire was
designed to explore the experience, perception, and
evaluation of Al's effectiveness in educational processes
and clinical practice. After the initial creation, the ques-
tions and their sequence were refined to ensure clarity
and ease of analysis using Microsoft Excel.

Special Google Form was then created to facilitate
the survey among the selected participants. The partic-
ipants included students who have experience working
in healthcare settings as mid-level practitioners and
who are currently pursuing a master’s degree in med-
icine, as well as doctors already working in medical
institutions. The anonymous survey gathered data on
their experience, attitudes, and evaluation of Al usage
in both educational and professional contexts.

QUESTIONNAIRE

1. Have you had experience using artificial intelligence
in your medical practice and continuing education?
Response Options: Yes/No.

2. What Al programs have you used? Response:
Open-ended.

3. In your opinion, has the use of Al improved the ef-
fectiveness of your work and continued education?
Response Options: Significantly improved - 5 points;

Improved - 4 points; Unchanged - 3 points; Wors-
ened - 2 points; Significantly worsened - 1 point.

4. Doyou believe Al has enhanced your understanding
of complex medical topics? Response Options: Yes,
significantly better — 5 points; Yes, better — 4 points;
No impact on understanding - 3 points; Worsened
- 2 points; Significantly worsened - 1 point.

5. How do you assess the overall impact of Al on your
medical work and continuous education? Response
Options: Very positive - 5 points; Positive - 4 points;
Neutral - 3 points; Negative — 2 points; Very negative
-1 point.

6. Would you recommend expanding the use of Al
in the educational process and medical practice?
Response Options: Yes, definitely - 5 points; Yes, but
with certain conditions - 4 points; Depends on the
subjects — 3 points; Not sure - 2 points; Absolutely
not — 1 point.

7. Inwhich aspects of education and practice have you
utilized AlI? (Multiple selections allowed): Response
Options: Forinformation search; In educational sim-
ulations; For solving clinical tasks; For personalizing
educational material; Other (please specify).

8. What benefits of using Al would you highlight?
(Multiple selections allowed): Response Options:
Time-saving; Greater personalization of education
and practice; Improved material retention; Better
accessibility of information; Other (please specify).

9. What disadvantages of using Al did you note? Re-
sponse: Open-ended.

The collected data were analyzed using the statistical tools

available in Microsoft Excel, which facilitated both quan-

titative and qualitative assessments of the participants’
responses. This approach enabled a comprehensive eval-
uation of the differences in Al adoption, perception, and
effectiveness between the two groups. Quantitative data
were presented as mean + standard error of the mean.

Qualitative data were presented as absolute and relative

(%) frequency. To ensure a robust statistical comparison

between the groups, we used the Mann-Whitney U-test

(for quantitative parameters), and the Chi-square (x?) or

Fisher's exact test (for qualitative data). A 2-tailed p-value

<0,05 was considered statistically significant.

The authors take full responsibility for ensuring com-
pliance with Articles 43 and 45 of the Law of Ukraine
“Fundamentals of Health Legislation of Ukraine”, the
Declaration of Helsinki's “"Recommendations for Physi-
cians Involved in Biomedical Research Involving Human
Subjects” (1964, revised in 1983), Directive 2001/20/
EC of the European Parliament and the Council of the
EU of April 4, 2001 (as amended). This version makes it
clear that the research not only doesn’t contradict but
actively adheres to bioethical principles.
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based on the responses to the questions (expressed as
fractions of 1.0, where1.0'represents all respondents
in the corresponding group). * — p<0,05 by the
Fisher's exact test.

RESULTS

Based on the survey conducted among 30 doctors
and 30 fifth-year master’s students of the speciality
“Medicine’, it was found that 8 doctors (26,67%) and 4
students (13,33%; p > 0,05) had not yet used Al in their
practice or studies. Therefore, the analysis of attitudes
towards Al was conducted using the responses from 22
doctors and 26 students.

Among these respondents, all had experience using
the ChatGPT program. Additionally, 8 students (30,77%)
and one doctor (4,5%; p < 0,05) indicated that they had
also used other platforms, including Gamma, Canva.

In a recent survey, the average score for the question,
“In your opinion, has the use of Al improved the effec-
tiveness of your work and continued education?” was
3,3+1,0among physiciansand 3,7+1,1 among students
(p > 0,05). Both groups evaluated the impact of Alon a
5-point scale, with students showing a marginally more
positive perception of Al's role in enhancing their work
and educational experiences.

In response to the question, “Do you believe Al has
enhanced your understanding of complex medical top-
ics?”the average score among physicians was 2,4+0,9,
while students rated it at 2,7+0,8 (p > 0,05). Although
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students again rated Al's impact slightly higher than
physicians, both groups generally expressed a low to
moderate belief in Al's ability to enhance their under-
standing of complex medical topics.

For the question, “How do you assess the overall
impact of Al on your medical work and continuous ed-
ucation?” physicians rated it at 3,6+0,9, while students
gave a rating of 3,5+1,0. Both groups generally rated
theimpact above the average level, with no statistically
significant difference between them (p > 0,05).

To the question: “Would you recommend expanding
the use of Al in the educational process and medical
practice?” the average response score of doctors was
2,3+0,9, and of students - 2,6+0,8. So, we observe a
somewhat greater openness and willingness to share
information for friends among students, but the differ-
ence is probably not significant (p > 0,05). Fig. 1 shows
the results of the survey on the above-mentioned
questions.

In response to the question, “In which aspects of
education and practice have you utilized AlI?” phy-
sicians and students reported varying uses. Among
the 22 physician respondents, 13 (59,1%) used Al for
information retrieval, 7 (31,8%) for educational simu-
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lations, 7 (31,8%) for solving clinical tasks, 5 (22,7%)
for personalizing educational materials, and 1 (4,5%)
for administrative purposes. Among the 26 fifth-year
graduate students with medical experience, 15 (57,7%)
utilized Al for information retrieval, 8 (30,8%) for edu-
cational simulations, 9 (34,6%) for solving clinical tasks,
and 8 (30,8%) for personalizing educational materials.
These data suggest that both physicians and students
predominantly use Al for information retrieval, with
similar patterns of utilization across other educational
and clinical tasks.

In response to the question, “What benefits of using
Al would you highlight?” respondents identified sev-
eral key advantages. Among physicians, 15 (68,2%)
highlighted time-saving, 5 (22,7%) noted greater
personalization of education and practice, 5 (22,7%)
reported improved material retention, and 4 (18,2%) cit-
ed better accessibility of information. Among students,
23 (88,5%) emphasized time-saving, 7 (26,9%) pointed
to greater personalization, 11 (43,2%) mentioned im-
proved material retention, and 13 (50,0%) noted better
accessibility of information. time-saving. Fig. 2 shows
the differences between doctors and students accord-
ing to the questions indicated.

As the results show, there is a tendency for students to
pay more attention to saving time, conserving resourc-
es, and the availability of information compared to doc-
tors.These differences likely stem from the distinct roles
and needs of students versus practicing physicians.
For students, Al serves as a crucial tool for managing
learning and enhancing their educational experience,
whereas physicians may view Al as a complement to
their existing expertise and workflows.

In response to the question, “What disadvantages of
using Al did you note?”8 out of 22 doctors (36,4%) and
7 out of 26 students (26,9%) mentioned “incorrect or
inaccurate answers,” showing no significant difference
between the groups. Among the doctors’ comments,
phrases such as “lack of medical knowledge,” “insuffi-
cient awareness of medical concepts,”“non-regulation
at the legislative level,”“Al fantasizes”, “random errors,”
“unpredictable results’, and “Al lacks practical knowl-
edge and skills” were noted. Students, on the other
hand, highlighted concerns like “results need to be
checked with specialists,”“technical shortcomings and
possible misinformation,”and “requires detailed expla-
nations in questions”.

As we observe, both doctors and students have
expressed concerns about the accuracy and reliability
of Al, although their specific critiques differ. Doctors
focused more on the limitations of artificial intelligence
in medical knowledge and the unpredictability of its
results, while students were more concerned about the

need for peer review and the possibility of technical
errors. So, although Al has its shortcomings, it remains
a valuable and effective tool in education and clinical
problem-solving. Its use requires caution and a critical
approach to fully harness its potential while minimizing
risks.

DISCUSSION

The application of Al, particularly ChatGPT, in the
medical field covers a broad spectrum, ranging from
identifying promising topics for education and research
to supporting future professionals in clinical and labo-
ratory diagnostics. However, these applications come
with several limitations and ethical concerns, particu-
larly regarding reliability and plagiarism [5-7].

ChatGPT can serve as a mediator in idea generation,
helping to select a topic and initiate research projects
for students and scientists. It has been found that ab-
stracts generated by ChatGPT demonstrated originality
in the works created [8]. Several articles have reported
the use of ChatGPT for writing scientific literature.
One study demonstrated that ChatGPT is capable of
producing formal research papers. The authors noted
that the language used by Al is grammatically correct
and pleasant to read [9]. Doctors and students, in our
research, mostly used ChatGPT.

Al can reduce the time, energy, and resources spent
on experiments that are more likely to yield unpro-
ductive results by analyzing vast amounts of available
literature beyond the experience of a single individual.
It has the capability to successfully remember previous
interactions and user feedback, thereby offering oppor-
tunities for continuous improvement[10, 11]. Reduction
of time for routine work most attracted doctors and
students - in our research.

Al can serve as an important tool for idea generation,
supporting education and research, as well as assessing
students’ clinical skills. However, there are certain lim-
itations and drawbacks to Al. For instance, the accuracy
of the text generated by the ChatGPT program largely
depends on the quality and nature of the training
data. It is important to emphasize that Al is currently
unable to fully replace humans, as it lacks a sufficient
level of understanding and specialized knowledge in
the medical field [12, 13]. Doctors and students in the
research process also noted the presence of limitations
and shortcomings in the use of Al.

Considering these factors, further research and the
integration of Al ethics into medical curricula are im-
portant steps to ensure the effective and ethical use of
Al in medicine. Given the broad availability and poten-
tial of Al in medical education, its use among students
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and medical education professionals is expected to
increase further.

CONCLUSIONS

The study involving 30 doctors and 30 fifth-year medical
students revealed that 26,67% of doctors and 13,33%
of students had not yet integrated Al into their profes-
sional or academic activities.

The findings indicate some trend: students are more in-
clined to view Al as a valuable tool for enhancing their edu-
cational experience compared to doctors. This is reflected in
the slightly higher average scores students gave when asked
about Al'simpact on their studies and work. Students were
more likely to mention benefits such as tips for integrating
Alinto education and practice, the availability of information,
and the time-saving advantages of Al. Despite this, both
groups shared a moderate beliefin Al's potential toimprove
their understanding of complex medical topics. When eval-
uating the overallimpact of Al on their work and education,
both doctors and students rated it above average, with no
significant difference between the two groups.

Although participants acknowledged the benefits of
Al, concerns about its accuracy and reliability persisted.
However, these concerns differed between the groups.
Doctors were more skeptical of Al's limitations in medi-
cal knowledge and the unpredictability of its outcomes,
while students emphasized the need for peer review
and the potential risks of technical errors.

In conclusion, while Al tools like ChatGPT are recog-
nized as valuable resources in medical education and
practice, their adoption is accompanied by caution
due to inherent limitations and the necessity of critical,
careful use. The study underscores the need for further
research and the integration of Al ethics into medical
curricula to ensure its responsible and effective appli-
cation in the field.

PROSPECTS FOR FURTHER RESEARCH

Future studies should include a larger and more
diverse sample size across different regions and
medical specialties to enhance the generalizability of
the findings. This would help identify specific trends
and challenges unique to various subgroups within
the medical community. Studying the effectiveness
of incorporating Al training and ethics into medical
curricula could inform educational strategies to better
prepare future medical professionals for the evolving
technological landscape.

Collaborative studies involving experts from fields
such as computer science, ethics, and education could
foster a more comprehensive understanding of how to
optimize Al tools for medical applications. By address-
ing these areas, future research can contribute to the
responsible and effective integration of Al in medical
education and practice, ultimately enhancing both
learning experiences and patient care outcomes.
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Diagnostic value of laboratory markers of enteric dysfunction
in preterm infants

Oleksii S. Godovanets
BUKOVINIAN STATE MEDICAL UNIVERSITY, CHERNIVTSI, UKRAINE

ABSTRACT

Aim: To study the peculiarities of food tolerance disorders in premature infants, taking into account the risk factors of gestational age and maternal labor, the
peculiarities of the course of perinatal pathology, in order to determine pathogenetically sound clinical and laboratory criteria.

Materials and Methods: A comprehensive clinical and laboratory evaluation was performed on 67 preterm infants of gestational age 32 to 33/6 weeks with
severe food tolerance disorders in perinatal pathology. The comparison group consisted of 31 newborns with gestational age of 34 to 37 weeks. In addition to
standard laboratory tests, coprofiltrate parameters (albumin, alpha-1-antitrypsin, elastase, PMN elastase, calprotectin) were examined.

Results: The clinical signs of food intolerance included regurgitation and stasis (86,57%), intestinal paresis with delayed meconium and transitional stool
(70,15%), flatulence (47,76%), bile or blood impurities in the stool (43,28%). The presence of pain syndromes in conjunction with eating dysfunction was
accompanied by episodes of apnea, bradycardia, and decreased blood saturation. The laboratory markers of intestinal dysfunction were the following: increased
levels of calprotectin > 390,15 pg/g; albumin > 37,25 ug/g; a-1-antitrypsin > 452,67 pg/g; decreased levels of PMN elastase <95,49 ng/g. The representa-
tiveness of these clinical and paraclinical parameters was investigated, which gave grounds to recommend their use in clinical practice in neonatology.
Conclusions: The implementation of recommendations for the use of laboratory markers of food intolerance, along with clinical signs, will increase the

effectiveness of diagnostic measures in perinatal pathology in preterm infants.

KEY WORDS: newborn; digestive system; food tolerance disorders; laboratory diagnostics

INTRODUCTION

Annually, up to 16% of children are born prematurely
worldwide. Preterm birth is regarded as a principal
contributor to neonatal morbidity and mortality. As
a consequence of morphological and functional im-
maturity at the time of birth, children are at elevated
risk of developing complications during the neonatal
period and of developing long-term consequences of
perinatal pathology in later years of life. This category
of children is at a high risk of developing physical and
neuropsychological disorders, as well as somatic dis-
eases, which have the potential to significantly impair
their quality of life in the future [1, 2].

The clinical criteria for disorders of the functional
state of the digestive system in diseases of the newborn
period are a topic of active discussion in contemporary
scientific literature. Itis observed that the pathogenetic
mechanisms of gastrointestinal dysfunction remain
insufficiently studied, which precludes the formulation
of general clinical and laboratory criteria for food intol-
erance [3]. The formation of diseases of the gastrointes-
tinal system in later years of life is caused by low body
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weight and immaturity of the body of children at birth
in the context of unfavorable perinatal risk factors. In
light of the above, it is imperative that scientists and
practitioners collaborate to conduct clinical trials with
the aim of determining pathogenetically based clinical
and laboratory criteria for food tolerance disorders in
preterm infants.

AIM

The aim of this study is to examine the characteristics of
food intolerance disorders in preterm infants, with par-
ticular attention to the potential risk factors associated
with the gestational period and maternal labor. Addi-
tionally, the study aims to elucidate the specific clinical
and laboratory criteria that can be used to diagnose
and understand the pathogenesis of these disorders.

MATERIALS AND METHODS

A comprehensive clinical and laboratory examination
conducted on 67 premature infants with a gestational
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age of 32 to 33/6 weeks at birth who exhibited clinical
signs indicative of severe perinatal pathology (the main
study group). The comparison group consisted of 31
newborns with a gestational age of 34 to 36/6 weeks.

Inclusion criteria: gestational age at birth between
32 and 33/6 weeks, severe course of neonatal diseases,
clinical signs of food tolerance disorders, and informed
consent of parents to participate in the study.

The exclusion criteria included gestational age at
birth of less than 32 weeks or greater than 37 weeks,
the presence of congenital malformations, and a lack of
informed parental consent to participate in the clinical
trial. The data from the pregnant women’s exchange
cards, birth histories, and newborn developmental
histories were subjected to analysis.

The degree of prematurity was determined by
considering the gestational age at birth and anthro-
pometric parameters, including weight, height, head
circumference, and chest circumference. The degree
of correspondence between the child’s morphological
and functional maturity and their gestational age at
birth was evaluated using percentile tables and the
Ballard scale. The list of diseases was determined in
accordance with the International Classification of
Diseases, 10th Revision. The adaptation of children
at birth was assessed using the Apgar score and the
Score for Neonatal Acute Physiology (SNAPPE I1) scale,
which was employed to monitor the infants’ progress
over time [4-6]. To confirm the diagnosis of multiorgan
failure, the Neonatal Multiple Organ Dysfunction Score
(NEOMOD, 2001) was employed [7, 8]. The clinical as-
sessment of the functional state of the gastrointestinal
system in newborns was conducted in accordance with
established methodologies, taking into consideration
the age-specific characteristics of the neonatal period.
Additional laboratory examinations of newborns in-
cluded a complete blood count, a biochemical blood
count and coprofiltrate parameters, namely: Albumin,
Alpha-1-Antitrypsin, Fecal Elastase, PMN Elastase and
Fecal Calprotectin. The studies were conducted at the
German-Ukrainian Laboratory “BUKINTERMED” (Cher-
nivtsi, Ukraine) utilizing the capabilities of the Cottbus
Public Laboratory for Medicine, Microbiology and In-
fectious Epidemiology (Accreditation Certificate D-ML-
19676-01-00 according to DINEN ISO 15189:2014, valid
until November 25, 2019). To perform the laboratory
tests of the coprofiltrate, an enzyme-linked immuno-
sorbent assay (ELISA) was employed, utilizing reagents
from Immundiagnostic AG (Germany).

The research was conducted in accordance with the
guidelines set forth in the GCP (1996), the Council of
Europe Convention on Human Rights and Biomedicine
(1997), the World Medical Association Declaration of

Helsinki on the Ethical Principles for Research Involving
Human Subjects (1964-2008), and Order of the Ministry
of Health of Ukraine No. 690 of 23.09.2009 (as amended
by Order of the Ministry of Health of Ukraine No. 523
of 12.07.2012). Approval was granted by the Bioethics
Committee of Bukovinian State Medical University
(Protocol No. 2, February 9, 2015).

Statistical processing of the data was performed
using Statistica (StatSoft Inc., version 13.0, USA) and
MedCalc software (version 16.1). Statistical values were
calculated by analyzing the standard deviation (SD),
standard error (m), arithmetic mean of the sample
(M), using the Shapiro-Wilk test (normal distribution
with sample size greater than 30; p<0,05) and the
Kolgomorov-Smirnov test. Quantitative indicators
in samples with normal distribution were evaluated
using Student’s t-test. Results were considered statis-
tically significant at p<0,05.The analysis of ROC curves
(Receiver Operating Characteristic Curve), AUC (Area
Under ROCQ), as well as sensitivity (SN) and specificity
(SP) (with 95 % confidence interval [CI]) was performed
using MedCalc software (version 16.1).

RESULTS

The main group of the study consisted of 67 children
born at a gestational age of 32 to 33/6 weeks, includ-
ing 25 girls (37,31%) and 42 boys (62,69%). The mean
birth weight of the children was 1548,84+141,48 g, the
mean body length was 34,92+1,23 cm, the mean head
circumference was 31,41£1,93 cm, and the mean trunk
circumference was 26,90+2,08 cm.

Anthropometric parameters of newborns in the com-
parison group at 34-36/6 weeks of gestation were as
follows: body weight — 2245,0 + 39,45 cm; body length
- 44,9 £ 0,07 cm; head circumference — 31,5 + 0,25 cm;
trunk circumference - 28,9 + 0,23 cm.

The analysis of somatic, obstetric, and gynecological
pathology in the mothers of the main group revealed
a significant association between repeated pregnancy
and childbirth and an elevated risk of preterm birth.
Among the cases, 70,15% involved a history of multi-
ple pregnancies and deliveries, with 68,66% of these
instances resulting in planned cesarean sections and
17,91% necessitating emergency cesarean sections.
During the gestational period, 50,75% of the women
exhibited indications of threatened abortion at various
stages, along with placental dysfunction (31,34%) and
gestosis (28,36%). In 42,30% of cases, premature rup-
ture of the membranes was observed, and in 31,34%
of cases, pathology of placental and umbilical cord
attachment was prevalence of somatic pathology in the
main group was higher than that observed identified.
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Table 1. A comparative analysis of coprofiltrate biomarkers in preterm infants (PI) belonging to the main and control groups (M+m)

Main group Control group
Index (n=67) (n=31)
Calprotectin, ug/g 409,46+19,31* 64,74+3,11
Albumin, pg/g 40,26+3,01* 11,28+0,90
Alpha-1-Antitrypsin, ug/g 478,44+25,77* 241,15+18,90
Elastase, ug/g 270,68+18,04* 246,98+16,79
PMN Elastase, ng/g 90,45+5,04* 257,53+17,30
Note: * — significant difference between comparison groups, p<0,0001.
Table 2. Analysis of ROC curves of coprofiltrate indices in newborns of comparison groups
Sensitivity Specificity
Index AUC St::‘;?’d p 95 % CI (SN) (SP)
% (95 % Cl) % (95 % Cl)
. 98,55 97,83
Calprotectin, ug/g 0,977 0,0216 <0,0001 0,930 - 0,996 (92.2-100) (885.99,9)
. 80,60 97,83
Albumin, pg/g 0,859 0,0391 <0,0001 0,781-0,917 (69,1 -89.2) (88,5 .99.9)
i ) 71,64 84,78
Alpha-1-Antitrypsin, pg/g 0,841 0,0392 <0,0001 0,761 -0,903 (59.3 - 82,0) (711-93.7)
52,24 77,50
Elastase, ug/g 0,538 0,0568 0,5010 0,439-0,635 (39.7 - 64,6) (615 -89,2)
83,58 89,13
PMN Elastase, ng/g 0,805 0,0482 <0,0001 0,720 - 0,874 (72,5 91,5) (76,4 - 96,4)

Somatic pathology in mothers of the main group was
presented more often, compared to the control group,
with diseases of the cardiovascular system (59,70%), en-
docrine system (43,28%), and urinary system (53,73%)
being more frequently diagnosed. Additionally, 11,39%
of cases involved gastrointestinal pathology.

The severity of the condition observed in the children
in the main group was attributed to hypoxic damage
occurring in the context of morphological and func-
tional immaturity of the body. Specifically, 18 newborns
(26,47%) were diagnosed with acute asphyxia. All
children exhibited hypoxic-ischemic central nervous
system damage, with 67 cases (100%) presenting with
either an excitation syndrome (43,28%) or a depression
syndrome (56,72%). Additionally, five children (7,46%)
were diagnosed with hydrocephalus syndrome. Antena-
tal fetal damage was identified in 29 children (43,28%).
Some newborns exhibited indications of hemorrhagic
lesions within the central nervous system. In particular,
the results of neurosonography revealed that 48 chil-
dren (71,64%) had subependymal hemorrhages of the
I-Il degree, while 23 children (34,33%) had intraventric-
ular hemorrhages. Cerebral edema was identified in 17
children (25,37%). Respiratory distress syndrome was
observed in 65 children (97,01%) from birth, necessitat-
ing long-term respiratory support.In 58 cases (86,57%),
the newborns were diagnosed with multiple organ
failure syndrome. An analysis of the mother’s pregnancy
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and childbirth history revealed that all newborns in this
group were at risk of intrauterine infection.

It has been observed that almost all newborns in the
main group exhibited indications of impaired tolerance
to enteral nutrition, as evidenced by the presence of
clinical manifestations of disease. Specifically, 58 chil-
dren (86,57%) exhibited regurgitation and stasis; 32 chil-
dren (47,76%) displayed signs of flatulence; 47 children
(70,15%) demonstrated intestinal paresis with delayed
meconium and transitional stool; and the presence of
bile or blood impurities in the stool was identified in
29 cases (43,28%). The presence of pain syndromes in
conjunction with eating dysfunction was accompanied
by episodes of apnea, bradycardia, and decreased
blood saturation. This is a notable finding in terms of
the importance of timely diagnosis and stabilization of
the gastrointestinal system to prevent the development
of these clinical complications.

In order to ascertain additional laboratory criteria
for confirming these disorders, as well as to elucidate
their potential pathophysiological mechanisms of de-
velopment, along with the recommended diagnostic
methods, some fecal biomarkers were identified, in
particular: Alpha-1-Antitrypsin, Elastase, PMN Elastase,
Albumin, Calprotectin were analyzed. The analysis of
the obtained indicators was carried out with consid-
eration of the results of the examination of the stated
comparison groups.
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Fig. 1. Analysis of ROC curves of coprofiltrate indicators
in the PI of the comparison groups.

The data on the mean values of coprofiltrate param-
eters are presented in Table 1.

The analysis of the results of the study of coprofiltrate
in newborns with clinical signs of digestive dysfunction
revealed notable alterations in the observed indices
when compared to the control group. In particular, a
significant increase in Calprotectin was observed - up
to 409,46+19,31 pg/g, Albumin - up to 40,26+3,01
ug/g, Alpha-1-Antitrypsin — up to 478,44+25,77 ug/g
and Elastase - up to 270,68+18,04 ug/g. Conversely,
there was a notable decline in the level of PMN Elastase
-90,45+5,04 ng/q.

In light of the notable divergence of the utilized in-
dicators from the control values and their pivotal role
in elucidating the pathophysiological mechanisms of
enteric dysfunction, a ROC analysis was conducted to
ascertain their sensitivity and specificity. The results are
presented in Fig. 1 and Table 2 for reference.

vwlt is important to note that the ROC analysis has
identified calprotectin, albumin, PMN Elastase, and
Alpha-1-Antitrypsin as the most significant indicators
in terms of sensitivity and specificity.

In conclusion, the panel of biomarkers of gastrointes-
tinal dysfunction, along with the analysis of ROC curves
and their operational characteristics in preterm infants
with severe forms of perinatal pathology, indicate that
the following laboratory parameters of coprofiltrate
can be recommended as additional criteria for food
intolerance, in addition to clinical signs:

- Calprotectin increase at a threshold > 390,15 pg/g
(AUC 0,977 [95% C1 0,930-0,996]; p<0,0001; SN 98,55%
[95 % Cl 92,2-100%]; SP 97,83% [95% Cl 88,5 - 99,9%]);

-increased Albumin level at a threshold > 37,25 ug/g
(AUC0,859[95% Cl10,781-0,917]; p <0,0001; SN 80,60 %
[95% Cl 69,1 - 89,2]; SP 97,83% [95% Cl 88,5 - 99,9%));

- increased Alpha-1-Antitrypsin level at a threshold
of > 452,67 pg/g (AUC 0,841 [95% Cl 0,761 — 0,903]; p
<0,0001; SN 71,64% [95% Cl 59,3 - 82,0 %]; SP 84,78%
[95% CI 71,1 - 93,7 %));

- decrease in the level of PMN Elastase at a thresh-
old < 95,49 ng/g (AUC 0,805 [95 % CI [0,720 - 0,874];
p<0,0001; SN 83,58% [95% Cl 72,5 - 91,5 %]; SP 89,13%
[95% Cl 76,4 - 96,4 %)).

DISCUSSION

A review of contemporary scientific literature reveals a
growing interest among researchers in different coun-
tries in establishing laboratory criteria for diagnosing
food intolerance in newborns, with a particular focus
on preterm infants [9-13]. The extant data suggest the
pursuit of scientifically grounded criteria that can elu-
cidate the primary pathophysiological mechanisms of
digestive system dysfunction and enhance diagnostic
methodologies, with the ultimate objective of devising
efficacious therapeutic strategies.

In light of the findings of the study, it can be con-
firmed that the presence of inflammation of the intes-
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tinal mucosa is a consequence of the negative effects of
hypoxia on the body of a preterm infant, as evidenced
by the significant increase in calprotectin levels in the
coprofiltrate. Calprotectin is released from activated
neutrophils in response to tissue injury and enters
the feces, reflecting the transepithelial migration of
granulocytes to the intestinal lumen. Consequently, it
is regarded as a marker of integrin inflammation, which
enables the differentiation between functional and
inflammatory diseases [14].

The elevated albumin concentration is indicative of
enhanced intestinal wall permeability and suggests
a disruption in the parietal absorption processes. A
breach in the integrity of the intestinal barrier results
in the leakage and loss of proteins, which is attributed
to the inflammatory exudation of the altered epitheli-
um [2]. This also results in an increased translocation
of opportunistic pathogens and endotoxins from the
intestinal lumen into the general bloodstream. [15]

Itis noteworthy that there has been anincrease in the
level of Alpha-1-Antitrypsin, which is an acute phase
protein and a primary inhibitor of serine proteases. This
protein is actively secreted under conditions of inflam-
mation, which may explain the observed decrease in
the proteolytic activity of PMN Elastase, as documented
in our study. Alpha-1-Antitrypsin is primarily synthe-
sized by the liver endoplasmic reticulum, as well as by
polymorphonuclear neutrophils, alveolar macrophages,
monocytes, enterocytes, and Paneth cells. Alpha-1-Anti-
trypsin is regarded as the primary antiprotease capable
of neutralizing surplus proteases, inhibiting chemo-
taxis, and preventing neutrophil adhesion. In terms of
its mechanism of action, it has been demonstrated to
inhibit the release of proinflammatory cytokines and
to absorb reactive oxygen species, thereby playing an
important role in the activation of the body’s anti-in-
flammatory response [16, 17].

Our dataindicate a notable decrease in PMN Elastase
in the coprofiltrate of preterm infants exhibiting signs
of food intolerance disorders. This protease is secreted
in an active form from granulocytes, where it regulates
inflammatory and immune responses. It acts together
with reactive oxygen species to promote the break-
down of microorganisms [18-20]. The observed decline
in the index level may be indicative of an inadequacy in
the regulatory function of this crucial mediator in the
development of anti-inflammatory mechanisms in hy-
poxic inflammation. According to some literature data,
this may be indicative of the simultaneous presence of
cholestasis [16, 19].

The analysis of laboratory parameters revealed
that the newborns in the main group exhibited
slightly elevated levels of Elastase in comparison to
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the control group. Elastase is a pancreatic-specific
serine endopeptidase that catalyzes the hydrolysis
of natural elastin and the digestion of peptides into
alanine, glycine, and serine residues. As evidenced in
the literature, an increase in the activity of Elastase
may manifest at an earlier stage than other enzymes,
even at the subclinical stage of inflammation [19, 20].
This may also be indicative of hypoxic inflammation
in preterm infants. It is important to note, however,
that the results of the ROC analysis indicate that
this indicator does not have a significant value as
a diagnostic criterion for food intolerance. It is our
recommendation that further research be conducted
to elucidate the functional significance of Elastase
in the context of enteric function in preterm infants.
This should be done through the implementation of
experimental studies.

In light of the aforementioned evidence, the follow-
ing synthesis can be made: the intolerance to enteral
nutrition observed in preterm infants with perinatal
pathology is caused by disorders of the functional
state of the digestive system. The aetiology of these
disorders is multifactorial. The underlying pathophys-
iology of these disorders is hypoxic inflammation
occurring in the context of morphological and func-
tional immaturity of the body at birth. In addition to
the traditional clinical signs, some laboratory criteria
are presented that elucidate the mechanisms of food
intolerance development in hypoxic inflammation
and can be utilized in neonatological practice, as ev-
idenced by their satisfactory sensitivity and specificity.

CONCLUSIONS

1. The basis of functional disorders of the gastrointes-
tinal system in premature infants is hypoxic inflam-
mation against the background of morphological
and functional immaturity of the body.

2. The list of clinical signs of food intolerance in new-
borns includes: regurgitation and stasis (86,57%),
intestinal paresis with delayed meconium and
transitional stool (70,15%), flatulence (47,76%), bile
or blood impurities in the stool (43,28%). The pain
syndrome in the context of nutritional dysfunction
is accompanied by episodes of apnea, bradycardia
and decreased blood saturation, which is important
for preventing the development of complications of
the clinical course of diseases.

3. The recommended laboratory markers of intestinal
dysfunction in premature infants are increased levels
of calprotectin > 390,15 ug/g, aloumin > 37,25 ug/g,
Alpha-1-Antitrypsin > 452,67 ug/g, and decreased
level of PMN elastase < 95,49 ng/g.
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4,

Implementation of recommendations forthe useof PROSPECTS FOR FURTHER RESEARCH

laboratory markers of food intolerance, along with ~ Prospects for further research are the study of other
clinical signs, will increase the effectiveness of diag-  significant criteria for laboratory diagnosis of food intol-
nostic measures for perinatal pathology in preterm  erance in perinatal pathology of newborns, in order to
infants. clarify the methods of possible therapeutic correction.
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ABSTRACT

Aim: To assess the effectiveness of updated curricula in developing digital competence and enhancing the use of information and communication technologies
in healthcare at the undergraduate and post-diploma levels of nursing education.

Materials and Methods: The updated ‘Digigram for Healthcare Professionals’ test tool, consisting of 75 questions, was utilized to assess the digital compe-
tence of 90 students and 136 practicing nurses before and after training in the Health Informatics curricula, updated through the USAID Health Reform project
grant program at Zhytomyr Medical Institute in Ukraine during the first half of 2024. Additionally, the satisfaction of both groups with the curricula content
was evaluated.

Results: Students' digital competence increased by 71% following the updated curricula training. The proportion of students with digital competence levels
A (Proficient) and B (Above Basic) rose by 38%, from 27% to 65%. Among nurses, digital competence improved by 10%, with the proportion of those at levels
A and B increasing by 14%, from 57% to 71%. Additionally, 93% of students and 94% of nurses expressed satisfaction with the content of the new curricula.
Conclusions: The effectiveness of the updated Health Informatics curricula in developing digital competence and promoting the use of information and
communication technologies in healthcare for nursing students at undergraduate and post-diploma educational institutions has been demonstrated.

KEY WORDS: curriculum, nurses, digital health, capacity building

INTRODUCTION

In today’s world, information and communication
technologies (ICT) have become an integral part of the
healthcare industry. The World Health Organization
(WHO), in its Global Strategy for Digital Health 2020-
2025, emphasizes the critical importance of fostering
digital competence among healthcare professionals
[1]. This objective is also reflected in the national digital
health strategies of various countries. It is particularly
essential for nurses, who constitute a vital segment of
the healthcare workforce and require the necessary
knowledge, skills, motivation, and support to effectively
integrate ICT into their practice [2]. Insufficient digital
competence can result in medical errors, compromised
quality of healthcare services, and adverse patient out-
comes [3]. Thus, continuous education and professional
development for nurses, tailored to their levels of exper-
tise and aimed at identifying barriers and enablers of
digital competence development, are crucial for ensuring

Wiad Lek. 2024;77(11):2161-2167. doi: 10.36740/WLek/197087 (DOl

high-quality healthcare delivery [4, 5]. This need is espe-
cially relevant for Ukraine, where the rapid expansion of
eHealth initiatives and the electronic healthcare system
(EHS) have increased the demand for improved digital
competence among the healthcare workforce. The Digi-
tal Competence Framework for Healthcare Professionals
(hereinafter - the DigComp Framework for HCPs), ap-
proved by the Ministry of Health of Ukraine in October
2023, outlines the requirements for digital competence
and ICT utilization in healthcare [6].

An assessment conducted by the USAID Health Re-
form Support (USAID HRS) projectin 2021 revealed that
only 44% of healthcare workers possessed above-basic
digital literacy, 35% had basic skills, and 21% were at
the beginner level. Furthermore, only 37% of respon-
dents had received digital literacy training in the last
three years [7].

The low level of digital literacy among healthcare pro-
fessionals in Ukraine indicates the limited involvement
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of the medical education sector in the digital trans-
formation of healthcare system. This issue stems from
outdated curricula for digital competence development
across all stages of medical education — undergrad-
uate, graduate, postgraduate, and continuing profes-
sional development [8]. In response, the Government of
Ukraine has adopted a number of legislative measures
aimed at enhancing the level of digital competence of
the healthcare workforce [9-11].

Developing digital competence among nurses has
become a critical priority in the modern digital era, as
itis essential for ensuring high-quality medical services
and driving the successful digital transformation of the
healthcare system.

AIM

The aim of this study was to assess the effectiveness of
updated curricula in developing digital competence
and enhancing the use of ICT in healthcare at the under-
graduate and post-diploma levels of nursing education.

MATERIALS AND METHODS

To achieve the research objective, digital competence levels
were assessed in accordance with the DigComp Framework
for HCPs [6], which comprises five domains (Fig. 1).

The study employed an updated pilot version of the
“Digigram for Healthcare Professionals” (hereinafter —
Digigram) [12], which was modified in accordance with
the DigComp Framework for HCPs and consisted of 75
questions. Digital competence levels were evaluated
based on the number of correct responses: A — Pro-
ficient (60-75 points); B - Above Basic (45-59 points),
C - Basic (30-44 points); D - Low (15-29 points); F - No
Skills (0-14 points).

Guided by the DigComp Framework for HCPs and
addressing the needs of Ukraine’s modern healthcare
system, the staff of Zhytomyr Medical Institute (herein-
after — ZhMI) working alongside with external experts
on digital health education, developed new curricula
for‘Basics of Health Informatics’aimed at both nursing
students and practicing nurses [13]. During the first half
of 2024 the curricula engaged 101 second-year under-
graduate students from ZhMl enrolled in the updated
Health Informatics programs, as well as 171 practicing
nurses who attended continuing professional devel-
opment courses at ZhMI. The students’ training under
the updated program spanned 15 weeks, comprising a
total of 90 hours: 20 lecture hours, 22 hours of practical
sessions, and 48 hours of individual work. Classes were
delivered in a hybrid format (both in-person and online)
by Health Informatics instructors.
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For practicing nurses, an intensive 6-hour advanced
training course on the use of ICT in healthcare was
organized, with 2 hours dedicated to lectures, and 4
hours to practical exercises. The training was conducted
online by the faculty from the Department of Health
Informatics and Postgraduate Education at ZhMlI.

To assess the effectiveness of these curricula, the
number of correct answers for each domain of the
DigComp Framework for HCPs was recorded before
and after training, and the statistical significance of the
differences between the results was evaluated.

Additionally, a survey was conducted to assess satis-
faction with the list of topics and the relevance of the
information provided both prior to the modified curric-
ula implementation and after the completed training.
Satisfaction with the updated curricula was measured
using an anonymous online questionnaire, employing
a 5-point Likert scale.

The results were statistically analyzed using the
D’Agostino-Pearson test to assess the normality of the
sample distribution. The median (Me), 95% confidence
interval was determined for each quantitative param-
eter. Qualitative data were presented as a percentage
of the trait and 95% confidence interval. For normally
distributed data, the Student’s paired T-test was ap-
plied to compare the means of two samples (before
and after training). For non-normally distributed data,
the Wilcoxon W-test was used to compare the central
tendencies of paired samples. The McNemar’s test with
the continuity correction was used to calculate the
p-value in a binary comparison of the level of digital
competencies and satisfaction of curricula. Statistical
analysis was conducted using MedStat v5.2 software. A
p-value <0,05 was considered as statistically significant.

The study adhered to the ethical standards and prin-
ciples of the Helsinki Declaration. Ethical approval was
obtained from the Zhytomyr Medical Institute Bioethics
Committee (Protocol No. 4 June 12, 2024).

RESULTS

The analysis of learning outcomes was based on
data from participants who completed both pre- and
post-training surveys: 90 students (89,1% of those
engaged with the updated curricula) and 136 nurses
(79,5% of those engaged). The mean age of students
was 17+0,4 years, with a male-to-female ratio of 0,37.
Among practicing nurses, the mean age was 39+1,8
years, with a male-to-female ratio 0,09.

Table 1 presents a comparative analysis of digital
competence levels among nursing students, before
and after training, categorized by the domains of the
DigComp Framework for HCPs.
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Fig. 1. Domains of the DigComp Frame-
work for HCPs for Healthcare Professionals.

Fig. 2. Proportion of Students by Levels
of Digital Competence Before and After
Training (N=90).

Fig. 3. Proportion of Nurses by Digital
Competence Levels Before and After

The results demonstrated a high level of digital
competence in Domain 1, which covers general digital
literacy. Additionally, the updated training curricula led
to a 30% increase in the number of correct responses
within Domain 1. For the other domains of the DigComp
Framework for HCPs, the number of correct responses
increased by 67% to 100% following the training.

Before the training, the number of correct answers
across all areas of the DigComp Framework for HCPs

Training (N=136).

was 31 + 1,8 (95% Cl: 29-37), representing 42% of
the total 75 possible answers. After the training, the
proportion of correct answers increased to 71%, with
the number of correct answers rising to 54 + 1,8 (95%
Cl: 49-56).

Regarding the distribution of respondents by their
levels of digital competence (Fig. 2), it was observed
that before the training, 27% of respondents achieved
levels A (Proficient) and B (Above Basic). Following the
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Table 1. Assessment Results of Students’ Digital Competence Before and After Training of the Updated Curriculum (N=90)

DigComp Framework

Number of correct answers (max - 15)

for HCPs domains Before training

— % increase
After training

Domain 1 10+0,4 (95% Cl: 9-11) 13+0,4 (95% Cl: 12-14) 30*
Domain 2 60,3 (95% Cl: 5-7) 10+0,4 (95% Cl: 9-11) 67*
Domain 3 60,4 (95% Cl: 5-7) 10£0,4 (95% Cl: 9-11) 67*
Domain 4 5+0,4 (95% Cl: 4-6) 9+0,5 (95% Cl: 8-10) 80*
Domain 5 5+0,4 (95% Cl: 4-9) 10£0,5 (95% Cl: 8-11) 100*

Total 31£1,8 (95% Cl: 29-37) 54+1,8 (95% Cl: 49-56) 71*

Note: *p<0,001.

Table 2. Assessment Results of nurses’ Digital Competence Before and After Training with the Updated Curriculum (N=136)

DigComp Framework

Number of correct answers (max - 15)

for HCPs domains Before training

— % increase
After training

Domain 1 110,3 (95% Cl: 10-12) 13+0,3 (95% Cl: 12-14) 18
Domain 2 8+0,2 (95% Cl: 7-9) 9+0,2 (95% Cl: 8-10) 13*
Domain 3 9+0,3 (95% Cl: 8-10) 100,3 (95% Cl: 9-11) 1%
Domain 4 80,3 (95% Cl: 7-9) 9+0,3 (95% Cl: 8-10) 13%
Domain 5 9+0,3 (95% Cl: 8-10) 100,3 (95% Cl: 9-11) 11
Total 4611,1 (95% CI: 44-49) 5141,2 (95% Cl: 49-52) 10%
Note: *p<0,05.
training, this proportion increased to 65%, reflecting DISCUSSION

38% improvement (p <0,001).

Table 2 presents a comparative analysis of the digital
competence levels among the surveyed nurses before
and after training, across the domains of the DigComp
Framework for HCPs.

Before engaging with the updated program, nurses
averaged 46 correct answers out of 75, representing
61% of the total, which is higher than the 42% average
achieved by undergraduate students. Additionally, the
updated program led to a notable increase in the num-
ber of correct answers across all areas by 10%, based
on the 6 hours of training provided.

Regarding the distribution of nurses by their levels of
digital competence (Fig. 3), it was observed that before
the training, 57% of respondents were at levels A (Profi-
cient) and B (Above Basic). After the training, this propor-
tion rose to 71%, representing a 14% increase (p=0,004).

The final phase of the study involved comparing
subjective assessments of satisfaction with the previ-
ous and the updated curriculaamong 57 students and
96 nurses (56,1% and correspondingly 56,4% of those
engaged with the updated curricula). For students,
satisfaction rose from 63% (95% Cl: 50%-75%) with the
previous curriculum to 93% (95% Cl: 85%-98%) with
the updated curriculum (p<0,001). Likewise, for nurses,
satisfaction increased from 60% (95% Cl: 50%-70%) with
the previous curriculum to 94% (95% Cl: 88%-98%) with
the updated curriculum (p<0,001).
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The study allowed for the assessment of digital compe-
tence levels among students and practicing nurses be-
fore and after their participation in the updated Health In-
formatics curriculaThe findings revealed that the revised
curricula significantly enhanced digital competence at
both the undergraduate and post-diploma levels.

In particular, the number of correct answers increased
by 71% (from 32 to 54 out of 75 possible) following
the students’engagement with the updated curricula.
The most significant improvements were observed in
the domains of “Digital Transformation in Healthcare”
(100%), “Advanced Digital Health Tools” (80%), “Health
Data Management” and “Digital Communication, and
Transfer of Care” (67%). The proportion of students
demonstrating Proficiency and Above Basic skills in-
creased by 38% (from 27% to 65%). The relatively mod-
est increase in the domain of “General Digital Literacy”
is likely to the fact that students are from a generation
already familiar with active ICT development.

Following the implementation of the updated train-
ing program, the number of correct answers provided
by nurses increased by 10% (from 46 to 51 out of 75
possible). The proportion of nurses demonstrating Pro-
ficiency and Above Basic skills increased by 14% (from
57% to 71%). Compared to students, nurses initially
achieved higher results, which can be attributed to
their existing practical experience. As they are already
employed in the healthcare system and frequently use
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EHS and other digital tools, this practical exposure con-
tributes to their enhanced digital competence.

Overall, previous research has demonstrated the im-
portance of a digital literacy curriculum, showing that it
can significantly enhance nurses’knowledge and skills,
as well as improve their self-efficacy.

For example, a study by A. Kuek and S. Hakkennes
[14] demonstrated that a digital literacy curriculum
significantly enhanced nurses’ knowledge and skills in
using information systems before the introduction of
an electronic health record.

In the research by J. Kang and E. Suh [15] the effec-
tiveness of smartphone applications designed for the
care of patients with chronic diseases was developed
and assessed. Their study found that these applica-
tions significantly improved nurses’ knowledge and
self-efficacy in managing hypertension and diabetes.
This underscores the potential of integrating digital
technologies into educational programs as an effective
means of enhancing the competencies of future nurses.

We argue that our results underscore the urgent need for
continuous professional development to enhance nurses’
digital competence. Previous research by U. Kinnunen et
al.[16] has also highlighted the necessity of expanding ed-
ucational programs to include training on digital devices
and assisting patients with digital services, emphasizing
that this need is especially critical for older nurses.

A systematic review by E. Kulju et al. [17] demon-
strated the effectiveness of educational interventions
in enhancing the digital competence of health pro-
fessionals. The review indicated that interventions are
most successful when they incorporate diverse learning
modalities, such as theoretical knowledge, practical
exercises, and interactive training. Furthermore, the
authors highlight the importance of organizational
support and personalized guidance throughout the
learning process. These findings support the imple-
mentation of updated curricula that integrate multiple
methods and learning approaches.

C.Buchanan etal.[18] research highlights the shared
responsibility of nurses in shaping decisions regarding
the integration of artificial intelligence into the health-
care system. This illustrates the importance of not only
technical skills but also ethical and communication
competence among nurses in the context of the digital
transformation in healthcare.

A study by A.Tubaishat and L. Habiballah [19] revealed
that Jordanian nursing students demonstrated a mod-
erate level of eHealth literacy. While they were aware of
online health resources and knew how to use them, they
showed a lack of ability to critically evaluate the quality
of these resources. The authors highlight the need to
incorporate eHealth competence into nursing curricula.
These findings are consistent with the goals of our educa-
tional programs, which aim to develop not only technical
proficiency but also critical and analytical abilities.

The incorporation of innovative digital competence
curricula that integrate diverse teaching modalities
and address contemporary healthcare needs - while
encompassing technical ethical, communication, and
research skills-enhances nurses’ preparedness to effec-
tively utilize ICT in their professional practice.

LIMITATIONS AND DIRECTIONS FOR

FURTHER RESEARCH

Several limitations should be noted in this study:

1. The study was conducted exclusively at ZhMI, which
means that the results cannot be generalized be-
yond the specific context of this study.

2. Digital competence was assessed immediately fol-
lowing the training program; future studies should
evaluate the long-term impact of such training.

3. The evaluation of respondents’satisfaction is inher-
ently subjective and may be influenced by bias.
Further research should expand to include the assess-
ment of the digital competence among healthcare pro-
fessionals in various regions of Ukraine and investigate
how digital skills affect the efficiency of professional

activities and the quality of medical services.

CONCLUSIONS

The study results demonstrate the effectiveness of
implementing updated Health Informatics curricula in
developing digital competence among nurses at both
undergraduate and post-diploma levels. By enhancing
nurses’ digital skills, these curricula support their abil-
ity to navigate the national eHealth landscape, utilize
electronic healthcare system and other digital tools in
their practice, and ultimately improve the quality of
medical services and contribute to the successful digital
transformation of the healthcare industry.
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ABSTRACT

Aim: To determine the characteristics of family resilience to the consequences of war psychotrauma.

Materials and Methods: The experimental group included 23 young families (46 people, average age 28,20 + 1,33 years) forcibly resettled from the zone
of active hostilities; the control group consisted of 25 young families (50 people, average age 28,16 = 1,72 years) from Kyiv, who did not change their place
of residence and did not witness active hostilities. The following psychodiagnostic methods were used questionnaires: “Diagnosis of personality behavior in a
conflict situation”; “Communication in the family”; Marriage satisfaction test-questionnaire; Connor-Davidson-10 resilience scale.

Results: In families evacuated from the zone of active hostilities a decrease in the vitality and adaptation potential of the family, a violation of its basic functions

were revealed, however, there is a significant potential for recovery.

Conclusions: The hypothesis that the situation of a full-scale war has a negative effect on stability, resilience, family relations and family functions in modern

Ukraine has been confirmed.

KEY WORDS: family, war psychotrauma, resilience, adaptation, psychological correction

INTRODUCTION

The family in Ukraine is defined as a small social group
that is of great importance in the life of every person,
ensuring their socialization and satisfaction of needs,
providing help and support in difficult life situations [1].
The war gives rise to a number of complex problems
that negatively affect the life of the family and its stabili-
ty [2, 3]. Among the problems faced by the family during
the war are the disruption of family education in refugee
families, the complication of relations between family
members, the growth of adolescent deviations, family
violence, etc. [4, 5]. At the same time, the harmony of the
social and family environment determines the stability
of the morale and fighting spirit of servicemen [6, 7].
Despite the fact that many scientists are currently
paying attention to theissue of the influence of the war
situation on the institution of the family in Ukraine [8],
it remains insufficiently developed. Therefore, the prob-
lem of the stability of families with the consequences
of military psychotrauma is an actual topic of research.
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AIM

The purpose of the study is to determine the charac-
teristics of family resilience to the consequences of war
psychotrauma.

MATERIALS AND METHODS

The research methodology was based on a systematic
and holistic understanding of a person as a biopsycho-
social being and on an empirical approach to the study
of family relationships [1].

THE SAMPLE

To participate in the study, an experimental group was
formed in a randomized manner, which included 23
young families (46 people, average age 28,20 + 1,33
years) of forcibly displaced persons who had experience
of being in azone of active hostilities. As a control group,
25 randomly selected young families (50 people, average
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age 28,16 £ 1,72 years) from Kyiv, who did not change
their place of residence since the beginning of the war,
did not witness active hostilities and did not participate
in them, were studied. Both groups were comparable in
age, family structure (couples with 1-2 children), level
of education (unfinished higher education), financial
well-being (average level of material well-being).

METHODS OF EMPIRICAL RESEARCH
The following psychodiagnostic methods were used
in the work [1, 7

- Questionnaire “Diagnosis of personality behavior
in a conflict situation” (developer O.S. Kocharyan [1]),
which contains 8 scales: | - non-constructive attitude
of partners towards marriage; |l - depressive moods; IlI
- protective mechanisms; IV — defensive mechanisms;
V - presence of aggression; VI - somatization of anxiety;
VIl - fixation on psychotrauma; VIl scale - control. A
value of less than 30 points corresponds to low indica-
tors, 30-70 points to average; 30-40 points — average
indicators with a tendency to low; 60-70 points — aver-
age indicators with a tendency to high; more than 70
points — high indicators;

- Questionnaire “Communication in the family” (de-
velopers: Alyoshina Yu.E., Gozman L.Ya., Dubovska O.M.
[1]) - contains 6 scales: 1 scale — the level of trusting
communication in the family; Il scale — level of mutual
understanding between spouses; lll scale — the degree
of similarity of views of spouses; IV scale — presence of
“family language”; V scale — ease of communication
between spouses; Vl scale — psychotherapeutic nature
of family communication;

- Marriage satisfaction questionnaire (developers V.V.
Stolin, T.L. Romanova, G.P. Butenko [1]) - consists of 24
questions and is intended for express diagnosis of the
level of conflict in a married couple (0-16 points — ab-
solutely unhealthy relationship; 17-22 points - rather
unfavorable relationship; 29-32 points — quite safe
relationship);

- Connor-Davidson-10 resilience scale — an express
questionnaire consisting of 10 statements, the answers
to which are evaluated on a 5-point Likert scale (from
0 —"completely false” - to 4 - “true in almost all cases”).
The range of points from 0 to 15 indicates a low level of
resilience, 16-20 points — a level of resilience below the
average, 21-25 points — an average level of resilience,
26-30 points - a level of resilience above than the av-
erage, 31-40 points — a high level of stability [7]. The
reliability of this questionnaire for assessing viability
in wartime conditions was proven by a study of 1,257
respondents from all regions of Ukraine conducted by
O.M. Kokun et al., in June-July 2022 [7].

ETHICAL ISSUES

During the study, all regulatory requirements for bio-
ethics specified in the Helsinki Declaration on domestic
regulatory documents were strictly observed. The con-
sent of the ethics committee was obtained for the study.
Respondents of both research groups gave written
informed consent to participate in the experiment. In
the process of the research, confidentiality of personal
data of its participants and tolerant attitude towards all
respondents was ensured. Anonymity of the obtained
research results was achieved by special encryption of
questionnaire forms.

STATISTICAL PROCESSING

Accumulation, sorting and visualization of research
information was carried out in the Microsoft Excel
program. The IBM SPSS program (Statistical Package
for the Social Science) v. 27 (2022) was used for statis-
tical analysis of the received empirical data. Current
statistical calculations were carried out using the Social
Science Statistics online calculator. Quantitative indi-
cators were indicated as mean * standard deviation.
Qualitative parameters were presented as absolute
and relative (%) frequency. The Student’s t-test was
used to compare the quantitative indicators between
two independent samples. At the same time, the size of
the effect was estimated using Cohen’s d test, in which
the effect size r was considered significant at a value of
more than 0,5. To determine the relationship between
categorical variables, the x* (chi-square) test was used,
which was calculated using 4-field tables. Correlation
analysis was performed using the Pearson correlation
coefficient, when the relationship between indicators
was considered close at the value of the correlation
coefficient rxy=0,7. A 2-tailed p<0,05 was considered
statistically significant.

RESULTS

Table 1 shows the comparative results of the research
of the respondents of the experimental and control
groups using the “Diagnostics of personality behavior
in a conflict situation” method.

As can be seen from this table, the indicators of the
behavior of family members of the experimental group
in a conflict situation are high, while in the control
group they are mostly lower, being within the range
of average values with a tendency to high. Increased
aggressiveness, anger and psycho-emotional rigidity
were found in the family members of forced migrants,
which led to the use of non-constructive approaches
to solving problems. Marital autonomy is also more
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Table 1. Results of diagnosis of family behavior of respondents of experimental (A) and control (B) groups in a conflict situation

Scale A GPA = Student’s t-test P Cohen’sd r
| 80,684 70,249,2 2,64 0,01 1,18 0,51
Il 76,4+5,1 63,116,3 518 <0,001 2,32 0,76
1]l 59,3%£10,2 64,559 -1,40 0,10 -0,62 -0,30
\Y 71,248,6 68,614,2 0,86 0,21 0,38 0,19
Vv 82,4+5,2 72,0£9,8 3,29 0,01 1,33 0,55
\ 78,5+6,9 74,31+4,5 1,61 0,07 0,72 0,33
Vil 86,2124 76,8%3,6 6,86 <0,001 -225,73 -1,00

Notes: GPA — average score, A — experimental group, B — control group; | — non-constructive attitude of partners towards marriage; Il — depressive
moods; I1l — protective mechanisms; IV — defensive mechanisms; V — presence of aggression; VI — somatization of anxiety; VIl — fixation on psychotrauma.

Table 2. The results of the study of the peculiarities of communication in the family of respondents of the experimental (A) and control (B) groups

Scale A GPA = Student’s t-test P Cohen’sd r
| 3,240,1 2,940,2 3,05 0,008 1,90 0,69
Il 3,5+0,1 3,1+0,1 8,41 <0,001 4,00 0,89
1]l 3,6%0,2 3,4+0,1 2,53 0,02 1,26 0,53
v 3,310,2 3,5£0,1 -2,58 0,02 -1,26 -0,53
Vv 2,7+0,1 2,610,2 1,37 0,10 0,63 0,30
\ 2,1+0,2 2,2+0,3 -0,75 0,24 -0,39 -0,19

Notes: GPA — average score, A — experimental group, B — control group; | — the level of trusting communication in the family; Il scale — level of mutual
understanding between spouses; Ill scale — the degree of similarity of views of spouses; IV scale — presence of “family language”; V scale — ease of
communication between spouses; VI scale — psychotherapeutic nature of family communication.

Table 3. The results of the study of marital satisfaction and stability of the respondents of the experimental (A) and control (B) groups

GPA

Indicator n = Student’s t-test p Cohen’sd r
Average marriage 28,726 28,9425 -0,16 0,44 -0,08 -0,04
satisfaction score

Indicator of resilience 20,5+4,2 24,8+3,6 -2,46 0,02 -1,10 -0,48

Notes: GPA — average score, A — experimental group, B — control group.

pronounced in the experimental group compared to
the control group, which may indicate an increased risk
of marital breakdown during the war.

The average depression index of the respondents
of the experimental group exceeded 70 points, which
indicated its high level. In the respondents of the ex-
perimental group, such protective mechanisms as ra-
tionalization, isolation, and intellectualization prevailed,
while in the control group, prevention of awareness of
psychotraumatic information due to its displacement,
regression, and denial of existing problems was more
often observed. An increase in somatization anxiety
reaches a high level, which requires attention, as it may
indicate the presence of hidden (somatized) depression.

An addition to the method of researching family at-
titudes is the method of researching the style of family
communication (Y. Ye. Aloshina, L. Ya. Gozman, O. M.
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Dubovska [1]), the results of which are shown in Table
2. It was established that in the families of temporarily
displaced persons, the nature of communicationin the
family is more trusting, the views of the spouses are
more similar to each other, and there is more mutual
understanding in the relationship.

However, both in the experimental and in the control
research group, the process of communication in the
family is equally complex and does not have a psy-
chotherapeutic nature. This indicates the depletion of
adaptive resources as a result of military trauma, which
prevents the family from performing protective and
supportive functions. In the next Table 3 shows the
average total score of marital satisfaction and the result
of calculating the average viability index according to
the short version of the Connor-Davidson-10resilience
scale of the studied respondents of the experimental
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and control groups, with appropriate statistical pro-
cessing. In both groups of respondents, the index of
family well-being ranges from a transitional to a fairly
prosperous category. Such a result can be explained
by the fact that the identified negative characteristics
of marital relations are directly related to the psycho-
trauma of the war, so they are temporary and have a
significant potential for recovery.

However, the uncertainty and unpredictability of the
future creates a significant risk of aggravation of family
problems, especially in the families of evacuees, which
requires appropriate psychocorrective and psychopro-
phylactic measures.

The family’s ability to cope with complex psychotrau-
matic wartime situations was assessed using the short
version of the Connor-Davidson Resilience Scale-10[7].
As can be seen from this table, the indicator of stability
of the respondents of the control group is in the range
of average values and above the average, while in the
experimental group this indicator falls into the range of
average and lower values. This indicates that the level
of viability of the families of temporarily displaced per-
sons decreases as a result of the psychological trauma
experienced during the war, which requires providing
them with psychological support and psychocorrective
assistance. In both studied groups, a direct and close
connection between the vitality of the individual and
the characteristics of family relationships was found
(rxy=0,854; n=96; p<0,00001). At the same time, in the
experimental group, negative emotional states (depres-
sion, aggression) were most associated with the level
of vitality, and in the control group, with protective
defense mechanisms, fixation on psychotrauma, and
somatization of anxious experiences.

To determine to what extent the disruption of family
functions and family viability depend on the strength
of the psychologically traumatic war situation, the chi-
square test was calculated. Conflict relationships, vio-
lations of educational, communicative, protective and
other functions of the family, which caused a decrease in
vitality, were found in 38 subjects out of 46 respondents
of the experimental group and in 29 people out of 50
respondents of the control group. As a result of statis-
tical calculations, it was established that the chi-square
criterion is equal to 6,8818 (p=0,01), which indicates the
statistical significance of the obtained result. The Yates
adjusted chi-square statistic is 5,7641 (p=0,02). Thus, it
can be argued that the strength of the psycho-traumatic
situation is a statistically significant risk factor for impair-
ment of viability, so families evacuated from the war zone
need constant psychological support, psychocorrective
and psychotherapeutic interventions.

DISCUSSION

War is a new experience, the process of acquiring
which exhausts adaptation mechanisms, increasing
the risk of psychosomatic and psychopathological
disorders [13, 14]. The family’s reaction to an extreme
psycho-traumatic situation, which is a war in Ukraine,
can be manifested in the concentration of family mem-
bers on personal emotions, their loss of the meaning
of life and the manifestation of an indifferent attitude
towards their own children, which makes it possible to
characterize such families as unfavorable [6, 9, 10]. In
such families, there is no mutual understanding and
mutual support, instead there are manifestations of
affectivity, dissatisfaction, irritation, obsessive anxiety,
accumulation of aggressiveness, self-esteem decreases,
a depressive state occurs [2, 4].

However, according to the sources of scientific litera-
ture, the war as a crisis event has an ambiguous effect
on family relationships [15]. On the one hand, the fear
of loss leads to chronic psychological traumatization
and alienation between family members of resettlers
[11, 12, 15]. On the other hand, in a difficult situation,
it is the family that integrates and becomes a source
of support and protection, countering difficulties and
preventing negative consequences [1, 4, 5], awareness
of the value of family relationships and mutual support
of family members is growing [8, 11].

The results of the conducted empirical research -
an ascertaining experiment aimed at identifying the
impact of war on the stability of families with the con-
sequences of war psychotrauma - confirm the data of
the scientific literature about the negative impact of
a war situation on the family relations and functions
[4, 6, 15]. The respondents of the experimental group
had a high level of unconstructive marital attitudes,
the presence of symptoms of depression, emotions of
aggression and anger, signs of somatization of anxiety,
with a predominance of protective mechanisms of
rationalization, intellectualization, isolation, displace-
ment, and denial. The indicator of spouse autonomy is
more pronounced in the experimental group, which
is associated with the transformation of the structure
and functions of the family due to the state of war, a
decrease in the ability to provide family support due to
the exhaustion of the family’s adaptive resources, and
indicates anincrease in the risk of marriage breakdown
during the war.

At the same time, it was established that in families of
immigrants, the nature of communication in the family
is more trusting, and the marriage satisfaction index
indicates relative well-being. That is, the identified neg-
ative characteristics of marital relations are temporary
and have a significant potential for recovery.
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LIMITATIONS

The randomization procedure, contributing to the
minimization of the risk of systematic error, ensured the
relevance of the sample and made it possible to extrap-
olate the data obtained during the study of the sample
population to the general population of young Ukrainian
families who experienced the psychological trauma of
the war. At the same time, the research procedure did not
include a separate study of families evacuated abroad,
distant families, and groups of military personnel. Such
studies are planned to be carried out in the future.

CONCLUSIONS

The work is devoted to the current problem of research-
ing the stability of the modern Ukrainian family under
martial law. The peculiarities of the transformation of
family relations as a result of experiencing a situation of
full-scale war are determined. The hypothesis that the
situation of a war negatively affects family relationships
in modern Ukraine is confirmed, and approaches to

their psychological correction are scientifically sub-
stantiated.

It was found that in young families evacuated from the zone
of active hostilities, there is a violation of adaptation resources,
which is manifested by increased conflict, non-constructive
relationships, symptoms of depression and an aggressive
communication style. At the same time, the family becomes
unable to perform its main functions, such as protective
and educational, and the marriage itself is under threat of
destruction. Atthe same time, it was established that, despite
the negative manifestations, spouses who suffered from war
trauma retain common interests and values, have asignificant
potential for restoring the structure and functions of the
family, which can be used as a basis for the developmentand
implementation of appropriate psychocorrective measures.

PROSPECT FOR FURTHER RESEARCH
Prospective research is planned to be focused on the
study of the viability of remote families and families of
military personnel.
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Impact of the Covid-19 pandemic and state of war on the
availability and quality of mental health services

Viktoriia V. Korolenko', Bogdan S. Bozhuk?, Volodymyr V. Korolenko®
"BOGOMOLETS NATIONAL MEDICAL UNIVERSITY, KYIV, UKRAINE
KROK UNIVERSITY, KYIV, UKRAINE

ABSTRACT

Aim: To investigate the relationship between the COVID-19 pandemic and the conditions of state of war in Ukraine on the availability and quality of services
in the field of mental health and to improve further research in this direction.

Materials and Methods: Bibliographic, epidemiological, sociological, statistical methods were used in the research. The sociological survey covered 315
respondents in Kyiv region and 206 respondents in Kyiv. The quality and availability of mental health care for patients in the context of the COVID-19 pandemic
and the ongoing state of war were assessed on a scale from 1to 7 points. The correlational analysis was performed by the use of Spearman’s, Kendall’s, gamma
rank correlation coefficients.

Results: Respondents in the Kyiv region, evaluating the quality of psychiatric care for patients in the conditions of the COVID-19 pandemic, gave an average
rating of 4,0£1,2 points, accessibility — 4,2+1,2 points, and in the city of Kyiv 4,2+1,3 and 4,2+1,3 points. In the conditions of state of war, the average as-
sessment of changes in the quality of psychiatric care in the Kyiv region was 4,6:£1,4 points, and availability was 4,9+1,4 points, while in Kyiv it was 4,8+1,5
and 4,8+1,4 points. Correlational analysis proved the presence of a strong direct correlation between assessments of changes in the quality of psychiatric care

for patients in the context of the COVID-19 pandemic and during state of war.
Conclusions: Preparing for pandemics and public health crises is critical to ensuring access to mental health care and requires a comprehensive approach.

KEY WORDS: (0VID-19, pandemics, mental health, availability and quality of care, state of war

INTRODUCTION

Mental health is important in the fight against the
COVID-19 pandemic and in the post-pandemic period.
However, the field of mental health often remains un-
derinvested and underappreciated compared to others.
Typically, countries spend only 2% of their health bud-
gets on mental health, and international aid in this area
is less than 1% of total medical aid. This is a significant
challenge, especially given the comorbidity of mental
health and diseases such as HIV/AIDS, tuberculosis, and
COVID-19[1].

Crises cause significant stress in society, increasing
the risk of mental health problems in the short and
long term. Studies have shown that epidemics have
a negative impact on mental health. High levels of
stress in people affected by COVID-19 have also been
confirmed in national surveys[1].

Before the pandemic, access to quality psychiatric
care was limited, especially in humanitarian and conflict
situations. The COVID-19 pandemic has affected service
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delivery around the world and made the situation even
worse [1].

Despite differences in the level of economic devel-
opment, social and political structures, and health
systems as well as mental health services around the
world, emergency measures were implemented that
focused on infection control, continuity of care, and
ease of access. Some new approaches that have been
developed appear to be effective, but they may still
carry risks. Therefore, the priority remains the preser-
vation of existing services and the introduction of new,
cost-effective practices [2].

A better understanding of the potential impact of
changes in essential services, including mental health
services, on morbidity and mortality is needed to weigh
the benefits and risks of different mitigation strategies.
Thereis an urgent need for documentation and research
on what works in different settings at different stages
of the pandemic. More effective real-time monitoring
of changes in service provision and utilization at the
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national and facility level is also needed, as pandemics
can change their dynamics [3].

A systematic review of the impact of the COVID-19
pandemic on the use of health services overall found
a 37% reduction in the total volume of services, with
significant variation and a greater reduction among
people with less severe illnesses [4].

The problem of providing psychological supportin
Ukraine during the COVID-19 pandemic and during
the war has become an important challenge for the
health care system. Stressful factors that have disrupt-
ed normal life have a negative impact on the mental
health of Ukrainians, causing anxiety, panic attacks,
depression and post-traumatic stress disorder. The
relevance of psychological help is increasing due to
the need to preserve mental health in crisis conditions.
The support of mental health professionals is key to
protecting the health of Ukrainians, which isimportant
for the future [5].

AIM

To investigate the relationship between the COVID-19
pandemic and the conditions of state of war in Ukraine
on the availability and quality of services in the field of
mental health and to improve further research in this
direction.

MATERIALS AND METHODS

Bibliographic, epidemiological, sociological, statistical
methods were used in the research. Ukrainian and
foreign scientific literature on the research topic was
used.The sociological survey covered 315 respondents
in the Kyiv region, of whom 69,84% (n=220) were edu-
cators, 16,51% (n=52) were representatives of the social
sphere, 13,02% (n=41) were specialists in health care
institutions, 0,63% (n=2) were representatives of the
non-state sector; and 206 respondents in Kyiv, of which
52,4% (n=108) were educators, 29,6% (n=61) were
medical workers, 17,5% (n=36) were representatives of
the social sphere, and 0,5% (n=1) were representatives
of the non-governmental sector.

The results were obtained using a questionnaire
developed by the authors as part of the framework
of PsyCare-Kyiv Region project of the Ukrainian Asso-
ciation of Doctors-Psychologists regarding the state
of the mental health system of Kyiv city and the Kyiv
region, carried out with support of the Ukrainian-
Swiss project“Mental health for Ukraine” (MH4U). The
questionnaire included quantitative and qualitative
assessments. The quality and availability of mental
health care for patients in the context of the COVID-19

pandemic and state of war was assessed on a scale
from 1 to 7 points. The level of assistance in the field
of mental health was evaluated on a scale from 1 to
10 points. The general background of mental health
in the community was evaluated by the following
categories: calm; more calm that anxious; anxious in
certain population groups; more anxious than calm;
anxious. The following categories were proposed for
the evaluation of the level of assistance in the field of
mental health: the lack of mental health specialists;
insufficient funding; insufficient technical base; low
salaries of specialists; lack of an established traffic sys-
tem consumer of services; the assistance is provided
at a high level and by qualified specialists.

Statistical processing and analysis of research mate-
rials was carried out using biostatistical analysis meth-
ods implemented in Microsoft Excel 2016 and BioStat
software v. 7.3 packages (AnalystSoft Inc., USA). The
mean value and standard error of the mean were cal-
culated for quantitative variables. Qualitative data were
presented as absolute and relative frequency (sample
proportion + standard error of the sample proportion).
The correlation analysis was performed by calculating
the Spearman’s rank correlation coefficient (Rho), Ken-
dall’s rank correlation coefficient (Tau) and rank gamma
correlation coefficient.

The sociological research is anonymous, did not
involve the collection of confidential information and
personal data (in the sense of the Law of Ukraine “On
the Protection of Personal Data” - “information or a set
of information about a natural person who is identified
or can be specifically identified”) [6].

RESULTS

Respondents in the Kyiv region, assessing on a scale
from 1to 7 points whether the quality of psychiatric care
for patients has undergone changes in the conditions
of the COVID-19 pandemic, gave an average rating of
4,0+1,2 points, the availability of this care in the same
conditions—in 4,2+1,2 points. In the conditions of state
of war, the respondents of the Kyiv region gave an aver-
age score of 4.6+1,4 points for the quality of psychiatric
care, and 4,9+1,4 points for accessibility.

The general background of mental health in the
community was rated by 37,5+2,7% as anxious in cer-
tain population groups in certain population groups,
another 15,2+2,0% as more worrying than calm, and
3,8+1,1% —as anxious. At the same time, 34,9+2,7% de-
fined the state as more calm than anxious, and another
8,6+1,6% — as calm (Fig. 1).

Evaluating the level of assistance in the field of
mental health in their community on a scale from
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Fig. 1. General background of mental health in the community, Kyiv region.
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Fig. 2. General background of mental health in the community, Kyiv.

1 to 10 points, the respondents gave an average
answer of 5,1+2,1 points. The respondents based
their assessment on the lack of mental health spe-
cialists (60,3+2,8%), insufficient funding (36,8+2,7%),
insufficient technical base (33+2,6%), low salaries of
specialists (27,942,5%), lack of an established traffic
system consumer of services (13,7+1,9 %). According
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to 11,7+1,8% of respondents, assistance is provided
at a high level and by qualified specialists.
Respondents in Kyiv, evaluating changes in the qual-
ity of psychiatric care for patients in the conditions of
the COVID-19 pandemic on a scale from 1 to 7 points,
gave an average rating of 4,2 + 1,3 points, and changes
in availability in the same conditions - 4,2 +1,3 points. In
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the conditions of state of war, the average assessment
of changes in the quality of psychiatric care was 4,8+1,5
points, accessibility — 4,8+1,4 points.

The general background of mental health in the
community was assessed by 35,9+3,3% as anxious in
certain population groups, another 14,1+2,4% as more
worrying than calm, and 5,3+1,6% — how anxious. At
the same time, 36,9+3,4% defined the state as calmer
than anxious, and another 7,8+1,9 % — as calm (Fig. 2).

Evaluating the level of assistance in the field of men-
tal health in their community on a scale from 1 to 10
points, the respondents gave an average answer of 5,8
+ 2,0 points. The respondents based their assessment
on the lack of mental health specialists (51,9+3,5%), low
salaries of specialists (50,5+3,5%), insufficient funding
(49,5+3,5%), insufficient technical base (33+3,3%),
service users do not know where to turn for qualified
help (3243,3%), the lack of an established system for
the movement of service users (20,9+2,8%). According
t023,3+2,9%, assistance is provided at a high level and
by qualified specialists.

Correlational analysis of the data obtained during the
survey of healthcare professionals showed the presence
of a strong direct correlation between assessments of
changes in the quality of psychiatric care for patients
in the conditions of the COVID-19 pandemic and
during the state of war (Kyiv region: Rho =0,611 (n=41;
p<0,05), Tau =0,558 (n=41; p<0,05), Gamma=0,669
(n=41; p<0,05); Kyiv city: Rho =0,584 (n=61; p<0,05), Tau
=0,522(n=61; p<0,05), Gamma=0,644 (n=61; p<0,05)
and between estimates of changes in the availability
of psychiatric care to patients in the conditions of the
COVID-19 pandemic and during the state of war (Kyiv
region: Rho = 0,596 (n=41; p<0,05), Tau=0,564 (n=41;
p<0,05), Gamma=0,670 (n=41; p<0,05); Kyiv city: Rho
= 0,602 (n=61; p<0,05), Tau = 0,539 (n=61; p<0,05),
Gamma=0,657 (h=61; p<0,05).

DISCUSSION

The disproportionality between the need for mental
health care and the provision of appropriate services
has always existed, but with the onset of the COVID-19
pandemic, these problems have intensified [7, 8].

During the COVID-19 pandemic, barriers to access
to services, limited funding and economic hardship
have become more visible. The lack of qualified doc-
tors, fragmented provision of medical care, imperfect
policy in the field of mental health, as well as lack of
education and awareness about mental illnesses are
also acutely felt [9].

The global COVID-19 pandemic has disrupted mental
health services worldwide, particularly in many low-

and middle-income countries, and concerns about
the psychosocial impact of COVID-19 have prompted
major funding agencies and governments to seek ways
to address this impact [10].

Studies examining the impact of the pandemic on
mental health services show a mixed picture: notice-
able changes in work, insufficient staffing, equipment,
standards, etc [11].

In recent years, a full-scale war had the greatest
impact on all aspects of the country’s life in Ukraine,
which became the most difficult test in the history of its
independence. This has led to an increase in the need
for medical services, while at the same time reducing
the system’s ability to provide them, especially in active
combat zones [12].

A nationwide study of Ukrainian psychiatric institu-
tions during the Russian invasion in 2022 highlights the
significant damage suffered by the structure of mental
health care in Ukraine, in particular, hospitalizations
decreased by 23,5%, 9,1% of the total number of med-
ical workers was relocated, and 0,5% were injured in all
institutions [13].

The prolonged stressful situation of the war nega-
tively affects the psychological and psychophysical
health of the population of Ukraine, manifesting itself
in emotional and psychosomatic disorders, especially in
temporarily displaced persons. Chronic stress worsens
general well-being, reduces activity and mood, cre-
ating a closed circle of problems. A close relationship
between the level of anxiety, vegetative disorders and
psychosomatic symptoms was revealed. The risk of
developing these disorders does not differ between
displaced persons and those who remain [14].

A blended approach that takes into account the needs
and digital skills of patients and includes both face-to-
face and online methods can improve mental health
outcomes in the long term. The need to increase con-
fidence in the use of digital devices, as well as training
and experience with all modalities, was identified as a
key priority for both clinicians and service users[15].

Emphasis should be placed on creating clearer
processes in collaboration with service users for their
intended use, incorporating existing guidance and
evidence, and exploring barriers [16].

CONCLUSIONS
Challenges related to the organization of mental health
became evident during the COVID-19 pandemic and
were exacerbated by wartime conditions.

More than half of the respondents in the Kyiv region and
the city of Kyiv assessed the general background of mental
health as varying levels of anxiety. At the same time, the level
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of assistance in the field of mental health was assessed by
the majority of respondents as not exceeding the average.

At the same time, the correlational analysis proved the
existence of a strong direct relationship between esti-
mates of changes in the quality of mental health care for
patients in the conditions of the COVID-19 pandemicand
during state of war, and between estimates of changes in
the availability of such care for patients in the conditions
of the COVID-19 pandemic and during the state of war.

Preparing for pandemics and public health crises is
critical to ensuring access to mental health care. Under
such circumstances, there is an urgent need for a com-
prehensive approach to the system of mental health
care. To effectively solve these issues, a coordinated
interaction between the state, medical institutions
and public organizations is needed to guarantee the
availability and high quality of psychiatric care for all
who need it.
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ABSTRACT

Aim: To find out the problems of the harmonization of the criminal legislation of the certain continental law countries to ensure the protection of the circulation
of medicinal products.

Materials and Methods: This study is based on the analysis of the international legal acts, in particular, the Directives of the EU, as well as Medicrime Convention,
national acts of criminal legislation of the certain continental law countries (Germany, Austria, Switzerland, Ukraine, etc.), national judicial practice, data on
the number of criminal proceedings in the courts of Ukraine, criminal and medical law legal doctrine (38 normative legal acts and 15 court judgments), data of
the Office of the Prosecutor General of Ukraine. Dialectical, hermeneutic, comparative, analytical, synthetic and system analysis research methods were used.
Results: The problems of harmonizing the criminal legislation of the certain continental law countries to ensure the protection of the circulation of medicinal
products depend on: a) the level of legal regulation of the field of health care at the national level; b) availability of effective mechanisms for implementing
the provisions of international and regional standards.

Conclusions: The formation of a model of criminal law protection of the circulation of medicinal products in continental law countries depends on harmoni-

zation with the basic international legal and regional standards and their implementation at the national level.

KEY WORDS: circulation, medicinal products, pharmaceutical activity, international standards, harmonization

INTRODUCTION

The growth of global demand for medicinal products
necessitates the existence of effective mechanisms
for the protection of relations with the circulation of
medicinal products. The circulation of medicinal prod-
ucts is an important element of the health care system
both at the international and national levels. Medicinal
products must meet the criteria of safety and effective-
ness, there must be proper guarantees of the quality
of such products, because they are primarily aimed at
preserving human life and health.

The pharmaceutical markets of continental European
countries have strict legal regulation. It is important to
have effective norms of the criminal legislation, which
ensure the protection of the circulation of medicinal
products at the national level. In the vast majority of these
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norms have a blanket character. Not only the current
international and regional regulatory legislation in the
field of circulation of medicinal products, but also the
blanket criminal law norms undergo periodic fundamental
changes. The reason for this lies primarily in the change
in the requirements of international and regional legal
acts related to pharmaceutical activity, as well as in the
fulfillment of those international obligations assumed by
the participating countries of these international legal acts.

AIM

The aim of the article is to find out the problems of the
harmonization of the criminal legislation of the certain
continental law countries to ensure the protection of
the circulation of medicinal products.
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MATERIALS AND METHODS

This article is based on the analysis of the international
legal acts, in particular, the Directive 2001/83/EC of the
European Parliament and of the Council of 6 November
2001 on the Community code relating to medicinal
products for human use, as well as Medicrime Conven-
tion, national acts of criminal legislation of continental
law countries (Germany, Austria, Switzerland, Ukraine,
etc.), national judicial practice, statistics on the number
of criminal proceedings in the courts of Ukraine, crimi-
nal and medical law legal doctrine (51 normative legal
acts and 15 court judgments), statistical data of the
Office of the Prosecutor General of Ukraine. Dialectical,
hermeneutic, comparative, analytical, synthetic and
system analysis research methods were used.

RESULTS

Itis proposed to consider the specifics of the harmoniza-
tion of the criminal legislation of the certain continental
law countries to ensure the protection of the circulation
of medicinal products and the problem of its implemen-
tation with reference to the regulatory acts of the EU
and international Conventions. Such legal guidelines
establish the basis of harmonization and implementa-
tion of relevant norms in national legislation. Among
them stand out: Directive 2001/83/EC of the European
Parliament and of the Council of 6 November 2001 on
the Community code relating to medicinal products for
human use (hereinafter - Directive 2001/83/EC) [1] and
Council of Europe Convention on the counterfeiting of
medical products and similar crimes involving threats to
public health (CETS No. 211) (hereinafter — Medicrime
Convention) [2], etc. Determining the specifics of the
criminal law protection of the circulation of medicinal
products of the certain continental law countries, we
will single out the specifics of restrictions on the use
of medicinal products, which are established at the
legal level.

The problems of harmonizing the criminal legislation
of the certain continental law countries to ensure the
protection of the circulation of medicinal products
depend on: a) the level of legal regulation of the field
of health care at the national level; b) availability of ef-
fective mechanisms forimplementing the provisions of
international and regional standards. The model to fol-
low here is additional acts of criminal legislation of such
European countries as: a) German (Medicinal Products
Act of 12 December 2005 [3]), b) Austria (Federal Law
of Austria on the Manufacturing and Circulation of Me-
dicinal Products of 02 March 1983) [4]), c¢) Switzerland
(Federal Act of Switzerland on Medicinal Products and
Medical Devices (of 15 December 2000) [5], d) France

(French Public Health Code [6] and additional acts that
regulate the criminal law protection of the circulation
of medicinal products).

The pharmaceutical legislation of the certain con-
tinental law countries should be based on the norms
of EU directives and regulations. However, the imple-
mentation of these norms is often a problem in legal
regulation at the national level. Let us consider the
example of Ukraine, which in 2014 signed the Associ-
ation Agreement between the European Union and its
Member States, of the one part, and Ukraine, of the oth-
er part. Harmonizing the Medicrime Convention with
national legislation, Ukraine has amended the Criminal
Code of with Article 321-1 “Falsification of medicinal
products or circulation of falsified medicinal products”.
In this regard, a statistical analysis of the indicators of
how the criminalization of such an act as falsification of
medicinal products or circulation of falsified medicinal
products in the framework of harmonization with Eu-
ropean standards affected the implementation of law
in Ukraine was carried out (Table 1).

The analysis of the collected statistical data gives
reason to say that for the period from 2019 to the first
half of 2024, 123 criminal offenses defined in Art. 321-
1 of the Criminal Code of Ukraine were registered, of
which only 9 were sent to court with an indictment.
That is, only 7.3% of criminal proceedings are sent to
court with an indictment. As a result, despite the crim-
inalization of the act provided for in Art. 321-1 of the
Criminal Code of Ukraine, which took place as a result
of the harmonization of Ukrainian legislation with
international standards, there are already problems at
the national level, which consist, among other things,
in the degree of severity of criminal punishmentand its
actual application. This is confirmed by the processed
statistical data of Supreme Court in Ukraine regarding
the number of persons convicted of criminal offenses
under Art. 321-1 of the Criminal Code of Ukraine (Fig. 1).

Statistically the number of such persons is extremely
small (4in 2019, 3in 2020, and 1 eachin 2022 and 2023.
In 2021, not a single person in Ukraine was convicted
of the crime provided for in Art. 321-1 of the Criminal
Code of Ukraine).

One of the directions of harmonization in Ukraine is
the criminalization of acts related to the circulation of
medicinal products for veterinary use (in the sense of this
concept formulated in the Medicrime Convention). At the
national level, the Law of Ukraine“On Veterinary Medicine”
[7] of 4 February 2021 does not contain the concept of
“Veterinary medicinal products” (the concept of “Veteri-
nary product”is used instead). According to item 15 p. 1
Art. 1 of this Law, a veterinary medicinal product is “any
substance or combination of substances with the declared
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Table 1. General information on the number of registered criminal offenses and the results of their pre-trial investigation under Article 321-1 of the
Criminal Code of Ukraine “Falsification of medicinal products or circulation of falsified medicinal products”

The number Criminal Criminal Criminal Criminal offenses in
of criminal  offenses in which offenses Includin offenses which a decision has
offenses persons have for which . 9 in which not been made at the
Year . R with the . .
in the been served proceedings . . proceedings end of the reporting
. . . indictment R s
reporting with a notice of have been have been period (on termination
period suspicion sent to court closed or suspension)
2019 29 2 0 2 6 27
2020 22 3 2 2 8 19
2021 21 2 0 2 2 21
2022 17 0 0 0 5 17
2023 26 5 2 2 2 24
January-August
2024 8 1 1 1 0 7

property of treating or preventing animal diseases. . ."[8].
In the current Law of Ukraine “On Medicinal Products” of
4 April 1996 [9] and the Law“On Medicinal Products” of 28
July 2022 [10], which has not yet been implemented, the
meaning of the concept of “medicinal products”and the
concept of “circulation of medicinal products” associated
with the appointment of medicinal products to ensure
the corresponding functions in the human body. This
raises the question of the need for criminal protection of
medicinal products for veterinary use and their circulation.
The current Ukrainian regulatory legislation on pharma-
ceutical activity does not include such a component as
medicinal products for veterinary use and their circulation,
since medicinal products for veterinary use are not able
to ensure the appropriate “state” of individual and public
health of a person, as required by the Law of Ukraine“Fun-
damentals of the Legislation of Ukraine on health care” of
19 November 1992 [11].

However, if we take into account the international
legal standards of the Medicrime Convention regarding
the equal legal “regime” of medicinal products for “hu-
man and veterinary use” (p.“b" of Art. 4), then the regime
of criminal legal protection of medicinal products for
veterinary use (veterinary medicinal products) and their
circulation should not differ from the “regime” of crim-
inal legal protection of medicinal products and their
circulation in the sense of item 2 p. 1 Art. 2 of the Law
of Ukraine “On Medicinal Products” of 4 April 1996 and
item 39 p. 1 of Art. 2 of the Law of Ukraine“On Medicinal
Products” of 28 July 2022. Ensuring such compliance
with the stated standards of the Medicrime Convention
requires the introduction of appropriate changes to the
current Ukrainian regulatory legislation in the field of
circulation of medicinal products [8].

Another problem for Ukraine is the definition in
Chapter Il “Substantive criminal law” of the Medicrime
Convention of standards regarding the types of criminal
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offenses related to the counterfeiting of medical prod-
ucts and similar crimes that threaten health care. Ac-
cording to the Art. 5 of the Medicrime Convention, the
standard for national legislation is the adoption of the
first type of criminal offense: 1) intentional manufactur-
ing of counterfeit medical products, active substances,
excipients, parts, materials and accessories (p. 1); 2) any
falsification of medicinal products and, as appropriate,
medical devices, active substances and excipients (p.
2). According to p. 3 of Art. 5 of this Convention: «Each
State or the European Union may, at the time of signa-
ture or when depositing its instrument of ratification,
acceptance or approval, by a declaration addressed to
the Secretary General of the Council of Europe, declare
that it reserves the right not to apply, or to apply only
in specific cases or conditions, paragraph 1, as regards
excipients, parts and materials, and paragraph 2, as
regards excipients» [2]. However, the Law of Ukraine
“On the Ratification of the Convention of the Council
of Europe on the counterfeiting of medical products
and similar crimes involving threats to public health” of
7 June 2012 [12] does not contain any reservations re-
garding the application and implementation in national
legislation of the norms of p. 1, 2 Art. 5 of the Medicrime
Convention [13]. This means that the current Ukrainian
criminal legislation must meet the requirements of
paragraphs 1, 2 Art. 5 of the Medicrime Convention.
Countries that have ratified the Medicrime Convention
and harmonized their legislation are defined in Figure 2.

DISCUSSION

The effort to create a common market for medicinal
products of continental law countries led to the emer-
gence of a unique system of pharmacy regulation. The
uniqueness of this system is that it has developed a
single EU market for medicinal products through a
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Fig. 1. The number of persons convicted of criminal offenses provided for in Art. 321-1 of Criminal Code of Ukraine «Falsification of medical products

or circulation of falsified medical products».

Not Signed Signed

Fig. 2. Countries that have ratified
the Medicrime Convention and
harmonized their legislation [14].

I ratified

standardized system of legislation and a harmonized
system of procedures for the manufacture and circula-
tion of medicinal products.

Today, the EU regulates pharmaceutical activity be-
tween member states and establishes standards that
ensure a high level of public health protection and the
quality, safety and effectiveness of medicinal products,
and member states implement these norms into their
national legislation in order to develop their own internal
market, and as well as the promotion of innovation [15].

Acts of the main and additional legislation of Switzer-
land, Germany and Austria provide the largest amount of
criminal protection of pharmaceutical activity. Its“blocks”
can be certain legislative guidelines for the improvement
of the criminal legislation of Ukraine and the construction
of its own model system of norms that provide criminal
legal protection of pharmaceutical activity [8].

Harmonizing the sphere of circulation of medicinal
products to European standards, Ukraine used the main
norms of international legal acts as sources of “second-
ary EU law” preparing the draft of Law of Ukraine “On
medicinal products’, which was adopted as a law on July

28, 2022. Including those, attention is focused on the
norms regarding the features of legal protection of the
circulation of medicinal products. After all, at the time of
the preparation of this draft law and its adoption, there
was “a need ... to review the principles of regulation in
the field of circulation of medicinal products, to increase
the level of quality, efficiency and safety of medicinal
products, as well as their availability” [16]. The harmo-
nization of norms of EU regional standards had a direct
impact on provision, including criminal law protection
of relevant fragments of pharmaceutical activity.

The scientific discussion is largely focused on the issue
of incomplete fulfillment by Ukraine of international
legal obligations undertaken during the implementa-
tion of harmonization measures [17], in particular after
the ratification of the Medicrime Convention [13, 18,
19]. Improving the criminal law mechanism to combat
the falsification of medical products at the European
regional level requires intensifying of The Medicrime
Convention ratification process and full implementa-
tion of rules on criminal liability for falsifying medical
products into national criminal legislation [20].
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CONCLUSIONS

1.

In order to properly ensure the criminal legal pro-
tection of the circulation of medicinal products, it is
necessary to establish which negative, unfavorable
actions committed by people are so dangerous for
society that the legislator can recognize them as
criminal offenses, as well as to determine the punish-
ment that may be appointed by the court on behalf
of the state for committing such acts. In the certain
continental law countries, such determinations are
made on the basis of norms of criminal legislation.
The formation of a model of criminal law protection
of the circulation of medicinal products in conti-
nental law countries depends on harmonization
with the basic international legal and regional
standards and theirimplementation at the national
level. Such standards determine the main compo-
nents of the circulation of medicinal products and
the connection of such components with the mech-
anism of state regulation. Moreover, some of the
elements of such a mechanism are distinguished
asindependent and operate under the appropriate

system’, which is used to collect information about
the risks of medicinal products for the health of
patients or the population).

. The term “falsification” in the sense of the Medi-

crime Convention is used in the official text of this
Convention in p. 2 of Art. 5 “Manufacturing coun-
terfeits”, when it comes to the need to recognize
as a criminal offense the falsification of medicinal
products, medical devices, active substances and
excipients. Taking into account that in the content
of p. 2 of Art. 5 of the Medicrime Convention refers
to the“manufacturing of counterfeit medical prod-
ucts, active substances, excipients, parts, materials
and accessories’, then at the level of the Medicrime
Convention, the concepts of “falsification” and
“manufacturing of counterfeits” should cover the
same actions. This approach of the Medicrime
Convention should be taken into account as an
international legal reference for the further correla-
tion of the mentioned concepts, which are used in
the content of the compositions of specific types
of criminal offenses provided for by the Criminal

legal regime (for example, the “pharmacovigilance Code of Ukraine.
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Potential and real dangers of the chemical warfare agents use
during the full-scale invasion into Ukraine

Nataliia D. Kozak, Oleh V. Rudynskyi, Andriy V. Verba, Alla A. Asaulenko, Dmytro 0. Kozak

UKRAINIAN MILITARY MEDICAL ACADEMY, KYIV, UKRAINE

ABSTRACT

Aim: To analyze modern threats of the use of chemical warfare agents on the line of contact during the full-scale invasion into Ukraine.

Materials and Methods: The study was carried out with the use of theoretical methods (information retrieval, analytical, descriptive, generalization, system
analysis and information synthesis) and the construction of trends with the identification of the coefficient of determination.

Results: Most of damage cases of the military men of the Armed Forces of Ukraine were caused by the enemy’s use of such groups of chemical warfare agents
with anirritating effect as lacrimators and sternites, more specifically K-51 grenades with chloropicrin (PS) and 2-chlorobenzalmalononitrile (CS), RGR grenade
with 2-chlorobenzalmalononitrile (CS) and RG-Vo (862-3-23) grenades with chloroacetophenone (CN).

Conclusions: 2698 cases of damage by chemical warfare agents of irritant action were detected among the military men of the Armed Forces of Ukraine, and
every month during 2024, more and more injuries were detected among the military men of the Armed Forces of Ukraine (715 cases in May 2024 compared to
444 cases in April 2024), which indicates that a stable upward trend towards a wider trend is emerging deliberate use of chemical warfare agents, the coefficient
of determination of R2 of which was high and amounted to 0,9577, and which continues to grow steadily.

KEY WORDS: chemical warfare agents, military men, Armed Forces of Ukraine, full-scale invasion

INTRODUCTION

Chemical warfare agents (CWA) with asphyxiating and
irritating effects, such as chemical weapons, were first
used during the First World War. In total, from April 1915
to November 1918 inclusive, more than 50 German
gas attacks were carried out. During the same period,
in opposition to the German troops, 150 British and
20 French gas launches were carried out. On May 15,
1916, French troops resorted to the use of artillery with
amixture of phosgene with tin tetrachloride and arsenic
trichloride, chloropicrin, as well as a mixture of hydro-
cyanic acid with arsenic trichloride, tin tetrachloride in
chloroform (a form of vensenite). Mustard gas was first
used as a cutaneous blister chemical agent by Germany
on July 12,1917 near Ypres (Belgium) [1].

Chemical warfare agents were regularly used in the
1980s during the Iran-lraq war. According to various
estimates, 5% of Iran’s total losses, which amounted
to approximately 45 000 people, can be classified as
chemical weapons. Libya was suspected of involving
chemicals during the invasion of Chad in 1986.

On January 16, 2015, during the anti-terrorist opera-
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tion in eastern Ukraine, illegal armed groups used tear
gas and chemical grenades against the defenders of
the Donetsk airport.

The use of chemical weapons by the Syrian Armed
Forces on April 4, 2017, when an air strike was carried
out on the city of Khan Sheikhoun (ldlib province,
Syria) caused a significant resonance in the world. The
ammunition contained a nerve agent (most likely sarin).
About 100 people died (including 20 children and 17
women), and more than 300 people were poisoned of
varying degrees of severity [2].

According to the most common toxicological clas-
sification, according to the nature of their effect on
the human body, CWA are divided into nerve agents
(sarin, soman, VX gases, etc.), cutaneous abscesses
(mustard gas, nitrogenous mustard gas, lewisite, etc.),
general poisonous (hydrocyanic acid, chlorocyanin),
asphyxiating (phosgene, diphosgene, etc.), irritant
(chloroacetophenone (CN), 2-chlorobenzalmalono-
nitrile (CS), dibenzoxazepine (CR), adamsite (DM)),
psychotomimetic (psychochemical) (Bi-Z (BZ), lysergic
acid diethylamide) [3].


https://wiadlek.pl/11-2024/
https://www.doi.org/10.36740/WLek/197094
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AIM

Analysis of modern threats of the use of chemical war-
fare agents on the line of contact during the full-scale
invasion into Ukraine.

MATERIALS AND METHODS

The study was carried out with the use of theoretical
methods (information retrieval, analytical, descriptive,
generalization, system analysis and information synthe-
sis) and the construction of trends with the estimation
of the determination coefficient.

The study was carried out in accordance with the
principles of bioethics and legislative norms and
requirements for biomedical research, namely: the
Helsinki Declaration (2000), the Constitution of Ukraine
(1996), the Fundamentals of the Legislation of Ukraine
on Health Care (1992), as well as the Law of Ukraine
“On Information”(1992) (as amended as of 21.03.2023).

RESULTS

As of the beginning of large-scale aggression against
Ukraine on February 24, 2022 until January 2024,
according to the General Staff of the Armed Forces of
Ukraine, more than 626 cases of the use of ammunition
with toxic chemicals by the invaders were recorded
[4]. In addition, such cases are becoming more and
more frequent. Thus, during January 2024, the defense

forces of Ukraine recorded 229 cases [5], and during
February 2024 - 250 cases of the use of poisonous
substances by the invaders, of which 244 cases of the
use of aerosol grenades containing irritating CWA,
that is, the vast majority of them [6]. During March
2024, 371 cases of the use of chemical munitions
were recorded [7]. During April 2024, 444 cases were
recorded. And already in May 2024, 715 cases of the
use of ammunition containing dangerous chemicals
were documented, which was 271 cases more than
in April. From the above data, it follows that there is
a clear trend towards an increase in the number of
cases of the use of CWA. After calculating the trend
and estimating the determination coefficient, it was
found that the trend is reliable, since the coefficient
of determination R?is in the range from 0,8 to 1,0 and
is 0,9577, which is a very high value (Fig. 1). In total,
from February 2022 to May 24, 2024, 2698 cases of the
use of toxic chemicals by the enemy were recorded in
Ukraine [8]. During this period, 1385 cases of appeals
of servicemen of the Armed Forces of Ukraine to med-
ical institutions with symptoms of chemical damage
of varying degrees of severity were recorded, of which
only in May - 21 cases [8].

From December 2022 to May 2024, there were re-
peatedly used chemical grenades K-51,RGR and RG-VO
chemical grenades (862-3-23) against the positions of
our troops (Fig. 2) in the areas of deployment of units
of troops (forces) of the Armed Forces of Ukraine near

Fig. 1. The trend of the use of chemical warfare agents against military men of the Armed Forces of Ukraine for the period January-May 2024,

line, trend equation and coefficient of determination.
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and in settlements, including Mariupol, Klishchiivka,
Kurdyumivka, Avdiivka, Novokalynove, Lastochkyne,
Pervomaiske, Maryinka [9].

The body of the K-51 grenade is made of hard plastic,
the bottom is metal. After inflammation, a reaction
occurs, as a result of which the pressure inside the case
increases and the bottom is squeezed out, spraying
the chemical. As for the content of K-51 grenades,
there are two versions of them: garnets containing
chloropicrin and 2-chlorobenzalmalononitrile (CS), as
well as indoors the effect of the grenade extends to
an area of up to 400 square meters. [9].

An irritant hand grenade (RGR) is a 60 mm aerosol
hand grenade containing chlorobenzalmalononitrile
(CS) [10].

It is reported that in December 2023, the enemy’s
use of a new type of special RG-VO gas grenades con-
taining CWA chloroacetophenone (CN) was detected
for the first time. The substance chloroacetophenone
(CN) is prohibited for use as a chemical warfare agent
in accordance with the Geneva Protocol, approved by
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Fig. 2. Grenades K-51 (A),
RGR (B) and RG-Vo (C).

Fig. 3. Erythematous spots
on the surface of the skin of
affected military men.

the UN General Assembly in 1969, based on the results
of its use during the Vietnam War [11].

Thus, most of the cases of damage to the military
men of the Armed Forces of Ukraine were caused by
the enemy’s use of irritating weapons such as lacrima-
tors and sternites.

Delivery to the contact line and drops of K-51 and
RG-VO chemical grenades were carried out mainly by
enemy unmanned aerial vehicles.

Conventionally, gas grenades K-51, RGR and RG-Vo
are non-lethal means. At the same time, chloroace-
tophenone (CN) at a concentration of 0,85 mg/l and
exposure for 10 minutes leads to the development of
toxic pulmonary edema with fatal outcome.

The use of chemical grenades by the enemy, which
leads to the release of CWA, temporarily deprives
military men of the opportunity to return fire, forces
them to leave shelter and move to open “smoke-free”
areas of the terrain, which makes them easy targets for
enemy lethal weapons. After contact with gas, a per-
son begins to have watery eyes, shortness of breath,
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Fig. 4. Patient Sh., 46 y.o. Subtotal pulmonitis, pulmonary failure 1.

cough, sinuses fill with mucus, vomiting is possible,
etc. The effect intensifies with every minute a person
stays in the toxic cloud.

The clinical picture of sternite lesions in military
personnel was differentiated by three degrees of
severity of the lesion. In the case of mild damage, the
following manifestations were observed: slight irrita-
tion of the mucous membrane of the upper respira-
tory tract, moderate cough, burning pain in the nasal
passages, pharynx, symptoms of tracheal irritation,
pain behind the sternum, feeling of tightness in the
chest, hyperemia of the mucous membranes. During
the moderate degree of damage, severe symptoms of
irritation of the mucous membranes, involvement of
the middle parts of the respiratory tract in the process,
headache, earache, excessive rhinorrhea, dry cough,
sneezing, salivation, nausea, vomiting were observed.
With a severe degree of damage, there were such
symptoms as damage to all parts of the respiratory
tract, unbearable pain behind the sternum, reflex
violation of the mechanics and rhythm of breathing,
cardiac disorders (bradycardia, increased blood pres-
sure, slowing and pathological rhythms of breathing,
up to its stop — apnea).

The clinical picture of lesions with lacrimators was
manifested in all patients by sharp irritation of the
conjunctiva and cornea of the eyes, 5-10 seconds af-
ter the lesion, severe pain and heartburnin the eyes,
lacrimation, photophobia and headache began.
Also, lacrimator injuries were classified according
to three degrees of lesion severity. With a mild de-
gree of damage, the following manifestations were

Fig. 5. Patient R., 31y.0. Total pulmonitis, pulmonary edema, pulmonary
failure IIl.

observed: slight burning pain in the eyes, moderate
lacrimation, slight conjunctival hyperemia, and no
irritation of the respiratory tract. During the mod-
erate degree of damage, conjunctivitis and spasm
of the eyelids, photophobia, excessive lacrimation,
pain in the orbits were sharply expressed. During
the severe degree of damage, symptoms of general
toxicity increased, heartburn in the throat, rhinor-
rhea and wet cough, severe headaches, dizziness,
nausea, vomiting, and general weakness appeared.
As a rule, the effect of irritating warfare agents was
short-lived. When exiting the “wave of poisonous
smoke”, the phenomena of irritation in the first 15-
20 minutes persisted or even increased, and then
gradually decreased over the course of 1-2 hours
and disappeared altogether.

The clinical picture in CS lesions was manifested
by severe inflammation of the conjunctiva, eye pain,
excessive lacrimation, and blepharospasm. Affected
military men complained of a burning sore throat,
severe cough, respiratory contamination, tightness,
tenderness, and then chest pain. Breathing became
arrhythmic, the victims became anxious, irritable,
intimidated, prone to panic, itching of the skin, burn-
ing pains, erythematous spots on the surface of the
skin, there could be chemical burns of the skin of the
second degree. The action of CN caused severe irrita-
tion of the nerve endings of the mucous membranes
of the eyes, skin, mucous membranes of the mouth
and nose, intense blepharospasm; eye pain with
lacrimation (temporary blindness may be observed),
difficulty breathing; redness of the skin, burning pain
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of the affected area. Affected military men also report
heartburn and pain in the mouth and throat. Short-
term reflex bradycardia was observed.

When CS came into contact with the skin in military
personnel, skin reactions were noted: mainly erythema
of the skin of the face and hands with an edematous
component, cases of allergic contact sensitization with
erythematous spots and vesicular skin rashes were
also noted (Fig. 3).

It should be noted that high concentrations of CS
and/or CN can cause serious respiratory symptoms
such as reactive airway dysfunction syndrome (com-
promised lung syndrome). Affected military men ex-
perienced cough, chest pain, sputum secretion, and in
some cases, hemoptysis, difficulty breathing, and nasal
discharge, sometimes lasting weeks after the injury.
X-ray examination of the lungs revealed the following
radiological signs: infiltration of lung tissue, consoli-
dated rounded foci (destruction cannot be ruled out),
decreased pneumatization due to infiltrative changes,
etc. X-ray of the chest organs of the affected military
men is shown in Fig. 4 and Fig. 5.

DISCUSSION

The cardiovascular response of the patients affect-
ed by CS and CN was characterized, as a rule, by a
change in heart rhythm and an increase in systolic
and diastolic blood pressure. In addition to the direct
impact of CWA, significant neuropsychic overload
of frontline fighters during hostilities can cause not
only a significant increase in the incidence of arterial
hypertension, but also lead to a significant “rejuve-
nation” of this disease in the future [12].

The basic level of medical care includes limiting
contact with the CWA as soon as possible (putting on
a gas mask, leaving the affected area), using a smoke
mixture (ficillin) (an ampoule of the drug in a braid is
opened and placed under the mask of the gas mask).
The smoke mixture has the following composition:
chloroform - 40,0; ethyl alcohol - 40,0; ether - 20,0;
ammonia — 5 drops. Available in ampoules in a braid
of 1,0 [13]. Outside the lesion, rinse the mouth, nose,
throat, rinse the eyes and exposed skin with clean water,
saline, or 2% sodium bicarbonate solution outside the
lesion. The main thing in providing assistance to victims
is self-help and mutual aid, as well as the provision of
first aid by combat medics of the units, which requires
careful training of personnel [14].

As a rule, with mild and moderate injuries, military
personnel are not subject to evacuation outside the
military area. Most of the victims can be returned to
combat capability in a short time — within 1-2 days.
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At the same time, in case of severe lesions of the eyes
and respiratory tract, evacuation is carried out first [15].
When providing first aid, the gas mask is removed,
the smoke mixture is reused (if necessary), in case of
severe pain, analgesics are administered, the eyes,
oral cavity, and skin are washed with plenty of warm
running water (with the exception of capsaicin le-
sions), saline, 2% sodium bicarbonate solution.

The first level of medical care (first aid) includes the
administration of metamizole sodium 50% - 2,0 ml, ke-
torolac 30 mg - 1,0 ml, butorphanol tartrate 0,2%-1,0
mlintramuscularly; rinsing the eyes, mouth, skin with
2% sodium bicarbonate solution, dripping with 2%
novocaine, 1% atropine or 0,5% dicaine for eye pain,
applying antibacterial ointment behind the eyelid,
gastric lavage and prescribing antacids (if necessary).

All victims of irritants, in the absence of other signs
of damage, are classified as lightly affected and, as a
rule, do not need to be evacuated to the next stage.

The second level of medical care (qualified medical
care) involves complete sanitization with a change
of uniforms, pathogenetic and symptomatic thera-
py. Treatment of bronchospasm, acute respiratory
distress syndrome and pneumonia is carried out
according to general principles.

The third level of medical care (specialized medical
care) consists in the continuation of previous mea-
sures, prevention and treatment of complications.
Bronchospasm, pneumonia, and, in severe cases,
pulmonary edema and acute distress syndrome are
treated [16].

CONCLUSIONS

1. Asaresult of the full-scale armed aggression against
Ukraine, 2698 cases of damage by chemical warfare
agents of irritant action were detected among the
military men of the Armed Forces of Ukraine, and
every month during 2024, more and more injuries
were detected among the military men of the Armed
Forces of Ukraine (715 cases in May 2024 compared
to 444 cases in April 2024), which indicates that a
stable upward trend towards a wider trend is emerg-
ing deliberate use of chemical warfare agents, the
coefficient of determination of R? of which was high
and amounted to 0,9577, and which continues to
grow steadily.

2. Injuries to military men of the Armed Forces of
Ukraine by chemical warfare agents of irritating
effect, in most cases, were of mild and moderate
severity. Medical care was provided, in most cases,
on the spot, as a rule, they did not need to be evac-
uated to higher stages of medical evacuation.
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A nickel implant induces cell death through autophagy in the
connective tissue capsule in an experimental model

Hlib 0. Lazarenko’, Serhii I. Savosko?, Svitlana M. Shamalo?
ISTATE INSTITUTION OF SCIENCE «CENTER OF INNOVATIVE HEALTHCARE TECHNOLOGIES» STATE ADMINISTRATIVE DEPARTMENT, KYIV, UKRAINE

2BOGOMOLETS NATIONAL MEDICAL UNIVERSITY, KYIV, UKRAINE

ABSTRACT

Aim: To identify cellular autophagy markers around nickel-containing implant as evidence of metal hypersensitivity reactions in an animal model.
Materials and Methods: Rats were sensitized to nickel using a modified model involving the administration of NiSO, with adjuvants. Subsequently, nickel plate
implants (Ni content at 98.9%) were placed subfascially in the rats. Five months after implantation, the capsule morphology and autophagy were examined
through the immunohistochemical detection of Beclin1 and GRP78. Implants tissue capsules without previous NiSO, exposition were considered as control.
Results: A high immunoreactions to GRP78 were observed in the implant capsule wall, with Beclin1-positive cells primarily noted at the interface with the
implant. GRP78 and Beclin were significantly higher (p=0.01) expressed in cases with adjuvants, serving as a model for provoking an acute tissue response

toimplant.

Conclusions: In addition to inflammation and necrosis, cell death in the connective tissue capsule wall occurs through autophagy. Autophagy, mediated by
Beclin1, is prominent at the implant interface and is closely associated with GRP78, which is strongly expressed throughout the capsule thickness, indicating

significant oxidative stress in the cells surrounding the nickel plate implant.

KEY WORDS: adverse reaction to metal implant, nickel, capsule, autophagy, cell death

INTRODUCTION

The choice of specific metals or alloys depends on
their intended use, but it is important to note that
high concentrations of metals can disrupt normal
physiological functions. This, in turn, can lead to the
development of both local and systemic hypersensitivity
reactions.

Hypersensitivity reactions (HSR) are one of the most
complex issues in orthopedic and trauma practice,
leading to extensive discussions among specialists.
These reactions are a function of the adaptive immune
system and, according to Gell and Coombs classification,
are divided into four types: Type |, Type Il (antibody-
mediated), Type lll, and Type IV (cell-mediated, delayed).
Most hypersensitivity reactions associated with
orthopedicimplants are classified as Type IV, which are
delayed-type hypersensitivity reactions [1].

The first documented case of a hypersensitivity
reaction to metal (HRM) caused by an orthopedic
implant was published in 1966 by Foussereau and
Laugier [2]. They described a case of eczematous

Wiad Lek. 2024;77(11):2193-2198. doi: 10.36740/WLek/197148 (bl

dermatitis, which sparked significant interest in the
medical community. Following this publication, many
similar cases have been reported, highlighting the
relevance of the issue.

The spectrum of local and systemic reactions asso-
ciated with metal implants is now collectively referred
to as “adverse reaction to metal debris” (ARMD). These
include elevated metal ion levels in blood or serum,
metallosis (accumulation of metal debris in peripros-
thetic tissues), adverse local tissue reactions (ALTR),
pseudotumors, and osteolysis.

Currently, there is no unified view on the causes of
such reactions, highlighting the need for further in-
vestigation into the molecular mechanisms of tissue
damage around orthopedic implants. It is known that
implanted metal components undergo some degree of
corrosion, leading to the release of metal ions into the
surrounding tissues [3, 4].

These ions can have harmful effects on the structure
of bone tissue and bone marrow [5]. Cadosch et al.
described the growth and differentiation of osteoclast
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precursor cells on the surfaces of stainless steel,
titanium, and aluminum implants. They demonstrated
that mature osteoclasts can induce corrosion of metal
surfaces, leading to the release of metal ions [6-8].
However, metal corrosion can result from mechanisms
beyond this, including processes such as crevice
corrosion and fretting.

It is important to note that dynamic components of
implants often contain particles that are primarily localized
in periprosthetic tissues. The accumulation of metal
particles in these tissues can lead to sustained antigen
concentrations, which in turn may activate a localimmune
response and potentially cause implant rejection [5].

The inflammatory response of the body is directly
related to the amount of metal particles present.
These particles have a significant pro-inflammatory
effect, activating osteoclasts through macrophage
engulfment. Metal ions bind to proteins recognized
by antigen-presenting cells [9]. These processes lead
to osteolytic lesions around implants. The activity
of osteoclasts in periprosthetic areas triggers the
activation of their precursors and the release of
cytokines, which promote their differentiation and
activation [6, 10, 11].

Given the increasing frequency of joint replacement
and the use of orthopedic implants, it is expected
that the number of complications related to implant
reactions will also rise [12-15]. This underscores the
need for in-depth study of the molecular mechanisms
of cellular damage around orthopedic implants.
Such research will help to better understand cellular
reactions to metals that may lead to rejection or
adverse processes, such as allergic and inflammatory
reactions. Understanding these mechanisms can aid
in the development of diagnostic and prognostic tests
for patients with metal implants.

As a continuation of our previous study [16], which
demonstrated capsule growth around a nickel-
containing implant and the occurrence of necrosis,
this work focuses on cellular mechanisms of cell death,
particularly autophagy.

Autophagy is a specific cellular response to damage,
such as hypoxia and oxidative stress, aimed at pre-
serving cell survival by removing damaged organelles
[17]. However, it remains unclear whether autophagy
is involved in regulating cellular reactions around a
nickel-containing implant.

AIM

To investigate the cellular response associated with
autophagy to a nickel-containing implant in an
experimental model of metal hypersensitivity reactions.
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MATERIALS AND METHODS

The study was conducted on 25 female Wistar rats,
weighing 150-165 grams, aged 3 months at the start
of the experiment. The animals were housed in the
vivarium of the O. V. Palladin Institute of Biochemistry,
NAS of Ukraine. The rats were randomly divided into
3 groups: Group 1 - Intact Group (IT), 6 rats that did
not undergo any surgery; Group 2 — Control Group (K),
6 rats received incomplete Freund’s adjuvant before
implantation of a nickel-containing implant. They were
pretreated with Freund’s adjuvant with NiSO,, followed
by implantation of the nickel-containing implant; Group
3 - Experimental Group (E), 13 rats were pretreated with
Freund’s adjuvant with NiSO,, followed by implantation
of the nickel-containing implant. The immune response
associated with nickel was modeled using a modified
method described previously [18].

For this, the rats were intraperitoneally (i.p.) injected
with 50 pl of NiSO4 solution (CAS 10101-97-0, Sigma-
Aldrich, USA) at a concentration of 10 umol/L in
incomplete Freund’s adjuvant (Sigma-Aldrich, USA).
After 2 and 4 weeks, the rats received NiSO4 through
intradermal (i.d.) injections of 50 ul (2 umol/ml NiSO,
in complete Freund’s adjuvant, Sigma-Aldrich, USA)
using 28G1/2 needles to restore the immune response.

The implantation of the nickel implant was performed
after 6 weeks after last exposition of NiSO, under aseptic
and antiseptic conditions, with general anesthesia using
sodium thiopental (Kyivmedpreparat, Ukraine) ata dose
of 50 mg/kg body weight, administered intraperitoneally.

The implants for the study were provided by LLC
«ORTOSYNTEZ.» All samples were pre-screened by
spectroscopy to assess the local elemental composition of
the material, with Ni content at 98.9%. The rats underwent
a dorsal incision along the vertebral line, and a subfascial
pocket was created in the interscapular space to place
the nickel-containing implant, measuring 6.0 x 4.0 x 1.0
mm. After the procedure, the wound was closed in layers
with Prolene 3-0 sutures (Ethicon Inc, Johnson & Johnson,
USA) and treated with the antiseptic Povidone-iodine
(Betadine, Hungary). To prevent bacterial infections, the
animals were administered the antibiotic Ceftriaxone
(Arterium, Ukraine) at a dose of 20 mg/kg body weight,
intraperitoneally. The animals were placed in individual
cages (60x40x50 cm), and observations were conducted
over a period of 5 months. No infections or other
postoperative complications were detected.

Five months after implantation, the rats were eu-
thanized using a lethal dose of sodium thiopental
(i.p. 150-200 mg/kg) (Kyivmedpreparat, Ukraine). For
histological analysis, tissue samples from the capsule
around the implant were fixed in 10% neutral forma-
lin. The samples were embedded in paraffin (Leica
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Fig. 1. Cells with GRP78-pos-
itive immunoreactivity along
the outer contour of the cap-
sule surrounding the implant
in the control (A) and experi-
mental (B) groups. Note; <—
cells with positive reaction
to GRP78. Immunohisto-
chemical staining for GRP78.
Magnification x400.

Fig. 2. Cells with Beclin1-pos-
itive immunoreactivity in the
capsule wall around the im-
plant in the control (A) and
experimental (B) groups. Inner
N layer of the capsule. Note; <—

N cells with positive reaction
to Beclin1l. Immunohisto-
chemical staining for Beclin1.
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Surgipath Paraplast Regular, Leica, USA). Sections of 4
um thickness were prepared from paraffin blocks and
mounted on Superfrost Plus slides (Thermo Scientific,
Gerhard Menzel GmbH, Germany). Antigen retrieval
and staining reactions were carried out according to
the manufacturer’s protocol for antibodies.

Primary antibodies against GRP78 (Invitrogen, PA5-
34941, USA) and Beclin-1 (Invitrogen, PA5-20171, USA)
were used. The primary antibodies were diluted at a
ratio of 1:200. Visualization of the reaction product was
performed using a detection system based on diami-
nobenzidine (EnVision FLEX; Dako, Glostrup, Denmark).
The incubation time with primary antibodies was 60
minutes at 24°C, and the incubation time with second-
ary antibodies was 20 minutes at 24°C. Hematoxylin Gill
| was used for staining cell nuclei.

Microscopic examination of the samples was performed
using an Olympus BX51 microscope (Olympus, Japan),
and microphotographs were obtained with a digital
camera Olympus C3040ZOOM. Quantitative assessment
of the immunohistochemical reactions was conducted
using a densitometric method with ImageJ software.

Statistical data analysis was performed using the
Mann-Whitney U test with Origin v.9.0 software. The
data were presented as mean (M) + standard error or
mean (m). Differences between groups were considered
statistically significant at p < 0,05.

RESULTS

Around the implants, a connective tissue capsule with a
pronounced inflammatory infiltrate and necrotic material
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was observed. On average, 35-45% of the capsule wall was
composed of collagen fibers. Microscopically, the wall of
the capsule in both the control and experimental groups
appeared similar, though a significant cellular infiltrate
with hemorrhagic infiltration was noted in the control
group. Both groups exhibited multiple accumulations of
hemosiderin, macrophages, and cellular detritus.

Immunohistochemical analysis assessed the intensity
of GRP78 and Beclin1 synthesis by cells in the capsule
wall surrounding the implants. This analysis allowed
for the identification of some cellular responses in the
capsule wall that could explain processes associated
with cell death. GRP78 is associated with endoplasmic
reticulum stress, while Beclin1 is linked to autophagy.

The immunohistochemical study revealed that the
intensity of GRP78 staining indicated active cytoplasmic
immune reactions in the cells of the capsule wall (Fig. 1).
These cells were located among muscle fibers, around
blood vessels, and between the fibrous elements of the
capsule. Based solely on the positive reaction to GRP78,
it is not possible to definitively determine the type or
population of the cells. However, the majority of cells in
the capsule wall exhibited active expression of GRP78.
We observed a numerical, but non-significant increase
in the density of GRP78-positive cells and specific area of
immunoreaction (11,9+1,20vs 14,6+2,33; p=0,15 via the
Mann-Whitney U test). These results indicate that the
intensity of processes in the capsule wall, hypothetically
associated with cell damage involving the endoplasmic
reticulum, was greater in the experimental group or did
not differ between comparison groups.

The density of cells with positive immunoreactivity
to Beclin1 depended on the distance from the capsule
cavity. Thus, their density increased along the inner
contour of the capsule and decreased towards the
middle thickness of the capsule wall. Cells with positive
immunoreactivity to Beclin1 were not detected
outside the capsule (Fig. 2). These results indicate a
distal dependence of autophagy development in the
capsule cells around the implants. It can be inferred
that cell death by autophagy occurred along the
implant contour. According to densitometric analysis,
the specific area of immunopositive reaction was
significantly higher (4,49+1,34 vs 12,42+1,75; p=0,01
via the Mann-Whitney U test) in the experimental group
compared to the control group (Figure 3).This suggests
that autophagy occurs in the cells at the capsule’s
boundary with the implant, which is the molecular
basis of their death. It appears that autophagy
processes were significantly less pronounced regarding
cellular reactions associated with GRP78, had a distal
dependence on the implant, and were potentially more
intense in the experimental group.
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DISCUSSION

The most common tissue reactions to a metal implant
areinflammation and necrosis in the peri-implant tissue.
Cellular responses such as proliferation, migration, and
cell death occur through various mechanisms. Oxidative
stress and peroxidation provide some insight into the
cause-and-effect relationship in the development of cell
necrosis. However, it turns out that cell death around the
implant is a more complex phenomenon and can occur
through atypical mechanisms, including cell autophagy.
In this experiment, necrotized cells and cellular debris
were found around the Ni-containing implant, directly
at the interface between the formed connective tissue
capsule and the implant. Importantly, among this
mass of damaged cells, cells with pronounced Beclin1
expression were detected, which can be considered
an immunohistochemical marker of autophagy
initiation in these cells. Autophagy is known to be a self-
degradation process in eukaryotic cells, involving specific
rearrangements of the endoplasmic reticulum to capture
and degrade cellular organelles [19]. Reactive changes
in cells, which may be related to such responses, include
GRP78 expression. This protein responds to oxidative
stress and is associated with the endoplasmic reticulum.
Studies show that reactive oxygen species (ROS) play a
critical role in the initiation of autophagy [20]. Excessive
activation of autophagy by oxidative stress can lead to
the execution of cell death mechanisms. Increasingly,
research indicates that various heavy metals, including
Ni, can induce autophagy [20, 21].

There are reports that nickel (Ni) induces mitochondrial
damage and mitophagy [22]. In this study, the pronounced
reaction of cells expressing GRP78 in the capsule
surrounding the implant indicates that the Ni-containing
implant induces oxidative stress in peri-implant tissues. It
became clear that autophagy occurs on theinner side of the
capsule, while cells with a strong immunoreaction for GRP78
were observed throughout almost the entire thickness of
the capsule.These results suggest that a certain critical level
of oxidative stress around the implant triggers autophagy,
mediated by Beclin1.The main conclusionis that autophagy,
along with apoptosis and necrosis, and independently of
these processes, can regulate the intensity of cell death
around the implant with bioactive properties. While necrosis
is considered an unregulated process resulting from critical
changes and damage to cells, apoptosis and autophagy are
regulated processes. Both are triggered by various pathways
and conditions and both control cell survival or death.
There is clearly a close connection between autophagy
and apoptosis, which requires further in-depth study. In this
study, we only state the fact of detecting autophagy and
its topographical proximity to the Ni-containing implant,
which further confirms the bioactivity and toxicity of Ni.
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The limitation of this study lies in the restricted methods
for detecting autophagy and other mechanisms of cell
death. Itisimportant toinvestigate the connection between
autophagy andimmuneresponses to establish a reliable link
with reactions similar to allergies and metal hypersensitivity.
Therefore, further research is needed to study the pathways
and mechanisms of cell death associated with inflammation
around Ni-containing implants.

CONCLUSIONS

Undesirable tissue reactions and complications to the
Ni-containing implant include inflammation and cell
death in the connective tissue capsule surrounding the
implant. Autophagy is one of the pathways of cell death
in the capsule wall, mediated by Beclin1 and closely
linked to GRP78.The latter is a reliable marker of cellular
response to damage, where autophagy represents
contact-dependent cell death in relation to the implant.

PROSPECTS FOR FURTHER RESEARCH

As a potential approach, one of the likely ways to pre-
vent the initiation of cell death, particularly delayed
autophagy, could be coating the implant with a material
that prevents cells from coming into contact with nickel
or other bioactive metals of the implant.

COMPLIANCE WITH ETHICAL
REQUIREMENTS

The experimental studies were conducted in compli-
ance with the requirements for humane treatment of
experimental animals in accordance with the Law of
Ukraine «On the Protection of Animals from Cruelty»
(No. 3447-IV dated February 21, 2006), adhering to the
requirements of the European Parliament and Council
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ABSTRACT

Aim: To analyze the mechanisms of requlation of the body’s proteolytic systems during inflammation, detection of inflammation markers in blood and prostate
secretions in the experimental benign prostatic hyperplasia in rats.

Materials and Methods: The study was conducted on 30 male rats on the model of benign prostatic hyperplasia. Rats were randomized as following: the 1
group (n=6) — intact animals; the 2" group (n=24) — rats with benign prostatic hyperplasia.

Results: The prostate gland inflammatory damage was also evidenced by the prostate secretion proteolytic potential increase in 9 times as the result of
kallikrein activity enhancement on the 21 day of the trial which leads to massive kininogenesis. The analogous kallikrein activity increase (in 3,2 times) we
registered in blood serum.

An acute kallikrein activity increase in case of benign prostatic hyperplasia is probably compensated by an increase in the activity of its specific inhibitor —
a,-macroglobulin, the level of which in conditions of investigated pathology increased in 3,25 times on the 21* day of the trial compared to intact rats, and by
the proteolytic potential increase resulted in the inhibitory activity of alpha, proteinase inhibitor content increase in 2,25 times (a protein of the acute stage
of inflammation).

Conclusions: An increase in the content and activity of kallikrein-kinin system components in the prostate secretion testifies to its inflammatory damage and

the disturbance of the hematoprostatic barrier permeability which can be an important diagnostic criterion.

KEY WORDS: benign prostatic hyperplasia, proteolytic systems, kallikrein-kinin system, pathogenesis

INTRODUCTION

Benign prostatic hyperplasia (BPH), benign prostatic
enlargement (BPE) and lower urinary tract symptoms
(LUTS) belong to the most frequent diseases in ageing
men [1]. Beyond the 6th decade of life, more than 30%
of men suffer from moderate to severe LUTS requiring
intervention. The pathophysiology of BPH/BPE is still
incompletely understood [1]. The dominant role of the
androgen system and the androgen receptor is well de-
fined. Androgen receptors are expressed in BPH tissue
in which they are activated by the potent androgen
dihydrotestosterone. Synthesis of dihydrotestosterone
is under control of the 5a-reductase enzyme, activity of
which is antagonized by finasteride and dutasteride [2].
More recently, the impact of prostatic inflammation and
metabolic parameters particularly for the development
of BPE and LUTS has increasingly been recognized [3]. A
better understanding of the pathophysiology is a pre-

Wiad Lek. 2024;77(11):2199-2203. doi: 10.36740/WLek/197150 Dol

requisite for the development of novel, more effective
medical treatment options [4, 5]

The activation of proteolysis and one of the most
important proteolytic systems of the body - the
kallikrein-kinin system (KKS) - becomes of key im-
portance during inflammation [6]. The coordinated
action of proteases and their inhibitors is one of the
forms of maintaining homeostasis in the body, while a
complex and multicomponent sequence of reactions
is considered as a universal non-specific response to
injury. Kallikrein is a multifunctional proteinase that
controls many biological processes, including convert-
ing the precursor protein kininogen into bradykinin, a
“mediator” of pain and inflammation [6]. In addition,
kallikrein causes chemotaxis and aggregation of neu-
trophils, releases elastase, activates the latent form of
neutrophil collagenase. The activity of kallikrein and
other proteinases is regulated with the help of special
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proteins — inhibitors of serine proteinases, among
which the 1-proteinase inhibitor, whose main function
is the inactivation of neutrophil elastase, and a,-mac-
roglobulin, which binds thrombin, plasmin, kallikrein,
are present in the largest amount in the blood plasma,
elastase and other proteolytic enzymes [1, 5].

There are no research results on the mechanisms of
the inflammatory reaction formation in the prostate
involving proteolytic systems, as well as protective
factors that limit the damage process.

AIM

The aim was to analyze the mechanisms of regulation
of the body’s proteolytic systems during inflammation,
detection of inflammation markers in blood and pros-
tate secretions in the experimental BHP in rats.

MATERIALS AND METHODS

The study was conducted on 30 white, sexually mature
malerats kept on a standard vivarium diet. Keeping, pro-
cessing and manipulation of animals was carried out in
accordance with the“General Ethical Principles of Animal
Experiments”adopted by the Fifth National Congress on
Bioethics (Kyiv, 2013). We used the recommendations
of the European Convention on the Protection of Ver-
tebrate Animals for Experimental and Other Scientific
Purposes (Strasbourg, 1985), Directive 2010/63/EU of
the European Parliament and Council on protecting
animals used for scientific purposes, the Law of Ukraine
“On protection of animals from cruel treatment”N440-I1X
of 14 January 2020 and the rules of humane treatment
of experimental animals and conditions approved by
the Bioethics Commission of the Odesa National Medical
University (protocol No. 32D dated 03/17/2016) [7, 8].
Rats were randomized into 2 groups: 1% group (n=6)
- intact animals (rats that were on a standard water
diet and food); 2" group (n=24) - rats with BHP. BPH
was induced by 30 days sulpiride (i.p., 40 mg/kg) ad-
ministration. Sulpiride is an antipsychotic agent, the
neuroleptic properties of which are associated with
antidopaminergic action. With long-term administration
(within 30 days), sulpiride induces hypersecretion of
prolactin, which causes stimulation of the proliferation
of the glandular epithelium in the prostate. In this case,
the pathogenesis of acinar hyperplasia is caused by an
increase in the activity of 5a-reductase and an increase
in the sensitivity of epithelial cells to androgens [9].
The following indicators were investigated both in the
blood serum and in the prostate secretion (after its dilution
in ratio of 1:9 with physiological solution) to study the role
of the body'’s proteolytic systems in BHP pathogenesis.

2200

The kallikrein activity and the content of prekallikrein
after separation from other serine proteinases were de-
termined using ion exchange chromatography by the
rate of hydrolysis of N-benzoyl-1-arginine ethyl ether
[10]. Alpha, proteinase inhibitor (a1-Pl) and a2-macro-
globulin inhibitory activity was studied using a unified
enzymatic method [11].

The data obtained were presented as mean (x) and the
standard error of the mean (m). For statistical evaluation,
biochemical components in blood serum and prostate
secretion of rats with benign hyperplasia of prostate
were calculated at 4 stages of observation, which were
compared with similar indexes in intact rats. For this
purpose, the statistical criterion of one-way ANOVA with
post-hoc Newmann-Keuls test was used. A p<0,05 was
considered as statistically significant difference.

RESULTS

Were observed in the blood serum of rats a probable
increase in the level of kallikrein and a decrease in the
content of its precursor — prekallikrein (Table 1). In the
group of control pathology animals, this indicator in-
creased already on the first day on 55,3 % and amount-
ed to 23,6+3,6 nmol/min/ml (p<0,05), on the 7th day
—-on 138,2 % (p<0,05) (36,2+4,4 nmol/min/ml), on the
14th day — on 202 % (p<0,05) (45,9+5,24 nmol/min/ ml),
on the 21st day - on 220,4 % (p<0,05) (48,7+6,0 nmol/
min/ml) compared to intact animals.

The content of prekallikrein decreased sharply: al-
ready on the first day of the trial, its level was 320,3+30,2
nmol/min/ml, which is 10,5% (p<0,05) lower than the
similar indicator of intact animals. On the 7* day, the
prekallikrein level decreased on 11,8% (p<0,05) (it was
315,8+28,4 nmol/min/ml); on the 14" day - on 16,7%
(p<0,05) (298,1£25,3 nmol/min/ml); on the 21s*day —on
26,2% (p<0,05) (264,2+26,4 nmol/min/ml) compared to
the intact group of animals.

The index of inhibitory activity of al1-PI probably
increased in the group of animals with simulated BHP
pathology. On thefirst day, its level increased on 21,3%
(p<0,05) (equal to 30,2+3,0 IU/ml), on the 7" day - on
35,3% (p<0,05) (33,743,1 IU/ml), on the 14* day - on
70,3% (p<0,05) (42,4+3,8 IU/ml), on the 21 day - on
95,6% (p<0,05) (48,7+4,4 IU/ml) relative to the similar
indicator in the group of intact rats. Studying the level
of inhibitory activity of a,-macroglobulin in the group
of control pathology, no probable changes were found
compared to intact animals.

It was established during the studying of these indi-
cators in the secretion of the BHP a similar trend in the
blood serum of experimental animals. In particular, the
level of kallikrein in the group of animals with BHP on the
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Table 1. The level of proteolytic enzymes in the blood serum of rats against the background of experimental benign hyperplasia of prostate

The investigated indexes in rats with BHP (M+m), n=6

Indicator Intact animals
1%t day 7t day 14* day 21% day
Kallikrein, nmol/min/ml 15,2+3,1 23,6+3,6* 36,2+4,4* 45,9+5,2*% 48,7+6,0%
Prekallikrein, nmol/min/ml 357,8+25,8 320,3+£30,2* 315,8+28,4* 298,1+25,3* 264,2+26,4*
Inhibitory activity of a,-Pl, 1U/ml 24,9+2,7 30,2+3,0* 33,7£3,1* 42,4+3,8% 48,7+4,4%
Inhibitory activity of a2-macroglobu-line, IU/ml 4,240,75 3,60,7 3,7+0,7 4,0+0,6 3,9+0,7

Notes: n — the number of animals in the group; * — p<0,05 significant differences of the investigated indexes compared with the same in intact animals.

Table 2. The level of proteolytic enzymesin the secretion of the prostate gland of rats against the background of experimental benign hyperplasia of prostate

The investigated indexes in rats with BHP (M+m), n=6

Indicator Intact animals
1t day 7th day 14t day 21t day
Kallikrein, nmol/min/ml 5,6+0,48 27,2+3,1* 37,6%3,9* 45,3+4,6* 50,8+5,2*
Prekallikrein, nmol/min/ml 273,4422,3 265,3+25,1 247,1421,4% 225,3+22,9* 214,2424,2*
Inhibitory activity of a1-Pl, IU/ml 2,4+0,68 3,1£0,72* 3,8+0,85* 4,7+1,2% 54+1,1%
Inhibitory activity of a_-macroglobu-line, IU/ml 0,16+0,02 0,21+0,02 0,32+0,03* 0,46+0,05% 0,52+0,5*

Notes: n — the number of animals in the group; * — p<0,05 significant differences of the investigated indexes compared with the same in intact animals.

first day of the experiment increased by 385,7% (p<0,05)
and amounted to 27,2+3,1 nmol/min/ml, on the 7" day -
by 571,4% (p<0,05) (37,6£3,9 nmol/min/ml), on the 14"
day - by 708,9% (p<0,05) (45,3+4,6 nmol/min/ml)and on
the 21+ day - by 807,1% (p<0,05) (50,8+5,2 nmol/min/
ml) compared to intact animals (Table 2).

In the control group of rats, the level of prekallikrein
decreased compared to the level of the intact group
of animals: on the first day - by 2,9% (and amounted
to 265,3£25,1 nmol/min/ml), on the 7t day - by 9,6%
(p<0,05) (247,1+21,4 nmol/min/ml); on the 14" day - by
17,6% (p<0,05) (225,3£22,9 nmol/min/ml); on the 21+
day - on 21,7% (p<0,05) (214,2+24,2 nmol/min/ml).

The level of inhibitory activity of a,-PI probably in-
creased in the group of animals with simulated BHP
pathology. On the 1% day its level increased by 29,2%
(p<0,05) (equal to 3,1+0,72 ug/ml), on the 7t day - by
58,3% (p<0,05) (3,8+0,85 IU/ml), on the 14" day - by
95,3% (p<0,05) (4,7+1,2 IU/ml), on the 21 day - by
125% (p<0,05) (5,4%1,1 IU/ml) relative to the similar
indicator in the group of intact rats.

The inhibitory activity of a,-macroglobulin in the
control group of animals on the first day of observa-
tion probably did not differ from intact animals, but
on the 7" day its activity increased on 100% (p<0,05)
(0,32+0,03 IU/ml), on the 14 day - by 187,5% (p<0,05)
(0,46+0,05 IU/ml), on the 21 day — by 225% (p<0,05)
(0,52+0,5 IU/ml).

DISCUSSION

The results of the study showed that in experimental
BHP there is an increase in the activity of kallikrein in

blood serum (p<0,05) compared to a similar indicator
in intact animals. The intensity of the inflammatory
process in the prostate in CP is indicated by a sharp
increase in the inhibitory activity of a,-PI (p<0,05) - the
“protein of the acute phase of inflammation’, both in the
blood serum and in the secretion of the prostate gland.
That is, the activation of the KKS is noted, which leads
to the accumulation of bradykinin — one of the main
“mediators” of pain and inflammation. As a result of
massive kininogenesis, a complex of pathophysiological
disorders develops, which are key in the development
of the clinical manifestation of BHP: pain, hemodynamic
disorders, microcirculation disorders, increased vascular
permeability [12, 13].

We have shown that the inhibitory potential of pros-
tate secretion increases dramatically in rats with exper-
imental BHP. a,-Proteinase inhibitor - protein of the
acute phase of the inflammatory process, is the main
endogenous regulator of the elastotic activity of the
prostate secretion and is secreted during inflammation,
thereby reducing the proteolytic activity of leukocyte
elastase in the focus of inflammation and thereby pre-
venting excessive tissue damage in the target organs
in this pathological process [14].

Thus, a -proteinase inhibitor plays an important reg-
ulatory role in the anti-inflammatory response in BHP.

It is worth noting that high inhibitory activity of
a,-macroglobulin has been established in the pros-
tate secretion with BHP, which indicates damage to
the hematoprostatic barrier and the development of
membranopathy. a -macroglobulin plays an import-
ant role in the regulation of inflammatory processes,
as it limits the substrate specificity of most proteolytic
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enzymes, turning proteases into peptidases that hy-
drolyze low-molecular peptides that are mediators of
inflammatory processes. In addition, a,-macroglobulin
is the main transporter of regulatory cytokines to cells,
participates in signal transmission to the cell and the
initiation of a cascade of intracellular reactions that
affects the formation of antibodies [14, 15].

CONCLUSIONS

1.

The leading link in the pathogenesis of many dis-
eases is a change in the structure and functions of
biological membranes — membranopathy, the con-
sequence of which is a violation of hematoprostatic
barriers, which is manifested in an increase in the
excretion of certain metabolites in the extracellular
fluid. In the case of experimental BHP in rats, the
appearance in the secretion of the prostate gland of
the components of KKS, which are determined in the
secretion of the normal prostate in trace amounts,
was noted.

2. Inflammatory damage to the prostate was also evi-

denced by an increase in the proteolytic potential of
prostate secretion due to an increase in kallikrein ac-
tivity on the 21st day by 807,1% (p<0.05), which leads
to massive kininogenesis. Depletion of the adaptive
and compensatory potential of the prostate gland
was evidenced by a decrease in prekallikrein by 21,7%
(p<0.05) compared to the intact group of animals.

. Anacuteincreasein the activity of kallikrein in BHP is

probably compensated by an increase in the activity
of its specificinhibitor — a,-macroglobulin, the level
of which in the secretion of the BHP increased on
225% on the 21+ day of the experiment compared to
intact rats, and the increase in proteolytic potential
- by anincrease of 125% in the inhibitory activity of
a,-Pl, a protein of the acute phase of inflammation.

. Anincrease in the content and activity of KKS com-

ponents in the secretion of the prostate testifies
to its inflammatory damage and violation of the
permeability of the hematoprostatic barrier, which
can be an important diagnostic criterion.
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ABSTRACT

Aim: To identify and evaluate the risk factors affecting the success of single-stage laparoscopic treatment for choledocholithiasis.

Materials and Methods: We performed a retrospective analysis of treatment of 139 patients who underwent single-stage laparoscopic (BD exploration and
cholecystectomy from 2018 to 2024. Data were analysed by the use of multivariate logistic regression to identify significant predictors of negative outcomes.
Results: Multivariate logistic regression identified advanced age, multiple stones, and preoperative cholangitis as significant negative predictors of procedural
success. Age increased the odds of a negative outcome by 20,8% per year (OR 1,208 [95% Cl 1,124-1,298]; p<0,001), and each additional stone increased the
odds by 21,5% (OR 1,215 [95% Cl 1,435-3,1271; p<0,001). Preoperative cholangitis was associated with a 5-fold increase in negative outcomes (OR 5,485
[95% (1 6,397-65,607]; p<0,001). Stone size and altered anatomy were not significantly associated with the procedural success.

Conclusions: Advanced age, multiple stones and preoperative cholangitis significantly impact on the success of single-stage laparoscopic choledocholithiasis
treatment, increasing the probability of unsuccessful procedure. Incorporating these predictors into clinical practice can enhance patient care and procedural
success. Preoperative imaging and intraoperative techniques are crucial for optimizing outcomes.

KEY WORDS: choledocholithiasis, obstructive jaundice, laparoscopic surgery

INTRODUCTION
Choledocholithiasis to this day remains the most com-
mon complication of gallstone disease, accounting for
5-33% of the total incidence [1-4]. This condition carries
risks of such complications as cholangitis, pancreatitis,
and obstructive jaundice, and requires urgent attention
from a multidisciplinary team of specialists. Statistically,
the ratio of women to men with calculi of the common
bile duct (CBD) is 0,89:1,2, although lithiasis in the
gallbladder is more often found in women (1,22:1 com-
pared to men). Pregnancy and parity are considered
risk factors for the formation of gallstones. The mean
age of patients afflicted with choledocholithiasis is
67 years, which is higher than that of those with gall-
bladder stones only (56 years). This indicates that the
risk of developing gallstone disease depends on such
biological factors as gender, age and pregnancy [5, 6].

Nowadays two surgical methods of treatment of
choledocholithiasis are successfully employed - sin-
gle-stage and two-stage.

The two-stage approach includes endoscopic retro-
grade cholangiopancreatography with papillosphinc-
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terotomy combined with laparoscopic cholecystectomy
performed as a separate intervention before or after
endoscopic intervention. Comprehensive literature
evidences the positive results of the use of the two-
stage approach, which is primarily related to the more
than 50-year development of the use of endoscopic
retrograde cholangiopancreatography (ERCP) and the
international standardization of endoscopic interven-
tions [4, 7-10].

Single-stage method of treatment of choledocholi-
thiasis involves laparoscopic CBD exploration and litho-
extraction with simultaneous cholecystectomy [4, 8, 9].
Despite the obvious advantages, in particular, reducing
the duration of inpatient treatment, preserving the
sphincter of Oddi, and reducing the overall economic
and resource burden, both on the patient and on the
medical institution [3, 9], the single-stage technique is
not always able to ensure a proper clearance of stones
from the common bile duct, influenced by such pa-
tient-dependent and intraprocedural factors as age,
number and size of stones, presence of cholangitis in
the preoperative period, and altered anatomy [11, 12].
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AIM

The aim of the study was to identify and evaluate the
risk factors affecting the success of single-stage lapa-
roscopic treatment for choledocholithiasis.

MATERIALS AND METHODS

A retrospective analysis of the treatment of 139 patients af-
flicted with choledocholithiasis, who underwent one-stage
laparoscopic CBD exploration with subsequent gallstone
extraction and cholecystectomy in the period from 2018 to
2024, was conducted. The mean age of patients was (mean
[M] and the standard error of mean [m]) 59,5+1,7 years (17
to 86 years), among them men - 56,9+ 1,7 years, women —
62,1+1,7 years.In 29 (20,8%) patients, CBD exploration and
lithoextraction were performed through the cystic duct,and
in the remaining 110 (79,1%) — through the CBD incision.
Operative intervention was performed using an Olympus
CHF-V choledochofibroscope with a diameter of 5mmand
a Karl Storz with a diameter of 3 mm; lithoextraction was
performed through choledochotomy access using Dormia-
type baskets (FG-55D, FG-55D Olympus).

Complicated choledocholithiasis was documentedin 73
patients (52,5%), namely, such were considered those cases,
where there were specific factors that made it difficult to
remove calculi of the CBD by the laparoscopic method, spe-
cifically, the characteristics of the calculi, their localization,
number and size, as well as the presence of altered anatomy
and preoperative cholangitis. Large stones (>15 mm) were
observed in 18 patients (12,9%), multiple choledocholi-
thiasis (>3 calculi, size >10 mm) was noted in 31 patients
(22,3%), an atypical form of the concrement (barrel-shaped)
was detected in 2 patients (1,4%). Calculiin the intrahepatic
ducts were detected in 2 patients (1,4%). Mirizzi syndrome
was noted in 8 patients (5,8%). Stenosis of the esophagus,
stomach or duodenum was not detected. Four patients
(2,8%) had previously undergone gastrectomy or Billroth Il
gastric resection. Parapapillary diverticulum was detected
in 8 patients (6,2%). Cholangitis in the preoperative periods
was detected in 63 patients (45,3%). Vitreous edema of the
duodenum was not detected. Various terminal conditions
were not documented, significant coagulation disorders
were not detected.

All procedures involving human subjects were conducted
in accordance with the Declaration of Helsinki. Informed
consent was obtained from all participants, with clear expla-
nations provided regarding the nature, purpose, potential
risks, and benefits of the study. Data confidentiality and
participant privacy were rigorously maintained throughout
the study. All personal information was anonymized, and
datawere stored securely to protect participants’identities.

The data analysis was performed by the use of IBM SPSS
Statistics v. 26.0 (Armonk, NY:IBM Corp., USA).To determine

the independent factors, impacting on the success of one-
stage laparoscopic treatment of choledocholithiasis, we
used amultivariate logistic regression analysis. The strength
of the association between the studied factors and the
studied outcome (the absence of the procedural success)
was measured by an odds ratio (OR) with 95 % confidence
interval (Cl). A p-value <0,05 was considered statistically
significant.

RESULTS

The obtained data on the previously defined anamnestic
and intraprocedural factors impacting the successful
performance of one-stage laparoscopic CBD exploration
and lithoextraction (accounted specifically for technical
difficulties in performing the procedure, bile ducts clear-
ance rate, presence of post-procedural complications
and the need for repeated surgical interventions were
taken into account) are highlighted in Table 1.
According to the multivariate logistic regression
analysis, the advanced age, multiple stones and preop-
erative cholangitis appeared to be significant negative
predictors of procedural success (Table 2). Namely, the
age increased the odds of a negative outcome by 20,8%
per 1-year increase (OR 1,208 [95% Cl 1,124-1,298];
p<0,001), and each additional stone increased the odds
by 21,5% (OR 1,215 [95% Cl 1,435-3,127]; p<0,001).
Preoperative cholangitis was associated with a 5-fold
increase in negative outcomes (OR 5,485 [95% Cl 6,397-
65,607]; p<0,001). Stone size and altered anatomy were
not significantly associated with the procedural success.

DISCUSSION

The abovementioned findings underscore the critical
importance of identifying and managing negative
predictors in the surgical management of choledocholi-
thiasis. Advanced age, the presence of multiple stones,
and preoperative cholangitis are significant factors that
can markedly impact procedural outcomes.

Older patients, for instance, may face higher rates of
incomplete stone clearance due to a variety of factors
associated with aging. Physiological changes that ac-
company advanced age, such as decreased bile duct
motility and compromised liver function, can affect
the efficacy of surgical interventions. Additionally,
olderindividuals often have comorbidities that further
complicate surgery and healing processes. These factors
necessitate a tailored approach to surgical planning
and execution, ensuring that age-related challenges
are addressed proactively to improve outcomes [2, 9].

Similarly, the presence of larger and multiple stones pres-
entsits own set of technical challenges during laparoscopic
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Table 1. The logistic regression model characterizing the impact of anammestic and intraprocedural factors on the success of single-stage laparoscopic

treatment of choledocholithiasis®

Variable B—Coefficient Standard error P OR 95% CI
Age 0,189 0,037 <0,001 1,208 1,124-1,298
Number of concrements 0,195 0,206 <0,001 1,215 1,435-3,217
Size of concrements 0,092 0,097 0,342 1,097 0,907-1,326
Preoperative cholangitis 1,702 0,594 <0,001 5,485 6,397-65,607
Altered anatomy 1,779 1,242 0,152 5,926 0,520-67,541

Note: " — the absence of procedural success as the studied outcome (x2 = 118,234; df = 5; p<0,001).

extraction. The complexity of removing multiple or larger
stones can lead to difficulties in achieving complete clear-
ance through laparoscopic methods alone. This situation
may require adjunctive procedures such as endoscopic
stone extraction techniques or even conversion to open sur-
gery if laparoscopic methods are inadequate. The decision
to convert to open surgery is often based on intraoperative
findings and the surgeon’s judgment, aiming to ensure that
all stones are effectively removed and to prevent postop-
erative complications [2, 11-13].

To mitigate these challenges, several strategies can be
employed. Preoperative optimization is crucial and can be
achieved through advanced imaging modalities. Techniques
such as magnetic resonance cholangiopancreatography
(MRCP) and ERCP are instrumental in assessing the stone bur-
den and ductal anatomy with high precision[10, 14-16]. MRCP
provides detailed images of the bile ducts and helps in iden-
tifying the size, location, and number of stones, as well as any
anatomical anomalies. ERCP canfacilitate both diagnosticand
therapeutic interventions, including stone removal, thereby
reducing the complexity of subsequent surgical procedures.
These imaging techniques allow for better surgical planning
and can improve the overall success rate of the surgery.

Intraoperative techniques also play a critical role in
managing choledocholithiasis effectively. Intraoperative
cholangiography (I0C) is a valuable tool that can help
navigate anatomical variations and ensure complete stone
clearance [17, 18]. By providing real-time images of the bile
ducts during surgery, I0C allows surgeons to identify any
remaining stones and verify that the bile ducts are free of

obstruction. This technique enhances the accuracy of the
surgery and reduces the risk of postoperative complications.

Moreover, patient counseling and informed consent are
essential components of preoperative preparation. It is
important to discuss with patients the potential need for
staged procedures or conversion to open surgery based on
intraoperative findings. By setting realistic expectations and
preparing patients for the possibility of additional interven-
tions, surgeons can enhance patient satisfaction and ensure
a more informed and cooperative approach to treatment.

CONCLUSIONS

The advanced age, the presence of multiple stones and
preoperative cholangitis significantly impact on the suc-
cess of single-stage laparoscopic choledocholithiasis treat-
ment, increasing the probability of unsuccessful proce-
dure. Understanding and addressing negative predictors
are paramount in optimizing the success of single-stage
laparoscopic choledocholithiasis treatment. By incorpo-
rating these predictors into clinical decision-making and
surgical planning, clinicians can improve procedural out-
comes, minimize complications,and enhance patient care.
Future research should focus on prospective validation of
these predictors across diverse patient populations and
explore novel techniques or technologies to further refine
the management of choledocholithiasis. Finally, an inte-
grating these insights into clinical practice will lead to bet-
ter outcomes and quality of care for patients undergoing
one-stage laparoscopic treatment for choledocholithiasis.
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ABSTRACT

Aim: To determine the signs of society’s readiness to legalize euthanasia for palliative patients by interviewing both the patients themselves and their relatives
(caregivers) and specialists who provide medical, psychological, social and spiritual services at the end-of-life.

Materials and Methods: The study was carried out using a sociological method among palliative patients of three regions of Ukraine (Lviv, Kyiv and Kharkiv)
on a random sample of 377 people surveyed during 2022—-2024. The conducted research confirmed and clarified the previous results with greater reliability.
Results: Among the interviewed palliative patients, 60,0% complained of unbearable chronic pain; 69.4% thought about suicide at least once or tried to commit
it. At the same time, only 40.3% thought about the possibility of euthanasia (or looked for ways to perform it) (1,7 times less). The prevalence of opinions about
the possibility of euthanasia was higher among relatives (caregivers) of palliative patients (47,4%), and lower among those who provide services (30,1%).
Among all respondents, suicide was discussed more often than euthanasia 1,5 times more often. And a broad social dialogue on the legalization of euthanasia
is considered possible only by a little more than half of the respondents.

Conclusions: Ukrainian society is not ready for a broad dialogue about the need to legalize euthanasia, which actually means the continuation of the suffering
of a significant number of palliative patients who do not receive adequate pain relief and most do not have the financial opportunity to use euthanasia tourism.

KEY WORDS: palliative and hospice care, chronic pain, suicide, questionnaires

INTRODUCTION

The organization of palliative and hospice care in the
country and integration of this system into the general
health care system, reflect the country’s ability to care
for vulnerable segments of the population, to be a“so-
cial” state, to fulfill the declarative promises of its Con-
stitution and other laws. Within the limits of the right to
life, states independently decide what freedoms should
be granted to their citizens regarding the disposition of
their life, health, and death. The most controversial in
all societies are the rights to abortion and euthanasia.

“Euthanasia” (from Greek gu — good, 8avatog - death)
as an easy painless death, without torment and suffer-
ing is an alternative to dying with unbearable chronic
pain caused by an incurable disease in countries such
as Sweden, the Netherlands, Belgium, Switzerland, Fin-
land, Germany, Spain, Luxembourg, Chile, Canada, 20
US states. Perception or rejection of ideas about the pos-
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sibility of legalizing euthanasia in these countries took
place with the participation of terminally ill patients,
their relatives (family members, guardians, caregivers),
people who, in their official duties or volunteer (public)
activities, often come into contact with patients who die
in pain and ask to take their lives. But even doctors, who
are more often faced with difficult patients and their
pleas for relief from suffering, are often not ready to
perform euthanasia due to religious beliefs and ethical
guidelines of medical universities [1]. The vast majority
of low-income countries are unable to provide palliative
care for patients at a sufficient level, so euthanasia can
be offered as an alternative to dying in pain. Refusing to
consent to such a voluntary medical procedure should
not violate the right of palliative patients to die with
dignity in their own country.

The most important argument for speeding up
the euthanasia legalization is always the insufficient
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Table 1. Distribution by age, gender and religiosity of patients interviewed at the second stage of the study, their caregivers and persons providing

services to patients

Questionnaire questions
and answers

Interviewees’ categories

Total

in three categories

patients caregivers services’ providers
abs. % abs. % abs. % abs. %
male 65 48,5 21 21,7 58 39,7 144 38,2
Sex female 69 51,5 76 78,3 88 60,3 233 61,8
total 134 100,0 97* 100,0 146* 100,0 377 100,0
adults 103* 76,9 - - - - - -
Age
children 31 23,1 - - - - - -
yes 35 339 37 38,1 82 56,2 154 44,5
Religious no 68 66,1 60 61,9 64 43,8 192 55,5
total 103* 100,0* - - - - 346 100,0
Note: * — The answer, whether the respondent is a believer, was calculated only for adults.
Table 2. Distribution of surveyed patients (adults and children) by main palliative diagnosis
: Diseases of adults Diseases of children Number,
Category of diseases - e
(with ICD-10 codes) persons (%)
- oncological diseases malignant neoplasms (C00-C97, D00-D48) 35(26,1)
severe perinatal conditions (Q00-Q99);
infantile cerebral palsy (G80);
dementia (FOO-F03); mental retardation (severe and
- neurological diseases epilepsy (G40-G47); profound) (F72-F79); 57 (42,5)
multiple sclerosis (G35) Inflammatory diseases of the central
nervous system (GO0, G03, G04, G06,
GO08, G09);
- cardiovascular diseases (100-199) 9(6,7)
- infectious diseases tuberculosis (A15-A19); HIV/AIDS (B20-B24) 11(8,2)
- endocrine diseases diabetes (E10-E14) 2(1,5)
- arthropathy rheumatoid arthritis (M05-MO06) - 2(1,5)
- kidney disease (NOO-N15, N20-N23) - 1(0,8)
. . . . . . chronic hepatitis
- liver disease liver fibrosis and cirrhosis (K74) (K73, K75.2, K75.3) 3(2,2)
- lung disease COPD (J43-J47) - 1(0,8)
- congenital malformations - (Q00-Q99) 7(52)
phenylketonuria (E70.0);
- orphan diseases - cystic fibrosis (E84); 6 (4,5)
mucopolysaccharidoses (E76)
Total, persons (%) 103 (76,9) 31(23,1) 134 (100,0)

Notes: CNS — central nervous system;
(OPD — chronic obstructive pulmonary disease;

HIV/AIDS — human immunodeficiency virus/acquired immunodeficiency syndrome;

ICD-10 — International Classification of Diseases of the 10th revision [7].

analgesia of severe patients, which is one of the main
needs of palliative patients [2]. The quality of pain relief
for the majority of such patients has a strong influence
on the ranking of countries according to the Quality of
Death Index. In this ranking, most of the countries with
the best quality of death are countries with a high level
of income. But there is also an exception to this rule:

in the “"A” list, which includes the best countries, there
is Uganda (31 place), which belongs to low-income
countries. And, on the contrary, the Czech Republic (66™
place) and Portugal (75™ place) with high levels of profit
are classified as the “worst” countries [3].

The integral assessment of the Quality of Death Index
takes into account 20 indicators, combined into 5 cat-
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Fig. 1. Distribution of interviewed palliative patients: a) by diagnosis; b) at the place of treatment.
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Fig. 2. The result of patients’ survey, their caregivers and services' providers, at the second sta

ge of the study regarding the need to legalize euthanasia.
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Fig. 3. The result of patients’survey, their caregivers and services' providers, at the second stage of the study regarding the possible format of the public
debate on the euthanasia legalization.
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Table 3. Findings from a survey of patients, caregivers and patient care providers in the second phase of a study on opinions about end-of-life patients’

suffering by suicide or euthanasia

Questionnaire questions Interviewees’ categories Total
and answers in three
patients caregivers services’ providers categories
abs. % abs. % abs. % abs. %
yes 93 69,4 34 35,1 88 60,3 215 57,0
The patient’s thoughts about no 20 14,9 63 64,9 58 39,7 141 374
suicide / suicide attempt
not answer 21 15,7 - - - - 21 5,6
Total 134 100,0 97 100,0 146 100,0 377 100,0
The patient’s thoughts about yes 54 40,3 46 47,4 44 30,1 144 38,2
the euthanasia / search for the no 66 49,3 51 52,6 102 69,9 219 58,1
possibility notanswer 14 104 - - - - 14 3,7

egories. Among the categories, the quality of medical
care has the greatest qualitative weight (30%). Three
categories (human resources of the system of medical
care and social provision; accessibility of medical care
for the population; and direct adequacy to the needs of
the organization of palliative and hospice care) have an
impact on the final assessment in the amount of 20%
each. Another 10% depend on community involvement
[4]. The last fact shows the insignificant influence of
public opinion on palliative medicine as a whole. There-
fore, in order to determine the readiness of society to
discuss the need to legalize euthanasia, it is necessary
to study the opinion of patients, their relatives, and
persons who provide services (treatment and support)
to such palliative patients and their relatives.

AIM

To determine the signs of society’s readiness to legalize
euthanasia for palliative patients by interviewing both
the patients themselves and their relatives (caregivers)
and specialists who provide medical, psychological,
social and spiritual services at the end-of-life.

MATERIALS AND METHODS

The research was conducted in 2022-2024 in hospices
and palliative care units in three regions of Ukraine,
namely Kharkiv (east of the country), Kyiv (center
of the country) and Lviv (west of the country) using
a sociological method: using a specially developed
anonymous questionnaire [5]. 589 people were inter-
viewed, from which 377 were randomly selected (the
critical value of the standard normal distribution for
the 95% confidence level was approximately 1,96). The
responses of 377 adults were taken into account, 31 of
whom responded on behalf of their minor child with a

palliative diagnosis (parents or guardians, each adult on
behalf of one child). The other 346 responses counted
were on their own behalf. The respondents were divided
into three groups (134 palliative patients, including 103
adults and 31 children, whose answers were obtained
through parents; 97 caregivers of palliative patients;
146 specialists who provide medical, psychological,
social and spiritual services to palliative patients at the
end-of-life, and namely doctors, nurses, social workers,
priests, volunteers), which is shown in Table 1.

At the previous stage of the research (2022-2023) [6],
284 people were interviewed, of whom 100 respondents
were selected by customization with quota subgroups
(10 subgroups of 10 people each). The survey result had
a reliability level of p<0,05 for the entire group (100
people), but p>0,05 for each of the subgroups, which
became one of the reasons for continuing the survey
and increasing the sample. Separate data from the first
and second stages of the study were compared.

At the second, current stage, the groups were en-
larged (3 instead of 10). The data obtained from the
respondents in the first stage in the city of Vinnytsia
were not taken into account in the second stage. The
answers of 59.0% of the respondents, included in the
groups of the first stage of the study, were also taken
into account when calculating the results of the second
stage. The study of this stage covered an additional
period (2024). Generalization of the diagnoses of pal-
liative patients was carried out according to the same
principles in the first and second stages of the study. The
diagnoses of the second stage of the study are shown
in Table 2 and Fig. 1.a, and the distribution of patients
by place of treatment is shown in Fig. 1.b.

The questionnaire data were automatically trans-
ferred to the associated Google Forms file. Sample
customization and randomization were performed
using the “Randomizer & Calculator” application ver.
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1.3.0/2023 (Antika Inc., Turkey). Randomized results
were reported to Excel 2019 (Microsoft, USA) for final
statistical processing. The result of calculations ex-
pressed as a percentage was rounded to the nearest
tenth.

RESULTS

The mostimportant result of the study is the ratio of an-
swers to questions about thoughts or suicide attempts,
thoughts or search for a way of euthanasia, the opinion
about the need to legalize euthanasia and the feeling of
constant unbearable pain caused by a palliative disease
(for patients and their relatives who state complaints of
constant pain), which presented in Table 3. Refusal to
answer questions about suicidal thoughts or attempted
suicide, as well as about possible euthanasia or finding
a way to perform it, was accepted only from palliative
patients. Their loved ones (caregivers) and persons
providing services (treatment and support) to palliative
patients were asked to answer these questions with a
yes or no. The results of the survey of all categories of
respondents about the need for legalization of eutha-
nasia and the possible format of the discussion about
such legalization are shown in Fig. 2 and Fig. 3. 75 out
of 134 (60,0%) surveyed patients complained of un-
bearable chronic pain.

Attention is drawn to the greater prevalence of
opinions about the possibility of euthanasia among
relatives (guardians) of palliative patients than among
the patients themselves. At the same time, palliative
patients report their thoughts about the suicide of their
loved ones only in about half of the cases.

DISCUSSION

It should be noted that our previous studies established
the need to expand the list of palliative diseases for
adults and children [8], in accordance with the WHO rec-
ommendation and the development of the Ukrainian
Center for Public Data (2018). An expanded list of dis-
eases will allow not only to treat more patients with
serious diseases at the end of their lives as palliative,
with appropriate state funding, but also bring palliative
patients closer to the possibility of euthanasia instead
of suicidal thoughts or attempts.

Today, chronic excruciating pain unfortunately
prompts palliative patients more often to thoughts of

suicide than to thoughts of euthanasia. The distribution
of the interviewees into 3 approximately equal groups
by region of the country, gender (48,5% of male to
51,5% of female) allows us to claim that the place of
residence and gender had no influence on the aver-
age result. An important fact established by the study
is that 60% of palliative patients experienced chronic
unbearable pain, 69,4% thought about suicide at least
once in their life, but only 40,3% of patients thought
about performing euthanasia (or sought such an op-
portunity) (1,7 times less than suicidal thoughts). In
our opinion, this indicates a misunderstanding of the
procedure by a large part of patients. At the same time,
the procedure of suicide tourism is not available for the
majority of palliative patients of Ukraine, considering
the high cost of euthanasia in Switzerland, which is the
closest country to Ukraine, where you can get a similar
service. Similarly, the proximity of Mexico, which has
legalized euthanasia, is an option for US residents [9].

Seeking medically assisted end of life results in signifi-
cantly less stigma than suicide attempts, as indicated
by Eilers J.J. & Kasten E. (2022) [10]. Carrying out a legal,
state-controlled euthanasia procedure entails less risk
of lengthy criminal investigations for the loved ones
of the deceased. In addition, the development of the
euthanasia system, providing patients with an alterna-
tive to a dignified end of life in conditions of ineffective
treatment, and especially analgesia, increases the as-
sessment of the development of the entire system of
palliative and hospice care [11-15].

CONCLUSIONS

The creation of a civilized system of euthanasia for the
hopelessly ill with chronic excruciating pain that cannot
be treated is an opportunity to realize the right of every
person to a dignified death. The existence of such a right
for everyone does not deprive believers of the right to
refuse not to resort to euthanasia. Ukrainian society is
not ready for a broad dialogue about the need to legal-
ize euthanasia, which actually means the continuation
of the suffering of a significant number of palliative
patients who do not receive adequate pain relief, and
most of them do not have the financial opportunity to
use euthanasia tourism. The fact that severe palliative
patients are more likely to think about suicide than
about euthanasia indicates a lack of quality information
about the procedure of medically assisted end of life.

REFERENCES

1. Picon-Jaimes YA, Lozada-Martinez ID, Orozco-Chinome JE et al. Euthanasia and assisted suicide: An in-depth review of relevant historical
aspects. Ann Med Surg (Lond). 2022;75:103380. doi: 10.1016/j.amsu.2022.103380. ¢poi&

2212


http://www.doi.org/10.1016/j.amsu.2022.103380

Assessment of society’s readiness for the legalization of euthanasia, carried out in the field of palliative medicine

8.

9.

10.

1.

12.

13.

14.

15.

. Holovanova IA, Shevchenko AS. Determination of the main needs of palliative patients and ways of their provision in the health care

system of Ukraine. Experimental and Clinical Medicine. 2021;90(3):88—94. doi: 10.35339/ekm.2021.90.3.hos. (bol&

. Finkelstein EA, Bhadelia A, Goh Cet al. Cross Country Comparison of Expert Assessments of the Quality of Death and Dying 2021. J Pain

Symptom Manage. 2022;63(4):e419—-e429. doi: 10.1016/j.jpainsymman.2021.12.015. ¢bol&

. DowlaR.The 2015 Quality of Death Index — Why We Rank Second Last? Journal of Pain and Symptom Management. 2016;52(6):e23—e24.

doi: 10.1016/j.jpainsymman.2016.10.040. (boi&

. Questionnaire regarding for euthanasia of palliative patients. Kharkiv National Medical University; 2024. https://zenodo.org/

records/14026179/files/Quest%20eng_r.pdf?download=1 [Accessed 1 October 2024].

. Nesterenko VG, Lytvynenko OYu. Hotovnist' do dialohu shchodo evtanaziyi paliatyvnykh patsiyentiv v Ukrayini. [Readiness for dialogue

regarding euthanasia of palliative patients in Ukraine]. Eksperymental'na ta klinichna medytsyna. 2024;93(2):79-88. doi: 10.35339/
ekm.2024.93.2.nel. (Ukrainian) CRoI&

. International Statistical Classification of Diseases and Related Health Problems 10th Revision. WHO. 2019. https://icd.who.int/

browse10/2019/en [Accessed 20 September 2024]

Nesterenko VG, Redka IV, Sukhonosov RO et al. Forecasting the need for palliative and hospice care using the creeping trend method
with segment smoothing. Wiad Lek. 2024;77(5):980-4. doi: 10.36740/WLek202405116. ¢boi&

Zhi GYJ, Flaherty GT, Hallahan B. Final journeys: exploring the realities of suicide tourism. J Travel Med. 2019;26(3):taz016. doi: 10.1093/
jtm/taz016. (poIe

Eilers JJ, Kasten E. Finished with Life Anyway and Then Stigmatized for Attempting Suicide-An Overview. Healthcare (Basel).
2022;10(11):2303. doi: 10.3390/healthcare10112303. (poi&

Nesterenko VG, Shevchenko AS, Zelenska KO et al. Clinical and epidemiological characteristics of disabling neurological diseases (literature
review). International Neurological Journal. 2024;20(4):176—184. doi: 10.22141/2224-0713.20.4.2024.1079. (bol&

LynchT, Connor S, Clark D. Mapping levels of palliative care development: a global update. J Pain Symptom Manage. 2013;45(6):1094—-1106.
doi: 10.1016/j.jpainsymman.2012.05.011. (boi&

Planning and implementing palliative care services: a guide for program managers. Geneva: WHO. 2016, p. 91. https://iris.who.int/
bitstream/handle/10665/250584/9789241565417-eng.pdf [Accessed 20 September 2024]

Dyachuk DD, Lishchishina OM, Zyukov OL et al. Indykatory yakosti v systemakh okhorony zdorov"ya: natsional'ni resursy zoseredzheni na
rezul'tatakh, protsesakh i produktyvnosti. [Quality indicators in health care systems: national resources focus on results, processes and
productivity. Klinichna ta profilaktychna medytsyna. 2022;1(19):90-101. doi: 10.31612/2616-4868.1(19).2022.11. (Ukrainian) b0l &
Tsarenko AV, Chaikovska VV, Goyda NG et al. Heriatrychni aspekty orhanizatsiyi medyko-sotsial'noyi, paliatyvnoyi ta khospisnoyi dopomohy
v umovakh viyny: poyednannya medychnykh, psykholohichnykh ta sotsial'nykh problem. [Geriatric aspects of the organization of
medical-social, palliative and hospice care in the conditions of the war: combination of medical, psychological and social problems].
Klinichna ta profilaktychna medytsyna. 2024;(3):74-81. doi: 10.31612/2616-4868.3.2024.09. (Ukrainian) bor&

Due to the anonymous nature of the questionnaire, informed consent to participate in the study was not obtained.
The general design of the study was approved by the Bioethics Commission of the Kharkiv National Medical University
in 2022 (Protocol No.1).

The study was carried out within the scope of the topic “Medical and social justification of the improvement of the
system of palliative and hospice care in Ukraine in the context of reforming the health care system’] in accordance
with the subject of the research work of the Department of Public Health and Health Care Management of the Kharkiv
National Medical University 0124U002696 (2024-2026).

CONFLICT OF INTEREST
The Authors declare no conflict of interest

CORRESPONDING AUTHOR
Valentyna G. Nesterenko

Kharkiv National Medical University

4 Nauky Avenue, 61022 Kharkiv, Ukraine
e-mail: vh.nesterenko@knmu.edu.ua

ORCID AND CONTRIBUTIONSHIP
Valentyna G. Nesterenko: 0000-0002-3773-9525 & @® (© @ (F
Olha Yu. Kosilova: 0000-0001-6558-0710 & (F

2213


http://www.doi.org/10.35339/ekm.2021.90.3.hos
http://www.doi.org/10.1016/j.jpainsymman.2021.12.015
http://www.doi.org/10.1016/j.jpainsymman.2016.10.040
http://www.doi.org/10.35339/ekm.2024.93.2.nel
http://www.doi.org/10.36740/WLek202405116
http://www.doi.org/10.1093/jtm/taz016
http://www.doi.org/10.3390/healthcare10112303
http://www.doi.org/10.22141/2224-0713.20.4.2024.1079
http://www.doi.org/10.1016/j.jpainsymman.2012.05.011
http://www.doi.org/10.31612/2616-4868.1(19).2022.11
http://www.doi.org/10.31612/2616-4868.3.2024.09

Valentyna G. Nesterenko et al.

Iryna V. Redka: 0000-0002-9620-9452 (& F
Roman O. Sukhonosov: 0000-0002-5177-2970 (& (F
Oleksandr O. Shevtsov: 0000-0003-1459-9141 & (¥
Yana V. Zhuravel: 0000-0002-2856-5439 & (F

A —Work conceptand design, (8- —Data collection and analysis, ‘¢ — Responsibility for statistical analysis, (0 —Writing thearticle, € — Critical review, (F- — Final approval of the article

RECEIVED: 17.06.2024
ACCEPTED: 28.10.2024

CREATIVE COMMONS 4.0

2214



© Aluna Publishing

weEh Wiadomosci Lekarskie Medical Advances, VOLUME LXXVII, ISSUE 11, NOVEMBER 2024

ORIGINAL ARTICLE

CONTENTS

Follow-up performance of patients with cutaneous melanoma:
recommendations for an effective strategy
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ABSTRACT

Aim: To investigate the incidence of progression and median time for metastasizing, the development of recurrent localization, and to identify localizations
with a high tendency to recurrence of melanoma during 10 years of patient follow-up observation.

Materials and Methods: The retrospective data of dynamic observation by dermatovenereologists of SIS «CIHT» SAD of 183 patients with skin melanoma
for the period 2014 — first half of 2024.

Results: Among 183 cases of melanoma, 23 cases (12,6%) were detected in stage Ill and 11 cases (6,0%) in stage IV, so the neglect rate was 18,6%. Melanoma
progression was detected in 39 patients (21,4%) after an average of (mean £m) 5,3+1,8 years of follow-up, including 9 patients (23,1%) with stages I-Il
melanoma and all patients (30 people — 76,9%) with neglected cases (stages Ill-IV). In our study, the predominant localization of primary melanoma on the
skin of the lower limbs (52,9%) and trunk (29,3%) resulted in further progression of the disease in the first 5-6 years of patients’ follow-up.

Conclusions: Our study has supplemented the scientific data on the timing of follow-up of patients with skin melanoma and possible progression factors
(tumour thickness, lymph node involvement, localization of the primary tumour), which should be taken into account in the dynamic monitoring of patients

in order to detect disease progression timely.

KEY WORDS: skin melanoma, factors for disease progression, dynamic monitoring of patients

INTRODUCTION

The incidence of melanoma continues to increase
worldwide, with the highest burden of melanoma
occurring in Australian, North American and European
populations [1]. The prognosis of primary cutaneous
melanoma is largely dependent on the characteristics
of the primary tumour, with a one-year survival rate of
98% for thin (<0,8 mm), non-ulcerative primary melano-
mas and 75% for thick (>4 mm), ulcerative tumours [2].
To make a decision about additional diagnostics
and specific anti-cancer treatment, it is necessary to
accurately classify the patient’s melanoma stage at the
time of diagnosis. The guidelines of The American Joint
Committee on Cancer (AJCC) for the staging of mela-
noma are regularly updated based on new evidence,
and in the 8th edition (AJCC 8) mitosis was removed
as a criterion for staging, the thickness size for thin
invasive melanomas was reduced to 0,8 mm, and the
measurement of lesion thickness was rounded to the
nearest 0,1 mm for all tumour categories [2, 3].

Wiad Lek. 2024;77(11):2215-2224. doi: 10.36740/WLek/197099 € Dol

It is known from scientific sources that there is no
threshold for the thickness of a primary melanoma
tumour at which the process of metastasis cannot be
realised. Since the proportion of thin melanomas is very
high, today more patients die from T1 tumours than
from T4 tumours in absolute numbers [5].

Survival estimates for melanomas in the T2 to T4 tu-
mour category are now based on a cohort of patients
with a negative sentinel lymph node (SLN) biopsy. The
spread of the disease to the lymph nodes, lungs and
central nervous system is now differentiated from ‘all
other internal organs’ to provide better prognostic
information for patients and clinicians [3].

Surgical intervention remains the main treatment
for local recurrences of melanoma. In patients who are
examined at regular time intervals, local recurrences can
be detected at a stage at which they can be treated by
surgical resection [4].

However, there are differences among clinical
guidelines regarding the standard for clear margins of
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resection for primary melanoma. Recommendations
vary around the world, with some countries, such as
the United States and Australia, suggesting 5-10 mm,
and others, such as South Africa, suggesting 18 mm for
the treatment of malignant lentigo [4].

Factors predisposing to recurrence in patients with
T1 or T2 melanoma include positive SLNs, ulceration,
thickness, and stage of primary melanoma [5].

In the study by L. von Schuckmann et al. [6], in a
cohort of patients with high-risk primary melanoma
who received wide excision of the primary tumour
with or without SLN, the 2-year survival rate was
95% for T1b tumours and 67% for T4b tumours. Pa-
tients who did not undergo SLN had a significantly
lower 2-year survival rate compared to patients with
melanoma of the same tumour category and a neg-
ative-SLN. Patients who did not undergo SLN had a
significantly lower 2-year survival rate compared to
patients with melanoma of the same tumour category
and negative-SLN.

The presence of ulceration significantly decreased
survival at all tumour thicknesses. Other factors asso-
ciated with a worse 2-year prognosis included mitotic
rate greater than 3 per 1 mm? and the location of the
primary tumour on the scalp or neck [6].

Most of the first recurrences occurred in the area of
the primary tumour (70,2%). In 57,8% of patients who
underwent surgical resection of locoregional recur-
rence, they remained disease-free for another 2 years,
while 31,3% of patients without surgical resection of
locoregional recurrence developed further recurrence
in a distant location [6].

Usually, a recurrence of melanomais detected by the
patientin 75% of cases. However, in addition to looking
for suspicious skin lesions, patients should be aware of
other signs that may indicate recurrence: dense subcu-
taneous nodes, enlarged lymph nodes, or persistent
and unexplained systemic signs.

Itis known from scientific sources that approximately
5-10% of patients develop a second invasive melanoma,
and more than 20% develop a new melanoma in situ
some time after the initial diagnosis [7].

Clinical follow-up is important not only to ensure
timely diagnosis of tumour recurrence or detection
of a new tumour localization, detection of regional
lymph node involvement, distant metastasis, but also
to provide ongoing patient education, reassurance and
psychosocial support [8].

The frequency and duration of clinical follow-up is
usually based on the stage of the disease at the time
of diagnosis, but should be tailored to the individual
needs of the patient, for example, due to the presence
of multiple melanocytic or atypical nevi [3].

2216

There is limited evidence on the ideal follow-up
schedule for patients with melanoma. However, it is
recommended that the frequency and duration of
clinical examination should be based on their stage [8]:

T1a stage - annually for at least ten years after the
initial diagnosis;

T1b-T2a stages - every six months for two years, then
annually for at least ten years after the initial diagnosis;

T2b-T2c and T3a-N3d stages — every four months for
two years, every six months for the third year, and then
annually until at least ten years after the initial diagnosis;

T4 stage - according to the recommendations for
stage Il with additional visits as needed [3].

While there are no universal recommendations for
follow-up monitoring for primary melanoma survivors,
the general consensus is that regular skin and lymph
node examinations are necessary for the early detec-
tion of disease recurrence or subsequent new primary
tumours [3, 9, 10].

With the implementation of targeted immune thera-
pies for the treatment of metastatic melanoma, includ-
ing possible adjuvant therapy, a detailed understanding
of the risk of melanoma recurrence can help clinicians
to consult patients with primary tumours with a high
risk of metastatic disease [9, 10].

AIM

The aim of our study was to investigate the frequency of
progression and development of cutaneous melanoma
recurrence, the average time to metastasis and target
organ, and to identify localizations with a high pro-
pensity for melanoma recurrence within 10 years after
the diagnosis of the primary tumour, using data from
a retrospective cohort of patients who were observed
at a particular healthcare facility.

MATERIALS AND METHODS

The study was conducted at the State Institution of
Science «Center of innovative healthcare technologies»
State Administrative Department (hereinafter - SIS
«CIHT» SAD) and is a fragment of the research work
«Medical and social substantiation, development and
implementation of a modern model of a system for con-
tinuous improvement of the quality of integrated med-
ical care in the work of a multidisciplinary healthcare
institution» (state registration number 0122U000232).
The retrospective data of dynamic observation by der-
matovenereologists of SIS «CIHT» SAD of 183 patients
with skin melanoma for the period 2014 - first half of
2024, data on the morphological characteristics of the
primary tumour and foci of progression were used. In
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the period 2014 — first half of 2024
compared to the prevalence rate of
melanoma among the population of
Ukraine (per 100 thousand people) and
the population of Kyiv (per 100 thousand
people) for the period 2014-2021.

Fig. 2. Primary melanoma incidence
rate among the specified contingent
of people (per 100 thousand people)
for the period 2014 — first half of 2024
compared to the primary melanoma
incidence rate among the population of
Ukraine (per 100 thousand people) and
the population of Kyiv (per 100 thousand
people) for the period 2014-2021.

the course of the study, bibliosemantic, general clinical
and instrumental, laboratory diagnostic and medi-
cal-statistical research methods were used, including
Mean - arithmetical average; m - standard deviation
error (hereinafter: mean £ m), the coefficient of de-
termination (hereinafter: [R]). This research followed
the regulations of the World Medical Association Dec-
laration of Helsinki and ethical principles for medical
research involving human subjects.

The statistical software Excel and IBM SPSS Statistics
v. 23 were chosen for calculations. The package of stan-
dard functions contains all necessary database analysis
for calculations.

RESULTS

There were 183 patients with skin melanoma under
dynamic observation, the average age of which was
(hereinafter: mean £ m) 63,9+2,1 years, including 103
(56,3%) men aged 64,1+1,8 years and 80 (43,7%) wom-
en aged 62,8+2,3 years. Only 23 % (42 people) were of
the working age, with women making up the majority
at 13,7% (25 people).

The level of melanoma prevalence among the spec-
ified contingent of people for the period 2014-2021
exceeded the level of melanoma prevalence among
the population of Ukraine and the population of Kyiv (in
2014 - 2,4 and 3,5 times, respectively;in 2021 - 2,5 and

2217



Olena O. Oshyvalova et al.

B average number of observation years

7

over 75 years old

64-74 years old

45-64 years old

30-44 years old

18-29 years old

0 5 10 15 20

Hnumber of people

|
w
(=]

Fig. 3. Duration of observation

Total'103peoplef of male melanoma patients
among the specified contingent
25 30 35 40 of people for the period 2014 —

first half of 2024.

16

6

over 75 years old

64-74 years old

r

19

45-64 years old 8

30-44 years old 3.02

18-29 years old 54

1

o

5 10 15 20

m average number of observation years

u number of people

33

| Total'80-peopleq] |

Fig. 4. Duration of observa-
tion of women with melanoma
among the specified contingent
of people for the period 2014 —
first half of 2024.

25 30 35

3,6 times, respectively) and had a significant upward
trend (the coefficient of determination [R?] = 0,8788),
as well as the prevalence level of melanoma among
the population of Ukraine (R* = 0,9963) and Kyiv (R* =
0,9891) (Fig. 1).

For the period 2014 - first half of 2024, no significant
increase in primary melanoma incidence among the
specified population was observed (R*=0,0353), which
corresponds to the general trend among the population
of Ukraine (R*=0,239) and the population of Kyiv (R* =
0,4474) (Fig. 2). At the same time, the level of primary
incidence of melanoma among the defined population
was significantly higher than the corresponding indi-
cator among the population of Ukraine and Kyiv: 2,6
and 1,9 times in 2014, respectively; 6,1 and 4,3 times
in 2019, respectively (Fig. 2).

The average observation period for melanoma pa-
tients among the specified contingent of people was
8,4+1,7 years, including the average observation period
for men - 8,2+1,6 years, women — 8,5+1,9 years.
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The largest number of men with melanoma among
the specified contingent of patients was registered at
the age of 45-64 years (33 patients - 32%) and at the
age of 75 years (36 patients — 35%) (Fig. 3). There were
no men aged 18-29 years among our patients. The
longest mean observation period was in the group of
men aged 45-64 years (8,2 = 1,1 years), the lowest in
the groups aged 64-74 years (7,1 £ 1,9 years) and over
75 years (7,1 £ 0,8 years) (Fig. 3).

The largest number of women with melanomaamong
the specified contingent of people was also registered
at the age of 45-64 years (33 people — 41,2%) (Fig. 4).
Only one woman aged 18-29 years with a mean obser-
vation period of 5,4 years was registered among our
patients. The longest mean observation period was
also in the group of women aged 45-64 years (8,8
1,2 years) (Fig. 4).

Morphological confirmation occurred in 98,9% of
cases, which corresponds to the rate of confirmed
melanoma cases among the population of Ukraine
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Table 1. Morphological characteristics of the tumour process

Breslow thickness rate

Presence of Mitotic activity, per 1
TrEdET G average invasion Numberoicases ulceration, % mm? (M+m)
rate, mm (M+m) Abs. %

in situ 0 14 7,7 0 0
upto 1l mm 0,67+0,03 72 393 1,5+0,5
upto2mm 1,61+0,02 63 34,4 2,6+0,4
upto3mm 2,93+0,01 14 7,7 1.7 4,4+0,6
up to4 mm 3,84+0,01 9 49 34 8,7+0,3

>4 mm 4,45+0,03 3,8 1.7 7,310,7

Table 2. Distribution of deaths from melanoma depending on the term of observation after detection of the pathology

Number of years of observation before death from

Number of patients who died from melanoma

melanoma Abs. % of the total number of patients
up to 1 year 2 1,1
up to 5 years 10 55
up to 10 years 10 5,5
up to 15 years 4 2,2
up to 20 years 1 11
Total 27 15,4

Table 3. Characteristics of melanoma progression cases

Number of years of

Number of progression cases

observation before in men in women

metastasizing Abs. % Abs. %
up to 1 year 5 2,7 4 2,2
up to 5 years 7 3,8 5 2,7
up to 10 years 7 3,8 5 2,7

up to 15 years 2 11 2 1.1

up to 20 years 2 1,1 0 0
Total 23 12,52 16 8,7

and Kyiv (98,4% and 100%, respectively, in 2022). The
morphological characteristics of the tumour process
are presented in the Table 1.

Among 183 cases of melanoma, 14 cases (7,7%) were
detected at stage 0; 72 cases (39,3%) at stage |; 63 cases
(34,4%) at stage II; 23 cases (12,6%) at stage lll; and 11
cases (6,0%) at stage IV. The highest level of mitotic
activity was detected in stages lll and IV - 8,7+0,3 and
7,3+£0,7 per T mm?. Ulceration was also observed at
stages Ill and IV of tumour growth - 3,4% and 1,7%,
respectively (Table 1).

It was detected during preventive examinations in
56,9% (106 cases) of patients with melanoma. In 183
patients with melanoma, 179 (97,8%) primary tumour
localizations were detected, and in 4 cases (2,2%) the
primary lesion was not detected (2 lesions in men and
women).

In men, the predominant localization of the primary
tumour was on the skin of the trunk (59 cases (58,4%),
of which: 35 cases (34,6%) on the skin of the back, 16
cases (15,8%) on the skin of the chest, 8 cases (7,9%) on
the skin of the abdomen) and on the skin of the upper
limb (15 cases (14,8%), of which: 12 cases (11,8%) on
the skin of the shoulder, 3 cases (3%) on the skin of the
forearm) (Fig. 5).

In women, the predominant localization of the prima-
ry tumour was on the skin of the trunk (26 cases (33,3%),
including: on the skin of the back - 18 cases (23,1%),
chest - 5 cases (6,4%), abdomen - 3 cases [3,9%]) and on
the skin of the lower limb (25 cases (32%), including: 8
cases (10,3%) on the thigh, 14 cases (17,9%) on the low-
erleg, and 3 cases (3,8%) on the skin of the foot (Fig. 5).

Specialized treatment was provided to 100% of prima-
ry melanoma patients, including 108 patients (59,0%)
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who received surgical treatment only, and 75 patients
(41%) who received combined and complex treatment.
According to the National Cancer Registry of Ukraine, in
2021,90,9% of primary patients were covered by special
treatment, including 71,1% with surgical treatment
only,and 16,2% with combined and complex treatment.

The mortality rate from melanoma of the specified

2220

contingent of people (per 100 thousand people) for
the period 2014-2020 exceeds the mortality rate from
melanoma of the population of Ukraine (per 100
thousand people) and the population of Kyiv (per 100
thousand people) by 3,3 timesin 2014 and 2020, and by
7,2 times in 2018 (Fig. 6). Since 2019, the mortality rate
from melanoma in the specified contingent of persons
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Fig. 8. Trepan biopsy material of a liver mass, hematoxylin-eosin stain.
Magnification x40. The biopsy material shows liver tissue (highlighted by a
red oval) with preserved histoarchitectonics and signs of fatty degeneration
of hepatocytes.

has significantly tended to decrease (R°=0,5518) and in
2021 decreased to the level of the corresponding indi-
cator among the population of Ukraine and Kyiv (Fig. 6).

The distribution of deaths in patients with melanoma
depending on the period of observation after the pa-
thology was detected is presented in Table 2.

Among the patients with melanoma who continued
follow-up, repeated tumour localizations were detect-
ed in 7 cases (3,8%) on average after 6,5+2,1 years of
observation with localization on the skin: back and face
in 2 cases (28,5% each), 1 case on the scalp, shoulder
and forearm (14,3% each) (fig. 7).

We observed the progression of the tumour process
in melanoma in 39 cases (21,4%) after an average of

Fig. 9. Trephine biopsy material of the liver mass, hematoxylin-eosin stain.
Magnification x100. Tumour tissue: the tumour consists of solid layers of
atypical polymorphic epithelioid cells with an increased nuclear-cytoplas-
mic ratio and 1 nucleus, with foci of fibrosis, moderate mitotic activity. In
some places, a small amount of brown pigment is detected.

5,3+1,8 years of observation, the average age of pa-
tients with metastatic melanoma was 64,1+2,4 years.
The characteristics of metastasis cases are presented
in Table 3.

The predominant number of cases of progression
occurred in the first 5-10 years of follow-up in both
men and women, with a predominance of men - 19
cases (10,3%) compared to 14 cases (7,6%) in women
(Table 3).

Among men and women, cases of metastasizing
of melanoma to distant lymphatic collectors (87,2%)
and lymph nodes on the side of the lesion (82,1%),
to the lungs (48,7%), skin in the area of the primary
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Fig. 10. Material of melanoma recurrence in the scar, haematoxylin-eosin
stain. Magpnification x40. Skin with fibrosis, slight lymphocyticinfiltration. The
dermis of the presented fragment shows tumour growth that s not associated
with the epidermis. The tumour consists of atypical epithelioid cells with an
increased nuclear-cytoplasmic ratio, focally brown pigment is present.

tumour (33,3%) and distant skin areas (38,5%), to the
liver (25,6%) and bone system (30,8%) predominated.

All cases of tumour progression were diagnosed
using ultrasound diagnostics, computed tomography,
magnetic resonance imaging of tissues and confirmed
morphologically.

For morphological studies was used biopsy material
obtained during various types of surgical interventions:
excisional biopsy, punch biopsy, trephine biopsy.

Figures 8 and 9 (the photos of the biopsy material)
show the morphological picture corresponding to
the metastasis of epithelioid cell melanoma to the
liver tissue.

Figure 10 shows a morphological picture of melano-
ma recurrence in the scar after removal of the primary
tumour lesion.

Figure 11 shows the metastasis of melanoma to the
skin at a distance from the primary focus of the tumour
process.

In an additional study of 39 cases of tumour pro-
gression, we found that there were 9 cases (23.1%) of
progression in patients with stages I-Il melanoma and
30 cases (76.9%) in patients with stages IlI-IV, which
corresponds to all the neglected cases of melanoma
that were under our observation.

In this group, 18 (46,2%) diagnostic biopsies of senti-
nel lymph nodes were performed, including 16 (41%)
in patients with stage Ill-1V of the disease and 2 (5,2%)
in patients with stage I-Il of the disease. Seventeen
biopsies (43,6%) were positive, 1 biopsy (2,6%) was
negative (stage | of the disease).

The characteristics of primary melanoma localizations
that subsequently progressed to the regional lymphatic
collectors are presented in Figure 12.

2222

Fig. 11. Material of melanoma metastasis to the skin, hematoxylin-eosin
stain. Magnification x100. Tumour growth with the presence of brown
pigment is detected in the dermis. The tumour consists of atypical epi-
thelioid cells with an increased nuclear-cytoplasmic ratio and moderate
mitotic activity.

DISCUSSION

The level of prevalence and primary incidence of mel-
anoma among the specified population for the period
2014 - first half of 2024 had an upward trend, as well
as among the population of Ukraine and Kyiv [11]. The
highest number of melanoma patients was registered
in the age group 45-64 years, both among men (33
people - 32%) and women (33 people - 41,2%), which
indicates the prevalence of the disease in people of
working age.

The average observation period of melanoma pa-
tients among the specified contingent of individuals
was 8,4 + 1,7 years, including in the group of men aged
45-64 years (8,2 + 1,1 years) and in the group of women
aged 45-64 years (8,8 = 1,2 years), which ensures the
representativeness of the data obtained in the study.

Among 183 cases of melanoma, 23 cases (12,6%)
were detected in stage lll and 11 cases (6,0%) in stage
IV, so the neglect rate was 18,6%, which is higher than
the neglect rate among the population of Ukraine
and the population of Kyiv (2022 - 12,1% and 7,4%,
respectively) [11].

The predominant localization of primary melanoma
in men was the skin of the trunk (59 cases - 58,4%) and
upper limb (15 cases - 14,8%), while in women - the
skin of the trunk (26 cases — 33,3%) and lower limb (25
cases — 32%). Subsequently, this distribution of primary
melanoma localization provided the mechanisms of
disease progression through the respective regional
lymphatic collectors.

The mortality rate from melanoma among the speci-
fied contingent of people exceeded the corresponding
rate among the population of Ukraine and Kyiv, but
since 2019 has had a significant downward trend and
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in 2021 corresponded to the national level of mortality
from melanoma (3,3 per 100 thousand people; 3,01 per
100 thousand people in Kyiv; 3,7 per 100 thousand peo-
pleinKyiv; 2,7 per 100 thousand people in Ukraine) [11].
Of the newly diagnosed melanoma patients, 2 peo-
ple (1,1%) did not live for 1 year. The analogous figure
among the population of Ukraine in 2021 was 9,3%,
among the population of Kyiv—7,9% [11]. The five-year
and ten-year survival rate of melanoma patients among
the defined population was 94,5% in 2021.
Progression of melanoma was detected in 39 patients
(21,4%) after an average of 5,3+1,8 years of observation,
of which 9 patients (23,1%) had stages I-Il melanoma and
all patients (30 people — 76,9%) had neglected cases of the
disease (stages llI-IV). Particularly for the group of patients
with neglected cases of melanoma, the average level of
primary tumour invasion according to Breslow ranged from
2,93+£0,01 mm to 4,45+0,03 mm, with an average level of

biopsies.

mitotic activity from 4,4+0,6 per 1 mm? to 8,7+0,3 per 1
mm?, and the occurrence of ulceration in 16,4% of cases.

The abovementioned results confirm the scientific data
on the use of such tumour indicators as Breslow tumour
thickness, mitotic activity and ulceration, and disease
stage to predict the course of the disease [2, 3, 5, 8].

In our study, the most common localization of primary
melanoma on the skin of the lower limbs (52.9%) and
trunk (29.3%) resulted in further progression of the
disease in the first 5-6 years of observation.

CONCLUSIONS

In our study, we have supplemented the scientific data on
the timing of patient observation and possible localizations
of the primary tumour, which should be taken into account
in the dynamic observation of patients with melanoma in
order to detect disease progression in a timely manner.

REFERENCES

1. Balch CM, Atkins MB, Garbe Cet al. Sober Local and Recurrent Regional Metastases of Melanoma. Cutaneous Melanoma. 2019;22:705-

737. doi: 10.1007/978-3-030-05070-2_24. (poi&a

2. Gershenwald JE, Scolyer RA, Hess KR et al. Melanoma staging: evidence-based changes in the American Joint Committee on Cancer
eighth edition cancer staging manual. CA Cancer J Clin. 2017;67(6):472-492. doi:10.3322/caac.21409. (bor&

3. Amin MB, Greene FL, Edge SB et al. The Eighth Edition AJCC Cancer Staging Manual: Continuing to build a bridge from a population-based

4.

5.

to a more “personalized” approach to cancer staging. CA Cancer J Clin. 2017;67(2):93-99. doi: 10.3322/caac.21388. (bol&

Sun G, Lim A, De’Ambrosis B et al. Recurrence Rate of Small Melanoma In Situ on Low-Risk Sites Excised With 5-mm Excisional Margin.
JAMA Dermatol. 2024;160(8): 874-877. doi: 10.1001/jamadermatol.2024.1878. (bol&

Garbe C, Keim U, Amaral T et al. Prognosis of Patients With Primary Melanoma Stage | and Il According to American Joint Committee
on Cancer Version 8 Validated in Two Independent Cohorts: Implications for Adjuvant Treatment. J Clin Oncol. 2022;40(32):3741-3749.
doi: 10.1200/JC0.22.00202. (porea

. von Schuckmann LA, Hughes M(B, Ghiasvand R. Risk of Melanoma Recurrence After Diagnosis of a High-Risk Primary Tumor. JAMA

Dermatol. 2019;155(6):688-693. doi:10.1001/jamadermatol.2019.0440. Cboi&

2223


http://www.doi.org/10.1007/978-3-030-05070-2_24
http://www.doi.org/10.3322/caac.21409
http://www.doi.org/10.3322/caac.21388
http://www.doi.org/10.1001/jamadermatol.2024.1878
http://www.doi.org/10.1200/JCO.22.00202
http://www.doi.org/10.1001/jamadermatol.2019.0440

Olena O. Oshyvalova et al.

7. Morton RL, Francken AB, Dieng M. Surveillance and Follow-Up of Melanoma Patients. In: Balch, C., et al. Cutaneous Melanoma. Springer,
Cham. 2020. doi: 10.1007/978-3-030-05070-2_28. ¢bol&

8. Feigelson HS, Powers JD, Kumar M et al. Melanoma incidence, recurrence, and mortality in an integrated healthcare system: A retrospective
cohort study. Cancer Med. 2019;8:4508—4516. doi: 10.1002/cam4.2252. (bol&

9. Deckers EA, Hoekstra-Weebers HM, Damude S et al. The MELFO Study: A multicenter, prospective, randomized clinical trial on the
effects of a reduced stage-adjusted follow-up schedule on cutaneous melanoma IB—IIC patients—results after 3 years. Ann Surg Oncol.
2020;27:1407-1417. doi: 10.1245/510434-019-07825-7. (bol&

10. von Schuckmann LA, Hughes M(B, Lee R et al. Survival of patients with early invasive melanoma down-staged under the new
eighth edition of the American Joint Committee on Cancer staging system. J Am Acad Dermatol. 2019;80(1):272-274. doi: 10.1016/].
jaad.2018.04.017. (oore&

11. Natsional'nyy kantser-reyestr Ukrayiny (NKRU). [Database of the National Cancer Registry of Ukraine]. http://www.ncru.inf.ua/ [Accessed
10 April 2024]

This research followed the regulations of the World Medical Association Declaration of Helsinki and ethical principles
for medical research involving human subjects.

The study was conducted at the State Institution of Science «Center of innovative healthcare technologies» State Admin-
istrative Department and was a fragment of the research work «Medical and social substantiation, development and
implementation of a modern model of a system for continuous improvement of the quality of integrated medical care
in the work of a multidisciplinary healthcare institution» (state registration number 0122U000232; term: 2022- 2024).

CONFLICT OF INTEREST
The Authors declare no conflict of interest

CORRESPONDING AUTHOR

Olena O. Oshyvalova

State Institution of Science

«Center of innovative healthcare technologies»
State Administrative Department

5,Verkhnia St., 01014 Kyiv, Ukraine

e-mail: oshivalovaea@gmail.com

ORCID AND CONTRIBUTIONSHIP

Olena O. Oshyvalova 0000-0002-0395-0269 A @ (& (F
Serhii M. Mazurenko 0009-0000-0756-1351 @& (¢ (E
Ivan G. Voinov 0000-0003-1118-2359 @ @ ®

A —Work conceptand design, ‘8- —Data collection and analysis, ‘¢ —Responsibility for statistical analysis, (o' — Writing the article, (€ — Critical review, (- — Final approval of the article

RECEIVED: 07.07.2024
ACCEPTED: 24.1 0.2024 CREATIVE COMMONS 4.0

2224


http://www.doi.org/10.1007/978-3-030-05070-2_28
http://www.doi.org/10.1002/cam4.2252
http://www.doi.org/10.1245/s10434-019-07825-7
http://www.doi.org/10.1016/j.jaad.2018.04.017

© Aluna Publishing

weEh Wiadomosci Lekarskie Medical Advances, VOLUME LXXVII, ISSUE 11, NOVEMBER 2024

ORIGINAL ARTICLE

CONTENTS

The state of formation of a careful attitude towards health in
the modern youth
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ABSTRACT

Aim: The aim of the study was to explore the factors that influence the development of a caring attitude toward health in modern youth as a foundation for
an active life stance.

Materials and Methods: Various methods, including analysis of normative and scientific sources, systematic analysis, and empirical research, were employed.
An anonymous survey of 114 pedagogical students was conducted to assess how much they value their health. This survey gathered information on health
value, motivations for a healthy lifestyle, and self-assessments of physical and emotional well-being.

Results: The findings indicate that 86% of students recognize the importance of maintaining health. While 88% attribute decreased life expectancy to war
and diseases, 12% cite harmful habits and a sedentary lifestyle. Positive factors identified by 60% include clean water, quality food, and effective medications.
Regarding mental health, 61% consider their state normal, while 39% feel sad and anxious. Only 25% believe they eat properly, and 75% do not follow a
healthy diet. Additionally, 88% view physical education as essential for health, and 68% see themselves as active participants in their lives. However, 46% do
not grasp the importance of personal responsibility in maintaining their health.

Conclusions: A significant portion of pedagogical students do not prioritize health as a guiding principle. It is essential to structure the educational process
to transform societal values into personal achievements, making health a lifelong necessity.

KEY WORDS: health attitude, physical education, motivation, mental health

INTRODUCTION

At the current stage of societal development, there is a
negative trend in the declining health of the younger
generation. The interest in health is due to the tendency
to deteriorate in today’s complex socio-economic and
environmental conditions [1, 2]. The concept of «values
of health» includes the following positions [3-6]: master-
ing the content of this concept, understanding it as an
important characteristic of socio-economic and cultural
development of society, as well as the values of human
existence; mastering the means and methods of preserv-
ing, shaping and strengthening their own health and
the health of children; active dissemination of the idea
of health care among children, parents, teaching staff;
improvement of knowledge, skills and abilities in the field
of physical education and rehabilitation.

Itis well known that various social, medical, preventive,
and sports institutions are involved in the health care of
children and youth. However, this does not improve the
situation. It is evident that government programs promot-
ing health are not being implemented very effectively.

Wiad Lek. 2024;77(11):2225-2231. doi: 10.36740/WLek/197101 € Dol

On the other hand, parents’demands for the intellectual
development of their children, starting from an early age,
are increasing, while they do not pay enough attention
to the formation of physical health, endurance, and resil-
ience in their child’s body. The problem also lies in the fact
that parents pay significant attention to their children’s
health; however, due to a lack of comprehensive infor-
mation on healthy lifestyle issues and the absence of
personal examples, their health-promoting efforts are
not always effective or successful [7].

In light of the above, we believe that the formation
and strengthening of children’s and youth’s health is
not only a medical and social issue but also an educa-
tional one.

AIM

The aim of the study was to explore the factors that
influence the development of a caring attitude toward
health in modern youth as a foundation for an active
life stance.
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MATERIALS AND METHODS

To actualize the didactic aspects of the problem, the
methods of analysis of normative and scientific sources,
systematic analysis and generalizations, the results of
our own empirical research, questionnaire materials,
and active modeling of the formation of a caring atti-
tude towards health of modern youth were used.

To achieve the aim of the research, we have con-
ducted experimental task, during complying which we
considered a belief that students’ acknowledged and
value relation to health depends on several factors. They
are: knowledge of main one’s health factors and chil-
dren’s health, factors that influence health and means
of preserving and forming it; worldview rethinking of
physical culture and wellness work prioritization in the
conditions of preschool education institution; wellness
solutions skills; ability to use health preserving and en-
forcing skills to one’s own health and children’s health;
ability for critical analysis and appropriate application
of physical health forming technologies, providing opti-
mal mental health and forming social health of children.

We conducted experiments using empirical method
of conducting scientific pedagogical researches, that
is, survey method. We chose half-open type survey
(except for choosing an answer, the respondents could
also express their own point of view).

To process results we used mathematic registration
method, which allowed revealing certain qualities in
the analyzed phenomena. To improve clarity and con-
venience of further findings analysis we used graphical
method of representing experimental data. We also
used methods of hypothesis, systemic analysis and
generalizing, which allowed drawing conclusions in
our research.

During the research, we based our findings on the
belief that the development of a careful attitude toward
one’s own health, as well as the health of others, de-
pends not only on the awareness and positive percep-
tion of health as a value. First and foremost, it depends
on the desire and ability to organize one’s own activities
aimed at realizing this value.The formation of a careful
attitude toward one’s own health is possible only if the
individual is an active participant and a creative sub-
ject of their own life. To implement a health-oriented
lifestyle, it is essential to be able to make appropriate
health decisions on a daily basis. In accordance with
the aims and objectives of the research, 114 students
from educational majors were surveyed. The students
are undergraduate degree seekers majoringin 012 Pre-
school Education and 013 Primary Education at Borys
Grinchenko Kyiv Metropolitan University, studying in
their second and third years of full-time education. All
respondents are female and are aged 18-19 years.
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The questionnaire consisted of three sections. The
first section included questions about the structure
of factors influencing the personal health of students:
1. How many years do you plan to live?

2. What could prevent you from living to that age, and
which of the factors you mentioned can you avoid
through your own efforts?

3. Who (or what) will help you prolong your life?

The second section included questions about self-anal-

ysis of physical condition:

1. Are you satisfied with your weight?

2. What can you do to change it? (What methods can

help you?)

How do you feel when you wake up, and why?

Do you get tired easily, and what tires you the most?

5. How do you understand the concept of «proper
nutrition»? What does it mean to you?

6. Are you eating properly?

7. What is your opinion on vegetarianism and raw
food?

8. What do you think about eating food from street
vendors? Please comment on why.

9. How often should you wash your hands? Why?

The third section included questions about the mo-

tives, incentives, and guidelines for adequate health

behavior:

1. Inyour opinion, are you prepared for the challenges
that come with family life?

2. What (or who) will help you cope with these chal-
lenges?

3. How much time would you allocate for sports activ-
ities during family life?

4. Are you willing to change your routine for the sake
of your child?

5. What will help you with this?

6. What can help you maintain productivity and energy
throughout the day, week, or at any time?

7. What could prevent your husband from living a long life?

8. Do you believe that heredity affects lifespan? What
can help overcome such hereditary factors?

9. Would you consider it essential to actively partici-
pate in your children’s physical games?

The research was carried out in accordance with the

principles of the Declaration of Helsinki (VMA, 1964),

and was approved by the Bioethics Committee of the

Science Center.

Hw

RESULTS

In response to the first question of the first section of the
questionnaire, all respondents indicated that they wish
to live along life (100%). Based on the responses to the
second question of the questionnaire, we can note that
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Table 1. Responses of students to Section |, which included questions about the structure of factors influencing personal health

Question n'umbe.r of the Section | of the questionnaire Percentage
questionnaire amount
1. Wish to live a long life. 100%
Causes of shortened lifespan
war and illnesses, harmful habits, other tragedies. 88%
2. bad habits, a sedentary lifestyle, accidents. 12%
Factors for a long life through personal efforts:
leading a healthy lifestyle, maintaining an active life, avoiding stress. 68%
Who (or what) will help prolong life:
3. clean water, quality food, effective medicine. 60%
family, friends, doctors, coaches. 46%
Table 2. Responses of students to Section II, which included questions about the structure of factors influencing personal health
Question n-umbe.r GICIS Section Il of the questionnaire I
questionnaire amount
1 Satisfied with own weight. 87%
’ Dissatisfied with own weight. 13%
5. Methods of weight change:
Healthy lifestyle, sports activities, individual sessions with a coach. 88%
Mood with which students wake up:
3. Positive. 61%
Normal, sad, anxious. 39%
Reasons for a sad mood:
4. War, anxiety, anticipation of distressing news from the front, lack of good news,
iliness, absence of restful sleep or relaxation, a lot of tasks. 79%
Reasons for fatigue:
s War, bad news, unpredictablg events, stress, lack of a clear study plan, boring tasks 47%
: during classes, heavy workload.
Certain people. 1%
Understanding the essence of proper nutrition. 96%
Do you eat properly?
6. Yes. 25%
No. 75%
Negative attitude towards vegetarianism and raw food. 75%
Positive attitude towards street food. 75%
Frequent handwashing throughout the day. 100%

the majority of respondents identified war and illness
as reasons for a shortened lifespan (88%). In addition,
these 88% indicated that harmful habits and other life
tragedies could hinder living a long life. 12% of respon-
dents consider harmful habits, a sedentary lifestyle, and
accidents as causes of a shortened lifespan. In response
to the question about what from the aforementioned
can be avoided through personal efforts, a significant
number of respondents pointed to the importance of
leading a healthy lifestyle, maintaining an active life,
and avoiding stress (86%). To the third question of the

guestionnaire, 68% responded that everything depends
on them, while the remaining 46% indicated that doc-
tors, family, friends, loved ones, a coach or instructor,
as well as a positive attitude, would help prolong their
life. Another 60% of respondents identified clean water,
quality food, and effective medicine as factors influenc-
ing longevity (Table 1).

Responses to the questions in Section | of the ques-
tionnaire indicate that students wish to live long and
productive lives. They believe that achieving this de-
pends on their own activity, as well as on their family,
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Table 3. Responses of students to Section Ill, which included questions about the structure of factors influencing personal health

Question n.umbe'r of the Section Il of the questionnaire Percentage
questionnaire amount
1 Ready for family life. 61%
’ Not ready for family life. 39%
2. Family will help cope with family pressures. 78%
Time you would spend on sports during family life:

3. 5% of your time, 30 minutes, three times a week, it will all depend on the family

75%
budget, 2-3 hours a day.
. . 89%
4 Ready to change your routine for the sake of your future child.
Not quite ready. 11%
5. Family will help with childcare. 81%
Factors for maintaining productivity:
6. Rest, coffee, delicious food, friends, family support, morning exercises, healthy 7504
sleep. ?
Factors influencing your husband’s lifespan:
7. War, stress. 81%
Negative habits. 19%
Heredity influences lifespan:

8. Yes. 52%
No. 48%
9. Will actively participate in their own children’s active games. 83%

Will not always actively participate in their own children’s games.

5%

doctors, coaches, and others. A significant number of
students lack personal beliefs about their responsibility
for maintaining and developing their health.
Responses from students to the questions in Section
Il of the questionnaire allowed for certain conclusions
regarding their physical condition. When asked if they
are satisfied with their weight, the majority of them
answered affirmatively (87%). A small portion of re-
spondents (13%) indicated that they are dissatisfied or
partially dissatisfied with their weight, mentioning that
they need to lose weight or build muscle. The majority
of respondents noted that the means of changing their
weight include a healthy lifestyle, engaging in sports,
and individual training sessions with a coach (88%). In
response to the question about the mood with which
students wake up and why, the answers were distribut-
ed as follows: 61% of respondents indicated that they
wake up in a positive mood, while 39% wake up with
varying moods (normal, sad, anxious). The majority of
respondents (79%) indicated that their mood is influ-
enced by factors such as war, nighttime air raid alerts,
explosions, the anticipation of distressing news from
the front, the lack of good news, illnesses of family
and friends, the absence of restful sleep or relaxation,
and a heavy workload, among others. When asked if
they get tired easily and what tires them the most, half
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of the respondents answered no, as they usually feel
energetic (53%). The other 47% reported that they tire
quite quickly, citing reasons such as studying, monot-
onous tasks during classes, heavy workloads, as well
as war, bad news, unforeseen events, stress, and the
lack of a clear work plan, among others. 1% indicated
that certain individuals in their environment tire them.

Regarding the question about proper nutrition,
students showed consensus in their responses. 96% of
respondents indicated that it involves a balanced diet
and eating routine. When asked if they eat properly, the
majority answered «no» (75%), while only a quarter of
those surveyed (25%) believe they do. For the seventh
question in Section Il of the questionnaire, a significant
portion of respondents indicated a negative attitude
(75%), 4% stated that they were indifferent and had not
thoughtabout the issue, expressing a neutral stance but
not seeing it as a prospect for themselves. Additionally,
1% of respondents had a very negative view of vege-
tarianism and raw food (Table 2).

In response to the eighth question of Section Il of the
questionnaire, students stated that eating on the go is
acceptable because it is convenient, quick, and saves
time for more important tasks (75%). However, they
noted that such quick meals are not entirely healthy.
Regarding the question about the necessity of frequent
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handwashing, all respondents (100%) agreed that it is
important and mentioned that frequent handwashing
has become a daily habit due to the spread of the coro-
navirus disease.

Responses to the questions in Section Il of the
questionnaire indicate that students understand that
physical health is the foundation of a healthy person-
ality. They also recognize the reasons (both objective
and subjective) for the deterioration of their mental
(emotional) health.

Responses to the questions in Section Ill of the ques-
tionnaire allowed for the following conclusions. For
the first question, a significant portion of respondents
answered affirmatively (61%), while the remaining 39%
answered negatively. Regarding the second question,
a common viewpoint emerged among 78% of respon-
dents, stating that family would help them cope with
various challenges.

For the third question, the majority of respondents
(75%) indicated that they would allocate time for sports
during family life as follows: 5% of their time, 30 min-
utes, three times a week, depending on the family bud-
get, or 2-3 hours a day. Notably, students recognize the
importance of physical exercise, even within family life.

In response to the fourth question, almost unani-
mously, respondents (89%) stated that they are willing
to change their lifestyle for the sake of their child, while
11% said that perhaps not at this time.

For the fifth question, 81% of respondents indicated
that the family should be the primary supportin caring
for a child. In response to the sixth question, nearly 75%
of respondents cited rest, coffee, good food, friends,
family support, morning exercises, and healthy sleep
as essential factors for maintaining well-being.

To the seventh question, a significant portion of
respondents identified war and stress as major influ-
ences (81%), while 19% pointed to negative habits.
For the eighth question, responses were almost evenly
split: about half (52%) expressed belief in overcoming
negative hereditary factors, while the other half (48%)
did not. They noted that self-improvement, the desire
to change, self-confidence, consultations with various
specialists, and medicine can help combat negative
heredity.

Finally, for the ninth question, a large majority (83%)
responded that they would actively participate in their
children’s physical games, while a few noted they would
not always do so (5%) (Table 3).

Responses to the questions in Section Il of the
questionnaire indicate that students understand that
family life comes with certain risks and is complex and
challenging. As a result, some young people approach
the formation of a new family with responsibility. How-

ever, a significant portion is not ready for family life.
This highlights the issue of family upbringing for the
younger generation.

DISCUSSION

The analysis of the questionnaire results indicates that
students recognize health as a key factor in leading an
active, happy, and effective life. They agree with the
axiom that maintaining health is a complex issue that
requires hard work both from individuals and society [5,
6]. Students are aware of the objective and subjective
reasons for adopting a healthy lifestyle and acknowl-
edge that physical education is an effective means of
promoting and strengthening health. They understand
the importance of proper nutrition and personal hy-
giene and recognize that environmental degradation,
chronic fatigue, and negative habits contribute to
declining health and well-being [8, 91.

However, while students demonstrate knowledge
and understanding of these issues, this awareness does
not always translate into personal acceptance or convic-
tion. The information they acquire remains somewhat
detached from their daily lives and does not motivate
them to prioritize their health. This disconnect suggests
that contemporary societal challenges necessitate a
reevaluation of personal attitudes toward health. Unfor-
tunately, many young individuals lack a strong internal
drive to prioritize their well-being [10].

This situation points to a gap in the formation of daily
skills for making health-related decisions. Understanding
health as a value is different from actively organizing one’s
activities or educational efforts to actualize that value. As a
result, values can sometimes be reduced to mere declara-
tions. Furthermore, students may not fully grasp thata low
level of general educational culture significantly impacts
an individual’s health-oriented mindset.

To address these issues, it is essential to create sup-
portive environments that foster personal responsibility
and promote health literacy. By integrating health edu-
cation into daily routines and providing practical tools
for decision-making, we can help students transition
from awareness to action, ultimately encouraging a
culture of health and well-being.

Itis evident that not all students are prepared for fam-
ily life. While they express a positive attitude toward it
and show a willingness to change their lifestyle, rhythm,
and routine for the sake of a future child, simply having
a positive outlook is not enough.

Moreover, students are not fully convinced that they
should be active participants and creative agents in
their own lives. They do not entirely recognize the ne-
cessity of personal responsibility and the importance
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of being a role model for their future children. Only
the daily health-oriented behavior of adults serves as
a model to emulate, and a healthy lifestyle should be
the norm every day. Any gaps in the process of taking
responsibility for one’s health or in finding effective
ways to strengthen it can lead to a loss of health for
individuals or even entire generations.

CONCLUSIONS

The results of the questionnaire analysis indicate that
a significant portion of respondents is confident that
maintaining health and developing health-oriented
behaviors depend on the individual. They understand
the importance of personal responsibility in building
a healthy trajectory. At the same time, another consid-
erable group of respondents believes that the issue of

health preservation lies within the family, preschool
institutions, schools, and medical facilities. These stu-
dents think that not everything depends on their own
efforts. They feel that family, coaches, and profession-
als from various fields can assist them in adopting a
health-oriented lifestyle.

Itisimportant to note the positive attitude and inter-
est of contemporary students in physical exercise and
sports.They consider physical culture to be an effective
means of strengthening and promoting health. Howev-
er, students did not demonstrate a conscious approach
to evaluating their own health or the development of
health preferences and habits.

We believe that knowledge about a healthy lifestyle
is essential for students to engage in active living right
now. Itis equally important for this system of knowledge
and skills to be transformed into a healthy way of life.
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Characteristics of therapeutic and diagnostic errors in

the management of traumatic brain injury by healthcare
professionals: insights from forensic medical examinations on
the quality of medical care

Alina 0. Pletenetska, Yevhenii A. Varfolomeiev, lvan S. Demchenko
BOGOMOLETS NATIONAL MEDICAL UNIVERSITY, KYIV, UKRAINE

ABSTRACT

Aim: To identify defects in the diagnosis and treatment of traumatic brain injury (TBI) committed by medical personnel at various stages of providing medical
care based on the results of forensic medical examinations.

Materials and Methods: The article based on the study of medical care defects in cases of TBI. The research was conducted according to the data of forensic
medical examinations by the SI“Main Bureau of Forensic Medical Examination of the Ministry of Health of Ukraine” from 2012 to 2021. The study of the main
clinical defects affecting the subsequent evaluation of TBI by forensic medical experts was performed.

Results: During the analysis of forensic medical conclusions, the defects of medical care were identified in 163 cases, accounting for 85,8+2,5%. A causal
relationship between the defect and the adverse outcome was established in 103 (54,2+3,6%) cases. Among the cases with a causal relationship, 72 (37,943,5%)
directly impacted the outcomes. Among the groups of defects was described such as incorrect assessment of patient condition, misinterpretation of clinical
symptoms, failure to perform diagnostic measures, etc.

Conclusions: Defects in treatment were identified on different levels of medical care in a majority of cases (85,8%) and causal relationship between the defects
and outcomes was established in 54,2% of cases. The findings indicate that a multifaceted approach is necessary to address the defects in medical care for TBI
patients. This includes better diagnostic accuracy, improved treatment protocols, and addressing organizational and administrative issues.

KEY WORDS: forensic medicine, traumatic brain injury, medical care defects

INTRODUCTION

Traumatic brain injury (TBI) presents a substantial
clinical challenge, with management requiring precise
therapeutic and diagnostic approaches. Despite ad-
vances in treatment protocols, errors in both diagnosis
and therapy remain prevalent, significantly impacting
patient outcomes [1-3]. The complexity of TBI manage-
ment is highlighted in comprehensive guidelines which
emphasize the importance of timely and appropriate
interventions [4, 5].

The integration of advanced diagnostic tools, such as
quantitative pupillometry, is crucial for improving the ac-
curacy of TBI assessment and management [6]. Effective
respiratory management strategies are also essential in
preventing secondary brain injury and improving recovery
outcomes[7]. However, the inconsistency in the implemen-
tation of these guidelines often leads to suboptimal care.

Diagnostic errors in the emergency department
significantly impact the clinical course of TBI patients.
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Misdiagnosis or delayed diagnosis can result in inap-
propriate or delayed treatments, exacerbating brain
injury and leading to poorer outcomes. A systematic
review highlights the high prevalence of diagnostic
errors at the emergency department, emphasizing
the need for improved diagnostic accuracy and clinical
decision-making processes [8].

The assessment of the quality of medical care makes
it possible to identify widespread errors with the aim
of their further prevention [8-11].

Assessment of the correctness of therapeutic and
diagnostic measures in the provision of medical as-
sistance to TBI patients is one of the tasks of forensic
medical examination in Ukraine.

AIM

The aim of the article is to identify defects in the di-
agnosis and treatment of TBI committed by medical
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Table 1. Quantitative characteristics of commission forensic medical examinations in cases of TBI carried out by the Sl for medical affairs for 2012-2021

In cases of TBI

Years Total for medical cases, n In total
N P, % m, % 95%Cl

2012 119 14 11,8 3,0 58
2013 149 18 12,1 2,7 5,2
2014 151 16 10,6 2,5 4,9
2015 145 16 11,0 2,6 5,1
2016 147 20 13,6 2,8 55
2017 205 27 13,2 24 4,6
2018 153 18 11,8 2,6 51
2019 151 20 13,2 2,8 54
2020 169 21 12,4 2,5 5,0
2021 166 20 12,0 2,5 5,0

In total 1555 190 12,2 0,8 1,6

personnel at various stages of providing medical care
based on the results of forensic medical examinations.

MATERIALS AND METHODS

The article was based on the study of defects in the
provision of medical care by doctors in cases of TBI,
conducted according to the data of commission foren-
sic medical examinations of medical cases by the State
Institution “Main Bureau of Forensic Medical Examina-
tion of the Ministry of Health of Ukraine” (SI) from 2012
to 2021 (from the total number of 1555 examinations
on the improper provision of medical care by medical
workers, we selected 190 that related to TBI) to study
the main clinical defects affecting the subsequent eval-
uation of TBI by forensic medical experts with examples
of practical cases.

When characterizing qualitative indicators, the share
of variants possessing the studied features (n) was ex-
pressed as a percentage (P) of their total number, the
error of percentage (m), and the 95 % confidence inter-
val (Cl). Data processing and analysis were carried out in
OpenOffice software packages (Base, Calc, Writer, Draw,
Math), GNU Octave, with original documents saved in
*.doc, *.xlIs formats. This software is open source and its
useis governed by the GPL (GNU General Public License).

RESULTS

During the statistical analysis of examinations carried
out in the forensic medical department, it was found
that among all examinations on such medical cases,
their percentage in cases of TBI ranged from 10,6 + 2,5%
(in 2014) to 13,2 £ 2,8% (in 2019) (Table 1).

The distribution of all medical case examinations
by doctor’s specialties showed that the number of
neurosurgeons and anesthesiologists accounted for
14 £ 4,9% and 10 % 4,2%, respectively, of all forensic
medical examinations in medical cases. However, in
cases of improper provision of medical care for TBI,
criminal proceedings followed by the appointment of
expert examinations, in addition to neurosurgeons and
neurologists, were also opened against medical work-
ers of other specialties: anesthesiologists, surgeons,
paramedics of emergency teams, traumatologists and
obstetrician-gynecologists (birth trauma of a newborn),
that is, those who are more often faced with emergency
conditions.

When analyzing the commission forensic medical
examinations of TBI in medical cases of the SI from
2012 to 2021 (190 cases), the following findings were
noted. Defects were identified in 163 cases, account-
ing for 85,8+2,5%. A causal relationship between the
defect and the adverse outcome was established in
103 (54,2+3,6%) cases. Among the cases with a causal
relationship, 72 (37,943,5%) had significant defects
directly impacting the outcomes.

In the remaining cases, the influence of defects on
outcomes was either indirect or the primary factor
could not be determined. In addition to the diagnostic
defects described in the previous section (incorrect,
unjustified diagnosis, incomplete or ignored neuro-
logical symptoms characteristic of TBI, absence/incom-
pleteness of trauma history, poorly or undocumented
external injuries, simulation, and aggravation of clinical
manifestations of TBI, etc.), medical practitioners also
committed other defects directly affecting patient
treatment and adverse outcomes.
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= untimely treatment Fig. 1. Percentage distribu-
tion of TBI treatment defects
based on commission foren-
sic medical examinations in

“medical cases” of the SI.
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Incorrect assessment of patient condition was found
in 106 cases (65%3,7% of the 163 commission forensic
medical examinations where defects in medical care
were found). For example, a patient’s medical record
indicated unconscious admission, anisocoria, brady-
cardia, and a “lucid interval,” yet the condition was as-
sessed as moderate severity. The patient subsequently
developed cerebral edema with herniation into the
foramen magnum.
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Special attention should be given to cases of mis-
interpretation of clinical symptoms of TBI against a
background of alcohol intoxication, leading to incorrect
condition assessment and subsequent consequences.
These cases accounted for almost a third (31,9+3,7%
- 52 cases) of the 163 commission forensic medical
examinations where defects in medical care were found.

Failure to perform diagnostic measures was identified
in 112 cases (68,7+3,6% of the 163 commission foren-
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sic medical examinations where defects in medical
care were found). For example, a trauma doctor was
convicted under part 2 of Article 139 of the Criminal
Code and sentenced to three years in prison. According
to the “Expert Conclusion,”“...the attending physician
did not follow the neurosurgeon’s recommendations
and did not perform a necessary CT scan of the brain
to determine the nature and extent of the TBI,” while
“..the patient required a full diagnostic examination,
including a CT scan of the brain, to clarify the nature of
the TBI before prescribing treatment that corresponded
to the established clinical form”

Discrepancies between documented and actual ther-
apeutic and diagnostic measures were found in one
examination, where a patient with severe TBI, who was
unconscious, was given oral medications according to
the prescription sheet. In 27 examinations (16,6+2,9%
of the 163 commission forensic medical examinations
where defects in medical care were found), reanimation
measures documented in medical records were not
confirmed during subsequent forensic examinations
(tracheostomy, conicotomy, venous access, etc.).

Incorrectly prescribed therapeutic measures were
evaluated among all 163 (85,5+£5,0%) commission fo-
rensic medical examinations where defects in medical
care were found, considering the method (tactics) of
treatment, completeness, and timeliness of treatment.
Violations in the method (tactics) of treatment were
noted in 20 cases (12,3+2,6%), completeness violations
in 25 cases (15,3+2,8%), and untimeliness of treatment
in 42 cases (25,8+3,4%), with a combination of defects
in 76 cases (46,6+3,9%). (Fig. 1)

In the treatment of TBI, three key aspects must be con-
sidered: the method (tactical approach), completeness,
and timeliness of medical care [4-15].

1. METHOD (TACTICAL APPROACH)
In TBI treatment, the method is divided into conserva-
tive and operative approaches. The choice depends on
the severity of the injury, the clinical picture, and the
presence or absence of complications such as intracra-
nial hematoma, brain swelling, or tissue compression.

* Conservative treatmentis used for mild and moderate
TBI cases where there are no severe structural brain
damages requiring immediate surgery. This includes:
medication therapy to stabilize intracranial pressure
(e.g., diuretics, corticosteroids), reduce brain swelling,
relieve pain (analgesics), and control seizures (antiepi-
leptic drugs); monitoring the patient in the intensive
care unit to assess vital functions and track changes in
neurological status.

* Operative treatment is necessary in cases of severe
TBI where there is life-threatening damage such as

intracranial hematomas, skull fractures with brain tis-
sue damage, or other complications requiring urgent
surgical intervention: craniotomy, decompressive cra-
niectomy, skull fracture.

2. COMPLETENESS OF TREATMENT

Completeness refers to a comprehensive approach
that involves all necessary diagnostic and therapeutic
procedures to fully assess the injury, determine the
patient’s condition, and ensure proper management
throughout recovery.

* Anincomplete list of diagnostic and therapeutic proce-
dures includes: computed tomography (CT), Magnetic
resonance imaging (MRI), Neuromonitoring, Lumbar
puncture.

* In addition to diagnostics, the therapeutic aspect
includes: medication management, including intracra-
nial pressure control, oxygenation, and hypothermic
methods to reduce brain swelling; intensive care, aimed
at supporting vital functions like lung ventilation and
fluid therapy to maintain stable hemodynamics.

3. TIMELINESS OF TREATMENT

Timeliness is crucial in TBI treatment. Clinical guide-
lines define therapeutic and surgical “windows” within
which certain actions must be taken to achieve the
best outcomes:

. Therapeutic windows: For mild and moderate
injuries, where a conservative approach is used, it is
essential to start medication therapy and stabilize
the patient within the first hour after injury (“golden
hour”). This includes: ensuring adequate oxygenation
(ventilation), controlling intracranial pressure, quickly
administering medications to prevent seizures and
reduce brain swelling.

 Surgical windows: In severe TBI cases (e.g., subdural
hematoma), time is critical for performing surgical cor-
rection. According to clinical guidelines, surgery should
be done as soon as possible, typically within the first
4-6 hours after the injury, to minimize brain damage
caused by prolonged compression or ischemia. Delays
can lead to irreversible neurological damage or death.

Timeliness is about ensuring that all necessary actions
are carried out within the specific time frames outlined
in clinical guidelines. Delayed treatment significantly
worsens the prognosis and increases the risk of death
or long-term disability.

Detailed examination of commission forensic medical
examinations conducted to assess the quality and quali-
fication of medical care provided to TBI patients showed
that therapeutic defects were related to diagnostic ones.

Poorly documented medical records included cas-
es with missing entries, errors, illegible writing, etc.
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There were 62 such cases, accounting for nearly a third
(32,6£3,4%) of the 190 analyzed commission forensic
medical examinations in medical cases. (Fig. 2)

Overall, the analysis of the examinations revealed
the most common groups of defects made by doctors
when providing medical care in TBI cases: therapeutic
(general, tactical, and technical) - incorrect choice of
methods and means for diagnosis, incorrect, incom-
plete, or unprofessional assessment of research results,
errors in determining indications and contraindications
for treatment methods, insufficient examination of
the patient, incorrect execution of diagnostic or ther-
apeutic manipulations, which can be generalized as
non-compliance with medical care standards and clini-
cal treatment protocols; diagnostic, related to diagnosis
according to ICD-10 (The International Classification of
Diseases) (by disease and complications; by quality and
formulation of diagnoses; by discrepancy between ini-
tial and final diagnoses); organizational - administrative
(from untimely delivery of the patient to the medical
facility and shortcomings in hospital planning, such
as inefficient use of premises, to insufficient control
over the quality and effectiveness of therapeutic work,
including failure to comply with job and regulatory
documents regulating the work of doctors of various
specialties), and documentation (incorrect and in-
complete filling of operation protocols, documents,
certificates, extracts from medical histories, sick leave
sheets; shortcomings and gaps in filling out outpatient
cards, medical histories, operating journals; inadequate
registration journals, etc.).

When comparing different types of defects in TBI
in percentage terms, it is noticeable that during the
specified period, the dynamics of defects showed a
wave-like nature, with the number of therapeutic and
diagnostic defects decreasing from 18,8% in 2012 to
12,2% in 2021 and from 25% in 2012 to 19% in 2021,
respectively. (Fig. 3)

The lowest number of therapeutic and diagnostic
defects was noted by forensic commissions in 2015
(6,4% and 9%, respectively). Meanwhile, the number
of organizational defects significantly increased from
21,9%in 2012 to 34,2% in 2021.

DISCUSSION

The management of TBI patients with co-existing con-
ditions, such as alcohol intoxication, was particularly
challenging, leading to misinterpretation of clinical
symptoms and improper treatment. This complexity is
supported by the guidelines discussed by Hawryluk et
al., which emphasize the need for tailored therapeutic
strategies in complex TBI cases [5]. Our study identified
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a high prevalence of diagnostic errors, consistent with
the findings of Newman-Toker et al., who conducted a
systematic review on diagnostic errors in the emergen-
cy department [12]. The failure to perform necessary
diagnostic measures, as noted in our study, under-
scores the importance of adherence to established
guidelines, such as those outlined by Carney et al. and
IHL/GC/GR/JS/JW/JP, for the management of severe
TBI [4, 13]. Implementing standardized diagnostic
protocols, including timely imaging studies, can help
mitigate diagnostic errors and improve patient care.
Therapeutic errors, including incorrect assessment of
patient conditions and inadequacies in treatment, were
prevalent in our study. These findings resonate with the
guidelines provided by Abdelmalik et al., emphasizing
the need for comprehensive therapeutic interventions
tailored to individual patient needs [14]. Additionally,
the recommendations of Hawryluk et al. for decom-
pressive craniectomy in severe TBI cases highlight the
importance of evidence-based therapeutic strategies
in improving outcomes [5].

Organizational issues, including delayed patient
transfer and insufficient hospital planning, were signif-
icant contributors to poor outcomes. Incomplete and
poorly documented medical records were found in
32.6% of cases, highlighting systemic issues in medical
record-keeping. These organizational shortcomings are
echoed in the guidelines for the management of severe
brain injuries, which stress the importance of efficient
hospital processes and meticulous documentation [15].

Organizational issues, such as delayed patient transfer
and insufficient hospital planning, contributed to poor
outcomes in our study. These findings are consistent
with the observations of Hautz et al., who emphasized
the impact of diagnostic errors on mortality and hospi-
tal length of stay, further underscoring the importance
of efficient organizational protocols in TBI management
[2]. Improved documentation practices, as advocated
by Newman-Toker et al., are essential for ensuring ac-
curate recording of patient information and facilitating
continuity of care [12].

The study’s findings underscore the critical impact
of diagnostic and therapeutic errors on TBl outcomes.
The high incidence of defects and their direct cor-
relation with adverse outcomes highlight the need
for improved adherence to established guidelines.
Implementing comprehensive diagnostic and thera-
peutic protocols, such as those proposed by Capizzi
et al. and Carney et al., can enhance the quality of TBI
management [4, 6].

Furthermore, the integration of advanced diagnostic
tools and timely therapeutic interventions, as recom-
mended by Asehnoune et al., can help mitigate these
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errors [7]. Organizational improvements, including
better hospital planning and efficient patient transfer
protocols, are also essential for enhancing patient care.
Ensuring thorough and accurate documentation, as
emphasized in various guidelines, is crucial for main-
taining the quality and continuity of care.

In conclusion, addressing the diagnostic, therapeutic,
organizational, and documentation defects identified
in this study requires a multifaceted approach. By align-
ing medical practices with established guidelines and
adopting best practices from the literature, healthcare
providers can significantly improve the outcomes for
TBI patients.

CONCLUSIONS

The analysis of commission forensic medical examina-
tions of TBI in medical cases of the Sl from 2012 to 2021
has revealed several critical findings:

1. Defects in medical care were identified in 85,8% of
cases, with 54,2% of these defects directly contrib-
uting to adverse patient outcomes, highlighting sig-
nificant gaps in diagnostic and treatment processes.

2. Misinterpretation of symptoms, especially in cases
of alcohol intoxication, and the failure to perform
necessary diagnostic measures were common is-
sues, underscoring the need for better training and
adherence to protocols.

3. While therapeutic and diagnostic defects decreased
over time, the rise in organizational defects (34,2%
in 2021) indicates growing systemic problems.

In conclusion, the study underscores the critical need

for systemic improvements in the management of trau-

matic brain injury, from diagnosis to treatment and doc-
umentation, to enhance patient outcomes and reduce
the prevalence of medical errors. Continued efforts in
training, adherence to clinical guidelines, and admin-
istrative reforms are essential to achieving these goals.
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Periodontitis upon hypothyroidism of young people
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ABSTRACT

Aim: To study the periodontal tissues and to establish the Magnesium content in oral liquid and capillary blood of young people with hypothyroidism from
areas with lodine deficiency.

Materials and Methods: In order to study the prevalence of periodontal disorders there were 330 people aged from 25 to 44 years from areas with natural
lodine deficiency enrolled in this examination. Primary hypothyroidism was diagnosed in 195 people (they made up the group I), and 135 people did not have
any accompanying endocrine pathology (group Il). The most prevalent were 30—34-year-olds — 38,46% in the group | and 39,26% in the group l. Patients
aged 25-29 years were the least: 27,18% and 28,89% in the | and Il groups. Biochemical analysis of oral fluid and capillary blood was performed to investigate
the Magnesium content.

Results: According to the results of the dental examination, it was established that 85,13% of young people with hypothyroidism were also affected by peri-
odontal disorders. On the other hand, periodontal disorders were observed in 69,63% of people of the same age range without endocrine pathology (p<0,01).
Chronic generalized periodontitis of | and I degree dominated in the spectrum of periodontal disorders. The concentration of Magnesium in the blood serum of
individuals with hypothyroidism was lower than in those without hypothyroidism.

Conclusions: The obtained data indicate a negative effect of primary hypothyroidism on the development of periodontal tissue diseases.

KEY WORDS: periodontitis, hypothyroidism, biochemical research

INTRODUCTION

The etiology and pathogenesis of periodontal diseases
are multifactorial and are influenced by a number of
exogenous and endogenous determinants and triggers
[1, 2]. The main common predictors of periodontal
tissue disorders include somatic pathology such as
endocrine diseases, blood and cardiovascular pathol-
ogy, diseases of the gastrointestinal tract, viral ilinesses
etc. [2-10]. It has been scientifically proven that the
state and interaction of the main regulatory systems
(immune, endocrine, nervous) determines the body’s
homeostasis and its response to any pathogenic influ-
ence. The progression of the pathological process in
periodontal tissues to a certain extent depends on the
state of the endocrine system [6, 7, 10]. The occurrence
and rapid progression of periodontitis are substantiated
by the association with diseases of the thyroid gland in
particular [4, 7, 8]. Diseases of the thyroid gland con-
tribute to the development and rapid progression of
periodontitis [9-11].

A large number of professional sources also trace
the relationship between somatic pathology and peri-
odontal diseases, which occur simultaneously, mutually
aggravating each other [6, 11, 12].

Wiad Lek. 2024;77(11):2239-2244. doi: 10.36740/WLek/197103 € Dol

Hypothyroidism, for example, is one of the endocrine
pathologies that significantly affects development and
severity of periodontal disorders. This disease often oc-
curs in those from regions with natural lodine deficiency.
A large part of European countries has a more or less
pronounced natural lodine deficiency. The latter is most
common in the western regions of Ukraine and in the
Chernihiv region. From lodine deficiency suffers about
70% of the population due to its insufficient content in
the soils remote from the sea, especially in the mountain
and foothills areas [12]. Epidemiological study [13] of
children from the regions with iodine deficiency (lva-
no-Frankivsk region) confirmed the presence of endemic
goiter in 54% of individuals. Moreover, the high rate
caries was found in 50% of patients with endemic goiter
as well as 31% of affected children were diagnosed also
with systemic and focal hypoplasia. At the same time,
23% of the examined had a combined pathology - caries
and hypoplasia at the same time.

There is a decrease of the pH from 6,4 to 5,0 in the
oral liquid of children with thyropathology compared
to healthy ones according to researchers [10].

Insufficient lodine intake leads to the development of
consistent adaptive processes that are able to maintain
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the normal synthesis of thyroid hormones. However, if
the deficiency of this trace element persists for a long
time, adaptation mechanisms are disrupted, followed
by a decreased synthesis of thyroid hormones. The
main biological value of lodine is determined by the
fact that this element is essential for the thyroxine and
triiodothyronine synthesis and secretion. Thyroxine and
triilodothyronine regulate the tissue and cell metabolism,
influence body growth and development. Thyroid hor-
mones control all aspects of cell division and growth,
the state of the immune, cardiovascular systems, and
liver function. lodine deficiency violates biochemical
processes that control metabolism and production of
thyroid hormones. Disturbances of hormone synthesis
associated with lodine deficiency are the reasons for a
number of diseases and pathological conditions.

Ilinesses of the thyroid gland are the second most
common among endocrine disorders. Problems of the
thyroid status based on constant lodine deficiency in
childrenimpede mineral, protein, carbohydrate, vitamin
and other types of metabolism, which affects the ho-
meostasis of the oral cavity on the whole. Experimental
studies directly confirm the key role of thyroid hormones
in the regulation of bone metabolism. Since thyroid
hormone receptors are present in human bone, it has
been suggested that they may act directly on bone cells
through specific nuclear receptors or indirectly through
increased secretion of growth hormone and insulin-like
growth factor [6]. Pathologies of the thyroid gland be-
long to systemic diseases accompanied by hormonal
changes of the body and influence vital processes in
many organs, and are considered as determinants in
the development of comorbid conditions [6, 7, 8, 10].

Hypothyroidism is one of the most common diseases
of the endocrine system caused by insufficient produc-
tion of thyroid hormones [8]. Primary hypothyroidism
is the most common. The overall prevalence of primary
manifest hypothyroidism in the population is about
0,2-2%, subclinical — 7-10% among women and 2-3%
—among men [9].

In case of hypothyroidism and periodontitis there are
some biochemical changes regarding bone structure,
especially in micro mineral content. Although there
are many studies concerning Calcium and Phosphorus,
much less information is about the role of Magnesium.

Magnesium, however, is an important trace element.
The content of Magnesium in the human body ranks
fourth after Calcium, Potassium and Sodium. This ele-
ment is presentin cartilage and bone tissue at the initial
stages of bone formation, and its amount is dynamically
regulated by the intensity of osteogenesis. About 60%
of Magnesium is stored in bones, where Magnesium is
a part of the mineral bone matrix together with Calcium
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and Phosphorus. Magnesium affects the processes of
bone remod