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ORIGINAL ARTICLE

FROM TEXT TO DIAGNOSE: CHATGPT’S EFFICACY IN MEDICAL
DECISION-MAKING

DOI: 10.36740/WLek202311101

Yaroslav Mykhalko, Pavlo Kish, Yelyzaveta Rubtsova, Oleksandr Kutsyn, Valentyna Koval
UZHHOROD NATIONAL UNIVERSITY, UZHHOROD, UKRAINE

ABSTRACT

The aim: Evaluate the diagnostic capabilities of the ChatGPT in the field of medical diagnosis.

Materials and methods: We utilized 50 clinical cases, employing Large Language Model ChatGPT-3.5. The experiment had three phases, each with a new
chat setup. In the initial phase, ChatGPT received detailed clinical case descriptions, guided by a “Persona Pattern” prompt. In the second phase, cases with
diagnostic errors were addressed by providing potential diagnoses for ChatGPT to choose from. The final phase assessed artificial intelligence’s ability to mimic
amedical practitioner’s diagnostic process, with prompts limiting initial information to symptoms and history.

Results: In the initial phase, ChatGPT showed a 66.00% diagnostic accuracy, surpassing physicians by nearly 50%. Notably, in 11 cases requiring image inter-
pretation, ChatGPT struggled initially but achieved a correct diagnosis for four without added interpretations. In the second phase, ChatGPT demonstrated a
remarkable 70.59% diagnostic accuracy, while physicians averaged 41.47%. Furthermore, the overall accuracy of Large Language Model in first and second
phases together was 90.00%. In the third phase emulating real doctor decision-making, ChatGPT achieved a 46.00% success rate.

Conclusions: Our research underscores ChatGPT’s strong potential in clinical medicine as a diagnostic tool, especially in structured scenarios. It emphasizes
the need for supplementary data and the complexity of medical diagnosis. This contributes valuable insights to Al-driven clinical diagnostics, with a nod to

the importance of prompt engineering techniques in ChatGPT’s interaction with doctors.

KEY WORDS: artificial intelligence, large language models, ChatGPT, clinical decision support, diagnose

INTRODUCTION

Artificial intelligence (Al) is defined as “the ability of
a digital computer or computer-controlled robot to
perform tasks commonly associated with intelligent
beings” [1]. Al involves creating computer systems or
software that can mimic human thinking processes,
such as learning from experience, reasoning, prob-
lem-solving, and decision-making.

Al systems are designed to analyze and process large
amounts of data, extract meaningful patterns, and
make predictions or decisions based on that analysis. It
enables tasks like speech recognition, natural language
understanding, image and video analysis, recommen-
dation systems, and autonomous decision-making.

Large language models (LLM) represent a specific
category of Al models that emulate and comprehend
human-like text. Built upon deep learning methodolo-
gies, these models employ neural networks character-
ized by multiple layers and a multitude of parameters.
The primary objective underlying LLM is to attain an
understanding of the structure, syntax, semantics, and
contextual nuances of natural language. This com-
prehension equips them to generate responses that

Wiad Lek. 2023;76(11):2345-2350

are not only coherent but also contextually relevant.
Consequently, they acquire the ability to generate
responses covering an expansive array of subjects [2].
The contemporary landscape witnesses an upsurge in
the utilization and refinement of LLMs, attributed to
the accessibility of extensive datasets and the evolution
of Al technologies. This progression has resulted in the
significant enhancement of these models’ capabilities,
enabling them to yield text that closely resembles hu-
man-generated content. Furthermore, these models
have demonstrated exceptional performance across a
spectrum of natural language processing tasks, under-
scoring their multifaceted potential [3].

In order to be useful for medical application LLMs
undergo training on medical data through various
methodologies, enhancing their applicability in the
medical domain. One fundamental approach involves
provisioning pertinent training data, encompassing
electronic health records, medical literature, and clinical
data. By immersing LLMs in this diverse dataset, they
cultivate specialized knowledge tailored to distinct
medical disciplines [4]. A pivotal step in the training
process entails pre-training LLMs on expansive text

2345
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datasets which equips LLMs with an understanding
of language structures and patterns. Consequently,
they can be adeptly repurposed across a multitude of
domains and tasks, a versatility that extends to medical
applications [5]. Following pre-training, LLMs undergo
fine-tuning on medical data, facilitating adaptation to
specific medical functions. For instance, LLMs can be
fine-tuned for tasks like clinical decision support or
scientific writing assistance. This involves refining the
model’s capabilities through exposure to a smaller data-
set of medical text, thereby enhancing its performance
on targeted medical tasks [6,7].

Al'has made significant strides within the medical field,
reshaping various aspects of healthcare and paving the
way for improved patient outcomes and more efficient
healthcare processes. One prominent application lies in
Biomedical Information Extraction, where Al is harnessed
to dissect biomedical texts and extract structured data
such as named entities and semantic relationships [8].
Similarly, Al's transformative impact is evident in Drug
Discovery and Development, where it plays a pivotal role
in tasks like peptide synthesis, virtual screening, toxicity
prediction, and drug monitoring. This Al-driven approach
not only slashes time consumption and production costs
but also introduces efficiencies that address the ineffi-
cienciesinherentin traditional drug design methods [9].
The integration of Al into Medical Diagnosis and Treat-
ment is particularly noteworthy. Across various medical
disciplines, machine learning algorithms are employed
to evaluate radiological images, pathology slides, and
electronic medical records [10]. Technologies based on Al
and large language models in particular are increasingly
penetrating into various areas of the medical industry
such as anesthesiology, dentistry, radiation medicine,
ophthalmology, cardiology and many others [11-15].
There were attempts to evaluate the performance of
LLMs on medical examination.

Usage of Al in supporting clinical decision-making
is of great interest as it holds the promise of revolu-
tionizing the healthcare landscape by harnessing the
capabilities of artificial intelligence to augment and
inform the decision-making processes of medical pro-
fessionals [16-18].

THE AIM

Evaluate the diagnostic capabilities of the ChatGPT in
the field of medical diagnosis

MATERIALS AND METHODS

A selection of 50 clinical cases from the Medscape Case
Challenge series, spanning the period between Febru-
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ary and July 2023, was utilized for analysis. As the LLM
ChatGPT-3.5 was used.

The experiment was structured into three phases.
New chat was created for every phase of the study.
In the initial phase, comprehensive clinical case de-
scriptions were presented to ChatGPT, encompassing
patient complaints, the history of the present illness,
past medical records, data derived from physical ex-
aminations, outcomes of laboratory tests, and results
from imaging studies. At this phase our methodology
incorporated a prompt engineering technique referred
to as“Persona Pattern”. This approach was implemented
to guide ChatGPT’s responses and to encourage it to
simulate the analytical process and decision-making
of a proficient medical practitioner when diagnosing
the presented clinical cases.

Subsequently, the cases in which the LLM made di-
agnostic errors were included in the second phase. For
such cases, the LLM was proposed a roster of potential
diagnoses extracted from the presented cases. We used
the same prompt formulation as in the previous phase,
ChatGPT was then prompted to choose the most suit-
able diagnosis from the provided list.

The third and final phase of the experiment focused
on assessing ChatGPT’s ability to emulate the deci-
sion-making process of a medical practitioner in a
patient-doctor interaction. The structured prompt was
designed to guide ChatGPT in adopting a professional
medical perspective and mimicking the diagnostic
reasoning of a skilled medical practitioner, while also
allowing the model to access supplementary diagnostic
information when required. In this context, each clinical
case’s initial information was restricted to encompass
only the description of symptoms, patient complaints,
medical history, and physical examination data. Within
this constrained framework, ChatGPT was tasked with
determining the optimal diagnosis and proposing a set
of supplementary investigative methods necessary for
precise elucidation. In cases when the required informa-
tion was available in the clinical case, it was provided
to the LLM. Conversely, if such information was absent,
the LLM was apprised that the data was unavailable for
consideration. This research methodology facilitated
a comprehensive evaluation of ChatGPT’s diagnostic
capacities within a simulated clinical context.

During each phase, a comparative analysis was con-
ducted to assess the accuracy of responses provided
by ChatGPT in contrast to medical professionals who
resolved the same clinical cases on the Medscape
platform. This comparative evaluation allowed us to
gauge the alignment between ChatGPT’s diagnostic
performance and the practicing physicians.

Statistical data are presented as M+SD.
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RESULTS

During the initial phase, ChatGPT demonstrated the
overall accurate diagnostic capability in 66.00% of cases,
whereas the accuracy of physicians on the Medscape
platform averaged at 44.82+18.54% which was almost
50% lower than LLM’s result.

Of particular significance is a subgroup of 11 clinical
cases where the results of supplementary diagnostic
methods, including ECG, CT, MRI, and blood smear
images, were presented without their corresponding
interpretations. The assumption was that physicians
have to analyze these images by themselves, upon
which the accuracy of the ultimate diagnosis relied
heavily. In these instances, the clinical case descriptions
were initially provided to ChatGPT without including
the interpretation of the aforementioned diagnostic
findings. If ChatGPT produced an inaccurate diagnosis,
the subsequent step involved offering it the interpre-
tations of these diagnostic studies, performed by the
authors of the present study. Notably, across this subset,
ChatGPT erred in diagnosis for 3 cases. However, for 4
cases, the correct diagnosis was subsequently achieved
after presenting ChatGPT with the additional interpre-
tations of the diagnostic studies. Impressively, in the
remaining 4 cases, ChatGPT accurately diagnosed the
cases without requiring supplementary interpretations
of the diagnostic findings. This subset underscores the
intricate interplay between diagnostic expertise and
the interpretation of visual diagnostic data, a domain
in which ChatGPT demonstrated varying degrees of
proficiency.

Among the subset of clinical cases in which ChatGPT
accurately identified the diagnosis, real healthcare
practitioners achieved an average diagnostic accuracy
of 46.55+17.00%. For the clinical cases where ChatGPT
did not return correct diagnosis, the average accuracy
rate achieved by actual medical practitioners was lower
than in the previous subset (41.47+21.38%) but the
difference was not statistically significant (p>0.05).

In the second phase, a subset of 17 clinical cases was
chosen. ChatGPT was presented with comprehensive
clinical case descriptions, as in the preceding phase,
along with an additional roster of potential diagnoses
given in original descriptions on Medscape. Its objec-
tive was to choose the most suitable option from the
provided variants. Remarkably, the LLM demonstrated
a correct decision-making rate of 70.59% within this
context. This achievement was nearly twice as high as
the average percentage of accurate responses recorded
among doctors, which stood at 41.47%.

Among the clinical cases in which ChatGPT correctly
identified the diagnosis, the average accuracy rate for
real doctors was 45.50+21.94%. However, in instanc-

es where ChatGPT’s diagnosis was not accurate, the
average accuracy of human doctors’ responses was
31.80+18.42% (p>0.05).

The third phase, meticulously designed to emulate
the decision-making process of a real healthcare
worker, witnessed ChatGPT achieving accurate disease
diagnoses in 23 out of 50 cases, yielding a success
rate of 46.00%. In situations where ChatGPT provided
accurate diagnoses, the average percentage of correct
responses from doctors, who were presented with
comprehensive patient data and potential diagnoses to
choose from, was very close to ChatGPT’s performance
at 45.65+18.51%. Moreover, in cases where the LLM,
ChatGPT, faced challenges in correctly diagnosing the
disease, medical professionals attained an average
accuracy rate of 44.11+18.90%.

Within this phase, itis pertinent to underscore distinct
subsets of cases that yielded noteworthy observations.
In 8 cases, ChatGPT demonstrated a high level of di-
agnostic acumen by accurately diagnosing diseases
without requesting any supplementary information,
achieving a correct diagnosis in 5 out of these 8 in-
stances. In 12 cases, the initial diagnostic output of the
LLM was erroneous. Although the diagnosis has been
changed upon the provision of additional information,
it remained inaccurate. In 11 cases, ChatGPT's initial di-
agnoses were incorrect. However, upon the acquisition
of the requested supplemental information, the diag-
noses were revised to correct ones. Notably, in 18 cases,
the LLM’s preliminary diagnostic decisions remained
consistent even after the inclusion of the requested
supplementary information. Lastly, it's worth noting
thatin asingular case, aninitially accurate diagnosis was
altered to anincorrect one following the incorporation
of the requested supplementary information.

DISCUSSION

Artificial intelligence is increasingly penetrating into all
spheres of human activity and there is no doubt that
this process will only intensify over time. Until recently,
access to this technology was the prerogative of a lim-
ited number of people who used it to solve specific sci-
entific orindustrial problems. However, opening access
to this technology to the general public has become a
real revolution. In this context, large language models
deserve special attention, which allow generating texts
based on queries entered by the user.Trained on a large
amount of data, it can serve as a good assistant in daily
activities. However, far from always, the obtained results
coincide with expectations and correspond to reality.
This is especially important to consider when trying to
use this technology in professional activities, especially
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in the field of medicine. Nevertheless, this phenomenon
should not be completely removed orignored either. In
this situation, itis critical to find a balance and a certain
edge, which can only be done empirically. Therefore, itis
important to conduct researches and evaluate the pos-
sibilities of Alin solving specific practical issues. Such an
attempt was made in this study. To do this, clinical cases
offered by Medscape platform in the Case Challenge
series were used. These cases often cover scenarios that
are not commonly encountered by most clinicians but
nonetheless occurin actual clinical practice. In this way
it gives medical professionals a unique opportunity to
test their knowledge, diagnostic and treatment skills in
a wide variety of medical fields. The clinical cases are
well described and contain all the information neces-
sary to answer the questions posed. In the majority of
cases medical practitioners should diagnose the disease
based on the given description and choose the correct
option from the proposed 4 to seven variants. This ap-
proach facilitates the decision-making process for doc-
tors, as they are not required to navigate through the
entirety of possible conditions. Instead, their diagnostic
considerations are limited to the predefined options,
significantly simplifying the task of making an accu-
rate diagnosis. Nevertheless, in this relatively simple
situation the average percentage of correct diagnoses
made by real doctors in 50 clinical cases chosen for this
study was lower than the 50% (44.82+18.54%). This un-
derscores the intricate nature of medical diagnosis and
highlights the challenges that healthcare professionals
encounter in arriving at correct diagnoses, even when
provided with a set of diagnostic options. On the other
hand, in the first phase of the current study ChatGPT,
being in worse condition, compared to doctors as it was
not provided with the variants of answers to choose
from, showed almost 50% higher accuracy in making
diagnosis. This outcome underscores the unique ca-
pabilities of ChatGPT in processing and interpreting
clinical information, even in scenarios where it lacks
the structured diagnostic choices available to human
doctors and highlights the comparative performance
of ChatGPT and human doctors across the various di-
agnostic scenarios.

In the second phase the LLM was actually in the same
situation as the doctors, as it was given all the informa-
tion available to doctors in selected 17 clinical cases.
This resulted in further increasement of its productivity.
These findings underscore the improved performance
of ChatGPT when aided by a list of potential diagnoses
and provide valuable insights into its diagnostic capa-
bilities. Furthermore, if to count the overall accuracy
achieved by LLMin the first and second phases together
it gives an overwhelming 90% of correct diagnoses.
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In the third phase, by restricting initial information
to encompass only patient complaints, medical histo-
ry, and physical examination data, and by providing
ChatGPT with a prompt to adopt a professional medical
perspective, we created a controlled clinical context
for evaluation. It's worth mentioning that during this
part of the experiment ChatGPT frequently requested
additional diagnostic methods that were not originally
provided in the clinical case descriptions. As mentioned
earlier, in these instances, ChatGPT was informed that
the requested results are not available. Conversely, in
certain cases, ChatGPT did not request any additional
test results. In this challenging for LLM situation it
demonstrated the correct diagnosing accuracy nonin-
ferior to doctors’ one despite they were provided not
only with a full range of information related to cases
but also variants of answer. The results obtained in
different case subgroups within this phase shed light
on ChatGPT'’s diagnostic process, illustrating instances
of inherent accuracy, adaptability, and steadfastness
across various diagnostic scenarios, especially when
presented with additional data. Overall these outcomes
emphasize the proficiency of ChatGPT in emulating the
diagnostic decision-making process of real doctors,
even when faced with complex diagnostic scenarios.

Nonetheless, the integration of large language mod-
els (LLMs) within the medical field brings forth several
challenges and limitations, necessitating meticulous
attention. Among these challenges are potential biases
that LLMs might inherit or magnify from the training
data. Such biases could yield inequitable outcomes and
impede scientific advancement [4,20]. Moreover, the
application of LLMs in medicine introduces concerns
regarding patient privacy and data security. Responsi-
ble usage of LLMs demands robust safeguards to ensure
patient information remains protected [4]. While LLMs
exhibit promise in medical contexts, their efficacy must
be substantiated through rigorous validation and clin-
ical trials within real-world healthcare settings [21,22].
Ethical considerations also surface with the deployment
of LLMs, spanning issues like algorithmic bias and the
imperative for transparent decision-making processes.
Addressing these ethical dimensions is critical to their
responsible application [4,20]. In addition, the general-
izability of LLMs to novel or unseen data emerges as a
limitation. Their competence might wane on tasks lying
outside their training data domain [23]. The utilization
of LLMs in medicine accompanies a set of challenges
and constraints that warrant scrupulous examination.
Acknowledging and mitigating these concerns is
paramount to ensure the responsible and effective
application of LLMs in healthcare. With appropriate
attention, LLMs possess the potential to transform
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medicine by aiding clinical decision-making, thus fos-
tering enhanced patient outcomes and streamlined
healthcare workflows.

CONCLUSIONS

Our findings collectively highlight ChatGPT's high po-
tential and performance as a diagnostic tool in clinical
medicine and its value in decision-making process.
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ABSTRACT

The aim: To determine the morphological and immunohistochemical changes in the testes 2-6 hours after the onset of clinical symptoms of acute unilateral
testicular torsion.

Materials and methods: A morphological and immunohistochemical study was conducted on biopsy samples of testicular tissues taken 2-6 hours after the
onset of clinical symptoms of acute unilateral testicular torsion during detorsion and orchiopexy surgery in 27 adolescent patients.

Results: In cases of incomplete torsion (180-360°) and a disease duration of up to 2 hours, the seminiferous tubules maintained their normal structure. The
convoluted seminiferous tubules showed minor damage during 4 hours of ischemia caused by testicular torsion of 360-450°, which was characterized by mild
damage. Glycogen and neutral glycoproteins were preserved in the cytoplasm of spermatogonia, primary spermatocytes, and Sertoli cells, indicating that their
intracellular metabolism was relatively preserved. The ischemia that lasted for 4 hours with testicular torsion of 450-720° was characterized by a moderate
degree of gonadal damage. However, there was pronounced expression of vimentin and calretinin, and the presence of glycogen and neutral glycoproteins
indicated functional activity of the gonads. A six-hour ischemia period with a 360-450° testicular torsion demonstrated 100% gonadal viability, with 50%
of the seminiferous tubules preserved and 35% with minor damage. Severe damage to the spermatogenic epithelium was observed in 15% of seminiferous
tubules, characterized by dystrophy of spermatogenic epithelial cells with signs of karyopyknosis, karyorrhexis, vacuolization, hyperchromasia of cytoplasmic
organelles, shedding of individual cells into the lumen of tubules, and focal necrosis.

Conclusions: 1. The degree of torsion and duration of symptoms are prognostic factors for testicular salvage in torsion episodes. Ischemia lasting up to 6
hours is characterized by a moderate degree of gonadal damage, and detorsion of the testicle performed within 6 hours from the onset of pathology allows
for preservation of the testicle in 100% of cases. 2. Histological examination of the susceptibility of different cell types to ischemia reveals that Sertoli cells and
spermatogonia are the most resistant, while spermatocytes and spermatids are more susceptible and prone to degeneration.

KEY WORDS: testicular torsion, degree of ischemia, ischemia duration, morphology, inmunohistochemistry

Wiad Lek. 2023;76(11):2351-2358

INTRODUCTION

Testicular torsion, or torsion of the spermatic cord, is
a serious, unexpected, and often dangerous situation
that requires immediate action and urgent surgical
intervention [1]. This condition primarily affects boys
during puberty and can lead to testicular injury and in-
fertility [2]. Testicular torsion accounts for approximately
7% to 30% of urgent pathologies involving the male
gonads, according to various sources [3, 4]. Around 30-
50% of boys who undergo surgery for testicular torsion

have a history of recurrent episodes of acute painin the
testicle, characteristic of recurrent testicular torsion [5].
The severity of structural and functional disruptions in
the testicle depends on the duration, degree of torsion,
and length of the spermatic cord (twisted and untwist-
ed testicular torsion). This determines the prognosis
for the relative viability and functional integrity of the
male gonad [6]. The viability of the testicles significantly
decreases within 6 hours after the onset of symptoms,
so early diagnosis is crucial [1]. Testicular infarction can
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occur as early as 4-6 hours after torsion, depending on
the duration of symptoms and the degree of twisting
of the spermatic cord [7]. Surgical correction within
6 hours of the onset of testicular torsion results in tes-
ticle salvage rates of 90-100%, whereas salvage rates
decrease to 10% within 12-24 hours [8, 9].

Currently, the study of morphogenesis, which refers
to the dynamics of morphological changes in the de-
velopment of the disease and the morphofunctional
disruptions that occur due to alterations in testicular
blood supply resulting from torsion, is of great practical
interest. There is no consensus regarding the nature and
extent of these changes in the testicle. Testicular torsion
leads to tissue damage in the testicle and spermato-
genesis through various hypothetical mechanisms.
However, there is consensus that the consequences of
ischemia, ischemia-reperfusion injury, and oxidative
stress have the most destructive effects [10].

THE AIM

The aim of the study was to determine the morpho-
logical and immunohistochemical characteristics of
testicular changes in acute testicular torsion in children
within 2-6 hours from the onset of clinical symptoms.

MATERIALS AND METHODS

The material for the morphological study consisted of tissue
biopsies taken during detorsion and orchiopexy surgeries
from 27 patients within 2-6 hours from the onset of clin-
ical symptoms of acute testicular torsion. Among them,
2 children (7.41%) were observed with testicular torsion of
180-360°, with a duration of torsion up to 2 hours. Complete
testicular torsion, lasting less than 2 hours, was observed
in 7 children (25.92%), among whom 3 patients (11.11%)
had torsion of 360-450° and 4 patients (14.81%) had
450-720°testicular torsion.Torsion lasting up to 3 hours was
observed in 14 patients (51.85%), among whom 8 children
(29.63%) had torsion of 360-450°, and 6 children (22.22%)
had testicular torsion of 450-720°. With 6 hour testicular
torsion, 4 patients (14.81%) presented with torsion of 360-
450°. The study was conducted in accordance with the
basic bioethical principles of the Council of Europe Con-
vention on Human Rights and Biomedicine (04.04.1997),
the Helsinki Declaration of the World Medical Association
on ethical principles for medical research involving human
subjects (1964-2008), and the Order of the Ministry of Health
of Ukraine No. 690 dated 23.09.2009.

Histological examination was performed after stain-
ing the tissue specimens with hematoxylin and eosin
using standard methodology. Additionally, Alcian blue
staining was used, and the Schiff’s reagent reaction was
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performed with control sections treated with amylase to

detect glycogen.

The visualization of primary antibodies in the immuno-
histochemical examination of the testicles was performed
using a highly sensitive polymer detection system, DAKO
(DAKO, Denmark), according to the manufacturer’s instruc-
tions. Antibodies against vimentin (Clone SP20, Thermo
Scientific) were used to identify Sertoli cells, smooth muscle
actin (SMA) (Clone Ab-1, Master Diagnostica) to detect actin
myofilaments in smooth muscle cells and cells containing
a-actin (fibroblasts), and calretinin (Clone SP13, Thermo Sci-
entific) to visualize Leydig cells. The CD117 (c-Kit) antibody,
Clone 104D2, can be used in the diagnosis of testicular
tumors to differentiate seminomas and embryonal carci-
nomas. In all our cases, there was no positive expression
indicating testicular tumor presence, but we utilized the
CD117 antibody to visualize the spermatogenic epithelium
and its damage in cases of acute testicular torsion.

We assessed the condition of the spermatogenic epithe-
lium and interstitial tissue. The criterion for determining the
degree of damage was based on one of the variations of
morphological changes in the seminiferous tubules [11],
which is presented below.

1. The normal structure of the tubules - differentiating
germ cells is arranged in concentric layers according to
the stages of the spermatogenesis cycle, with tubules
being round or oval in shape.

2. Mild degree of spermatogenic epithelial cell damage
- individual cells showing signs of karyopyknosis, kary-
orrhexis, vacuolization, hyperchromatic cytoplasm,
desquamation of isolated cells into the lumen of the
tubules, edema and loosening of the basement mem-
brane, interstitial edema, and changes in tubule shape.

3. Severe degree of damage - a large number of degener-
ating cells with their desquamation into the lumen of
the tubules, disruption of the integrity of the basement
membrane, transformation of germ cells into debris, and
damage to Leydig cells and interstitium.

4. Complete or partial depletion of seminiferous tubules
- only isolated Sertoli cells and individual spermatogo-
nia remain near the tubule walls, with many tubules
appearing as shadows due to necrosis.

Visualization and photography were performed using a

light-optical universal laboratory microscope, Leica DM 750

(Leica Microsystems GmbH, Germany), equipped with an

integrated Leica ICC50 HD digital video camera.

RESULTS

In cases of incomplete torsion (180-360°) and a disease
duration of up to 2 hours, minor morphological changes
were microscopically observed, including congestion of
the microcirculatory vessels, interstitial tissue edema, and
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Fig. 1. Condition of seminiferous tubules after a 2-hour ischemia and testicular torsion of 450-720°. Marked disturbances in blood circulation (arrow),
loosening of laycrs of the spermatogenic epithelium, and depletion of some tubules (arrowhead) (a). Leydig cells (arrow) (b) and Sertoli cells (arrow)
remain unchanged (c). Hematoxylin and eosin staining. x200 (a); Immunohistochemistry staining for calretinin using the MA T clone (SP13, Thermo
scientific). x400 (b); Immunohistochemistry staining for vimentin using the MAT clone (SP20, Theremo scientific). x400 (c)

the presence of serous-hemorrhagic transudate. Under
conditions of incomplete torsion and minor ischemia,
the seminiferous tubules maintained a normal structure.

In the majority of cases, we diagnosed complete
testicular torsion (360-720°). Ischemia of the testes was
accompanied by histological changes, the severity of
which depended on the duration of the damaging effect.

In conditions of a 2-hour ischemia and a torsion
of 360-450°, morphological examination of biopsy
material revealed that 78% of seminiferous tubules
maintained a normal structure. Focal destruction of
spermatogonia and primary spermatocytes (leptotene,
zygotene, pachytene stages) was observed in 22%
of seminiferous tubules. Particularly, changes were
evident in primary spermatocytes at the pachytene
stage (thick threads), where chromatin often shifted
towards the periphery of the nuclei. Individual sem-

iniferous tubules showed round spermatids forming
multinuclear aggregates. Additionally, mild damage
was characterized by desquamation of some cells from
the spermatogenic epithelium, which freely lay in the
lumen of the tubule, and vacuolization of spermatocyte
cytoplasm. In the interstitial tissue, there were slight
edema and hyperemia of the microhemocirculatory
vessels. Leydig cells showed no changes, and the size
and shape of their nuclei were normal. At the same time,
in conditions of a 2-hour ischemia, it was possible to
observe compression in the cells of some seminiferous
tubules, allowing differentiation between ischemic and
unaffected tubules.

In the case of testicular torsion of 450-720° following a
2-hour ischemia, significant disturbances in blood circu-
lation are observed in the testes. The lumen of arterioles
is narrowed, venules are dilated, and the endothelium is
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Fig. 2. Condition of seminiferous tubules after a 4-hour ischemia and testicular torsion of 360-450°. Interstitial edema (arrow), stratification of tubule
layers, and dystrophy of spermatocytes and spermatids (arrowhead) (a); presence of glycogen in the cytoplasm of spermatocytes and Sertoli cells in
tubules with mild damage (arrow) (b). Hematoxylin and eosin staining. (a) x200; Periodic acid-Schiff reaction. (b) x400.
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Fig. 3. Condition of seminiferous tubules aftera 2-hour ischemia and testicular torsion of 450-720°. Pronounced interstitial edema (arrow) (a), distruption
and detachment of spermatogenic epithelial cells from the basal membrane (arrowhead) (a), congestion of blood vessels (arrow), and focal hemorrhages
in the intertubular stroma (arrowhead) (b). Hematoxylin and eosin staining. (a) x100, (b) x200.

swollen.Edemaincreases in the interstitium, and the walls
of blood vessels show signs of plasma extravasation. As for
Leydig cells, they remain unchanged. 72% of seminiferous
tubules have a normal structure, appearing round or oval,
with a division of the spermatogenic epithelium into two
isolated compartments. However, in 25% of tubules, mild
damageis detected, while severe damage s presentin 3%,
although Sertoli cells maintain a normal structure. In com-
parison to testicular torsion of 360°, there are dystrophic
changes in the testicular parenchyma. The boundaries of
spermatocyte nuclei at the pachytene stage become fuzzy,
these cells exhibit nuclei with pyknosis, and the cytoplasm
of the cells is vacuolated. In spermatids, there are uneven
nuclear staining, fragmented chromatin, and loosening
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of the layers of the spermatogenic epithelium, leading to
depletion of some tubules (Fig. 1).

Ischemia of the testicle lasting up to 4 hours with torsion
of 360-450° is accompanied by increasing interstitial tissue
edema.Thelumen of small arteries is narrowed, while veins
are dilated. The walls of the blood vessels show signs of
plasma extravasation, and the endothelium appears swol-
len and occasionally desquamated. The Leydig cells are
grouped around blood and lymphatic capillaries and have
a round or oval shape. Their cytoplasm is light and foamy,
staining eosinophilic. Fine and coarse eosinophilic gran-
ularity can be observed in the cytoplasm of Leydig cells.

The number of seminiferous tubules maintaining a
normal structure decreases to 65%, while the number of
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Fig. 4. Condition of seminiferous tubules during 6-hourischemia and testicular torsion of 360-450°. Interstitial edema, deformation of some seminiferous tubules
(arrow) (a), degeneration of Leydig cells (arrow) (b), destruction of spermatogonia and primary spermatocytes, focal desquamation of cells from the basement
membrane with their displacementinto the lumen of the tubules (arrow) (a-g), visualization of the basement membrane of the tubules duringimmunohistochemistry
(arrow) (g). Hematoxylin and eosin staining (a) x200; Immunohistochemistry (IHC) with calretinin antibody (Clone: SP13, Thermo Scientific) (b) x200; Alcian blue
staining (c) x400; Immunohistochemistry (IHC) with smooth muscle actin (SMA) antibody (Clone Ab-1, Master Diagnostica) (b) x400

tubules with severe damage to the spermatogenic epithe-
lium increases to 9%. Some seminiferous tubules exhibit
focal loosening of their own membrane componentsand
focal detachment of the spermatogenic epithelium. The
cytoplasm of Sertoli cells appears swollen and granular,
with the presence of individual vacuoles. In spermatocytes
at the preleptotene stage, there are significant changes
in nuclear structure. In some cells, granular chromatin
is distributed diffusely, while in others, it is compacted.
The number of spermatocytes at the preleptotene and
pachytene stages decreases compared to the control,
and the remaining cells show signs of degeneration.
The cytoplasm of most of these cells is vacuolated and
granular, and the nuclei appear pyknotic due to abnor-
mal chromatin condensation (Fig. 2). Similar changes are
observed in the cytoplasm and nuclei of spermatids at

different stages of spermatogenesis. Round spermatids
have vacuolated nuclei. Degenerating spermatogonia
with fragmented chromatin can be visualized at the base
of seminiferous tubules.

Ischemia lasting for 4 hours with testicular torsion of
450-720° is accompanied by pronounced changes in the
testicular parenchyma and stroma, with increasing inter-
stitial tissue edema. As a result, the ratio of interstitium
to parenchyma volume slightly increases. The lumen of
blood vessels is noticeably dilated, and the endothelium
appears swollen, with focal hemorrhages in the intertu-
bular stroma. The cytoplasm of Leydig cells is vacuolated
and unevenly stained. In some cells, it is basophilic, while
in others, it is eosinophilic. The nuclei of the cells vary in
size, and the cells themselves have a large volume. The
number of seminiferous tubules with mild damage to the
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spermatogenic epithelium reaches 30%, while those with
severe damage reach 12%. Disruption and detachment of
the spermatogenic epithelium from the own membrane of
the seminiferous tubules are observed, and desquamated
cells are present in their lumen. The cytoplasm of most
Sertoli cells and spermatogenic epithelial cells is vacuolat-
ed.The number of spermatocytes at the pachytene stage
noticeably decreases (Fig. 3).

Thus, a 4-hour ischemia in testicular torsion of 360-
4500 is characterized by mild damage to the convoluted
seminiferous tubules. Some of them show degeneration
of spermatogenic epithelium cells with pronounced
cytoplasmic vacuolization, pyknosis of nuclei, and focal
desquamation of a small number of cells into the lumen
of the tubules. Interstitial edema and minor extravasation
of blood are observed. Glycogen and neutral glycopro-
teins are preserved in the cytoplasm of spermatogonia,
primary spermatocytes, and Sertoli cells, indicating
relative preservation of their intracellular metabolism.
Ischemia in testicular torsion of 450-720° is accompanied
by pronounced changes in the parenchyma and stroma
of the testis due to its diffuse damage. A 720° torsion of
the spermatic cord leads to a critical reduction in arterial
blood flow and, consequently, ischemia of the testicular
tissue. If blood circulation in the testis is not restored in a
timely manner, irreversible pathological changes develop.

Our conducted morphological study revealed that a
six-hour cessation of blood circulation in the testis during
testicular torsion of 360-450° leads to vasomotor paralysis.
Blood and lymphatic vessels are dilated, and the interstitial
connective tissue is edematous (Fig. 4 a). The Leydig cells
are enlarged, with vacuolated cytoplasm and uneven
staining. In some fields of view, the nuclei of Leydig cells
are reduced, and their cytoplasm is sharply eosinophilic.
Immunohistochemistry reveals varying levels of calretinin
expression (Fig. 4 b).

Asix-hourischemia leads to deformation of some semi-
niferous tubules, the diameter of which generally decreas-
es.Theratio between interstitial and tubular tissue increas-
es due to interstitial edema. The basement membrane of
the seminiferous tubules becomes folded, loosened, and
partially destroyed, especially in cases of severe damage
(15%). Seminiferous tubules with mild damage to the ger-
minal epithelium (35%) are characterized by pronounced
loosening of its layers, while the basement membrane
of the tubules is well visualized, especially with smooth
muscle actin immunohistochemistry, indicating the
presence of several layers of myoid cells (myofibroblasts)
on the basal membrane. Histological staining with alcian
blue reveals the presence of acidic mucopolysaccharides
(glycosaminoglycans - GAGs), indicating secretory activity
of the germinal epithelium and Sertoli cells (Fig.4 ). There
are no disruptions in the synthesis of proteoglycans and
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glycosaminoglycans in the testicular tissue, indicating the
absence of pathological processes in spermatogenesis.

Ina portion of the tubules (15%), significant impairment
of spermatogenesis was detected. The number of germ
cells decreases, and the lumen of the tubules narrows.
There is a massive detachment of cells from the basement
membrane, with their displacement into the lumen of the
tubules (severe degree of damage). Some spermatocytes
demonstrate nuclear condensation and fragmentation,
while some spermatids form multinuclear clusters (Fig. 4
¢,d).Thereis a noticeable focal reduction of spermatocytes
at the pachytene stage and spermatids at various stages
of spermiogenesis.

Thus, with a 6-hour duration of testicular torsion, 100%
of the gonads were deemed viable. Among them, 50%
of the seminiferous tubules remained preserved, while
35% exhibited mild degrees of damage. Severe damage
to the germinal epithelium was observed in 15% of the
seminiferous tubules.The 6-hourischemia is characterized
by a moderate degree of gonadal damage. Diffuse inter-
stitial edema, focal hemorrhages around the seminiferous
tubules, degeneration of spermatogenic epithelium cells,
focal desquamation of cells from the basement mem-
brane, and their necrosis are detected.

DISCUSSION

Testicular torsion is a common urological emergency
among adolescent boys and young men. The torsion
of the testicle and the torsion of the spermatic cord
rapidly lead to ischemia, resulting in the loss of germ
cells. Therefore, prompt diagnosis and urgent surgical
intervention are required [12]. The time interval from
symptom onset to surgical intervention for testicular
salvage is typically 4 hours, and in some cases, it may
extend to 6 or more hours [13]. Subsequent detorsion
of the torsion causes reperfusion injury, which further
damages the ischemic testicle. Experimental studies
on testicular torsion-detorsion are being conducted.
Testicular ischemia-reperfusion leads to the formation
of reactive oxygen species, proinflammatory cytokines,
neutrophil recruitment, lipid peroxidation, anoxia, and
apoptosis, all of which carry a significant risk of subse-
quent infertility [12].

The histopathological findings of testicular changes in
acute testicular torsion in children within 2 to 6 hours of
the onset of clinical symptoms are present. The obtained
dataindicate an intensification of destructive processesin
the testicles with an increasing duration of the ischemic
factor and the degree of testicular torsion. These findings
highlight the importance of restoring blood circulation as
quickly as possible from the onset of disease symptoms
to preserve spermatogenesis.



MORPHOLOGICAL AND IMMUNOHISTOCHEMICAL CHANGES IN THE GONADS OF CHILDREN 2-6 HOURS...

The results of the study by Sharp VJ. et al. (2013) demon-
strate that there is a window of four to eight hours before
irreversible ischemic damage occurs. Delay in treatment can
lead to reduced fertility or may require orchiectomy [14].

The morphological investigation we conducted on bi-
opsy samples taken during surgical detorsion and orchio-
pexy of the testicles revealed varying degrees of damage.
Acuteischemia lasting up to 4 hours was characterized by
mild to moderate gonadal damage, with a viability rate
of 100%. In cases of mild damage to the germinal epithe-
lium, only isolated cells showed signs of karyopyknosis,
karyorrhexis, cytoplasmic vacuolization, hyperchromatic
organelles, desquamation of individual cells into the lu-
men of the tubules, edema, and loosening of the tubular
basement membrane, diffuse interstitial edema, conges-
tion, and hemorrhages around the seminiferous tubules.
Histological analysis of the susceptibility of different cell
types to ischemia demonstrated that Sertoli cells and
spermatogonia were more resistant, while spermatocytes
and spermatids were more susceptible and prone to
degeneration. Immunohistochemical typing and histo-
chemical analysis of the testicular parenchyma revealed
pronounced expression of vimentin and calretinin, as well
as the presence of glycogen and neutral glycoproteins in
the cytoplasm of spermatogonia, primary spermatocytes,
spermatids, and Sertoli cells showed functional activity in
response to acute 4-hour ischemia, indicating the viability
of the gonads under this condition. Ischemia lasting 6
hours was characterized by a moderate degree of gonadal
damage. Severe damage to the germinal epithelium was
observed in 15% of the seminiferous tubules.

According to clinical studies by Wiener SL (1990), the
inability to correct spermatic cord torsion within 6 hours of
testicular ischemia can lead to testicular dysfunction and
atrophy [15]. Adam SHowe et al.(2017) developed specific
formulas to determine the viability of a twisted testicle
based on the duration of symptoms and the degree of
torsion. According to their findings, 15 hours of clinical
symptoms and torsion of 860 degrees provide a 50%
chance of testicular salvage. In children in puberty with
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ABSTRACT

The aim: To study the features of the functional state of the liver in patients with chronic hepatitis C (CHC) in the presence of CP, depending on the enzymatic
activity of the pancreas.

Materials and methods: 72 patients were under observation: 52 with CHC and CP with exocrine secretory insufficiency (EI) of the pancreas and 20 - with
CHC and CP without El. In all patients, the degree of liver fibrosis, levels of aminotransferases, total bilirubin, gamma-glutamyltransferase, albumin, stool
coproscopy and pancreatic fecal elastase-1 (FE-1) were determined.

Results: It was revealed that in patients with CHC combined with CP+El of the pancreas, higher activity of the necroinflammatory process and deeper stages
of liver fibrosis is more often noted than in patients with preserved exocrine function of the pancreas. A statistically significant association was established
between the degree of liver fibrosis and the presence of El of the pancreas (p=0.03), namely, in patients with CHC and CP with El of the pancreas, the degree
of fibrosis F2-4 was 2.8 times more frequent. Also, higher levels of aminotransferases and lower levels of albumin were noted in this group of patients than in
patients with CHC and CP with preserved exocrine function of the pancreatic gland.

Condlusions: In patients with CHC combined with CP+El of the pancreas, higher levels of fibrosis and necroinflammatory activity of the liver are more often

detected, as well as a tendency to lower albumin levels, than in patients with CHCand CP without EI.

KEY WORDS: chronic hepatitis C, chronic pancreatitis, exocrine insufficiency, liver fibrosis, fecal elastase-1

INTRODUCTION

Chronic hepatitis C (CHC) and chronic pancreatitis (CP)
are extremely relevant medical problems today. Accord-
ing to the 2021 WHO report, about 1.5 million new cases
of CHC are registered every year,and 58 million people
live with this diagnosis [1,2]. Spontaneous elimination
of HCV in chronically infected patients occurs only in
=0.02% of patients per year, almost 70% of patients
have one or more extrahepatic manifestations of HCV,
and about 290,000 people die annually from the con-
sequences of HCV [3,4]. As for CP, it is a disease that
actually causes irreversible changes in the morphology
and function of the pancreas. Its long-term consequenc-
es are type |l diabetes (DM) and pancreatic cancer. The
incidence of CP in European countries varies from 5 to
10 per 100 thousand population [3-6].

The pancreas and the liver are anatomically in close
proximity [7]. Thus, diseases of the pancreas that affect
the outflow of bile can lead to concomitant liver damage.
However, whether liver disease affects the function of

Wiad Lek. 2023;76(11):2359-2364

the pancreas is currently not clearly established. Some
studies have shown that patients with a diagnosis of
acute or fulminant hepatitis also suffer from acute
pancreatitis [8-10]. The features of the simultaneous
course of CHC and CP and their mutual influence remain
unclear. In separate studies, the possibility of replication
of the hepatitis C virus in B-cells of the pancreas with
subsequent development of diabetes and CP has been
demonstrated [11]. Also, CP, both with normal and with
impaired excretory function of the pancreatic gland, is
considered as a possible extrahepatic manifestation of
CHC[12-15].Therefore, the combination of these diseas-
es and their mutual influence requires further research.

THE AIM

To study the features of the functional state of the liver
in patients with chronic hepatitis C in the presence
of chronic pancreatitis depending on the enzymatic
activity of the pancreas.
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MATERIALS AND METHODS

We included in the study 72 patients with CHC with
concomitant CP, who were divided into 2 groups, de-
pending on the presence or absence of exocrine insuf-
ficiency (El) of the pancreas. The first group consisted
of 52 patients with an existing El (1st group n=52), and
the second group included 20 patients without El of
pancreatic gland (2nd group n=20). All patients were
between the ages of 18 and 70 and signed an informed
consent to conduct research, the structure of which
corresponded to the officially agreed, and the research
itself - to the requirements of the Declaration of Helsinki
(1975) as amended, the International Code of Medical
Ethics (1983) and the relevant laws of Ukraine and WHO
regulations. The study was approved by the local ethics
commission of the State University “Uzhhorod National
University” (protocol No. 6/2 dated September 7,2021).

The scientific research was carried out within the
departmental theme “Combined pathology and cor-
rection of homeostasis disorders of residents of the
Carpathian region, taking into account adverse fac-
tors’, state registration number 0121U110808 of the
department of faculty therapy of the State University
“Uzhhorod National University».

The diagnosis of CHC was made in accordance with
the International Classification of Diseases of the 10th
revision and verified by the detection of total antibodies
of the IgG class to the structural and non-structural pro-
teins of HCV (antiHCV IgG +) by the serological method
of ELISA, as well as by the indication HCV RNA + in the
blood of the investigated by the PCR method with the
determination of the viral load and genotyping. Testing
was performed on a thermal cycler with a real-time PCR
product detection system“iQ 5", Vio-Rad, USA. General
clinical, biochemical, serological, and molecular genetic
studies were conducted in certified laboratories of the
central city clinical hospital of Uzhhorod, communal
non-commercial enterprise“Regional Clinical Infectious
Disease Hospital” of the Transcarpathian Regional Coun-
cil, and commercial laboratories (“Dila”and “Astra-Dia”).
Indicators of biochemical blood analysis - total bilirubin
and its fractions, total protein and fractions, activity of
alanine aminotransferase (ALT) and aspartate amino-
transferase (AST), alkaline phosphatase (LF) and y-glu-
tamyl transpeptidase (GGT) were determined using an
automatic biochemical analyzer and original ChemWell
reagents. Awareness Technology INC (USA).

The degree of activity of the pathological process
was determined by the level of increased activity of
ALT, according to the international classification of liver
diseases (Los Angeles, 1994). The degree of fibrosis and
the activity of the necroinflammatory process in the
liver were determined using a non-invasive diagnostic
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method - FibroMax, which includes: FibroTest, ActiTest,
SteatoTest, AshTest, NashTest and is carried out by the
company BioPredictive (Paris, France). The patients also
underwent an ultrasound examination of the abdomi-
nal organs according to the generally accepted method.
All patients underwent stool coproscopy, where the
appearance of a small amount of neutral fat, altered
muscle fibers and extracellular starch made it possible
to suspect a violation of the exocrine function of the
pancreas and the formation of chronic pancreatitis.

The diagnosis of CP was established in accordance with
the Marseille-Rome criteria (1989) with additions and clar-
ifications of the International Classification of Diseases of
the 10th revision, as well as in accordance with the Order
of the Ministry of Health of Ukraine dated September 10,
2014 No. 638 “On the approval and implementation of
medical and technological documents on the standard-
ization of medical of help in chronic pancreatitis”[16]. The
exocrine function of the pancreas was evaluated based
on the results of fecal coproscopy and pancreatic fecal
elastase-1 (FE-1), which was studied by means of ELISA,
using the test systems of ScheBo® Biotech AG (Germany).
Theinterpretation of the results was carried out according
to the following gradation: the level of FE-1 in feces is more
than 200 pg/g of feces - the exocrine secretory function of
the pancreatic gland is preserved; 150-200 ug/g of feces - a
mild degree of exocrine insufficiency; 100-150 mcg/g of
stool-moderate El; less than 100 mcg/g of feces - severe El.

The analysis and processing of the results of the
examination of patients was carried out using the
computer program Jamovi 2.3.21, Microsoft Excel 2016,
Statistics for Windows v.7.0 (StatSoft Inc, USA) using
parametric and non-parametric methods of evaluating
the obtained results. The difference was considered
statistically significant at p<0.05.

RESULTS

When analyzing the obtained data, it was possible to
establish that, in contrast to patients with CHC and CP
with a preserved exocrine function of the pancreatic
gland, defecation disorders are more often noted in
patients with CHC in combination with CP with El. The
proportion of patients with defecation disorders (di-
arrhea, constipation or their alternation) was 2 times
higher in 1 group, compared to the group of patients
without El of pancreas (78.8% (41/52) versus 40% (8/20)
people). In particular, diarrhea was detected in 21.2%
(11/52) in the first group and in 5.0% (1/20) in the
second, constipation - in 30.8% (16/52) and 25% (5/
20) respectively, and alternating diarrhea and consti-
pation in 26.9% (14/52) in the first group and in 10.0%
(2/20) in the second (p=0.016). Also, patients of the first
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group complained more often of abdominal bloating
and flatulence - 82.7% (43/52) versus 55.0% (11/20) in
the second group (p=0.015). Abdominal pain credibly
bothered the patients of the first group - 63.5% (33/52)
versus 35% (7/20) in the second group (p=0.03).

During the analysis of the research results, it was
found that in patients with CHC with combined CP El
of pancreatic gland, higher activity of the necroinflam-
matory process and deeper stages of fibrosis of the liver
were more often noted than in patients with preserved
exocrine function of the panreas. The statistical signifi-
cance of the association between the degree of fibrosis
of the disease and the presence of El was established
(p=0.03). also, the stage of fibrosis F2-3 (42.3% (22/52)
vs. 15% (3/20)) was detected 2.8 times more often in
patients with CHC+CP with El and FO was 2.4 times less
often -1 (25% (13/52) vs. 60% (12/20)) (Fig. 1).

It was found that in patients with CHC, comorbid
with chronic pancreatitis, LUTS is associated with liver
fibrosis: with a higher degree of fibrosis, the probability

of secretory insufficiency of the liver is higher (p=0.03).

According to the results of ActiTest, which reflects the
level of necroinflammatory activity of the liver, stage
A2-3 was detected in patients of group 1 4.6 times more
often than in patients of group 2, namely 46.15% (24/52)
versus 10% (2/20), and 2.2 times less often — stage AO-1,
respectively 23.08% (12/52) versus 50% (10/20) (Fig. 2).

It was established that in patients of the first group,
the average level of ALT and AST was 69.0 + 25.2 |U/I
and 57.0 £ 22.3 IU/I, respectively, against 42.1 + 18.0
IU/land 33,7 = 16.2 1U/lin patients of the second group
(p<0.001).

Pigment function was unchanged or little changed
in both groups. The average level of total bilirubin
was 16.7+4.5 mmol/l in the group of CHC+CP+El and
12.7+4.24 mmol/l in the group of CHC+CP without El
of the pancreatic gland (p<0.001).

Protein synthetic function was evaluated by albumin
level. Although its average level was within the normal
range in both groups, it was lower in the group of CH-
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Table . Indicators of the functional state of the liver in the examined persons
Note: * the difference is statistically significant when comparing patients of groups 1and 2, p<0.05

Patients groups

Indicator, unit of measurement

1group, n=52
CHC+CP+El of the pancreas

2 group, n=20
CHC+CP without El of the pancreas

Albumin, g/l * 382+5,14 45,2 + 4,45
Total bilirubin, mmol/I * 16,7+ 4,5 12,7 £4.24
ALP, 1U/I 234+ 58,3 226 + 55,0

GGT, IU/I 44 £12,6 39,2+ 8,0
ALT, IU/1 * 69,0 £ 25,2 42,1+£18,0
AST, IU/l * 57,0+22,3 33,7+16,2

Note: * the difference is statistically significant when comparing patients of groups 1and 2, p<0.05

C+CP+SSNPs than in the group of CHS+CP without SSNPs
(p<0.001), namely 38.2+ 5.14 g/l against 45.2+4.45 g/I.

When examining individual markers of cholestasis
(LF and GGT) in the examined patients of both groups,
a slight difference in mean values was found, but it was
not statistically significant (Table ).

It was found that the level of viral load in CHC is asso-
ciated with the presence of El. It was established that
patients with impaired exocrine function of the pancreas
had a high viralload 4.2 times more often-42.3% (22/52)
against 10% (2/20) in the second group (p=0.002).

DISCUSSION

When evaluating the clinical features of the course of CHC
with concomitant CP, we found that dyspeptic symptoms
such as defecation disorders, flatulence, flatulence, and
abdominal pain are more often detected with reduced
enzymatic activity of pancreatic gland.This demonstrates
the aggravating effect of the presence of El on the clinical
course of CHC and complements the data obtained by
other authors (Babinets et al., 2019) [17]. However, in the
presence of stool disorders, we did not establish a clear
difference between the frequency of constipation, diar-
rhea, and unstable stools.

The data obtained by us regarding low levels of albumin
in 1 group of patients may be due to insufficient intake of
protein from food, as a result of the malabsorption syndrome,
which is characteristic of EI. Our data are consistent with
the data obtained by Fujita et al. (2019), Diéguez-Castillo
et al. (2020), who proved that trophic insufficiency due to
malabsorption syndrome often occurs in patients with CP
with EI [18,19].

The results obtained by us about the aggravating interac-
tion of a high viral load and inflammatory activity in the liver
on the exocrine function of the pancreas are confirmed by
the data obtained by other scientists. Thus, such researchers
as Jain etal., (2007) and Panic et al. (2020) [8,20]. Blackard
(2017) proved the impact of HCV on the endocrine function
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of the pancreatic gland and suggested the possibility of
viral replication in B-cells [11]. It is also known that DM
is a frequent extrahepatic manifestation of CHC (Mazzaro
2021; Svegliati-Baroni 2020) [1,21]. When analyzing the
obtained data, we found that among patients with a combined
course of CHC and CP, a high viral load is more often found
in 1 group (patients with CHC and CP with the presence of
EI), which may indicate the presence of hepatitis C virus
replication in the PC. Previously, Yan et al. (2000) HCV
RNA was detected in pancreatic tissue obtained at autopsy
[13]. Other scientists, such as Arafa et al. (2020), Fiorino et
al. (2019) found that infection with the hepatitis C virus is
correlated with the incidence of pancreatic cancer and this
may indirectly indicate the previous presence of CP, which,
however, was not diagnosed in time [13 ,22, 23]. But the
exact mechanism of the connection between HCV infection
and the development of pancreatic cancer and CP has not
been fully understood. It has been suggested that the ana-
tomical proximity of the liver to the pancreas, as well as the
sharing of blood vessels and ducts between the two organs,
may make the pancreas a potential reservoir for hepatitis C
virus, which can travel through the bloodstream and deposit
in tissues unrelated to the liver [23].

CONCLUSIONS

High degrees of fibrosis (higher than F2-4) were detect-
ed 2.8 times more often in patients with CHC combined
with CP + El than in patients without El of the pancreas.
At the same time, the frequency of detection and the
severity of El are directly correlated with the levels of
aminotransferases and viral load. The higher the degree
of inflammatory activity of the liver and the viral load,
the more often patients are diagnosed with El of the
pancreatic gland.

In patients with CHC comorbid with CP and presence
of the EI, a tendency to lower levels of albumin was reg-
istered, while its values were normal in patients with CHC
with preserved enzymatic function of pancreatic gland.
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ABSTRACT

The aim: To search for risk factors for the development of external pancreatic fistula (EPF) in patients with acute infected necrotizing pancreatitis.
Materials and methods: A prospective single-center observational study was conducted with the participation of 160 adult patients with infected acute
necrotizing pancreatitis (ANP) who required intervention at different stages of the disease. Depending on the amylase activity of the drainage secretions, the
groups with and without diagnosed EPF were compared according to 15 demographic, clinical, laboratory and instrumental parameters of the disease. To identify
predictors of the risk of developing EPF in ANP, a regression logistic analysis was performed and logistic regression models were built for each factor attribute.
Results: We did not find statistically significant differences in the indicators characterising patients on the first day of illness, as well as in the comparison of
indicators characterising local complications of AP, the timing of AP infection, the incidence of sepsis and the level of PON in sepsis. When comparing the groups
by the frequency of the type of microbial agent of infected APB, no statistically significant differences were found. Comparative pairwise analysis between the
groups by morphological characteristics revealed statistical differences in the frequency of focal superficial and transmural PN (p < 0.001). Next, we performed
a regression logistic analysis and built logistic regression models for each factor attribute, namely age, gender, BMI, BISAP score and Charlson comorbidity
index, morphological characteristics of necrotizing pancreatitis. After univariate regression analysis, a statistically significant association between the depth

of PN and the risk of developing PFN was found (OR 2.7 (1.4-5.2), p=0.001).
Conclusions: We found that the risk of developing an external pancreatic fistula was associated with the depth of pancreatic necrosis.

KEY WORDS: pancreatic fistula, acute pancreatitis, infected pancreatic necrosis

INTRODUCTION

Treatment methods for late-phase infected pancreatic
necrosis (IPN) vary depending on the manifestations
of the disease [1-4]. The course of acute pancreatitis
(AP) accompanied by PN and its infection can lead to
the destruction of the pancreatic duct system with the
formation of a pancreatic fistula with a certain flow
rate, direction of drainage (external and internal fistula),
duration and clinical outcome [5-7]. The diagnosis of
external pancreatic fistula (EPF) as a consequence of
infected NP is based on the receipt of enzyme-active
secretions from the established drainage [5, 8], similar to
the definition of postoperative pancreatic fistula [9, 10].
The development of EPF rarely leads to fatal complica-
tions, but it can disable patients with AP for along time
and lead to repeated surgical interventions, increasing
the duration and cost of treatment [11-15]. With the
identification of risk factors for the development of EPF,
it becomes possible to find ways to influence them and
prevent the occurrence of the latter.

Wiad Lek. 2023;76(11):2365-2371

THE AIM

To search for risk factors for the development of exter-
nal pancreatic fistula in patients with acute infected
necrotising pancreatitis.

MATERIALS AND METHODS

A prospective single-centre observational study was
conducted at the Department of general surgery of
the Bogomolets National Medical University. The
study included 160 adult patients with acute necro-
tising infected pancreatitis who required intervention
at different stages of treatment. Inclusion criterion -
the presence of a positive bacterial culture obtained
from the aspirate of acute pancreatic fluid collections
(APFC) during a fine-needle aspiration or discharge
from drained fluid collections in patients with ANP.
Exclusion criterion - patients who died in the early
postoperative period (7 days after the intervention).
The diagnosis and severity of AP were assessed ac-
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cording to the revised Atlanta criteria [16]. Depend-
ing on the timing of the disease and indications, all
study patients underwent sonographically controlled
percutaneous interventions or “open” necrosecrec-
tomies. The level of amylase was monitored daily in
the secretions from the drains using the qualitative
Wolgemuth method. Anincrease in the level of amy-
lase in the drainage aspirate by more than three times
compared with the reference value, in the absence
of amylasemia, was considered as EPF [5, 8, 9], these
patients were referred to the EPF “+" group. Patients
who did not have an increase in amylase in the drain-
age content of more than three times the reference
value during inpatient treatment were included in the
control group EPF“-" In patients with diagnosed EPF,
we entered into the database the date of diagnosis
of EPF (from the onset of the disease), its duration,
maximum amylase level and daily flow rate. All pa-
tients were assessed for 15 gender-demographic,
clinical, laboratory and instrumental parameters of
the disease. Among the clinical, laboratory and in-
strumental parameters, we analysed the comorbidity
index, body mass index (BMI), BISAP score, aetiology;
clinical and morphological features reflecting system-
ic and local signs of the disease - mean MODS, CTSI
and its components: Balthazar index, necrosis index;
factors associated with the development of infec-
tious complications - timing of infection, aetiology
of pancreatic infection (Pl), presence of sepsis and
its severity according to SOFA. Local complications
in patients with AP were ranked using the computed
tomographic severity index, which was calculated by
the sum of Balthazar score and pancreatic necrosis
score. The clinical and morphological classification of
Olexiil. Dronov (patent No. 26755, 2002) was used to
characterise the distribution and depth of pancreatic
necrosis.

When comparing data among patients with and with-
out EPF, depending on the characteristics of the data
and after analysing the data distribution for normality,
the Mann-Whitney U test, the x2 test, and the %2 test
with Bonferroni correction were used when comparing
three or more subgroups. To establish the relationship
between the predictors of acute necrotic pancreatitis
and the risk of developing EPF, a logistic regression
analysis was performed and logistic regression models
were constructed for each factor attribute with the
95% Cl of the Odds Ratio. The reason for constructing
a multivariate logistic regression model was the pre-
liminary confirmation of the predictor in a single-factor
analysis. A value of p<0.05 was considered statistically
significant. The EZR package (R-statistics) was used to
calculate and analyse the data [17].
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RESULTS

The study included 88 (55%) women and 72 (45%)
men, with a median age (Q | - Q Ill) of 43 (37.5 - 60)
years. The median (Q | - Q lll) comorbidity index was 3
(1-4) points. Comorbidities were mainly represented by
cardiovascular disease and liver disease - arterial hyper-
tension was observed in 132 (82.5%), chronic hepatitis
in 123 patients (76.9%), obesity was also common in
the cohort - 105 (65.6%) cases, diabetes mellitus was
observed in 23 (14.4%) patients. The median (Q - Q/ll)
BMI was 32.1 (28.1 - 35.9) kg/m?2 External pancreatic
fistulas were diagnosed from day 18 to 38 of the dis-
ease, their median (Q - Qll) was 29 (24 - 31) days. The
proportion of patients who were diagnosed with EPF at
the stage of sonographically controlled percutaneous
puncture-drainage interventions was 19.7% - 15 out of
76, 0n average 6.8 (1.4) days after the intervention.The
time interval between the onset of the disease and the
diagnosis of the fistula was 20.6 (1.4) days on average.
Drainage of one retroperitoneal zone - the anterior
pararenal space - was performed in 10.5% of cases (8
out of 76) and two retroperitoneal zones - the anterior
pararenal and perirenal spaces - in 89.5% of cases (68
out of 76). Drainage of the posterior pararenal space
was not performed in any case. In cases of drainage of
the anterior pararenal zone by several drains located
in the omental sac and the right or left paracolon, an
increased content of amylase was determined in each
of the drains. In cases of combined drainage of the two
zones in patients with EPF, the level of amylase in the
perirenal space remained within the normal range, the
median (Q |- Q lll) of which was 23 (17 -38) U.In 80.3%
- 61 of 76 patients, EPF developed after necroseques-
trectomy (NSE), on average 3.7 (1.4) days after surgery.
The mean time from the onset of the disease to fistula
formation was 29.8 (3.2) days. It was inexpedient to
analyse the retroperitoneal lesion zones, since during
NSE, the anatomical landmarks of the ileum lost their
relevance due to the pathological process. The drained
area containing pancreatic juice was limited to the
post-sequestral cavity. External pancreatic fistulas after
ANP closed on average in 33.8 (15.5) days, at least in
10 days, and at most in 68 days. The level of amylase
in the drainage contents of patients with EPF ranged
from 510 to 3856 U, the median (Q |- Q lll) was 1218
(875 to 1551) U. Low-drainage fistulas were recorded
in 36 patients (47.4%), medium-drainage in 32 patients
(42.1%), and high-drainage fistulas were observed in 8
patients (10.5%).

A comparative analysis of the characteristics of the
APN determined on the first day of hospital admission
in patients with existing EPF and in patients where EPF
was not determined is shown in Table I. In a compara-
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Table I. Comparative characteristics of the factors determined in the studied patients on the first day of the disease

Parameter Indexes
EPF «-» EPF «+» P
Age, years, Me (Q-Q,) 47,5(39-61) 42 (37 -57,5) 0,09°
Men 50 (59,5) 49 (64,5)
Gender, n (%) 0,63°
Women 34 (40,5) 27(35,5)
BMI, kg/m2, Me (Q-Q,) 30,4 (27,8 - 36,8) 32,2(283-34,2) 0,95°
Comorbidity index, points Me (Q-Q,) 3(2-4) 2(1-3,5) 0,072
BISAP-score, points, Me (Q,-Q,) 3(3-3) 3(3-3) 0,982
Alcoholic 38 (50) 22 (26)
Biliary 26 (34) 31(37)
Etiology, n (%) HTG-associate 4(5) 16 (19) <0,05¢
EPST-induced 6(8) 8(10)
Idiopathic 2(3) 7 (8)
2- Mann-Whitney U test
b-the x2 criterion
¢—x2 with Bonferroni correction (p=0.056)
Table I1. Comparative characteristics of systemic and local complications in patients with existing and without external pancreatic fistulas
Parameters Me(Q-Q,) P
EPF «-» EPF «+»
Average MODS, (points) 8,2(6-10,3) 86(76-11,1) 0,13
CTSI (points) 8(6,5-10) 8(6-10) 0,83
Balthazar index, (points) 4(4-4) 4(4-4) 0,07
Necrosis index (points) 4(3-6) 4(2-6) 0,96
Volume of extrapancreatic necrosis (ml) 1250 (814 - 1522) 1216 (825 - 1523) 0,34
Table I1l. Comparative characteristics of the spread of pancreatic necrosis in patients with and without external pancreatic fistulas
Configuration of pancreatic necrosis EPF “+", frequency EPF “-", frequency P
Total superficial 1% 17% 0.37
Subtotal transmural 33% 30% 0.8
Subtotal superficial 27% 28% 0.96
Focal transmural 29% 7% < 0,001
Focal superficial 0% 18% < 0,001

tive analysis of the indicators listed in Table I, we were
unable to identify statistically significant differences in
any of the indicators that characterised patients on the
first day of illness who subsequently developed or did
not develop EPF.

Next, we compared between the groups (according
to the Mann-Whitney U test) the factors reflecting the
level of systemic complications and the morphological
characteristics of local necrotic complications, which is
shown inTable Il. When comparing the indicators of any
of the parameters characterizing local complications
of ANP, namely according to the levels CTSI, Balthazar
index and necrosis index, as well as in the volume of
extrapancreatic lesions, no statistically significant dif-

ference was found. The level of systemic complications,
which was reflected in the form of the average MODS
in the first week of the disease, also did not establish
statistical differences in the groups of studied patients.

The configuration of PN in the studied patients varied
from focal to total in distribution and from superficial
to trasmural in depth. Frequency and comparative
characteristics of types of pancreatic necrosis according
to the clinical and morphological classification of O.I.
Dronov is shown in Table lII.

Asindicated above (Table lll), a comparative pairwise
analysis between groups (according to the x2 criterion)
did not establish a statistical difference in the frequency
of total superficial (p =0.37), subtotal trasmural (p =0.8),
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Table IV. Comparative characteristics of the course of the infectious process in the studied patients

Parameter Indexes P
EPF «+» EPF «-»
Periods of infection, days, Me(Q,-Q,) 10(8-15) 10(8-13) 0,22
Frequency of sepsis, n (%) 39 (46,4) 42 (55,3) 0,33°
max SOFA, points, Me (Q-Q,) 6(2-12) 6(4-8) 0,57
2~ Mann-Whitney U test
b-the x2 criterion
Table V. Taxonomic characteristics of the causative agents of pancreatic infection in the studied patients and pairwise comparison
Type of microorganism EPF “+", frequency EPF “-", frequency p
C.albicans 3% 4% 0.85
Pmorganii 0% 1% 0.94
Paeruginosa 3% 5% 0.87
A.lwoffi 1% 0% 0.94
A.baumannii 9% 9% 0.95
S.haemolyticus 1% 2% 0.92
Enterobacter spp. 10% 11% 0.9
S.aureus 12% 10% 0.8
E.feacium 16% 18% 0.9
K.pneumoniae 16% 19% 0.68
E.coli 29% 21% 0.27

Table VI. Results of univariate analysis of the influence of factors of acute necrotizing pancreatitis on the development of external pancreatic fistulas

Factor sign Model Coefficient (b+m) P Odds ratio (95% ClI)
Age -0,03 £ 0,01 0,058 0,96 (0,94 - 0,99)
Men Reference
Sex
Women 0,3+0,31 0,22 1,4(0,7-27)
BMI -0,037 £0,03 0,2 0,96 (0,9-1,0)
BISAP 0,07 £0,35 0,84 1,07 (0,5-2,17)
Charlson comorbidity index -0,12+£0,09 0,17 0,88 (0,73 - 1,06)
CTSI 0,02 +0,09 0,8 1(0,8-1,24)
Necrosis index -0,007 £ 0,1 09 09(0,8-1,2)
Deep Reference
The depth of necrosis -
Superficial 1,01 £ 0.001 0.001 2,7(1,4-5,2)

subtotal superficial (p = 0.96) of necrotic pancreatitis
and revealed statistical differences in the frequency of
focal transmural PN (p < 0.001) and focal surface PN
(p < 0.001). Total transmural ANP was not observed in
both groups, patients with this type of necrotic lesion
did not live to the time interval that corresponded to
the late postoperative period, where the EPFs were
analysed after NSE.

Taking into account the results of pairwise compar-
ison by depth and spread of PN, we assumed that the
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depth of necrosis is clinically relevant, so we performed
a pairwise comparative analysis. Among the superficial
PNs, 53 (64.6%) did not develop EPF, and 29 (35.4%)
were diagnosed with EPF. In the group of deep PNs
(which included transmural spread), 31 (39.7%) patients
did not have complications with the development of
EPF, and 47 (60.3%) were diagnosed with EPF. Accord-
ing to the results of the analysis, it was found that the
groups were different in the frequency of superficial
and deep PN (p=0.02 by x2 criterion)
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The next factors of comparison were those reflecting the
characteristics of infectious complications. Table IV shows
a comparison of the terms of infection of patients with
ANP, the frequency of sepsis among groups of patients,
and the level of sepsis-induced multiorgan insufficiency
with the maximum SOFA indicator in those patients who
had generalised infectious complications. We did not find
a statistically significant difference in terms of infection
with PN (p =0.22), frequency of sepsis (p =0.33) and level
of PN among patients with sepsis (p = 0.57).

Taking into account the variability of Pl pathogens
that caused the development of infected ANP, the
next step was to study the influence of Pl etiology
on the risk of developing EPF in the studied patients.
Therefore, 198 microbial isolates were obtained from
160 patients, of which 106 were from 76 patients with
EPF and 92 isolates were from 84 patients without EPF.
The microbial landscape was represented by eleven
types of microorganisms, which were dominated by
gram-negative ones, of which, in turn, E. coliand K. pneu-
moniae prevailed. So, in the group with the presence
and absence of EPF, E. coli was respectively identified in
26/92 and 22/106 cases, K. pneumoniae - in 15/92 and
20/106, respectively, E. feacium —in 15/92 and 20/106
respectively, S. aureus - 11/92 and 11/106, respectively,
Enterobacter spp.-9/92 and 12/106, respectively, S. hae-
molyticus - 1/92 and 2/106, respectively, A. baumannii
- 8/92 and 10 /106, respectively, P. aeruginosa — 3/92
and 5/106, respectively, C. albicans — 3/92 and 4/106,
respectively. The comparative etiological characteris-
tics of the causative agents of Pl in patients with and
without EPF are presented in Table V.

A pairwise comparative analysis of the frequency of
the type of microorganism that caused the develop-
ment of infected ANP in patients who had post-opera-
tive PN and those who did not have this complication
did not establish statistically significant differences
among any of the identified types of microorganisms
according to the 2 test. Thus, it can be asserted that
the aetiology of PI did not affect the development of
EPF in patients with infected ANP.

In order to establish the relationship between the
predictors of ANP and the risk of developing EPF, logistic
regression analysis was performed and logistic regres-
sion models were built for each factor characteristic,
namely, age, gender, BMI, BISAP scale and Charlson
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ABSTRACT

The aim: To determine the diagnostic value of non-invasive methods of GERD diagnosis based on questionnaire data and a diagnostic test with a proton pump
inhibitor (PPI) with Rabeprazole in patients with coronary heart disease (CHD).

Materials and methods: 90 patients were under observation, namely, 68 patients with coronary heart disease with concomitant essential arterial hyperten-
sion (EAH), 6 patients with coronary artery disease + arrhythmias, and 18 - others diseases. All patients were surveyed according to the GerdQ questionnaire,
followed by PPI testing with Rabeprazole, and body mass index (BMI) was calculated for all the patients. A BMI of 18.5-24.9 kg/m2 was considered as normal
body weight, and a BMI > 24.9 kg/m2 was considered overweight.

Results: Based on the results of the questionnaire, it was established that the most common complaints typical for GERD were noted by patients with CHD in
combination with EAH. There were 48 of such patients and, depending on BMI, they were divided into 2 groups: 1st group (n=14) - patients with CHD-++EAH+GERD
with normal body weight and 2nd group (n=34) — overweight patients with CHD-+EAH+GERD. In patients of group 1, typical symptoms of GERD prevailed (in
71.4% of patients), and in patients group 2, the distribution of typical and extra-esophageal symptoms did not differ significantly (52.9% vs. 47.1%). Among
the extraesophageal manifestations, pain behind the sternum (in the projection of the esophagus) was significantly more often recorded in patients of group
1, and rhythm disturbances in patients of group 2 (43.8% and 75.0% of patients, respectively, p<0.05). The results of the GerdQ questionnaire showed a direct
relationship between GERD, body weight and symptom score. Patients with GERD+normal body weight had a mean score of 6 for classic gastroesophageal
reflux symptoms, while patients with GERD-+increased body weight had a mean score of 7. The sensitivity of the questionnaire was 78.7%, and the specificity
-92.9%. According to the PPl test, in the 1stand 2nd groups, already in the first three days, 28.5% and 23.5% of patients noted the disappearance of heartburn
and after 10 days - 85.7% and 64.7%, respectively. Over the entire period, that is, after 14 days of observation, 85.7% of patients in the 1st group and 73.5%
in the 2nd group noted improvement.

Conclusions: It has been established that questionnaires based on the GerdQ questionnaire followed by a PP test with Rabeprazole in patients with coronary
heart disease combined with essential arterial hypertension have a high diagnostic value and can be used for early diagnosis and effective treatment of GERD.

KEY WORDS: coronary heart disease, essential arterial hypertension, gastroesophageal reflux disease, increased body weight, proton pump inhibitor,
non-invasive methods, GerdQ questionnaire
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INTRODUCTION
Extensive epidemiological studies in the countries of
Western Europe and the USA indicate that 40% of peo-
ple constantly suffer from heartburn - the main symp-
tom of gastroesophageal reflux disease (GERD) [1-3].
At the same time, GERD can lead to functional disor-
ders of the cardiovascular system and be the trigger for
a cascade of pathological processes that initiate desta-
bilization of coronary blood flow and myocardial isch-
emia. 35-70% of patients with esophageal disease are
misdiagnosed with coronary heart disease (CHD), and
vice versa, esophageal disease remains undiagnosed in
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50% of patients with CHD [4]. The significant similarity
in character, localization, irradiation is explained by the
close anatomical location and common innervation of
the heart and esophagus, which in case of pathology
of the esophagus due to viscero-visceral reflexes can
provoke arrhythmias and play the role of a trigger factor
in the occurrence of new angina attacks [2,5].

In patients with coronary artery disease, fibroesoph-
agogastroduodenoscopy (FEGDS) is performed only
based on vital signs, and often the pathology of the
gastroduodenal zone in these patients remains outside
the attention of the doctor. Taking into account the
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mutually aggravating influence of the combination
of GERD and coronary heart disease, a more in-depth
study of the extraesophageal manifestations of GERD
and the search for simpler and unified methods of its
diagnosis are necessary. In such cases, in the absence of
alarming signs, non-invasive methods such as patient
questionnaires and the use of empiric acid-suppressive
therapy in the form of a diagnostic test with a proton
pump inhibitor (PPl) come to the fore. Today, the
GerdQ questionnaire (Gastroesophageal Reflux Disease
Questionnaire) exists as the most promising, as it was
created on the basis of three other statistically based
questionnaires for the assessment of reflux syndrome
(GIS, GSRS, RDQ) [6,7,8]. If the sum of Gerd-Q scores is
8 or more, GERD is diagnosed. Indicators of quality of
life or dynamics of well-being under the influence of
treatment are evaluated separately: the sum of points 3
or more - severe GERD; less than 3 points - moderate [9].

THE AIM

The aim of the study was to determine the diagnostic
value of non-invasive methods of GERD diagnosis based
on questionnaire data and a diagnostic test with a pro-
ton pump inhibitor (PPI) with Rabeprazole in patients
with coronary heart disease (CHD).

MATERIALS AND METHODS

In 2023, 90 patients who have been treated in the
cardiology department of the Uzhhorod central city
clinical hospital and have been screened for GERD were
under observation. This included patients with coro-
nary heart disease with concomitant essential arterial
hypertension (EAH) - 68 people, coronary heart disease
+ arrhythmia - 6, others - 18. All examined were divided
by gender, age, duration of the disease and body mass
index. There were 36.7% (33) men, 63.3% (57) women.
The average age of patients is 64.5+1.5 years.

Forfurther research, the main group of examinees was
singled out, which included 48 patients with coronary
artery disease with concomitant EAH and in whom
GERD was diagnosed.

The study was conducted at the department of fac-
ulty therapy with the consent of the patients, and the
methodology of their conduct corresponded to the
Helsinki Declaration of 1975 and its revision of 1983.The
study was also approved by the local ethics committee
(protocol No. 7/5 dated 05/16/2023).

All patients underwent a general clinical examination
and special examination methods, which included:
electrocardiography (ECG) on the HeartScreen 112
Visit electrocardiograph, echocardioscopy, ultrasound

examination of extracranial vessels, abdominal organs
(ultrasound of the abdominal cavity) using the CX50
ultrasound system, Philips Ultrasound, blood glucose
fasting, glycated hemoglobin, blood insulin and insulin
resistance index, total cholesterol (C), low and high
density lipoproteins (LDL and HDL), triglycerides, uric
acid, blood potassium level. All studies were carried out
in certified laboratories. Also, body mass index (BMI)
was calculated for all patients, which was calculated
according to the formula: BMI = weight (kg)/height
(m)2 and measured in kg/m2. A BMI of 18.5-24.9 kg/
m2 was considered normal body weight (BMI). A BMI
> 24.9 kg/m2 was considered overweight. Obesity was
diagnosed with BMI > 30.0 kg/m2: | degree of obesity
- BMI from 30-34.9 kg/m2, Il degree - 34.9-39.9 kg/m2,
Il degree - 39.9 and above kg/m2.

All patients were interviewed according to the GerdQ
questionnaire. During the questionnaire, typical GERD
complaints (heartburn, acid belching) were determined.
The questionnaire contained 6 questions, each of which
is valued ata maximum of 3 points. If the final score was
equal to 8 or more, it means that the patient has a high
probability of GERD.

The diagnosis of GERD was confirmed according to
the criteria of the unified clinical protocol (Order of the
Ministry of Health of Ukraine No. 943 of October 31,
2013) [10]. Gastrointestinal videoscope Olympus GIF-
XP170N, Olympus GIF-H170 (2018) was used to perform
FGDS. The diagnosis of CHD and EAH was made on the
basis of protocols No. 2857 (order of the Ministry of
Health of Ukraine dated December 23, 2021) [11] and
No. 384 (order of the Ministry of Health of Ukraine dated
May 24, 2012) [12].

The patients were prescribed therapy of the main
disease, according to the existing Standards of med-
ical care, which included anti-anginal/anti-ischemic
drugs, beta-blockers and/or calcium channel blockers,
antithrombotic drugs, hypolipidemic drugs, ACE inhib-
itors, inhibitors of the renin-angiotensive system and
others if necessary. All patients with coronary heart
disease combined with hypertension underwent a PPI
test with Rabeprazole 20 mg twice a day 40 minutes
before meals, which lasted for two weeks as part of
inpatient treatment. During this period, the initial
symptoms of the disease were monitored every day.
Then, if the patient previously has got only the typical
GERD symptoms, when the complaints regressed, he
was recommended to receive rabeprazole 20 mg twice
daily 40 minutes before meals on an outpatient basis
for 8 weeks. If, in addition to the typical symptoms of
GERD, the patient also had extraesophageal symptoms,
he was recommended Rabeprazole at a dose of 20 mg
twice a day 40 minutes before meals for a longer pe-
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Table I. Clinical manifestations of GERD in patients with CHD-+EAH

Sign Group (abs./%)
1st group n=14 2nd group n=34
CHD+EAH+GERD+ CHD+EAH+GERD+
normal body weight increased body weight
Presence of clinical manifestations of GERD (n=48) 14/100 34/100
Esophageal symptoms of GERD (n=28) 10/71,4% 18/52,9
Heartburn 7/70,0 10/55,5%
Sour eructation 5/50,0* 2/11,1
Feeling of heaviness in the upper part of the abdomen 3/30,0 4/22,2
Nausea 3/30,0 2/16,7
Extraesophageal symptoms of GERD( n=20) 4/28,6 16/47,1*
Pulmonological symptoms 2/12,5
Dry barking cough 0/0 2/12,5
Cardiological symptoms
Chest pains (along the esophagus) 1/25,0 7/43,8*
Interruptions in the heart work 3/75,0% 8/50,0
Other complaints (n=48)
Flatulence 3/6,25 6/27,3*
Weakness, fatigue 8/16,6 14/63,6

Note. Significance of the difference: * - in comparison with the indicator between the 1st and 2nd groups (the indicator is calculated according to the

Mann-Whitney test, p<0.05)

riod, namely for 12 weeks with further monitoring of
symptoms and follow-up examination [13].

The analysis and processing of the results of the exam-
ination of the patients was carried out using the Statis-
tics for Windows v.7.0 computer program (StatSoft Inc,
USA) using parametric and non-parametric methods of
evaluating the results. The difference was considered
to be significant at p<0.05. Statistical processing and
analysis of the obtained results was performed using
Jamovi software.

RESULTS
We found that 53.3% (48 out of 90) of patients with car-
diovascular diseases had complaints typical for GERD.
It was established that GERD is significantly more often
registered in patients with coronary heart disease with
overweight than with normal body mass (70.8% vs.
29.2%, p<0.05).The distribution according to diagnoses
and body weight was next. There were 48 patients with
CHD+EAH+GERD, 20 people with CHD+EAH, 6 arrhyth-
mias, and 18 - others. There were 33 (36.7%) men and
57 (63.3%) women. When dividing by the weight, it
was found that 31 (34.4%) patient had a normal body
weight, and 59 (65.6%) had an increased body weight.
Based on the results of the questionnaire, it was
established that the most common complaints typical
for GERD were noted by patients with coronary artery
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disease in combination with EAH. There were 48 such
patients and, depending on BMI, they were divided
into 2 groups: 1st group (n=14) are patients with CH-
D+EAH+GERD with normal body weightand 2nd group
(n=34) are overweight patients with CHD+EAH+GERD.
So, among comorbid patients, there were more often
persons with increased body weight. This is explained
by the fact that the onset and progression of GERD
occurs more often in obesity, which is associated with
increased intra-abdominal pressure and acid exposure
in the esophagus, and acid reflux rates in these individ-
uals correlate with body mass index [14].
Characterizing the manifestations of GERD in patients
with different body weights, we found that typical man-
ifestations of GERD prevailed in patients with normal
BMI (in 71.4% of patients against 28.6% of atypical ones,
p<0.05), while in patients with increased BMI distribu-
tion of typical and extraesophageal symptoms was not
significantly different (52.9% vs. 47.1%). In patients of
groups 1 and 2, among the typical symptoms of GERD,
heartburn was significantly more often registered,
namely in 70.0% and 55.5%, respectively.
Extraesophageal manifestations of GERD were
observed in 41.7% (20 out of 48) of patients, among
whom 20.0% (4/20) of patients had normal BMI and
80.0% (16/20) of patients had increased BMI (p<0.05).
In patients with overweight, pain behind the sternum
(in the course of the esophagus) was significantly more
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Table II. The number of patients in whom symptoms of GERD disappeared during the PPI test

Groups (abs./%)
Number of days of taking PPIs 1stgroup n=14 2nd group n=34
CHD+EAH+GERD+ CHD+EAH+GERD+
normal body weight increased body weight

0-3 days 4/28,5 8/23,5

4-7 days 6/42,8 4/11,8
8-10 days 2/14,3 10/29,4
Up to 10 days 12/85,7* 22/64,7

12-15 days 0 3/8,8
During the whole period 12/85,7* 25/73,5

Note. Significance of the difference: * - in comparison with the indicator of group 2 (the indicator is calculated according to the Mann-Whitney test, p<0.05)

often registered, namely in 43.8%, while in patients with
normal body weight, rhythm disturbances were signifi-
cantly more often registered - 75.0% (3/4) of patients
(p< 0.05). Patients also noted other complaints, such as
flatulence, weakness, and rapid fatigue, the frequency
of which significantly (p<0.05) prevailed in people with
increased body weight (Table I).

After analyzing the questionnaire data of the sur-
veyed patients, we obtained the following results: to the
question“How often do you have heartburn?” patients
of group 1 answered as follows: 3 times a day - 14.2%
(2/14) of patients; once every 2-3 days - 14.2% (2/14) of
patients; 5 times for 4-7 days — 7.1% (1/14) of patients;
patients of 2 groups answered as follows: 3 times a day
- 17.6% (6/34) of patients; once every 2-3 days - 14.7%
(5/34) of patients; 5 times for 4-7 days - 14.7% (5/34)
of patients. The answer to the second question: “How
often do you feel food or liquid being thrown into the
throat?”in 1 group - within 1 day, 14.2% (2/14) of pa-
tients; within 2-3 days - 21.4% (3/14) of patients; within
4-7 days —7.1% (1/14) of patients; Group 2 answered as
follows: within 1 day - 11.7% (4/34) of patients; within
2-3 days —8.8% (3/34) of patients; within 4-7 days - 5.8%
(2/34) of patients. To the third question: “How often do
you feel pain in the center of the upper abdomen?”
responses of group 1: within 1 day - 21.4% (3/14) of
patients; within 2-3 days - 14.2% (2/14) of patients;
within 4-7 days — 14.2% (2/14) of patients; responses of
2 groups: within 1 day - 5.8% (2/34) of patients; within
2-3 days —8.8% (3/34) of patients; within 4-7 days - 5.8%
(2/34) of patients. On the fourth question: “How often
do you feel nausea?” 1 group answered: within 1 day
- 14.2% (2/14) patients; within 2-3 days — 28.5% (4/14)
of patients; within 4-7 days — 14.2% (2/14) of patients;
the answers of 2 groups were as follows: within 1 day -
8.8% (3/34) of patients; within 2-3 days - 14.7% (5/34)
of patients; within 4-7 days - 5.8% (2/34) of patients. To
the fifth question“How often did heartburn or belching
prevent you from sleeping at night?”1 group of patients

answered: 1 day - 7.1% (1/14) of patients; within 2-3
days-14.2% (2/14) of patients; The 2nd group answered
as follows: 1 day — 11.7% (4/34) of patients; within 2-3
days - 8.8% (3/34) of patients. To the sixth question,
“How often do you use medicines for the treatment of
heartburn or regurgitation, which the doctor advised
you?” respondents of 1 group answered: within 1 day
-7.1% (1/14) of patients; within 2-3 days - 14.2% (2/14)
of patients; patients of 2 groups: 1 day - 14.7% (5/34)
of patients; within 2-3 days - 8.8% (3/34) of patients.

The results of the GerdQ questionnaire in our study
demonstrated a direct relationship between body
weight and symptom of GERD score, which is consistent
with the data of other researchers [6,14,15]. Patients
with GERD+normal BMI had a mean score of 6 on the
classic symptoms of gastroesophageal reflux, while
patients with GERD+increased BMI had a mean score of
7 on the corresponding items, which allows us to argue
that the frequency of symptoms depends on weight
gain. The sensitivity of the questionnaire was 78.7%,
and the specificity was 92.9%.

According to the PPI test, the following results were
obtained: 28.5% (4/14) of patients from group 1 and
23.5% (8/34) of patients from group 2 noted the dis-
appearance of heartburn in the first three days. After 7
days, GERD symptoms disappeared in 42.8% (6/14) of
patients from group 1 and 11.8% (4/34) from group 2,
and after 10 days improvement was noted in 14.3% (2
/14) and 29.4% (10/34) of patients, which was a total of
85.7% and 64.7%, respectively, in groups 1 and 2. Over
the entire period, that is, after 14 days of observation,
85.7% (12/14) of patientsin the 1st group and 73.5%-in
the 2nd group noted improvement (Table II).

DISCUSSION

The data we received on the diagnostic value of the
guestionnaire showed the sensitivity of the question-
naire - 78.7%, and the specificity - 92.9%, which was
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established on the basis of the disappearance of the
detected GERD symptoms using the questionnaire, af-
ter the appointment of Rabeprazole. Similar data were
obtained by such scientists as V.Yu. Prykhodko, D.Yu.
Moreva, I.H. Palii, S.V. Zayka. [2, 4, 5, 13]. According to
the obtained data, the questionnaire can be used as a
convenient tool for a personalized approach to the di-
agnosis and treatment of GERD [8,9]. Itis also important
to note that although the GerdQ represents a useful
diagnostic tool, it should not be viewed as a unique
diagnostic test. It can be used as a baseline test in the
absence of anxiety symptoms [6,7].

The obtained high rates of GERD symptom reduction
during the PPI test in a short period (from 3 to 10 days)
gives usreason to assert the high effectiveness of Rabepra-
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ABSTRACT

The aim: To study the risk factors of cardiovascular diseases in patients with coronary heart disease with stable angina pectoris Il functional class in combi-
nation with NAFLD.

Materials and methods: The study included 245 patients with a diagnosis of CHD, stable angina pectoris Il functional class (FC), who were being treated at
the Communal Nonprofit Enterprise «Central City Clinical Hospital» of Uzhhorod City Council. We singled out 2 groups of patients: group 1 (n=145) — patients
with CHD with stable angina pectoris Il FCin combination with NAFLD and group 2 (n=100) — patients with CHD with stable angina pectoris Il FC.

Results: Analysis of the frequency of occurrence of CVD risk factors in patients with CHD showed that among patients of group 1 there are 50% more people
with abdominal obesity, excess body and dyslipidemia. The reliability between the groups in the occurrence of hypertension and type 2 diabetes was not
revealed. The obtained results confirm the data that the prevalence of NAFLD increases with increasing body weight and a high degree of obesity increases
the risk of its development.

Condlusions: The most frequent risk factors for CVD in patients with coronary artery disease in combination with NAFLD are hypertension, obesity, and dyslipidemia.

KEY WORDS: overweight, NAFLD, risk factors, diabetes mellitus, dyslipidemia, coronary heart disease, stable angina pectoris

INTRODUCTION

Cardiovascular diseases (CVD) have for a long time
taken the first place in the structure of morbidity and
mortality all over the world and are an important
medical and social problem, due to the impact ony
employable people [1]. The prevalence of all forms of
coronary heart disease (CHD) among adults in Ukraine
is 24%, including 10% among the working population.
[2]. Annually, according to national statistics, more than
50,000 new cases of acute myocardial infarction (Ml)
are registered, and more than 500,000 citizens die from
CVD in general, and this indicator continues to grow [3].

The most common form of CHD is stable tension an-
gina, its frequency varies in different regions from 1.8
to 6.5%, while the prevalence gradually increases with
age in both sexes [4].

In a third of patients, the development of coronary
heart disease occurs against the background of pro-
voking factors, namely excess body weight or obesity,
which complicates the course of the main disease, and
is also combined with such conditions as hypertension,
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non-alcoholic fatty liver disease (NAFLD), dyslipidemia,
insulin resistance (IR), hyperinsulinemia and diabetes
mellitus (DM) [5].

NAFLD is the most common liver disease in the world.
It occursin all age groups [6]. In the general population
of developed countries, NAFLD is found in 14-27% [7].
However, the true prevalence of the disease is unknown,
since a significant part of patients do not seek medical
help. NAFLD has a mild course of symptoms, in most
cases it is detected accidentally, during examination for
other diseases, such as obesity, diabetes, CHD, when
elevated levels of transaminases are detected, etc. [8].

Epidemiological studies have found that NAFLD is
associated with CVD risk. Their presence during liver
diseases increases the total mortality by 57%, mainly
due to cardiovascular pathology [9].

NAFLD is not just a marker of cardiovascular pathol-
ogy, but also a factor in its pathogenesis [10]. Poten-
tial pathogenetic mechanisms include endothelial
dysfunction, systemic inflammation, oxidative stress,
atherogenic dyslipidemia, genetic features, etc. [11].
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Fatty liver index (FLI) is considered a surrogate marker
of NAFLD. FLI, associated with insulin resistance, thick-
ness of the intima-media complex, increased risk of
CHD, is an independent predictor of the development
of diabetes. High FLI values are associated with a high
risk of mortality from both CVD and liver disease [12].

The problem of the development and progression of
NAFLD in combination with CVD is one of the important
issues of internal medicine, as it contributes to the dete-
rioration of the prognosis and course of the underlying
disease, and also leads to a decrease in the quality of
life of patients [11].

Despite the presence of alarge number of studies on
the relationship between NAFLD and cardiovascular
pathology, the mechanism of influence of NAFLD on
cardiovascular risk has not been fully elucidated, which
determines the relevance of the study.

THE AIM

The aim of the research was to study the risk factors of
cardiovascular diseases in patients with coronary heart
disease with stable angina pectoris Il functional class in
combination with NAFLD.

MATERIALS AND METHODS
The study included 245 patients with a diagnosis of CHD
stable angina pectoris Il functional class (FC), who were
being treated at the at the Communal Nonprofit Enter-
prise «Central City Clinical Hospital» of Uzhhorod City
Council in cardiology department with intensive care
units (ICU). We singled out 2 groups of patients: group
1(n=145) — patients with CHD stable angina pectoris of
[l FCin combination with NAFLD and group 2 (n=100) -
patients with with CHD stable angina pectoris of Il FC.

All subjects signed an informed consent, the method-
ology of which was in line with the Helsinki Declaration
of 1975 and its revision in 1983 and was approved by
Uzhhorod National University’s Commission on Bioeth-
ics (Protocol N°2/20 of 04.11.2022).

Criteria for inclusion in the study: informed consent
of the patient, presence of CHD and NAFLD.

Exclusion criteria: alcoholic disease or liver cirrhosis,
autoimmune and viral hepatitis; decompensated heart
failure; acute coronary syndrome or acute cerebrovas-
cular accident less than three months before the start
of the study; congenital or acquired heart defects;
systemic, oncological, autoimmune pathology.

The diagnosis of CHD stable angina pectoris of Il FC
was established according to the recommendations
of the European Society of Cardiology (2013) and the

order of the Ministry of Health of Ukraine No. 436 of
03.07.2006, based on the presence of angina attacks, a
myocardial infarction suffered no earlier than 6 months
ago, the results of cycle ergometry and coronary angi-
ography (coronary artery stenosis was > 70%).

The diagnosis of NAFLD was established according to
the unified clinical protocol «<Nonalcoholic steatohepatitis»
(2014) and according to the recommendations of the Euro-
pean Association for the Study of the Liver (EASL) [13,14].

Upon admission to the hospital, all patients with coronary
artery disease underwent a comprehensive examination
according to the generally accepted algorithm of the Min-
istry of Health. The following methods were used to solve
the research tasks: clinical - collection of complaints and
anamnesis, physical examination - to assess subjective and
objective manifestations of the disease; anthropometric
measurement - height, body weight, body mass index (BMI),
waist circumference (WC), hip circumference (HC), conicity
index - ratio of waist circumference to hip circumference.
BMI was calculated according to the formula: BMI = body
weight (kg) / height (m2). Determination of the level of total
cholesterol (TC), triglycerides (TG), high-density lipoprotein
cholesterol (HDL) was carried out using a set of Biolatest
reagents from PLIVA-LACHEMA (Czech Republic) using an
automatic biochemical photometer analyzer. The level of
low-density lipoprotein cholesterol (LDC) was calculated
according to Friedewald'’s formula (1972): LDL=TC - (HDL
+TG/2.2). The following formula was used to calculate the
atherogenic index (Al): Al = (TC - HDL) / HDL. The level of
blood glucose, the activity of alanine aminotransferase
(ALT), aspartate aminotransferase (AST),and the concentra-
tion of total bilirubin were studied according to generally
accepted methods. Fibrinogen concentration was deter-
mined by the gravimetric method of R.A. Rutberg. (1961).
The prothrombin index (PTI) was determined according to
the method of V. |. Tugolukov. (1952).

Data analysis was performed using Janovi version
2.3.28. The average values of the numerical data were
represented as M = SD.The normality of the distribution
was evaluated by the Shapiro-Wilk test. The critical level
of reliability was considered to be a = 0.05.

RESULTS
According to the clinical and anamnestic data, the fol-
lowing CVD risk factors were identified (Table I).
Analysis of the frequency of occurrence of CVD risk
factors in patients with CHD showed that among pa-
tients of group 1 there are 50% more people with ab-
dominal obesity (x 2 =7.479; df=1; p0.05), excess body
weight (x 2 = 6.67; df=1; p0.05) and dyslipidemia (x 2
=6;34 df=1; p0.05). The reliability between the groups
in the occurrence of hypertension (x 2 =1.472; df=1;
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Table 1. The risk factors of cardiovascular diseases in patients according to anamnestic data

Group 1 Group 2
Indicator n=145 n=100
abs./% abs./%
Excessive body weight 13/9* 4/4
Obesity 36/25* 15/15
Dyslipidemia 15/10* 6/6
Arterial hypertension 71/49 69/69
Type 2 diabetes mellitus 10/7 6/6
Note: The significance of the difference:* - with the indicator between groups 1and 2 (p<0,05).
Table I1. Clinical and laboratory indicators in patients
Group 1 Group 2
Indicator (units of measurement) n=145 n=100
Systolic blood pressure 160+9,6 155+7,6
Diastolic blood pressure 90+10,1 85+10,3
BMI, kg/m2 31,5£7,7* 28,5+6,2
WC, see 95,7+6,1* 90,1+5,4
TC, mmol/I 6,314,1 6,1£2,7
HDL, mmol/I 1,1+0,6 1,3+1,2
LDL, mmol/I 3,2£09 3,9£0,8
TG, mmol/I 2,8+1,6* 1,8+1,2
Al 3,04+0,5 2,8+0,6
Blood glucose, mmol/I 4,9+£2,1% 3,8+1,9
ALT, Unit 42+13,6 38+10,4
AST, Unit 40£15,1 36+3,4
Bilirubin, mmol/I 13,4+2,4 13,1+2,1
PTI, % 99,4+5,2* 86,1t4,3
Fibrinogen, g/I 3,4+2,5% 2,8+1,5

Note: The significance of the difference:* - with the indicator between groups 1and 2 (p<0,05).

p0.05) and type 2 diabetes mellitus (x2=1.197; df=1;
p>0.05) was not revealed. The obtained results confirm
the data that the prevalence of NAFLD increases with
increasing body weight and a high degree of obesity
increases the risk of its development.

During the analysis of clinical and laboratory indi-
cators between the groups, the following data were
found (Table II).

Statistically significant differences in anthropometric
indicators were found in the patients of the examined
groups. Thus, BMI and WC in patients with CHD with
NAFLD were significantly higher than in patients with
CHD (p<0.05).

The level of triglycerides is also significantly higher in
group 1 compared to group 2 (p<0.05). A higher level of
glucose in patients of group 1 may be due to a higher per-
centage of patients with type 2 diabetes mellitus (p<0.05).

When studying the functional state of the liver, it was estab-
lished that the indicators of ALT and AST activity in patients
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did not differ between groups. In terms of bilirubin levels, the
difference between the examined groups was not reliable.

When analyzing coagulation indicators, a tendency
to increase the level of fibrinogen in blood serum was
revealed in patients of group 1 compared to group 2
(p<0.05). Patients of group 1 had a significantly higher
PTI (p<0.05), which may indicate the presence of hy-
percoagulation syndrome in this category of patients
as afactorin the progression of coronary artery disease.

DISCUSSION

Thus, in patients with coronary heart disease with
NAFLD, probably higher BMI, WC, increased levels of
triglycerides and PTI were more often observed. These
changes indicate more pronounced disorders of the
lipid spectrum of the blood, as well as prothrombotic
changes in the blood in patients with coronary heart
disease with diffuse liver diseases.
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To assess the relationship between the functional
state of the liver and laboratory parameters in patients
with CHD with NAFLD, a correlation analysis was per-
formed. Relationships between AST and BMI (r=+0.59;
p Al (r=+0.78; p<0.05); blood glucose (r=+0.69; p<0.05)
were revealed .

Therefore, the data obtained by us coincide with the
data of scientists regarding the large specific gravity
of NAFLD in patients with excess body weight [15,16].
According to a study by Spanish scientists, from 70 to
100% of patients with NAFLD suffer from obesity [17].
Also in the work of Hassen et al. it is shown that among
lipid disorders, NAFLD is more often associated with
hypertriglyceridemia, which, according to modern data,
is considered an important independent risk factor for
CHD [18].The authors explain this by the fact that when
adipose tissue loses sensitivity to insulin, the level of
TG and free fatty acids in the blood increases. A vicious

circle is formed in which obesity, hepatic steatosis, and
insulin resistance are related factors that stimulate
mutual progression.

CONCLUSIONS

1. The most frequent risk factors for CVD in patients with
coronary artery disease in combination with NAFLD
are hypertension, obesity, and dyslipidemia.

2. In patients with coronary artery disease in combina-
tion with NAFLD, probable correlative relationships
of the functional state of the liver with indicators of
carbohydrate and lipid metabolism, anthropometric
parameters, and prothrombotic changes of blood
have been established.

Prospects for further research. Study of the clinical course

of CHD in combination with NAFLD and development

of optimal managament for this category of patients.
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ABSTRACT

The aim: To study the intensity and depth of carious tooth lesions in rats with experimental juvenile adjuvant-induced arthritis.

Materials and methods: An experimental study on a model of juvenile adjuvant arthritis (JAA) in 10 one-month-old rats induced by method of A.M. Bendele
was carried out. 10 rats of the same age were intact. Injection of adjutant in rats of experimental group led to the development of acute local reaction and then
caused generalized joint reaction of autoimmune origin. The performed basic therapy of JAA promoted transition of acute autoimmune process to chronic. Rats
were withdrawn from the experiment in 58 days and the dental-jaw blocks were made, in which the intensity and depth of carious lesions of the masticatory
group of teeth were determined.

Results: The course of JAA was accompanied by the development of dental caries in 100% of experimental animals. It was found that the intensity of carious
teeth lesions in terms of the number of carious teeth and cavities is probably higher than in intact rats (respectively 4.3 + 0.3 vs. 2.2+ 0.6 and 4.5 £ 0.3 vs.
2.3+0.7, p <0.001). In rats with JAA, mostly middle and deep carious cavities were revealed, at the same time in intact rats — superficial and middle carious
cavities were observed.

Condlusions: It has been established that adjuvant arthritis is accompanied by 100% prevalence of dental caries, high intensity of carious process, presence

of middle and deep carious cavities, that confirm the negative influence of autoimmune disease on the condition of the hard tooth tissues.

KEY WORDS: dental caries, experimental study, rats, juvenile adjuvant arthritis

INTRODUCTION

Despite particular achievements in medicine, adequate
treatment of dental caries in children with somatic pa-
thology isimportant in pediatric dentistry [1, 2]. Itis well
known that the growth and development of all systems
of the child’s body, including the dentognathic system,
occurs under the influence of many factors of internal
and external environment. There is a high susceptibility
of teeth to cariogenic factors in children in the presence
of autoimmune diseases, including juvenile rheumatoid
arthritis (JRA) [3]. Increasing of prevalence and activity of
dental caries, the development of multiple foci of enamel
demineralization in children with JRA have been clinically
proven [4]. These changes, according to the authors [5],
occur due to the complex pathogenesis of JRA, metabolic
disorders, in particular phosphorus-calcium metabolism,
owing to the use of hormonal drugs of corticosteroid
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class. However, the obtained results by scientists about
development of dental caries in this group of sick chil-
dren were not confirmed in experimental studies.
Currently, there are various models of experimental
rheumatoid arthritis, but the closest to human auto-
immune disease are the models of adjuvant arthritis
for adults [6] and juvenile adjuvant arthritis (JAA) for
children [7]. Therefore, for a deep understanding of the
development of carious tooth lesions in children with
JRA, there is the need to study these issues in experi-
mental animal studies.

THE AIM

The aim of this work was to study the intensity and
depth of carious tooth lesions in rats when modelling
experimental juvenile adjuvant arthritis.
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MATERIALS AND METHODS
To achieve this goal, 20 white laboratory rats of both
sexes of 1-month-mature with an average weight of
49.0 + 0.916 g were used. Two groups of rats with 10
animals in each were formed: the control (group I) and
the experimental (group Il). All rats of the control (in-
tact) and experimental (main) groups were kept in the
standard conditions of the vivarium: air temperature,
humidity, diet and water intake.

In rats of group Il the JAA was induced by the method
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Fig. 1. Picture of a rat number 3
(group 1I), 3rd day of experimental
research. Inflammatory reaction of
rat’s right hind paw after injection of
Freund’s adjuvant: limb enlargement,
edema of the ventral part of the paw,
skin redness of the damaged hindlimb

Fig. 2. Picture of rat number4 (group
I1), peak of the inflammatory process
(14th day of the experimental study):
generalized reaction and progression
of JAA, the spread of the inflammato-
ry reaction to the intact left rat’s paw,
skin redness and swelling in the area
of the joints of both extremities

of A.M. Bendele [8]: 0.1 ml of Freund’s adjuvant was
injected once subcutaneously in rat’s right hind paw
(subplantarly). Composition of Freund’s adjuvant is
antigen inactivated and dried mycobacteria (Bacillus
Calmette-Guérin, BCG) in oil emulsion. According to
the author [8], this agent is the most adequate for re-
producing JAA and extrapolating the results to humans.

The experiment lasted 58 days with daily visual
examination and assessment of the clinical condition
of rats upon reaching the peak of the inflammatory
process (14th day), the formation of chronic immune
inflammation (28th day) and the end of the experiment
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Fig. 3. Dental-jaw blocks of the upper and lower jaws of rat number 7 (group Il), 58th day of experiment, Dental-Missing-Filled-Teeth (DMFT) scores =9

(58th day). The appearance of animals, changes in
behavior, reaction to external stimuli, the condition of
the joints of rats, motor activity were evaluated. Local
(swelling in the right hindlimb) and generalized reac-
tion (swelling in the left hindlimb) to Freund’s adjuvant
were observed. Hematological parameters were used
as criteria of the development of chronic autoimmune
inflammation, which were determined on the 28th day
of the experimental study. Treatment of JAA in rats of
the experimental group was performed for 30 days
(from 14th day of the experiment) according to the
protocols of basic therapy of autoimmune disease by
administering drugs intragastrically in doses according
to the recommendations of Yu. R. Rybolovlev and R. S.
Rybolovlev [1979]. Basic therapy included the use of dis-
ease-modifying antirheumatic drugs, glucocorticoids,
nonsteroidal anti-inflammatory and antirheumatic
drugs, calcium supplements, vitamins in accordance
with the Order of the Ministry of Health of Ukraine dated
April 11,2014 No. 263 “Unified clinical protocol of prima-
ry, secondary (specialized), tertiary (highly specialized)
medical care and medical rehabilitation”. In 58 days, all
animals were withdrawn from the experiment by total
bloodletting under propofol anesthesia (60 mg / kg).

To compare the condition of the hard tooth tissues
of intact and experimental animals, dental-jaw blocks
were made, in which the intensity and depth of car-
ious lesions of the masticatory group of teeth were
determined using a binocular magnifying glass. The
intensity of the carious process was studied by counting
the number of carious teeth and cavities, on average,
per rat. The depth of carious lesion was determined in
scores: superficial — carious cavity within the enamel (1
score), middle — carious cavity within the upper layers
of dentin (1.5 scores), deep - a large carious cavity
reaching the pulp chamber (2 scores).

Experimental studies were carried out in accordance
with the international principles of the European Con-
vention for the Protection of Vertebrate Animals Used
for Experimental and Other Scientific Purposes (Stras-
bourg, 1986), Declaration of Helsinki (2000), according
to the policies of general ethical principles of experi-
ments on animals (Kyiv, 2001). The study protocol was
approved by the Biomedical Ethics Committee of Na-
tional Pirogov Memorial Medical University, Vinnytsya.
Ethics and morality were not violated during the study.
Rats were housed in the vivarium room with a constant
temperature, humidity and 12-hour dark-light cycle.

Statistical analysis of the study results was carried out
using computer programs Microsoft” Excel 2017 for Mac
(corporate license, Product ID: 02984-001-000001; De-
vice Code:86C36D0C-8F15-59CA-A81E-B1D889205F71)
and the licensed package“Statistica 6.1" (serial number
BXXR901E246022FA). Statistical data processing was
performed by methods of variation statistics with the
calculation of average arithmetic values and errors (M
+ m), standard deviation (t) and the significance of
differences (p-value, the differences were considered
statistically significant at p <0.05).

RESULTS

At the beginning of experimental study, rats of both
groups were active, the motor activity of the joints were
not limited, the general state were not disturbed. In 1-3
days after injection of adjuvant subplantarly in animals of
the experimental group the increased aggression, irritabil-
ity, alertness, increased frequency and depth of respiration
and also a significant decrease in motor activity of the
left limb and local inflammatory reaction of the injured
paw (increased its volume, edema, skin hyperemia, pain
sensitivity of the joint) were revealed (Fig. 1).
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Table I. WBC count in rats with JAA on the 28th day of the experiment

Groups of experimental rats

Groups of experimental rats

Types of WBCs Group|, Groupl I, Types of WBCs Group |, Groupl I,
n=10 n=10 n=10 n=10
11.3+0.47 14.27 £ 0.57 1.7 +£0.30 2.28+0.36
WBCs x 10° Eosinophils, %
p <0.001 p >0.05
. 0.8+0.29 24+£0.27 753+£2.18 63.8+2.23
Banded neutrophils, % Lymphocytes, %
p <0.001 p <0.001
. 16.6 £2.08 25.18 +£1.94 5.60+1.13 5.63 £0.59
Segmented neutrophils, % Monocytes, %
p <0.01 p >0.05
Basophils, % 048 +0.13 - Plasma cells,% 0.1£0.05 -

Note: p — the significance of the difference between types of WBCs of the control group and the group of rats with adjuvant arthritis.

Table I1. Indicators of caries intensity in experimental rats

Groups of experimental animals

Number of carious teeth

Number of carious cavities

The control group, n =10 2.2+0.61 2.3+0.65
Experimental group, n=10 43+0.30 4.5+0.31
p p <0.001 p <0.001

Note: p — the significance of the difference between indicators of caries intensity in the control and experimental groups of rats

Table I11. Indicators of the depth of tooth carious lesions in experimental animals (in scores)

Groups of experimental animals Superficial caries Middle caries Deep caries
The control group, n =10 2.1+0.61 0.3+0.20 0
Experimental group, n=10 3.0£0.26 2.1£0.25 0.2+0.20

p p >0.05 p <0.001 p >0.05

Note: p — the significance of the difference between indicators of the depth in the control and experimental groups of rats

On the 14th day, the progression of JAA and the de-
velopment of generalized reaction with lesions of both
extremities (Fig. 2) were observed: edema, redness and
pain in the joints of the intact limb, increased inflamma-
tion of the injured rat’s paw, ulcers on the skin of its paw,
phalanges and knee joint. The peak of the inflammatory
process on this day of observation was accompanied by a
significant decrease in the overall activity of animals, their
mobility and a decrease in food and water intake.

General therapy of adjuvant arthritis from the 14th day of
the experiment contributed to the gradual reduction of acute
inflammatory phenomena in the joints, which was mani-
fested in the reduction of edema and pain when flexing the
inflamed joints. There was a certain tendency to normalize
motor activity and emotional state of animals. Treatment of
JAA in rats from the 14th to the 28th day of the experiment
helped to increase general and motor activity, reduce the
severity of theinflammatory process in the hindlimbs: reduce
redness, swelling, pain when flexing the joints. There was a
certain tendency to normalize motor activity of animals, but
was not the full disappearance of inflammatory phenomena.

Due to the frequent transition of acute autoimmune
inflammation to chronic, the study of the most obvious
indicators of homeostasis — white blood cell (WBC) countin
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experimental animals were evaluated, the results of which
are showninTable I.

When analyzing the results, it was found that the average
statistical parameters of WBC countin intact rats were corre-
sponded to normal values, while in the experimental group
- to the changes, that characterized chronic autoimmune
process.This was indicated by a significantincrease in WBCs,
the percentage of banded and segmented neutrophils with
a moderate shift to the left and a similar decrease of lym-
phocytes with a statistically significant difference compare
to the control group of rats (p <0.05), as well as a significant
increase of eosinophils and the appearance of basophilsin
the peripheral blood.

Observation of experimental group animals before the
end of the basic therapy of adjuvant arthritis (58th day)
revealed some improvement in the general condition and
local inflammatory reaction in rats, but not their complete
normalization, which confirmed the development of chron-
ic autoimmune process, despite the performed treatment
course. It should be noted that the death of rats both the
control group and with simulated JAA throughout the
experiment was not observed.

At the next stage of the experimental study, when
comparing the condition of the hard tooth tissues of in-
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tact and experimental animals, the carious lesions were
revealed in 60% of dental-jaw blocks of rats in group I and
in 100% — in group II.

When analyzing the nature of the carious lesion of the teeth
(Table Il) a low level of caries intensity and almost the same
average statistical indicators of the number of carious teeth
and cavities in rats of the control group were revealed. At the
sametime, in animals with adjuvantarthritis, these values were
higher in twice then in the control group with a high level of
significance of the difference in values (p <0.001). We give an
example of a high level of intensity of tooth damage by the
carious process in rat number 7 on the 58th day of the exper-
iment after subplantar injection of Freud's adjuvant (Fig. 3).

To assess the dental caries’ findings of lesions in exper-
imental animals, it is important to determine the depth
of the carious process, the results of which are shown in
Table ll.

It can be seen from the data given above thatin rats with
JAA superficial caries was diagnosed by 1.5 times more
often thanin the control group (p >0.05), and middle caries
by 7 times (p <0.001). Deepening of the carious process in
rats with adjuvantarthritis was indicated by revealed carious
cavities reaching the pulp chamber, while in intact animals
there were no deep carious lesions of the teeth.

DISCUSSION

Taking into account the influence of JRA on the clinical
course of dental carious lesions, established by the authors
in single works [9], the study of this issue was carried out
on an experimental model of the disease described by
A.M. Bendele [8]. The model, induced by Freund’s adjutant
according to scientists [10] is the closest to JRA in children.

Inducing of the experimental model of JAA in rats by a
single subplantar injection of adjutant into the right hind
paw contributed to the development of autoimmune
disease: acute local and subsequent generalized joint
inflammation with a peak of inflammatory autoimmune
process on the 14th day, which confirmed the adequacy of
experimental JRA model [11]. The performed basic therapy
of JAAinrats did notlead to the elimination of pathologjical
immune inflammation, on the contrary, contributed to the
transition from acute to chronic autoimmune process, that
agrees with the data literature about clinical manifestations
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ABSTRACT

The aim: To establish differences in the aerobic and anaerobic capacity in young males with different components of body weight who live in the mountainous
districts of Zakarpattia region.

Materials and methods: 124 young men aged 17-21 were examined to determine the aerobic and anaerobic capabilities of the body, taking into account
the components of body weight.

Results: The level of aerobic productivity, which reflects physical health, depends on the component composition of the body. The highest level of aerobic
capacity in terms of the VO, _ is found in young males who have normal body weight with a high and a very high relative content of skeletal muscle, a
low relative content of fat, and a normal level of visceral fat. As a consequence, their physical health exceeds “safe health level’, namely 42 ml-min""-kg", and
corresponds to “average” according to Ya.P. Piarnat’s criteria.

Condlusions: A high relative fat content negatively affects the functional capabilities of the body of young males in both aerobic and anaerobic modes of
energy supply. With the growth in the relative content of skeletal muscles, the increase of the aerobic capacity of the body, as well as the growth of the capacity
of alactic and lactic energy supply processes is observed. None of the examined males had “good” or “excellent” parameters of aerobic processes.

KEY WORDS: body mass, fat, skeletal muscles, post-pubertal age

INTRODUCTION

Physical health forms because of the body’s ability to
adapt to the external environment, while maintaining
normal functional parameters of all physiological sys-
tems [1, 2]. Aerobic and anaerobic productivity of the
body are integral indicators of physical health. Assess-
ment of physical health by indicators of aerobic and
anaerobic productivity makes it possible to characterize
it both qualitatively and quantitatively [3-6]. Also, it
should be pay attention the set of various morphologi-
cal factors that determine the somatotype (in particular,
the component composition of body weight), affect
both functional capabilities of the organism and the
susceptibility to certain diseases [7-9]. Therefore, deter-
mining the relationship between a person’s ability to
perform physical work in aerobic and anaerobic modes
of energy supply of the body depending on the consti-
tutional characteristics of body composition, is expedi-
ent as it allows to individualize the ways of prevention

Wiad Lek. 2023;76(11):2389-2394

of certain diseases, and to choose effective treatment
tactics that are relevant and socially significant [10-13].

THE AIM

The aim was to establish differences in the aerobic and
anaerobic capacity in young males with different com-
ponents of body weight who live in the mountainous
districts of Zakarpattia region.

MATERIALS AND METHODS

The task was solved by using a variety of modern
diagnostic methods to examine124 young males in
the post-puberty period of ontogenesis, aged 17-21,
residents of Zakarpattia. The power and capacity of aer-
obic (VO,_ ), the power of anaerobic alactic (WANT, ),
anaerobic lactic (WANT, ), and the capacity of anaero-
bic lactic processes (PPO) of the body’s energy supply

2389



Olena A. Dulo et al.

were evaluated by bicycle ergometry test; the relative
content of fat and skeletal muscles was determined by
the bioimpedance method; methods of mathematical
statistics using the programs Microsoft Office 2007, Mi-
crosoft Excel Stadia 6.1 / prof and Statistica, were used
to determine Student’s t-test to assess the reliability of
the difference in indicators.

RESULTS

When studying the components of body weight in
young males from mountainous districts, we identified
three groups depending on the fat content and three
groups depending on the muscle content. The number
of males with a normal relative fat content (8.0 - 19.9%)
was the largest — 101 individuals (81.5%). We did not
observe any males with a high fat component ( >24,9%).
The number of males with normal and high relative
content of skeletal muscles was the largest — 76 (61.3%)
and 39 individuals (31.4%), respectively. There were no
males with a low (< 33.3%) relative content of skeletal
muscles among those studied (Table I).

The value of the absolute indicator VO, _ in males
with a high relative content of the fat component is
higher than the value in males with a normal and low
relative fat content (p>0.05). At the same time, the av-
erageVO, _ value of males with high relative fat con-
tent is 1.32 times significantly lower than the average
value in males with low and normal relative fat content
(p<0.05), and does not reach “safe health level” The
average value VO, . exceeds “safe health level’, i.e.
42 ml-min"-kg™, in young males from mountainous dis-
trictswithalow relativefatcontent(44,6+2,1 ml-min-'-kg™,
whereas the average VO, ..is41,6x1,7 ml-min-kg
and does not reach “safe health level”in young males
with a normal relative fat content. WANnT, _ was sig-
nificantly higher in young males from mountainous
districts with a low and normal relative content of the

fat component compared to individuals with a high
relative content of this component (by 31.4% and by
27.3%, correspondingly). Peculiarities of the power of
anaerobic lactic processes in representatives of moun-
tainous districts with different component composition
of body weight were revealed when determining the
WAnNT, indicator.The lowest average values of WANT |
were registered in males from mountainous districts
with a high relative content of the fat component,
which is 22.3% lower compared to young males with
a low and 20.8% lower compared to young males with
a normal relative content of this component (Table II).

As can be seen from Table Il, the average values of
the absolute capacity of anaerobic lactic energy supply
processes of the body according to PPO are the highest
in young males with a low and high relative content of
the fat component, compared to males with a normal
relative fat content (p>0.05). Young males from moun-
tainous districts with a high relative content of this
component have a significantly lower indicator PPO
by 26.4% compared to the indicator of young males
with alow and by 10.1% compared to young males with
anormal relative content of the fat component (p<0.05).

The values of the absolute VO, _ index in young
males from mountainous districts with different relative
content of skeletal muscles do not reliably differ from
each other. The average value of VO, _  in young
males from mountainous districts with normal relative
content of skeletal muscles is 38,9+1,1 ml-min-kg™,
which is significantly below “safe health level”and corre-
sponds to“below average”level of aerobic productivity
(p<0.05). In young males with high and very high rela-
tive content of skeletal muscles, the indicatorVO, .
is significantly above the “safe health level’, which cor-
responds to the “average” level of aerobic productivity
andis42,4+2,0 ml-min™-kg'and 43,1+0,97 ml-min”-kg™,
respectively. The absolute value of WANT10 in young
makes from mountainous districts was probably higher

Table I. Distribution of males from the mountain districts of Zakarpattia by component composition of body weight, n=124

Relative fat content (%)

<8,0 8,0-19,9 19,9-24,9 >24,9
(-) low (0) normal (+) high (++) very high
number of % number of % number of % number of %
persons persons persons persons
7 5,6 101 81,5 16 12,9 - -
Relative content of skeletal muscles (%)
<33,3 33,3-39,3 39,4-44,0 > 44,0
(-) low (0) normal (+) high (++) very high
number of % number of % number of % number of %
persons persons persons persons
- - 76 61,3 39 31,4 9 7,3

2390



PECULIARITIES OF PARAMETERS OF AEROBIC AND ANAEROBIC PRODUCTIVITY DEPENDING ON THE COMPONENTS...

Table I1. Average values of indicators of aerobic and anaerobic productivity of the body (M+m) of males from the mountain districts of Zakarpattia,

depending on the relative fat content, n=124

Aerobic productivity

Anaerobic productivity

Indicators maximum oxygen power of alactic energy power of lactic energy capacity of lactic energy
consumption supply processes supply processes supply processes
Relative fat vo, Vo, .. WAnNT, , WANT, ., WANT, | WANT, ., PPO, PPO_,
content (%) mlmin®  mlmin™kg'  kgm:min?'  kgm-min'kg’ kgm-min™ kgmmin'kg' kgm-min?  kgm:min-kg’
<80 () 3098,7+ 44,6 £ 4683,7 £ 67,4+ 4456 + 64,1 21736 314+
low (n=7) 79,6 2,1 59,6 2,2 84,3 39 51,9 1,8
8,0-19,9 2996,6+ 41,6 £ 47013+ 65,3 + 4526,0 + 62,9 + 1898,2 + 25,7+
normal (n=101) 70,3 1,7 76,2 1,83 87,2 3,8 49,8 2,2*
19,9 -24,9 3164,8 = 33,7+ 4821,7 £ 513+ 4682,1 £ 49,8 = 2208,6 = 23,1+
(+) high (n=16) 68,7 0,93-* 78,6 1,72* 90,3 2,7 60,4 1,4+

Note: the probability of a difference in mean values (p<0.05):
* - relatively low fat content;
- - relatively normal fat content;

Table I11. Average values of indicators of aerobic and anaerobic body productivity (M-£m) of males from the mountain districts of Zakarpattia depending

on the relative content of skeletal muscles, n=124

Aerobic productivity

Anaerobic productivity

Indicators maximum oxygen

consumption

power of alactic energy
supply processes

power of lactic energy
supply processes

capacity of lactic energy
supply processes

Relative skeletal

VO WANT WANT . ., WANT WANT ., PPO, PPO _,
mUSCIe content 2 max 2.max rel. .10 . 10rel ‘30. X 30rel | X rel.
(%) ml-min®'  mlmin"kg! kgm-min?  kgm:minTkg® kgm-min-! kgm-min'kg? kgm:min?'  kgmmin'-kg®
?Egssn;r?)nzljl 2896,5 + 389+ 46584 + 59,7+ 44389 + 56,9 + 1966,7 + 255+
56,1 1,14 96,3 2,9 ¢. 98,7 3,6 54,2 1,3
(n=76)
39(3 ;“41;0 3086,4 + 42,4 + 4703,1 634+ 4503,2 = 60,1+ 2102,3 £ 27,8+
9 77,2 2,0 88,2 3,8 76,2 3,8 46,3 1,2
(n=39)
> 44,0
(++) very high 31974+ 43,1 £ 4869,8 + 653+ 45723+ 60,9 + 21234+ 28,7
(n_g) 9 59,3 0,97 78,7 32 90,6 47 51,6 2,1

Note: the probability of a difference in mean values (p<0.05):
* - relatively normal skeletal muscles content;

+ - relatively high skeletal muscles content;

*- relatively very high skeletal muscles content.

in individuals with a very high relative content of the
muscle component compared to individuals with a
normal and high relative content of this component of
the body. The relative value of WANT in young males
from mountainous districts with a very high and high
content of the muscle component reliably outweighs
this indicator by 9.4% and 6.2%, respectively, compared
to persons who had a normal relative muscle content.
Different anaerobic productivity of young males from
mountainous districts, depending on the component
composition of the body, was also revealed when de-
termining WANT_ _ Thus, the lowest average values of
the relative WANT,  indicator were recorded in young
males from mountainous districts with a normal relative

content of skeletal muscles compared to individuals
with a high and very high relative content of the muscle
component. At the same time, regardless of the relative
content of the muscle component, indicators of the
PPO i PPOrel. of the body’s energy supply in absolute
and relative values do not differ between themselves
(p>0.05) (Table II).

Among the young males representing the moun-
tainous districts of the Zakarpattia region, those with a
low fat content, or high and very high muscle content
had an“average” level of aerobic productivity in terms
of the VO, . This level of aerobic productivity pro-
vided them with a “safe health level” according to H.L.
Apanasenko [18].The level of aerobic performance was
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Fat

AVERAGE |19

LOWER AVERAGE 17,96

Level of aerobic productivity

LOW 21,1

m Muscles

components of body weight, %

W Visceral fat

Fig. 1. Graphic represen-
tation of the dependence
of the level of aerobic pro-
ductivity of males from the
mountain districts of Za-
karpattia on the ratio of the
component composition of
body weight (n=124)

“below average”and“low”in young males with normal
and high content of the fat component and with the
normal content of the muscle component. Such levels
of aerobic performance do not guarantee a“safe health
level”according to H.L. Apanasenko, Fig. 1.

DISCUSSION

Studying the level of physical health in post-puberty
individuals is extremely important as a young organism
of an adult is almost completely formed, and it should
prepare for a quality and longer life. Research of phys-
iological indicators that form physical health makes it
possible to correctly assess the physical health status
in healthy population and allows for a more detailed
assessment of the body’s adaptive capabilities, as well
as to provide a prognostic assessment of the probabil-
ity of the occurrence of pathological abnormalities on
the part of the cardiovascular system and decrease in
tolerance to physical exertion.

Thus, Zhang M. and his co-authors in their research
of the physical fitness of students at Chinese universi-
ties, draw attention to the potential hidden risk for the
health of students who, have an excessive fat compo-
nent with a normal body mass index. The authors also
prove that the lower level of physical fitness of the
students was partly due to the lower mass of skeletal
muscles.That is, they confirm the negative influence of a
high content of the fat and a low content of the skeletal
muscles on the level of physical performance of young
peoplein the post-pubertal period of ontogenesis [19].

Pigtowska M., investigating the relationship between
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body mass components, metabolicindicators and func-
tion of the endothelial among physically active healthy
males, prove that the components of fat and muscle
mass are important predictors of the metabolic pro-
file. Maintaining regular high levels of physical activity
and metabolic health throughout young and middle
adulthood may have beneficial effects on body mass
composition parameters and, as a result, may prevent
age-related decline in lean body mass and endothelial
dysfunction [20].

Our findings are confirmed by the studies of Anwar S.
et al., who determined the correlation of the percent-
age of fat and muscle components of body mass with
aerobic and anaerobic performance in 48 male student
footballers. According to their findings, the relative con-
tent of body fat and skeletal muscle mass is correlated
with indicators of aerobic and anaerobic capacity [21].

Researchers Yokota T. confirm the importance of
the level of aerobic productivity in relation to the life
expectancy of patients with metabolic syndrome. Low
aerobic performance is a strong and independent
predictor of all-cause mortality in male patients with
metabolic syndrome. The use of means to improve the
aerobic capacity of the body’s energy supply processes
and the energy metabolism of skeletal muscles in males
with metabolic syndrome leads to a positive prognosis
for this category of individuals [22].

Mucha DK. evaluating the aerobic capacity of males
and females depending on the type of posture, came
to the conclusion that the research results should find
wide practical applications in conducting a compre-
hensive assessment of body posture and physical per-
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formance as a determinant of health preservation [23].

Studying the level of physical health of young males
from the mountainous districts of the Zakarpattia
region, we understand that the somatotype, com-
ponent composition of the body, and the functional
capabilities of the body are formed in this category of
individuals in conditions of relative hypoxia. Szymczak
R.K. et al. researching the effects of a long stay at a very
high altitude (over 3500 m) on the physiology of male
climbers, note that in conditions of hypoxia, the anaer-
obic productivity of the body decreases, the maximum
respiratory volume increases, and the relative content
of the fat component of the body weight decreases.
At the same time, the lack of oxygen does not affect
the level of maximum aerobic power, the indicators of
maximum oxygen absorption, hemoglobin and hema-
tocrit levels [24]. Therefore, the study of tests of aerobic

and anaerobic capacity in healthy males and females
post-puberty aged allows to develop individual and
population medical forecasts, form groups of people
with an increased risk of pathological processes, and
implement medical and social rehabilitation programs.

CONCLUSIONS

A high relative fat content negatively affects the func-
tional capabilities of the body of young males in both
aerobicand anaerobic modes of energy supply. With the
growth in the relative content of skeletal muscles, the
increase of the aerobic capacity of the body, as well as
the growth of the capacity of alactic and lactic energy
supply processes is observed. None of the examined
males had “good” or “excellent” parameters of aerobic
processes.
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ABSTRACT

The aim: To study the peculiarities of diabetic polyneuropathy in patients with type 2 diabetes mellitus and concomitant NAFLD.

Materials and methods: We examined 75 patients with type 2 diabetes mellitus, including 31 (41.3%) women and 44 (58.7%) men. The main group included
35 patients with NAFLD (46.7%), and the control group included 40 patients without NAFLD (53.3%). The severity of polyneuropathy was assessed using the
Toronto clinical neuropathy score. The presence of neuropathic pain syndrome in patients allowed us to divide patients into groups with painful or painless
forms of diabetic polyneuropathy. The electroneuromyographic examination was used to study nerve conduction parameters, namely peroneal motor nerve
conduction velocity (PMNCV), sensory nerve action potential (SNAP), and sensory nerve conduction velocity (SNCV).

Results: The proportion of patients who did not have diabetic polyneuropathy in the NAFLD group was 12.5%, and in the group without NAFLD - 87.2%. The
frequency of diabetic polyneuropathy was higher in the main group, namely: mild, moderate, and severe polyneuropathy was 80%, 56% and 59.3%, respectively,
compared to the control group - 20%, 44%, 40.7% (p=0.02). The painful form of DPN was more common in patients of the main group than in the control
group, respectively 69.8% and 30.2% (p=0.01). The degree of liver fibrosis did not affect the course of DPN. The study of nerve conduction by PMNCV, SNAP, and
SNCV parameters showed that PMNCV was higher in the NAFLD group, and SNAP and SNCV - in the control group, but without statistical significance (p>0.05).
Condlusions: In patients with type 2 diabetes mellitus, the presence of NAFLD affects the severity of diabetic polyneuropathy and increases the risk of painful
DPN. The degree of liver fibrosis did not show an effect on the development of diabetic polyneuropathy. ENMG parameters did not demonstrate a statistically

significant difference in the study groups.

KEY WORDS: polyneuropathy, non-alcoholic fatty liver disease, diabetes mellitus, electroneuromyography

INTRODUCTION

Diabetic neuropathy is a clinical and neurophysiolog-
ical diagnosis that occurs in 45-54% of patients with
diabetes mellitus[1].

Focal or diffuse damage to the peripheral somatic
and autonomic nervous system is one of the leading
complications of diabetes mellitus and leads to other
clinically important disorders [2].

The prevalence and severity of this complication
increase proportionally with the duration of diabetes
mellitus.

The most common form of diabetic neuropathy found
in these patientsis distal symmetric polyneuropathy or
diabetic polyneuropathy proper (DPN), which spreads
like socks and gloves and primarily affects the distal
arms and legs. Other diffuse diabetic neuropathies are
autonomic forms, which include cardiac autonomic
neuropathy, gastrointestinal dysfunction, cystopathy,
and impotence.

Wiad Lek. 2023;76(11):2395-2400

The risk factors for the development of diabetic
neuropathy are the duration of the disease, the level
of glycosylated hemoglobin, obesity, dyslipidemia,
hypertension, and smoking, which are also risk factors
for cardiovascular complications [3, 4].

Non-alcoholic fatty liver disease (NAFLD) is the most
common chronic liver disease, affecting nearly 25% of the
world’s population [5]. The prevalence of NAFLD among
patients with type 2 diabetes mellitus is higher than in
the general population and can reach 40-70% [6].

It has been shown that metabolic disorders, includ-
ing dyslipidemia, insulin resistance, and inflammation,
have an impact on the pathogenetic components of
NAFLD [7].

NAFLD in patients with type 2 diabetes mellitus has
been shown to increase the risk of cardiovascular com-
plications and also contributes to the development of
microvascular disorders, especially nephropathy and
retinopathy [8].
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NAFLD, dysmetabolic cardiovascular disorders, and
DPN are interrelated conditions and share the same
risk factors, increase the incidence of complications,
and significantly affect the patient’s quality of life.
Judging by the fact that patients with NAFLD have an
increase in microvascular complications, it is assumed
that patients with diabetes mellitus who additionally
have NAFLD are at increased risk of developing diabetic
polyneuropathy [9].

Given that NAFLD is a consequence of metabolic
disorders and has an impact on their course, increasing
the risk of complications, and given the data from pre-
vious studies on the high affinity of diabetes mellitus
with NAFLD and DPN, we tried to assess the relation-
ship between NAFLD and DPN in patients with type 2
diabetes mellitus.

THE AIM

To study the features of diabetic polyneuropathy in
patients with type 2 diabetes mellitus in combination
with NAFLD.

MATERIALS AND METHODS

From September 2022 to April 2023, we examined 75
patients with type 2 diabetes mellitus on the basis of the
neurological and endocrinological departments of the
A.Novak ZOCL of the Health Care Facilities of the Health
Care District, including 31 (41.3%) women and 44 (58.7%)
men. The average age of the patients was 53.4+7.5
years. The correctness of the distribution of patients
was checked using the Q-Q chart and the Shapiro-Wilk
test. According to the Q-Q graph and the Shapiro-Wilk
test (p>0.05), a normal distribution of patients was es-
tablished, so parametric methods of statistical analysis
were used in the future. All patients (n=75) were divided
into two groups. The main group consisted of 35 patients
with NAFLD (46.7%), and the control group included 40
patients without NAFLD (53.3%).

The average age of the patients in the main group
was 52.0+6.9 years, and in the control group - 54.7+8.02.
Body mass index in patients of the main group was
32.6+3.83, and in the control group - 28.1+3.98. The
average duration of diabetes mellitus in patients of
the main group was 8.09+5.1 years with an average
level of glycosylated hemoglobin of 8.82+1.51%; the
control group was 9.38+5.79 and 9.6+2.34%, respec-
tively (Table I).

The need for additional insulin injection to standard
treatment in the main group was 27 patients (62.9%),
and without the need for insulin therapy in the main
group were 13 patients (37.1%). In the control group,
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27 patients (67.5%) required insulin therapy, and 13
patients (32.5%) did not require insulin therapy in the
control group (Table I).

All patients were familiarized with the purpose and
conditions of the study and signed informed consent
to the diagnostic and manipulative procedures before
the study, and the methodology of their conduct was
in accordance with the requirements of the Helsinki
Declaration of Human Rights of 1975 and its revised
version of 1983 and in accordance with the European
Convention on Human Rights, as well as biomedicine
and Ukrainian legislation.

The inclusion criteria for the study were age 18-70
years and the presence of type 2 diabetes mellitus. Ex-
clusion criteria for inclusion in the study were alcohol
and other toxic substance abuse, autoimmune and
oncological processes, as well as chronic infections,
including viral hepatitis, in the history.

All patients underwent general clinical, anthropo-
metric, laboratory and instrumental examinations. The
study of anthropometric data included measurement
of height and body weight. In accordance with the
obtained indicators, the body mass index (BMI) was
calculated according to the formula BMI=m/h? (kg/m?),
where m is body weight in kilograms, and h is body
heightin meters. According to the WHO recommenda-
tions, BMI less than 18.5 was defined as underweight,
18.5-24.9 as normal body weight, 25.0-29.9 as over-
weight, 30.0-34.9 as grade 1 obesity, 35.0-39.9 as grade
2 obesity, and more than 40.0 as grade 3 obesity.

All patients underwent laboratory general clinical
and biochemical studies, which indicate the functional
state of the hematopoietic system, liver, kidneys, fatand
carbohydrate metabolism.

The degree of liver damage was determined using the
online calculator Fibrosis 4 calculator, which calculated
FIB-4, an indicator that takes into account the patient’s
age, ALT and AST activity and platelet count. FIB-4 <1.3
indicates minor or no fibrosis, and >2.67 indicates ad-
vanced fibrosis or cirrhosis.

Ultrasound examination of the abdominal cavity
was performed according to the generally accepted
method.

All patients underwent a neurological examination for
diabetic polyneuropathy and the presence of polyneu-
ropathy and its severity were assessed using the Toronto
clinical neuropathy score. This scale was used to study
15 subjective and objective indicators of polyneuropa-
thy with a maximum score of 19. The number of points
was used to determine the degree of polyneuropathy,
where 0-5 is the absence of polyneuropathy, 6-8 is mild
polyneuropathy, 9-11 is moderate polyneuropathy,
and= 12 is severe polyneuropathy.
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Table . Characteristics of the study groups

Clinical and demographic indicators at Patients with Patients without Differences between groups at
baseline research NAFLD NAFLD the beginning of the study
Gender, n (%)
Female 12 (34,3) 19 (47,5) x*=0,85, p=0,36
Male 23 (65,7) 21(52,5)
Age,m 52,0+6,9 54,7+8,02 U=517, p=0.052
BMI, kg/m? 32,6+3,83 28,1+3,98 t=-5.06, p=0.00001
Length of service, years 8,09+5,1 9,38%5,79 U=622, p=0.41
HbA1c, %. 8,82+1,51 9,6+2,34 t=1.73, p=0.088
Need for insulin therapy, n (%)
No 13(37,1) 13(32,5) x?=0,03, p=0,86
Yes. 22 (62,9) 27 (67,5)
Table II. Distribution of patients by pain syndrome depending on the presence of NAFLD (p=0.01)
Pain syndrome, n (%) Patients with NAFLD Patients without NAFLD Total
No. 13 (40,6) 19 (59,4) 32
Yes. 30 (69,8) 13(30,2) 43
Total 43 (57,3) 32(42,7) 75
Table I1l. ENMG results in patients with and without NAFLD
Indicators of ENMG Patients with NAFLD Patients without NAFLD Differences between groups
PMNCV, m/c 40.9+£9.97 39.6+10.0 t=-0.52; p=0.6
SNAP, mV 1.84+2.48 3.96+ 6.48 t=1.75; p=0.087
SNCV, m/c 18.8+19.1 22.1+273 t=0.58; p=0.56
16
11
H No
B Easy
B Moderate
Expressed
1
1
NAFLD without NAFLD

Fig. 1. Distribution of patients by the severity of polyneuropathy depending on the presence of NAFLD (p=0.02)

The electroneuromyographic examination was
performed using the Neuro-MVP-Micro apparatus,
NEUROSOFT, where the main indicators of nerve
conduction in the determination of polyneuritis

disorders were determined, namely: peroneal motor
nerve conduction velocity (PMNCV), sensory nerve
action potential (SNAP), sensory nerve conduction
velocity (SNCV).
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Data analysis and processing were performed using
the computer program Jamovi Version 2.3.26.0 for IOS
using parametric and nonparametric methods of evalu-
ating theresults. Clinical and demographic parameters
were compared between patient groups using the
criterion x? for nominal characteristics. For relative and
ordinal variables, we first studied the compliance with
the normality of the distribution and used the Student’s
test in the Welch modification in case of compliance
or the Mann-Whitney test in case of deviation of the
distribution of the variable from the normal. When
comparing 3 or more groups, one-factor analysis of
variance or the Kruskal-Wallis test was used, depending
on the normality of the distribution.

RESULTS

Comparing the groups of patients by painful or pain-
less form of polyneuropathy, it was found that in the
NAFLD group, pain syndrome was observed in 69.8%
of patients, and in the group without NAFLD - in 30.2%.
When assessing the frequency of pain in patients
with and without NAFLD using frequency analysis, a
statistically significant difference (p=0.01) was found
between the presence of pain in these patients, namely
the dominance of the painful form in patients with
NAFLD - table Il

Our study also compared the effect of fibrosis on the
severity of polyneuropathy. According to the results
of the study, it was found that the degree of fibrosis
(FIB-4) does not affect the severity of polyneuropathy
(x*=3.85,p=0.27).

Theinfluence of NAFLD on the severity of polyneurop-
athy was established. Thus, according to our data, in the
main study group (NAFLD), the proportion of patients
who did not have diabetic polyneuropathy was 12.5%
(1), and in the control group (without NAFLD) 87.5%
(7). The proportion of patients in the main group with
mild, moderate and severe polyneuropathy was 80%
(12), 56% (14), and 59.3% (16), respectively, compared
with the control group - 20% (3), 44% (11), 40.7% (11).
According to the x? criterion, there is a statistically sig-
nificant difference in the comparison groups, indicating
that the severity of diabetic polyneuropathy depends
on the presence of NAFLD in patients (x> = 9.78, p =
0.02) - Fig.1.

According to the data of electroneuromyography
(ENMG), in patients with NAFLD, the conduction veloc-
ity of the motor fibers of the peroneal nerve (PMNCV)
was higher than in the control group and amounted
t0 40.9£ 9.97 in the main group and 39.6+ 10.0 in the
control group. In contrast to the previous data, the am-
plitude (SNAP) and conduction velocity (SNCV) of the
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sensory fibers of the sural nerve were 1.84+ 2.48 in the
main group and 3.96+ 6.48 in the control group, and for
SNCP 18.8+ 19.1 and 22.1+ 27.3, respectively; without
signs of statistical significance for all three indicators
(p>0.05) - table lil.

DISCUSSION

We have obtained results indicating that in patients
with type 2 diabetes mellitus with concomitant NAFLD,
the manifestations of diabetic polyneuropathy are ex-
acerbated.

According to the literature review, there are a limited
number of studies that have examined the relation-
ship between diabetic polyneuropathy and NAFLD in
patients with type 2 diabetes. Those studies that have
been conducted have contradictory results [10].

Mantovani et al. studied the effect of NAFLD on DPN
in patients with type 1 diabetes. They used the Mich-
igan Neuropathy Screening Instrument method and
the vibration sensitivity threshold to assess diabetic
polyneuropathy. A positive relationship between NA-
FLD and DPN was shown [11].

In our study, there were patients exclusively with type
2 diabetes mellitus, and the severity of polyneuropathy
was assessed using the Toronto clinical neuropathy score.
According to the study, in patients with concomitant NA-
FLD, the proportion of patients with statistical significance
was higher than in the control group, and vice versa, the
proportion of patients with no signs of polyneuropathy
was higher in the group without NAFLD (p=0.02).

The study by Williams et al. found that patients with
type 2 diabetes with concomitant liver fibrosis due to
NAFLD had a higher threshold of vibration sensitivity
[12]. Lombardi et al. and Kim et al. showed that neither
fibrosis nor steatohepatosis correlated with diabetic
polyneuropathy in outpatients with type 2 diabetes
[13, 14]. In another similar study, Kim K. et al. found
that there was no significant association between the
study groups on the NAFLD liver fat score, but NAFLD
fibrosis index and FIB-4, which indicate the degree of
fibrosis, were higher in patients with DPN compared to
patients without DPN [9]. Lv et al. showed a negative
correlation between DPN and NAFLD in patients with
type 2 diabetes mellitus [15].

Our study also evaluated the impact of fibrosis (FIB-
4) on the severity of polyneuropathy. According to our
data, there is no relationship between these parameters.

As for the pain syndrome in DPN, we found the influ-
ence of NAFLD on the development of the painful form
of diabetic polyneuropathy. The proportion of patients
with painful DPN was statistically significantly higher
in the main group compared with the control group.
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Comparing the ENMG data between these groups
of patients, we found that PMNCV was higher in the
main group, and SNAP and SNCV in the control group,
but without statistical significance for all parameters.

Further research is needed to better understand the
impact of NAFLD on the progression of DPN in patients
with type 2 diabetes mellitus and to study risk factors
that may exacerbate this effect.

CONCLUSIONS
NAFLD affects the severity of diabetic polyneuropathy

in patients with type 2 diabetes mellitus. The presence
of concomitant NAFLD in patients with type 2 diabetes
mellitus increases the risk of painful DPN. The degree
of liver fibrosis does not affect the course of diabetic
polyneuropathy. There was no statistically significant
difference in ENMG indices among the study groups.
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ABSTRACT

The aim: To improve the results of treatment of hyperactive bladder syndrome in men of working age on the background of barotrauma and stress, as a
consequence of combat trauma.

Materials and methods: An analysis of the questionnaire and the results of the clinical examination of 32 patients, injured servicemen and people who
were injured in combat zones was carried out. The drug solifenacin succinate was used in the treatment complex, which is a specific antagonist of M3 subtype
cholinergic receptors. Its influence allows you to achieve relaxation of the bladder detrusor and reduce the contractility of hyperactive bladder.

Results: The main criterion for the effectiveness of the treatment was a decrease in the number of urgent cases, the frequency of urination and manifestations
of nocturia by 50% or more, which was considered a positive effect. At the same time, the positive effect was differentiated as follows : an improvement of
these parameters by 75% or more from the initial value which is a good result; reduction of symptoms in the range of 50-75% is satisfactory; less than 50%
is an unsatisfactory result. A positive effect from the treatment after 8 weeks was observed in 88% of patients, of which 52% had a good result and 36% had
a satisfactory result.

Condlusions: The proposed complex of treatment of hyperactive bladder syndrome as a result of combat trauma against the background of barotrauma
with neurological consequences and chronic stress allows to achieve a pronounced clinical effect in the vast majority of male patients of working age. And

the diagnostic complex allows you to emphasize aspects of clinical vigilance, both for doctors of a specialized branch and of doctors of a general direction.

KEY WORDS: hyperactive bladder, urinary incontinence, nocturia

INTRODUCTION

The bladder is a muscular sac-shaped organ that stores
urine produced by the kidneys. Most people realize
that the bladder is filled up when it is half full. In order
to empty your bladder, you must be able to relax. This
usually means being in a socially comfortable environ-
ment, such as a toilet or private space. The brain will
then send a signal to the bladder to start squeezing
out urine [1-5].

Hyperactive bladder syndrome, or as the people say:
«urinary incontinence» is really uncomfortable. You
don’t have to be a baby to suffer from an unexpected
need to go to the toilet when nothing seems to indicate
it, or to have difficulties in holding back urination. Hy-
peractive bladder syndrome is a symptom complex in
which there is a strong urge to urinate, with or without
signs of urinary incontinence, usually accompanied
by frequent urination and nocturia, while there are no
pathological changes in the bladder itself and there are
no abnormalities in the biochemical and microscopic
composition of urine [1,3,6-8]. The results of modern

Wiad Lek. 2023;76(11):2401-2405

epidemiological studies have shown that the preva-
lence of overactive bladder symptoms is astounding.
The overall prevalence is 30%, at the age of 45-52 it
reaches 60%, at the age of 75 an hyperactive bladder
occurs in every third person, the distribution by gender
is almost the same, but women predominate and only
5% of patients seek medical help. In addition, urgent
urination in combination with urinary incontinence is,
according to patients, the most unpleasant [3,4,9,10].
They have the greatest negative impact on the quality
of life, often causing neuropsychiatric disorders, and
in severe cases, they cause social problems at the level
of communication with relatives and work colleagues,
force them to change their usual lifestyle, leave their
favorite job and spend most of their time at home close
to thetoilet [5,9-12]. The diagnosis of overactive bladder
syndrome is not as simple as it may seem. After all, it
is important to know whether other pathologies are
behind this condition. Identifying the causes of urinary
incontinence requires the involvement of various spe-
cialists - both a family doctor and doctors of a special-
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ized branch. To find out what the reason is, you need
to: collect a complete medical history; analyze what
medications the patient has already taken; conduct a
physical and laboratory examination; if possible, assess
the presence of residual urine; ask the patient to keep a
voiding diary for three days. First of all, the reason lies in
excessive activity or instability of the bladder detrusor,
which normally provides controlled urination [7,13-16].
In today'’s conditions, the number of diagnosed hyper-
activity bladder syndrome has increased significantly
in men of working age, as a result of combat trauma
against the background of barotrauma with neuro-
logical consequences and chronic stress. Therefore,
the principles of clinical vigilance, both for doctors of
a specialized branch and doctors of a general direction,
in relation to this syndrome, need accentuation, diag-
nostic and treatment approaches need clarification.

THE AIM

To improve the results of treatment of hyperactive blad-
der syndrome in men of working age against the back-
ground of barotrauma and stress, as a consequence of
combat trauma.

MATERIALS AND METHODS

In the work, an analysis of the questionnaire and the results
of the clinical examination of 32 patients, injured service-
men and persons who were injured in combat zones was
carried out. The subjects of the study were male patients
of the neurological (16), therapeutic (7), surgical (9) de-
partments who were receiving inpatient treatment at the
Uzhhorod City Multidisciplinary Clinical Hospital during
2022-2023.The age of the patients ranged from 33 to 53
years. An individual questionnaire, data on disease histo-
ry and life, data on objective status, data on ultrasound
examination of kidneys and bladder, general laboratory
indicators of blood and urine, and biochemical indicators
of blood were used for the examination of patients.
Hyperactive bladder syndrome includes a number of
the following complaints: imperative urges (complaints
about sudden irresistible, hard-to-control urges to
urinate); increased frequency of urination (more than
eight urinations per day); nocturia (urinating at night);
Urgent urinary incontinence (due to an imperative urge).
Hyperactive bladder is a diagnosis of exclusion and is es-
tablished in the absence of any inflammatory, metabolic,
hormonal or other probable diseases of the lower urinary
tract that can cause such symptoms. The diagnosis of this
syndrome is based on the following algorithm: survey,
questionnaire of patients with the aim of identifying
signs of stress and imperative urinary incontinence,
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patients filling out a urination diary; examination (exclu-
sion of hormone-dependent tumors, genital infections);
determination of the amount of residual urine and the
volume of the urinary bladder; laboratory studies (urine
and blood tests, biochemical analysis; instrumental
methods (complex urodynamic diagnostics, ultrasound,
cystoscopy). Other diseases of the urogenital tract can
also be manifested by hyperactive bladder syndrome, so
it is necessary to carry out differential diagnosis with such
pathologies as bladder cancer, stones bladder, urinary
tract infections, neurogenic bladder [14,17-19].

The dominant symptoms in the observation were the
frequency of urination - complaints of patients about
too frequent urges during the day and the frequency
of urination at night in particular, sometimes in combi-
nation with signs of urinary incontinence. At the same
time, it is the severity of nocturia that has the greatest
negative impact on the quality of life compared to the
severity of urination disorders that occur in the first half
of the day. Nocturia negatively affects the ability to rest
and sleep, somatic health, contributes to a decrease in
immunity, the appearance of dizziness, endocrine and
metabolic disorders, depression, increases the risk of
developing cardiovascular diseases (angina, arrhyth-
mia, myocardial infarction).

Atthe current stage, there are the following approach-
es to the therapy of this disease: behavioral methods:
visiting the toilet at regular intervals and training the
bladder; antimuscarinic and antispasmodic agents (de-
creasing the contractile activity of the bladder, increas-
ing its functional capacity); surgical interventions aimed
at increasing the capacity of the bladder; installation
of a neurostimulator. In the treatment of overactive
bladder, a general principle is used: from less invasive
therapy to more invasive.

These results, combined with data on the role of
neurotransmitters (serotonin, g-aminobutyric acid,
norepinephrine) in the regulation of the act of urination,
allowed us to propose the following therapeutic and
preventive complex of hyperactive bladder syndrome.
The first link, preventive, lasting up to three months,
includes: consumption of an adequate amount of water;
reducing coffee consumption; trips to the toilet «on
schedule»; perform Kegel exercises to train the muscles
of the pelvic floor; normalize body weight, especially
if the body mass index exceeds 30; treat concomitant
conditions that worsen the situation (constipation,
chronic cough); use hygienic means and lay life routes
through places where there are toilets for the purpose
of psycho-emotional stabilization. The second link,
medicinal, lasting up to three months, included the use
of the Ukrainian drug «Nigisem» (the active ingredient
is solifenacin succinate),which is a competitive specific
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antagonist of M3 subtype cholinergic receptors and
does not affect other subtypes. Because the bladder
is innervated by parasympathetic cholinergic nerves,
and acetylcholine contracts the smooth muscles of the
detrusor by affecting muscarinic receptors, represented
mainly by the M3 subtype. The effectiveness of «Ni-
gisem» - causes the relaxation of the bladder detrusor
and reduces the contractility of the overactive bladder.
As aresult, the frequency of spontaneous contractions
decreases, the capacity of the bladder increases, and
the spontaneous urge to urinate decreases. Method
of use: the usual dose is 5 mg, once a day, if necessary,
it can be increased to 10 mg. Its bioavailability is 90%,
and the effect is noted already in the first week of treat-
ment, stabilization of the effect occurs in 8-10 weeks,
the severity of the effect lasts up to 12 months.

RESULTS

Comparing the state and variability of dysuric symptoms
before, during and after the proposed course of treat-
ment, most patients showed improvement in the main
indicators of functional disorders of the lower urinary
tract. Data were obtained on a significant decrease in
frequent urination, nocturia and episodes of urgent
urination. This is proved by a decrease in the intensity
of sensory symptoms of overactive bladder syndrome.
Starting from week 2 of the treatment course, patients
were interviewed about the effectiveness and tolerability
of the treatment. An appropriate questionnaire was used,
in which the intensity of symptoms was expressed in
points that characterized the effectiveness of treatment
and quality of life. Thus, the quality of life score increased
by 17 points after 2 weeks, by 18 points after 4 weeks, by
14 points after 6 weeks, and by 19 points after 8 weeks.

The main criterion for the effectiveness of the treat-
ment was a decrease in the number of urgent urges, the
frequency of urination and manifestations of nocturia
by 50% or more, which was considered a positive effect.
At the same time, the positive effect was differentiated
as follows: animprovement of these parameters by 75%
or more from the initial value is a good result; reduction
of symptoms in the range of 50-75% is satisfactory; less
than 50% is an unsatisfactory result. A positive effect
from the treatment after 8 weeks was observed in 88%
of patients, of which 52% had a good result and 36%
had a satisfactory result. This is confirmed by the inten-
sity of reduction of «sensory» symptoms of overactive
bladder. Thus, the number of episodes of frequent
urination decreased by 41%, nocturia - by almost three
times (61%), and the number of urgent urges - by almost
four (73%). In 8 (25%) patients, frequent urination re-
mained, but their frequency decreased significantly. In

addition, the dynamics of the average effective volume
of the bladder was evaluated. The functional volume of
the urinary bladder in patients varied from 75 to 135
ml, and against the background of the therapy, after 8
weeks, it increased by 59.13%.

Judging by the daily urine output profile, the average
effective bladder volume became larger, indicating a
restructuring of its reservoir function. Both before and
after treatment, the patients excreted different amounts
of urine from urination to urination. However, the num-
ber of urinations with a volume of up to 100 ml after
the course of treatment decreased from 75% to 19%,
and at the same time, the number of urinations in the
range of 200-300 ml and 300-400 ml increased by 28%
and 20%, respectively.

DISCUSSION

The hyperactive bladder syndrome consists of the fol-
lowing components: imperative urges — a complaint
of sudden, uncontrollable, violent urges to urinate;
frequent urination - more than 8 urinations per day;
nocturia - urination at night; Urgent urinary inconti-
nence - urinary incontinence due to an imperative urge
[2,3,4,20,21].

It is necessary to remember that the symptom of
urgency can be found in other diseases of the urinary
bladder - interstitial cystitis and pain syndrome of
the urinary bladder. Urinary incontinence, as well as
urgency, frequent daytime urination and nocturia, are
among the symptoms of bladder storage dysfunction.
Therefore, the following types of urinary incontinence
are distinguished: stress urinary incontinence - ob-
servation of the involuntary release of urine from the
urethra during physical exertion, sneezing or coughing;
Urinary incontinence - observation of involuntary urine
discharge from the urethra synchronously with the
feeling of a sudden imperative urge to urinate, which is
difficult to restrain; extraurethral urinary incontinence -
observation of urine discharge not through the urethra,
but through the fistula (hypospadia of various degrees).

Recently, the assessment of the role of the functional
component in the development of urination disorders
against the background of chronic stress component
and post-traumatic neurological disorders, the main
cause of which is considered to be detrusor hyperactiv-
ity and a decrease in the tone of the bladder and pelvic
floor muscles, has recently become especially relevant.
Without posing a direct threat to health, hyperactive
bladder syndrome has an extremely negative effect
on the psychological state and it significantly reduces
the quality of life of patients of this group. The inef-
fectiveness of preventive measures and late seeking
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of medical help, especially of people of working age,
requires pharmacological influence [6,7,8, 14,17]. Since
hyperstimulation of muscarinic receptors is the cause
of detrusor hyperactivity, the main drug treatment for
overactive bladder syndrome is anticholinergic drugs.
M-cholinoblockers belong to the drugs of the first line.
They are antagonists of muscarinic receptors located
on smooth detrusor myocytes, which are involved in
the regulation of detrusor tone by parasympathetic
nerve fibers. Studies show that the main effect of an-
ticholinergic drugs is manifested during the phase of
urine accumulation, when there is no activity of para-
sympathetic fibers, which suppresses urgent urges and
improves the storage capacity of the bladder [9,20,21].

CONCLUSIONS

The proposed complex of treatment of hyperactive
bladder syndrome as a result of combat trauma against
the background of barotrauma with neurological
consequences and chronic stress allows to achieve a
pronounced clinical effect in the vast majority of male
patients of working age. It allows effective elimination
of the main objective and subjective symptoms of the
disease, which is manifested in a decrease in the fre-
quency of frequent urination by 41%, nocturia by 61%,
and episodes of urgency by 73%. And the diagnostic
complex allows you to emphasize aspects of clinical
vigilance, both for doctors of a specialized branch and
doctors of a general direction.
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ABSTRACT

The aim: To determine the histological and morphological changes of the lymphoid structures of the stomach in male rats under the influence of oral sodium
glutamate at the rate of 15 mg/kg of body weight.

Materials and methods: The scientific experiment was performed on 20 white non-linear male rats of reproductive age (4-5 months). The experimental
animals were divided into two groups (10 rats in each group), which were orally received monosodium glutamate at a dose of 15 mg/kg body weight every
day. We studied the effect of 2 and 4 weekly administration of monosodium glutamate at a dose of 15 mg/kg body weight, respectively, in the I and Il groups
of experimental animals (depending on the week of their decapitation). Rats of the control groups (n=10) were injected with a placebo for 2 and 4 weeks,
namely 0.5 ml of dechlorinated tap water at room temperature. Intact control animals were also divided into two groups, 5 rats each, depending on the week
of decapitation: respectively, lll group — decapitation on the 2nd week of the experiment; IV group - decapitation on the 4th week of the experiment. After the
experiments were completed, animals were decapitated under light ether anesthesia. According to the purpose of the study, pieces of rat stomach measuring 1.0
x 1.0 cm were taken from the front wall of the bottom of the stomach near the great curvature, cardiac and portal parts of the organ. Histological preparations
were examined using a MICROmed SEO SCAN light microscope and a Vision CCD Camera. Morphometric studies were carried out according to the method of S.
B. Stefanov, using grids No. 3/16. For electron microscopic examination, pieces of the stomach wall of rats were fixed in a 2.5% solution of glutaraldehyde in a
0.1 M phosphate buffer (pH 7.2-7.4) with subsequent fixation in a 2.0% solution of osmium tetroxide. After dehydration in alcohols and acetone, the material
was embedded in eponaraldite. Sections were made on an LKB-8800-I1l ultramicrotome and studied using a JEM - 100-V microscope. To study the structural
components of the lymphoid formations of the mucous membrane of different parts of the stomach of rats, semi-thin sections were made for the purpose of
sharpening the blocks, which were stained with methylene blue.

Results: The analysis of the obtained data of the conducted experiment indicates that the administration of monosodium glutamate in a dose of 15 mg/kg of
body weight to rats already after 14 days leads to an increase in the density and size of the lymphoid structures of the GMM. The number ofimmunocompetent
cells between the fundus of the gastric glands and the muscle plate increases in the diffuse lymphoid tissue of the gastrointestinal tract of rats in all its parts,
both in the | and Il groups of experimental animals. These changes are most pronounced in the cardiac and portal parts of the stomach. In both groups of
experimental animals, the migration of interepithelial lymphocytes, macrophages, plasma cells, and tissue basophils to the surface epithelium increases. In both
groups of experimental animals (and the Il group of rats), lymphoid nodules and lymphoid pre-nodules of the gastric mucous membrane (GMM) are located
between the bottom of the gastric glands and the muscular plate of the GMM. A gradual increase of medium lymphocytes in the GMM was established both
in animals of  and Il groups, while large lymphocytes increased in almost the same amount in experimental animals of both groups. Similar changes occur in
the characteristics of the number of plasma cells, macrophages and tissue basophils in the lymphoid pre-nodules of GMM.

Conclusions: Administering monosodium glutamate to rats at a dose of 15 mg/kg of body weight for 2 weeks leads to an increase in the density and size of
lymphoid structures of the mucous membrane in all parts of the stomach with a predominant increase in the number of inmunocompetent cells between the
bottom of the gastric glands and the muscle plate. At the same time, more pronounced changes were found in the number of small lymphocytes, which tend
to decrease by the 2nd week of the experiment, and vice versa — their density increases by the 4th week of monosodium glutamate administration.

KEY WORDS: monosodium glutamate, stomach, lymphoid structures

Wiad Lek. 2023;76(11):2406-2412

INTRODUCTION local immune reactions on the surface of the mucosa.
Mucosa Associated Lymphoid Tissue or MALT are dis-  There are three main types of MALT - this is lymphoid
persed aggregates of non-encapsulated organized tissue associated with the intestine (GALT — Gut Asso-
lymphoid tissue in the mucosa that are associated with  ciated Lymphoid Tissue), lymphoid tissue associated
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with the bronchi (BALT — bronchus associated lymphoid
tissue) and lymphoid tissue associated with nasal part
of the pharynx (NALT - nasal associated lymphoid tis-
sue). MALT determines the effectiveness of the immune
defense system of the mucous membranes of internal
organs [1]. The study of lymphoid formations of the
mucous membranes, including the stomach, is an ex-
tremely urgent task of both clinical and experimental
research, which is due to the fact that in recent years
the pollution of the external environment by toxic and
harmful substances, in particular, antigens, and as well
as products and components of food products that
enter a person’s stomach with food.

Various experimental and clinical studies are conduct-
ed to determine the impact of food additives on health.
The most common of them is monosodium glutamate.
The food supplement, which has been known as a“taste
enhancer” for more than 100 years, is the fifth type of
taste in Japan - “umami’, after sour, bitter, salty and
sweet. This additive was first discovered by the Japanese
scientist Professor Kikunae Ikeda and introduced into
mass production as one of the most common food addi-
tives after salt and pepper [2]. Studies have shown that
even minimal doses of monosodium glutamate (0.6 and
1.6 mg/g of body weight for two weeks or 100-500 mg/
kg of body weight for three weeks) can cause harmful
effects on the body of humans and laboratory animals.
animals, in particular rodents [3]. It was established
that monosodium glutamate induced pronounced
changes in the organs of the digestive system. Exper-
imental feeding of monosodium glutamate to rats for
1-9 months at a dose of 2 mg/g of body weight caused
characteristic histological changes in the pancreas,
which were characterized by a decrease in the number
of B-cells, hemorrhages, and signs of fibrosis [4].

Therefore, information about the negative impact
of monosodium glutamate on the structural organi-
zation of organs, in particular the nervous, digestive,
immune and other systems, is increasingly appearing
in the professional literature [2]. The study of the pe-
culiarities of histological and morphological changes
in the lymphoid structures of the stomach against the
background of sodium glutamate administration in
the experiment can supplement knowledge about the
effect of this food additive and the structural organiza-
tion of the body’s defense system on its administration.

THE AIM

The aim is to determine the histological and mor-
phological changes of the lymphoid structures of the
stomach in male rats under the influence of oral sodium
glutamate at the rate of 15 mg/kg of body weight.

MATERIALS AND METHODS

The scientific experiment was performed on 20 white
non-linear male rats of reproductive age (4-5 months)
weighing 220-280 g, which were divided into two groups
of 10 rats each. Experimental animals were kept in vivari-
um conditions in compliance with all regulations, namely
the provisions of the “European Convention for the Pro-
tection of Vertebrate Animals Used for Experimental and
Other Scientific Purposes” (Strasbourg, 1986), Council of
Europe Directive 86/609/EEC (1986), the Law of Ukraine
No. 3447—-IV “On the Protection of Animals from Cruel
Treatment”, general ethical principles of experiments
on animals, adopted by the First National Congress of
Ukraine on Bioethics (2001).

The experimental animals were divided into two
groups (10 rats in each group), which were orally re-
ceived monosodium glutamate at a dose of 15 mg/kg
body weight every day. Monosodium glutamate was
dissolved in 0.5 ml of dechlorinated tap water at room
temperature. We studied the effect of 2 and 4 weekly
administration of monosodium glutamate at a dose
of 15 mg/kg body weight, respectively, in the | and Il
groups of experimental animals (depending on the
week of their decapitation).

Rats of the control groups (n=10) were injected with
a placebo for 2 and 4 weeks, namely 0.5 ml of dechlo-
rinated tap water at room temperature. Intact control
animals were also divided into two groups, 5 rats each,
depending on the week of decapitation: respectively,
[l group - decapitation on the 2nd week of the exper-
iment; IV group - decapitation on the 4th week of the
experiment.

All experimental animals were kept in the conditions
of the vivarium of the Lviv National Medical University
named after Danylo Halytskyi. Control and experimental
animals were kept in separate boxes in the vivarium.

After the experiments were completed (after admin-
istration of monosodium glutamate on weeks 2 and 4
of the experiment), animals were decapitated under
light ether anesthesia. Animals were weighed before
decapitation. The skin and soft tissues of the abdomen
were dissected, the abdominal cavity was cut, and
the stomach of control and experimental animals was
sampled. According to the purpose of the study, piec-
es of rat stomach measuring 1.0 x 1.0 cm were taken
from the front wall of the bottom of the stomach near
the great curvature, cardiac and portal parts of the
organ. The obtained pieces of stomach preparations
were fixed for 2 weeks in a 10.0% solution of neutral
formalin, after which they were embedded in paraffin
blocks. Histological preparations were examined using
a MICROmed SEO SCAN light microscope and a Vision
CCD Camera. Morphometric studies were carried out
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according to the method of S. B. Stefanov, using grids
No.3/16. At the same time, the density (number) of cel-
lular elements was determined in a large grid square on
an area of 625 um in diffuse lymphoid tissue, lymphoid
pre-nodules, and lymphoid nodules of the gastric mu-
cous membrane (GMM). In lymphoid nodules, lymphoid
pre-nodules, and diffuse lymphoid tissue, the number
of small, medium, and large lymphocytes, plasma cells,
macrophages, and tissue basophils was counted in 20
large squares of the 3/16 morphometric grid (the area of
one large square is 625 um2). Subsequently, the average
value of cell density in one large square was calculated.

For electron microscopic examination, pieces of the
stomach wall of rats were fixed in a 2.5% solution of
glutaraldehydein a 0.1 M phosphate buffer (pH 7.2-7.4)
with subsequent fixation in a 2.0% solution of osmium
tetroxide. After dehydration in alcohols and acetone,
the material was embedded in eponaraldite. Sections
were made on an LKB-8800-IIl ultramicrotome and
studied using a JEM - 100-V microscope. To study the
structural components of the lymphoid formations of
the mucous membrane of different parts of the stomach
of rats, semi-thin sections were made for the purpose
of sharpening the blocks, which were stained with
methylene blue.

The analysis and processing of the results of the ex-
amination of patients was carried out by the computer
program Statistics 10.0 (StatSoftinc, USA) for Windows,
using parametric and non-parametric methods of eval-
uating the obtained results.

RESULTS

It should be noted that in the control group of rats (llI-1V)
groups) at different stages of experiment, we did not
find any differences in the histological and morphomet-
ric evaluation of the lymphoid structures of the GMM.
Therefore, in the future, the results of control animals
of llland IV groups were combined into a single control
group Il (n=10), with which the data of experimental
animals of groups | and Il at different stages of mono-
sodium glutamate administration were compared.
The analysis of the obtained data of the conduct-
ed experiment indicates that the administration of
monosodium glutamate in a dose of 15 mg/kg of
body weight to rats already after 14 days leads to an
increase in the density and size of the lymphoid struc-
tures of the GMM. The number of immunocompetent
cells between the fundus of the gastric glands and the
muscle plate increases in the diffuse lymphoid tissue
of the gastrointestinal tract of rats in all its parts, both
in the | and Il groups of experimental animals. These
changes are most pronounced in the cardiac and portal
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parts of the stomach. In both groups of experimental
animals, the migration of interepithelial lymphocytes,
macrophages, plasma cells, and tissue basophils to the
surface epithelium increases. In both groups of exper-
imental animals (and the Il group of rats), lymphoid
nodules and lymphoid pre-nodules of the GMM are
located between the bottom of the gastric glands and
the muscular plate of the GMM.

The cellular composition of lymphoid formations of
GMM in rats changes after administration of monoso-
dium glutamate at a dose of 15 mg/kg of body weight.
As shown inTable 1, two weeks after the introduction of
monosodium glutamate in the lymphoid nodes of the
GMM in rats, the number of small lymphocytesin all sec-
tions of the stomach significantly decreases compared
to similar data in animals of the control group, and after
1 month after the introduction of a food supplement,
on the contrary, it is significantly increases both in
comparison with the data of the | group and with the
indicators of the control rats of the Ill group.

Average lymphocytes significantly increased in both
groups of experimental animals in lymphoid nodules of
the SOS in all its parts. A similar trend was followed in
the analysis of plasma cells. Large lymphocytes, on the
contrary, in the lymphoid nodules of the GMM, on the
2nd week of taking monosodium glutamate, increased
significantly in all parts of the stomach, with their grad-
ual decrease until the 4" week of the experiment (rats
of the Il group) (Table I).

In an electron microscopic study, we established that
when monosodium glutamate was administered to
rats at a dose of 15 mg/kg of body weight, cytoplasmic
outgrowths appeared in lymphocytes, which indicates
their active migration. The penetration of lymphocytes
through the basement membrane into the epithelial
layer of the GMM is also determined, which indicates an
increase in the number of interepithelial lymphocytes
when sodium glutamate is administered.

The activity of immune reactions upon administration
of monosodium glutamate is indicated by an increase in
the number of macrophages in all lymphoid formations
of in gastric mucous membrane (GMM) of experimental
animals of groups | and II. A significant increase in mac-
rophages was established in both groups | and Il rats. At
the same time, no significant difference was established
between the data of the animals of the experimental
groups, that is, the number of macrophages and tissue ba-
sophils actually remained the same both on the 2" week
and on the 4™ week of the experiment. The ultrastructure
of macrophages changes significantly from the 2™ week
of the introduction of the food supplement, namely, the
number of microvilliand pseudopodia on the plasmolem-
ma increases, and the cytoplasm becomes heterogeneous,
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Table I. Cellular composition of lymphoid nodules of the mucous membrane of the stomach of rats in the control and experimented groups

Groups of animals

Cell type Parts of the stomach

1 group Il group 11l group
Cardiac part 9.4+0.21** 12.04£0.16*+ 11.16+0.23
Small lymphocytes Bottom 10.44+0.28** 14.23+0.27*+ 13.08+0.26
Portal part 11.06£0.25** 16.45+0.18**+ 14.02+0.21

Cardiac part 0.86+0.06 1.14£0.06**+ 0.72+0.06

Medium lymphocytes Bottom 0.95+0.05 1.25+£0.08%+ 0.80+0.09
Portal part 1.16+0.09 1.44+0.03*+ 0.91+0.08

Cardiac part 0.77+0.05* 0.63+0.07 0.51+0.07

Large lymphocytes Bottom 0.75+£0.07** 0.61+0.04* 0.42+0.05
Portal part 0.50+0.06** 0.44+0.08* 0.28+0,07

Cardiac part 1.61+0.09%* 1.85+0.07** 0.80+0.06

Plasma cells Bottom 1.82+0.10** 1.80+0.07** 0.92+0.10
Portal part 2.28+0.12* 2.30£0.24* 1.21+£0.07

Cardiac part 1,69+0.07%* 1.60+0.03** 0.68+0.05

Macrophagocytes Bottom 1,40+0.06** 1.44£0,05% 0.6020.07
Portal part 2.20+0.08** 2.26+0.21** 0.84+0.11

Cardiac part 1.70+0.05** 1.77+0.05** 0.85+0.03

Tissue basophils Bottom 2.50+0.24** 2.54+0.06%* 1.21+£0.14
Portal part 1.60+£0.07** 1.72£0.05** 0.68+0.07

Note: the difference between the parameters of the rats of the experimental groups (I and Il groups) and the control group (1l group) is significant:
* - p<0.05; ** — p<0.01; the difference between the indicators in rats of the | and Il groups is significant: + - p<0.05.

Table I1. Cellular composition of pre-lymphoid nodules of the gastric mucosa of rats in the control and experimental groups

Groups of animals

Cells type Parts of the stomach

I group Il group 11l group
Cardiac part 8.12+0.18* 10.06£0.15*+ 9.11+0.33
Small lymphocytes Bottom 10.37+0.21* 12.80+0.17*+ 11.42+0.26
Portal part 10.70+0.23* 13.55+0.28%+ 12.30+0.25
Cardiac part 0.85+0.07 1.08+0.06* 0.71+0.08
Medium lymphocytes Bottom 0.97+0.09 1.22+0.08*+ 0.88+0.06
Cardiac part 0.98+0.07 1.25+0.06*+ 0.89+0.05
Cardiac part 0.44+0.06 0.43+0.09 0.34+0.10
Large lymphocytes Bottom 0.53+0.12 0.50+0.09 0.32+0.04
Portal part 0.56+0.06 0.54+0.07 0.43 £0.07
Cardiac part 1.08+0.13* 1.11£0.06** 0.50+0.12
Plasma cells Bottom 1.43+£0.06** 1.41£0.10%* 0.75+0.08
Portal part 1.68+0.05* 1.73+0.06** 0.94+0.06
Cardiac part 1.58+0.10** 1.54+0.05** 0.64+0.05
Macrophagocytes Bottom 1.30+0.05% 1.22+0.07** 0.55+0.09
Portal part 2.15£0.11** 2.14£0.09%** 0.84+0.07

Cardiac part 1.60+0.04** 1.76+0.09%* 0.86+0.07

Tissue basophils Bottom 2.21£0.14%* 2.35+0.13** 1.14+0.12
Portal part 1.77+0.06** 1.70+0.09%* 0.85+0.08

Note: the difference between the parameters of the rats of the experimental groups (I and Il groups) and the control group (lll group) is significant:

* - p<0.05; ** - p<0.071; the difference between indicators in rats of the | and Il groups is significant: + - p<0.05.
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Table 11 Cellular composition of the diffuse lymphoid tissue of the gastric mucous membrane of rats in the control and experimental groups

Groups of animals

Cell type Parts of the stomach
I group Il group 11l group
Cardiac part 3.94+0.26* 4.77+0.16*+ 4.30+0.12
Small lymphocytes Bottom 3.36+0.18* 4.08+0.24*%+ 3.70+0.16
Portal part 4.30+0.21* 5.23+0.16*+ 4.86+0.23
Cardiac part 0.65+0.08 0.84+0.04*+ 0.54+0.09
Medium lymphocytes Bottom 0.77+0.09 1.06+0.05%+ 0.65+0.08
Portal part 1.34£0.06 1.50+0.08* 1.18+0.06
Cardiac part 0.26+0.06* 0.25+0.04* 0.14+0.08
Large lymphocytes Bottom 0.37+0.04 0.37+0.09 0.23+0.12
Portal part 0.42+0.05 0.47+0.07* 0.27+0.06
Cardiac part 1.11£0.09** 1.15+0.10** 0.52+0.08
Plasma cells Bottom 1.15+£0.06** 1.35+£0.12%* 0.66+0.07
Portal part 1.30+0.05** 1.57+0.04** 0.72+0.05
Cardiac part 0.44+0.10%* 0.49+0.08** 0.21+£0.04
Macrophagocytes Bottom 0.60+0.08** 0.77+0.03* 0.2240.07
Portal part 1.05+£0.08%* 0.97+0.09%* 0.37+0.06
Cardiac part 118+0.08** 1.26+0.09** 0.55+0.04
Tissue basophils Bottom 2.15+0.10%* 2.214+0.08** 0.88+0.14
Portal part 1.65+0.05%* 1.69+£0.07** 0.62+0.12

Note: the difference between the parameters of the rats of the experimental groups (I and Il groups) and the control group (Il group) is significant:
* — p<0.05; ** — p<0.071; the difference between indicators in rats of the | and Il groups is significant: + - p<0.05.

containing many lysosomes, phagosomes, and pinocytot-
icvesicles. Macrophagocytes have various shapes and the
cytoplasm contains many specific granules.

Tissue basophils are also significantly increased in
animals of both experimental groups in all departments
of lymphoid nodules of GMM. They migrate in the di-
rection of the surface epithelium of the GMM.

In the 2" week of the experiment, the number of small
lymphocytes decreases in the lymphoid pre-nodules in
comparison with such data in rats of the control group,
while on the 4™ week of administration of monosodium
glutamate, on the contrary, a significantincrease in them
was found in all departments of the GMM (Table Il).

A gradual increase of medium lymphocytes in the
GMM was established both in animals of | and Il groups,
while large lymphocytes increased in almost the same
amount in experimental animals of both groups. Similar
changes occur in the characteristics of the number of
plasma cells, macrophages and tissue basophils in the
lymphoid pre-nodules of GMM.

The dynamics of changes in the density of cellular
elements in the diffuse lymphoid tissue of GMM in
rats is similar to the changes in lymphoid nodules and
lymphoid pre-nodules (Table IlI).

On the 2" week of sodium glutamate administration,
the number of small lymphocytes in all parts of the
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stomach in rats also decreases in the diffuse lymphoid
tissue of the GMM. But after a 4-week introduction of
the food supplement, its density begins to gradually
increase, just as in the lymph nodes and pre-nodules
of GMM. Average lymphocytes in the diffuse lymphoid
tissue of GMM gradually increase with minimal chang-
es in animals of the | group and maximum deviations
from the data of the control group in the experimental
animals of the Il group. Large lymphocytes, plasma cells,
macrophages, and tissue basophils also increased at
all stages of the experiment (both on the 2" and 4
week of sodium glutamate administration). At the same
time, we found no significant difference between the
obtained indicators in animals of the | and Il groups.

So, against the background of sodium glutamate
administration at a dose of 15 mg/kg of body weight,
changes in their cellular composition occur in lymphoid
nodes and pre-nodules, as well as in diffuse lymphoid
tissue of GMM compared to rats of the control group. As
early as on the 2" week of the experiment, the number
of small lymphocytes in these lymphoid structures of
the GMMin rats increases compared to the indicatorsin
control animals, and 4 weeks after the administration of
monosodium glutamate, the density of small lympho-
cytes increases even more in all lymphoid structures
of the GMM.
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DISCUSSION

The Various experimental and clinical studies are being
conducted on the effects of monosodium glutamate
on the organs and systems of the body. The results of
a clinical study conducted by Boutry C. et al. with the
involvement of volunteers who took monosodium
glutamate in a dose of 2 g within 7 days indicate an
increase in the volume of the portal cavity of the stom-
ach in comparison with such data of the control group.
The authors attribute the obtained result to an increase
in gastric secretion, while the rate of gastric emptying
remained unchanged [5].

The results of Xu JZ et al (2022) showed that admin-
istration of 30 mg/kg monosodium glutamate had no
significant effect on serum C-reactive protein, trime-
thylamine N-oxide, angiotensin I, intestinal interleukin
(IL)-1B, IL-6, factor tumor necrosis-a, secretory IgA, and
fecal albumin in mice, but promotes intestinal inflam-
mation and changes in intestinal flora. Moreover, the
administration of 1500 mg/kg of monosodium gluta-
mate increased the risk of cardiovascular diseases and
damaged the intestinal structure and disturbed the
composition of the intestinal microflora. The authors
also established that with an increase in the dose of
monosodium glutamate, inflammatory changes in the
intestines of mice increase, while intestinal immunity
sharply decreases [6].

The results of our research also indicate the reaction
of theimmunocompetent tissue of the digestive tract to
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ABSTRACT

The aim: This study aims to investigate and analyze the microbiome of the nasopharyngeal zone in acute respiratory infections (ARI) and their relationship
with inflammatory markers.

Materials and methods: Examination of 112 children (10-14 years old) with acute respiratory infections (ARI) of the upper respiratory tract was carried out.
The control group consisted of 25 healthy children identical in age and examination parameters.

Results: When analyzing the microflora of the nasopharynx of patients, 29,0% of strains were gram-positive bacteria and 71,0% were gram-negative bacteria
(Escherichia coli representing 37,0%). Biochemical examination of the biomaterial revealed the presence of sucrase (n=69), maltase (n=87), lactorepoxidase
(n-89) and alcohols - sorhitol (hexahydric alcohol, n=102), mannitol (hexahydric alcohol, n=84), xylitol (pentahydric alcohol, n=86). Regarding the markers
of inflammatory response, the following dynamics was noted: increase in the level of IgM (3,91 £ 1,79 g/l, p<0,01) by 2,2 times, elevation of Ig G level by 10
times (145, 91 £ 53,04 g/I, p< 0,01), slightly higher than the reference values IgE level. In addition, increased IL-1, IL-4, IL-6, y-IFN, TNF-a, Neopterin levels
were detected. The level of Thyroid stimulating hormone (TSH) was significantly different compared to the control group (0,62 + 0,57 vs. 1,98 & 0,30 mIU/
ml, p< 0,01), but within the reference values.

Conclusions: Predominance of Gram-negative bacteria in the nasopharyngeal microflora of patients along with elevated inflammatory markers and lactop-

eroxydase enzyme predominance was detected in the study.

KEY WORDS: acute respiratory infections, nasopharyngeal microflora, inflammatory markers, correlation, children

INTRODUCTION

Pathogenetic features of acute respiratory infections
(ARI) are related to the clinical presentation caused by
the respiratory microbiome of the upper respiratory
tract. ARI, mainly of the upper respiratory tract, are
especially common in preschool-age children [1].

In healthy children, acute inflammation of the mucous
membrane and lymphoid structures of the oropharynx
is usually a self-limiting disease, except for episodes
caused by GAS. Due to an insufficiently developed im-
mune system, children primarily suffer from ARland are
prone to the development of complications, including
bronchitis, pneumonia, sinusitis, otitis. Each year, up to
12 cases of ARI can occur in a child, and the frequency
of complications reaches 30% and leads to cases where
the use of antibiotics is considered [2,3].

Colonization of the nasopharyngeal zone is the first
stage in the development of pathology. The next stage
of primary colonization is the transmission of infection
in the environment. Nasopharyngeal carriage of micro-

Wiad Lek. 2023;76(11):2413-2419

organisms can play a leading role in the development
and spread of respiratory infections, and the so-called
«healthy» carriage under the influence of various
pathological influences can transform into an infectious
process [4].

Active reproduction of microorganisms occurs during
acute respiratory viral infections. Under the influence
of infectious factors and other factors that suppress
immunity, the bacterial process develops [5,6].

THE AIM

To Investigate and analyze the microbiome of the na-
sopharyngeal zone in ARl and their relationship with
inflammatory markers

MATERIALS AND METHODS

Examination of 112 sick children (10-14 years old) with
acute respiratory infections (ARI) of the upper respi-
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Fig. 1. Characteristics of detected pathogens in chil-
dren (absolute values)

Fig. 2. The structure of representatives of the mi-
croflora of the nasopharynx in children with ARI: A)
Percentage of Escherichia coli strains in the microflora
of nasopharynx in children with ARI; B) Percentage
of Staphylococcus aureus strains in the microflora of
nasopharynx in children with ARI; C) Percentage of
Streptococcus pyogenes strains in the microflora of
nasopharynx in children with ARI; D) Percentage
of Enteracoccus faecalis strains in the microflora of
nasopharynx in children with ARI; E) Percentage of
Klebsiella pneumoniae strains in the microflora of
nasopharynx in children with ARI; F) Percentage of
Pseudomonas aeruginosa strains in the microflora of
nasopharynx in children with ARI
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ratory tract who were being treated at the Uzhgorod
Clinical City Hospital was carried out. The control group
consisted of 25 healthy children identical in age and
examination parameters.

A study of the immunological and hormonal status
was conducted to identify the levels of markers of
the inflammatory response. Microbiological research
included the selection of pathogens of the patholog-
ical process, identification by morphological, cultural
and biochemical properties based on the analysis of
nasopharyngeal washes and the establishment of cor-
relational relationships between them.

RESULTS

When analyzing the microflora of the nasopharynx of
patients with acute upper respiratory tract infections,
114 strains of opportunistic microorganisms were
isolated, of which 33 strains (29,0%) were gram-posi-
tive bacteria (Streptococcus pyogenes, Staphylococcus
aureus, Enterococcus faecalis) and 81 strains (71,0%)
were gram-negative bacteria (Klebsiela pneumoninae,
Pseudomonas aeruginosa, Escherichia coli) (fig. 1, 2).
According to the research data, there is a predomi-
nance of 81 strains of gram-negative bacteria (71.0%),
in particular, Klebsiela pneumoninae (11%), Pseudomo-
nas aeruginosa (24%), Escherichia coli (37.0%) and 33
gram-positive bacteria (29.0%) - Streptococcus pyogenes
(2.0%), Staphylococcus aureus (21.0%), Enterococcus

84
84
86
87
89
96
102
105 Fig. 3. Biochemical compo-
80 100 120 nents of the biomaterial in

children with ARI

faecalis (6.0%). According to groups, the leading patho-
gens were Escherichia coli (37.0%) and Staphylococcus
aureus (21.0%). The composition of the microflora of
the nasopharynx of healthy children depends on many
factors, both on the age category and on the hormonal
status and pathology [4].

During the biochemical examination of the biomate-
rial, the following components were observed (fig. 3)

The design of biomaterial research included the detec-
tion of agroup of enzymes such as sucrase (n=69), maltase
(n=87) and lactorepoxidase (n-89). Lactoperoxidase, which
is a heme-containing glycoprotein, was shown to have
the highest levelin our research. Itsfunctionistouse H,O,
for the synthesis of hypothiocyanate (OSCN-), which has
the ability to suppress the replication of bacteria, fungi,
viruses, parasites, neutralization of intestinal pathogensin
infants. The enzyme maltase (a-glucosidase) splits maltose
disaccharide to form glucose. Sucrase breaks down both
sucrose and maltose [4]. The obtained level of glucose in
children (n=84) indicates the functionality of the system of
destructuring and formation of monosaccharides. Amino
acids Lysine (n-96), ornithine (n=62), arginine (n=30) were
also found in the biomaterial.

The presence of alcohols - sorbitol (hexahydric alco-
hol, n=102), mannitol (hexahydric alcohol, n=84), xylitol
(pentahydric alcohol, n=86) indicates the possibility of
detoxification by the organism. Factors of the intoxication
plan were also found: acetone (n=105), which indicates
excessive replication of bacteria in the oral cavity. Iden-
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Table I. Inmunogram of children with ARI

Main group Control group . ]
Laboratory indicators (n=112) (n=25) Statlstlcal(ﬂ)gmﬁcance

M+m M+m P

lgM 391+1,79 1,05+0,09 <0,01
(0,31-1,79, g/1) e e ’

l9G 145,91 + 53,04 10,39+ 0,79 <0,01
(6,98-15,49, g/I) T e ’

lg E 144,68 + 61,09 41,71 £3,18 <0,01
(till 120 1U/ml) e T ’

Table 1. Markers of the inflammatory response of children with AR

Main group Control group . G
Laboratory indicators (n=112) (n=25) Statlstlcal(5|)gn|ﬁcance
Mtm Mtm P
IL-1
+ +
(0-11, pg/ml) 30,37 +28,19 2,08 + 0,49 <0,01
IL-2 9,43 + 5,80 0,41+0,05 <0,01
(0-10, pg/ml) T R '
IL-4 5,98 +3,19 0,37 £0,14 <0,01
(< 0,5 ng/ml) e e !
IL-6 16,99 + 6,89 3,29+ 0,66 <0,01
(0-10, pg/ml) e R !
IL-10
+ +
(0-20, pg/ml) 15,55+ 11,88 2,13+0,31 <0,01
v-IFN 54,16 + 7,35 5,65 + 0,85 <0,01
(<15, pg/ml)
TNF-a 156,70 + 20,70 3,43+ 0,47 <0,01
(<6, pg/ml)
Neopterin 90,42 + 54,33 6,34+ 1,14 <0,01
(< 10, nmol/I)
Cortisol 540,32 + 132,17 251,46 + 118,82 <0,01

(110-692, nmol/l)

tification of indole in 72 cases indicates effects in the
regulation of various aspects of bacterial physiology and
the level of virulence. Tryptophan is an indole derivative
and precursor of the neurotransmitter serotonin and can
cause vomiting and angiospasm in the patient [5].

Respiratory diseases of the upper respiratory tract
(URI), like all inflammatory diseases, are accompanied
by an adequate response of the child’s organism. We
investigated the inflammatory response of the child’s
organism by studying the following markers (Table I).

As we can see from Table |, there is an increase in
the level of IgM (3,91 £ 1,79 g/I, p<0,01) by 2,2 times,
which indicates an increase in their synthesis after the
pathogen enters the body for bactericidal activation of
human blood serum.

Let’s consider the next stage of the humoral link
of immunogenesis - the synthesis of IgG molecules.
According to our data, Ig G level is increased 10 times
(145, 91 £ 53,04 g/l, p< 0,01). According to scientific
data, immunoglobulins of class G (IgG) are the main

2416

class of antibodies and are synthesized in response to
a secondary infectious factor. In the process of imple-
mentation and formation of the immune response, the
synthesis of IgM is switched to IgG. We observe the
predominance of IgG synthesis.

The level of IgE is slightly higher than the reference
values, but 3,5 times higher than the level in children
of the control group (144,68 + 61,09 versus 41,71 + 3,18
IU/ml, p<0,01). According to literature data, it is believed
that the main role of IgE is the protection of mucous
membranes due to the induction of a local inflamma-
tory reaction. This causes an inflammatory reaction [6].

In the vast majority of cases, cytokines are close-act-
ing mediators of local interactions between cells in
foci of certain processes in tissues, even pairs of cells.
Depending on the known parameters of irradiation, the
effects of cytokines are classified into autocrine effects
(on the cellitself that secreted cytokines) and paracrine
effects (on cells located nearby). There are also endo-
crine or remote effects, they are also called systemic,
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Table lll. Hormonal status of children with ARI

Main group Control group . Yef]
Laboratory indicators (n=112) (n=25) Statlstlcal(5|)g nificance
M+m M+m P
Free Triiodothyronine
(1.2 - 2,8, nmol/l 1,38+0,57 1,32+0,12 0,60
Free thyroxine

(12,5 - 21,0, pmol/l 14,59 + 3,03 13,72 £0,51 0,15

Thyroid stimulating hormone
(0,4- 4,0, miU/ml) 0,62+0,57 1,98 £0,30 <0,01
Thyroid peroxidase antibody 726+471 5,52 40,21 0,07

(<0,9,1U/ml)

Table IV. Correlation relationships of nasopharyngeal microflora and inflammatory response markers

Laboratory indicators

Correlation coefficient  Statistical significance

(r) (p)
Free T4 0,19 0,05
Escherichia coli

TNF-a 0,20 0,04

Lactoperoxidase -0,20 0,04

Staphylococcus aureus

Acetone -0,21 0,03

Free T3 0,20 0,04

Pseudomonas aeruginosa Free T4 -0,28 0,003
TNF-a -0,20 0,04

Streptococcus pyogenes y-IFN 0,32 0,001
Klebsiella pneumoniae Free T4 0,20 0,04
Enterococcus faecalis Cortisole 0,26 0,007

since in this case the cytokine reaches the target cell,
circulating in the blood. But endocrine effects were
found only for four cytokines (TNF-q, IL-1, IL-6, M-CSF)
and not in healthy organisms, only in severe systemic
pathology such as septic shock [6,7].

According to the data of Table II, there is significant
increase in the level of the following cytokines with a
significant predominance in comparison with the data
of the control group of children: IL-1 (30,37 £ 28,19 vs.
2,08 + 0,49 pg/ml, p< 0,01), IL-2 (9,43 + 5,80 vs. 0,41 +
0.05 pg/ml, p< 0,01), IL-4 (5,98 £+ 3,19 vs. 0,37 = 0,14ng/m|,
p< 0,01), IL-6 (16,99 + 6,89 vs. 3,29 + 0,66 pg/ml, p<
0,01),I1L-10(15,55+ 11,88 vs.2,13+£ 0,31 pg/ml, p< 0,01),
y-IFN (54,16 + 7,35 vs. 5,65 £ 0,85pg/ml, p< 0,01), TNF-a
(156,70£20,70vs.3,43 £0,47pg/ml, p< 0,01), Neopterin
(90,42 + 54,33 vs. 6,34 £ 1,14nmol/l, p< 0,01), Cortisol
(540,32 £ 132,17 vs.2 51,46 £ 118,82 nmol/l, p< 0,01).

The level of IL-1 increased 2,7 times, IL-4 11,8 times,
IL-6 1,7 times, y-IFN - 3,6 times, TNF-a — 26 times, Ne-
opterin — 9 times. IL-2 and Cortisol levels are within
reference values.

The formation and biological activity of cytokines are
interconnected and mutually regulated in response to
a stimulus. They form the so-called cytokine cascade,
which corresponds to the inflammatory response of the

child’s body and, as a result, the clinical presentation is
formed. Regulators of natural resistance - interferons a
and B, interleukins 1, 6 and 12, TNF-a, chemokines (IL 8,
MCP-1, RANTES, etc.) are the main activators and regula-
tors of nonspecific reactions of the body to protect it from
colonization by carriers of foreign genetic information [6].

The investigated parameters of the hormonal status
of children with ARl are considered in Table Ill.

According to the data in Table Ill, changes are ob-
served only in the Thyroid peroxidase antibody (TPO)
indicator (7,26 + 4,71 IU/ml), but they are unreliable in
comparison with the data of the control group p=0,07.
Indicators of Free triiodothyronine (T3) and Free thyrox-
ine (T4) do not show differences with the control group
(0,60 and 0,15 respectively). The level of Thyroid stimu-
lating hormone (TSH) is significantly different compared
to the control group (0,62 + 0,57 vs. 1,98 £ 0,30 mIU/ml,
p< 0,01), but within the reference values. Changes in
thyroid status correspond to scientific research on their
involvement in the inflammatory process [8].

On the basis of the data obtained from the study of
inflammatory markers and indicators of the nasopha-
ryngeal microflora in children with ARI, a correlation
analysis of relationships was carried out (Table IV).

According to Table IV, correlations between the fre-
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quency of detection of microorganisms and indicators
of the inflammatory response of the child’s organism
are the following. The values of Escherichia coliinfection
have reliable positive relationships with Free T4 (r=0,19,
p=0,05), TNF-a (r =0,20, p=0,04). The value of Staph-
ylococcus aureus has a negative correlation with the
levels of the enzyme Lactoperoxidase (r =-0,20, p=0,04)
and Acetone (r =-0,21, p=0,03). The microorganism
Pseudomonas aeruginosa presents negative correla-
tions with Free T4 (r =-0,28, p=0,003), TNF-a (r =-0,20,
p=0,04) and positive with Free T3 (r =0,20, p=0,04). The
microorganism Streptococcus pyogenes has the highest
correlations in our study with y-IFN (r=0,32, p=0,001).
Positive correlations of Klebsiella pneumoniae with Free
T4 (r =0,20, p=0,04), Enterococcus faecalis with Cortisol
(r=0,26, p=0,007) are observed.

DISCUSSION

Given the high prevalence of acute respiratory diseases in
childhood, thereis a need for new developments to iden-
tify pathogenetic factors for the treatment and prevention
of this pathological process. The respiratory microbiome
plays a leading role in diseases[1,2]. Deviations of the
microflora and carriage causes the clinical presentation
of acute respiratory diseases. Disturbances of the balance
and the presence of pathogenic microorganisms cause an
inflammatory reaction in the mucous membranes of the
respiratory tract. Changes in the enzymatic, detoxification
and characterological features of the microbial landscape
present the inflammatory response of the child’s organism
with the presence of increased levels of their markers, in
particular II-1,4,6, y-IFN, TNF-a [4,5].. Correlation relation-
ships with thyroid hormones, TNF-a in the detection of
Escherichia coli are observed. Staphylococcus aureus causes
a violation of enzymatic properties in the oral cavity, in
particular Lactoperoxidase and signs of intoxication of
the organism. Respiratory pathology is the most com-
mon problem in clinical pediatrics and its relevance in
childhood is related to the prevalence, predicted severe
course and complications and requires further treatment
and solving the etiopathogenetic plan for understanding
the disease and its prevention.
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ABSTRACT

The aim: To study the of homeostasis links desorder and indicators imbalance in children with Coronavirus infection.

Materials and methods: A clinical and laboratory study was conducted in children (50 persons) with Coronavirus infection. The children were used outpatient
treatment.

Results: It was found that Direct bilirubin was increased in 3 times (10.55+7.67 vs. 3.63+0.49 pumol/l, p<0.01), Alanine aminotransferase — in 1.7 times
(37,02420.53 v5.21.90+1.821U/1, p<0.01). An levelsincreassng of Ig G —in 12.3 times, Ig E—in 4.6 times, g M —in 3.4 times was observed. The CRP level was
increased in 3.1 times (8.76 £ 2.16 vs. 2.54 +0.53 mg/l, p< 0.01), C-peptide (4.65+1.67 vs. 1.23+0.08 ng/ml, p<0.01) — in 3.8 times. Negative correlations
of T3 with Procalcitonin (r=-0.30) and Creatinine (r=-34) were revealed. T4 values are correlated with Total cholesterol (r=-0.65) and Creatinine (r=0.29).
Leptin was presented positive correlations with Alanine aminotransferase (r=0.48) and with C-peptide (r=0.39).

Conclusions: There was an increase in the Ig G levels in 12.3 times, Ig E — in 4.6 times, and the Ig M level - in 3.4 times. The Thyroid stimulating hormone
level was significantly lower (in 4.7 times). An increase in the C-reactive protein levels (in 3.1 times) and C-peptide (in 3.8 times) was observed. It should be
noted that the strongest negative correlation between T4 and Total cholesterol (r=-0.65) and the highest positive correlation between Leptin and Alanine

aminotransferase (r=0.48) and C-peptide (r=0. 39).
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INTRODUCTION

In December 2019, an outbreak of a new infectious
disease occurred in the city of Wuhan, Hubei Province,
China.This is already the seventh coronavirus. On March
11, 2020, the World Health Organization (WHO) classi-
fied the outbreak as a pandemic. A number of studies
have examined the symptoms and characteristics of
adults with COVID-19. A smaller number of these stud-
ies cover the morbidity of children with COVID-19 [1].
To contain infection and develop effective systems to
treat viral infections in an outbreak scenario, we must
understand the nature of infection and the immune
system’s response about a new virus, and assess the
similarities and differences of the new virus from viruses
that have caused outbreaks in the past. Scientists focus
on studying the reaction of the immune system against
SARS-CoV-2 in comparison with cases of other CoVs
(SARS and MERS) [2,3]. SARS-CoV-2 is a new infectious
agent that has entered human civilization. As a rule,
emerging and re-emerging viral infections belong to
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the RNA virus family, because these viruses have a high
mutation rate, which allows them to adapt significantly
to the environment with rapid evolution. We have a
little and not inough about SARS-CoV-2 in children
currently [4]. Also, the systemic landscape of immune
responses in patients with COVID-19 is unclear. The
mechanisms of development of the response reaction
of the innate and adaptive immune system of the mac-
roorganism to infection with the SARS-CoV-2 virus are
described. Because the clinical features and immuno-
pathogenesis of SARS-CoV-2 and SARS-CoV and MERS-
CoV are somewhat similar, the knowledge gained from
SARS-CoV and MERS-CoV has important implications
for understanding [2,5]. Identification of characteristic
clinical signs, understanding of the adaptive response
of the child’s organism to an infectious factor in the
near future will be aimed at preventing the develop-
ment and treatment of both acute respiratory distress
syndrome and chronic conditions caused by damage
to other target organs in the case of COVID-19 [3,6,7] .
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Table I. Biochemical parameters in children

Laboratory indicators Mz(a'i‘n=gsr:)up Con(:rzl g;;’“p Statistical significance
Mtm M+m (p)
T(";:_'Sp;;;‘)“ 67,31+7,49 74,50 +3,39 <0,01
( 3‘\5"?5“;“;% 4538 + 5,84 44,53 +2,32 0,46
(Lozt?fol?iﬂr:?sli/?) 18,37 10,26 15,19+ 0,84 0,11
'?(;r‘z-;c]tbu"r:glk;'lg‘ 10,55 +7,67 3,63 40,49 <0,01
AIanin?jToi'rz)(r)][La/rl;sferase 37,02+ 20,53 21,90 + 1,82 <0,01,1,7
A'ka'(Z‘ze_fzhs‘?-‘iB?Stase 141,59 + 99,44 52,02 +3,38 <0,0127
(3,3,-7,[;,r en?mol/l) 684336 3812032 oot
(T;’tla'b_cgon'f;:s{/cl’)' 5,01+1,71 431+0,24 0,04 1,2
(3,3-2:J ol 209237 00 v
(3,5?? ,Srsmiwlrlnn;vn 172047 f2t=on oot
( 35—?2(5:l,il:nmmol/l) 137,58 %491 17228 <o
Chlorine 102,47 £4,19 101,97 + 2,82 0,58

(95-110, mmol/I)

THE AIM
To study the homeostasis links diorders and the indica-
tors imbalance in children with Coronavirus infection

MATERIALS AND METHODS

Clinical and laboratory research was carried out in
children with confirmed Coronavirus infection. The
main group consisted of 50 children aged 14-16yy.
(26 girls, 24 boys). The control group included healthy
children (n=28), identical by the studied parameters.
The children were used outpatient treatment of the
City Multidisciplinary Clinical Hospital, Uzhhorod.
Laboratory tests were performed on the 5th day of the
disease and included biochemical and immunological
examination, indicators of the pituitary-thyroid panel,
markers of inflammatory-endocrine regulation.

RESULTS

The most common laboratory abnormalities associated
with the new CoV include hypoalbuminemia, lymph-

openia, decreased neutrophils, elevated C-reactive
protein (CRP) and lactate dehydrogenase (LDH), and
decreased CD8 counts; according to the researchers.
The viral load of SARS-CoV-2 detected through the
respiratory tract of patients was found to be positively
related with the severity of lung disease. Albumin,
lymphocytes, LDH, neutrophils, and CRP are highly
correlated with acute lung injury. Age, viral load, lung
injury score, blood biochemical parameters, albumin,
CRP, LDH, lymphocytes (%) and neutrophils (%) can be
disease severity predictors [8,9].

The obtained results are presented in the Table I.

There are no significant differences in the levels of
albumin, total bilirubin, and chlorine in comparison
with the results obtained in children of the control
group (p=0.11-0.58), according to Table I. There is a
significant predominance of Total protein in children of
the control group in comparison with patients (74.50
+3.39t0 67.31 = 7.49 g/l, p< 0.01) and Sodium level
-(143.71 £ 2,28 to 137.58 £ 4.91 mmol/l, p< 0.01). It
should be noted that, the values were increased in sick
childrenin all parameters, according to other indicators.
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Table II. Immunogram of children with Coronavirus

Main group Control group . e
Laboratory indicators (n=50) (n=28) Statlstlcal(5|)gn|ﬁcance
M+m M+m P
lgM 411+1,74 1,20 £ 0,06 <0,013,4
(0,31-1,79, g/1) T e T
l9G 151,07 39,77 12,29 +0,07 <0,01123
(6,98-15,49, g/I) theT e ! !
IgE
(¢ill 120 1U/ml) 163,47 + 43,29 35,60 + 1,07 <0,014,6

Table IlI. Results of the study of the homeostasis pituitary-thyroid link

Main group Control group . e
Laboratory indicators (n=50) (n=28) Statlstlcal(5|)gnlﬁcance
M+m M*m P
Thyroid stimulating hormone
(0,4 - 4,0, mIU/ml) 0,40 = 0,08 1,87 £0,46 <0,01
Free triiodothyronine (1,2 - 2,8, nmol/l) 1,30 £0,24 1,39 +0,08 0,09
Free thyroxine
(12,5 - 21,0, pmol/l) 15,25+1,99 15,32 +£0,49 0,86
Thyroid peroxidase antibody 4844356 5694011 0,21

(< 35, 1U/ml)

Table IV. Parameters of the levels of inflammatory endocrine requlation markers

Main group Control group . . A
Laboratory indicators (n=50) (n=28) Statlstlcal(5|)gn|ﬁcance
M+m M+m p
Ferritin
(7-140, ng/ml) 79,32 £ 34,07 77,07 £10,40 0,73
C-reactive protein 876+ 2,16 25440,53 <001
(<3, mg/l)
Procalcitonin
(0-11, pg/ml) 9,27 £2,96 1,61+0,23 < 0,01
Adiponectin
(5-37, ng/ml) 27,92 £8,52 7,73+0,86 < 0,01
Leptin
(2,05-11,09, ng/ml) 1044 £2,77 6,97 +0,32 <001
Cpepride 4,65+167 1,2340,08 <001

(0,81-3,85, ng/ml)

Table V. The correlations relationship of the pituitary-thyroid panel parameters

Laboratory indicators

Correlation coefficient (r)

Statistical significance (p)

Procalcitonin -0,30 0,04
Free triiodothyronine
Creatinine -0,34 0,01
Total cholesterol -0,65 <0,01
Free thyroxine

Creatinine 0,29 0,04

Thyroid stimulating hormone IgE 0,32 0,03
Thyroid peroxidase antibody Albumin 0,28 0,05

Table VI. Correlationship of system of immune-inflammatory-endocrine regulation

Direct Bilirubin was increased in 3 times (10.55 + 7.67  Alkaline phosphatase — in 2.7 times (141.59 + 99.44
vs. 3.63 = 0.49 umol/l, p< 0.01) and exceeded the limits  vs.52.02 +3.38 U/ |, p< 0.01), Creatinine —in 1.5 times
of reference values; Alanine aminotransferase - in 1.7 (93.82+34.63t061.21+5.54 umol/l, p<0.01), Urea-in
times (37, 02 + 20.53 vs. 21.90 + 1.82 IU/I, p< 0.01), 1.8 times (6.84 =+ 3.36 vs. 3.81 = 0.32 mmol/l, p< 0.01),
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Laboratory indicators

Correlation coefficient (r)  Statistical significance (p)

. C-peptide 0,39 0,005
Leptin
Alanine aminotransferase 0,48 <0,01
Adiponectin Potassium 0,31 0,03
Direct bilirubin 0,38 0,007
C-reactive protein Albumin -0,31 0,03
Ferritin -0,33 0,02
Procalcitonin Free triiodothyronine -0,30 0,04
Thyroid stimulating 0,32 0,03
hormone
IgE .
Albumin -0,34 0,02
IgM 0,32 0,02
Sodium -0,33 0,02
IgG
Total protein -0,29 0,04

Total cholesterol, Glucose and Potassium - in 1.1-1,2
times within the reference values. That is, inflammatory
markers are mainly increased compared to the control
group against the background of a decrease in the level
of total protein. Corresponding data were obtained by
scientists too when have considered the laboratory
examination of children with Coronavirus infection [8,9]

The immunogram of children with Coronavirus are
presented in Table Il.

Pathological increases in all Immunoglobulins be-
yond the reference values were observed in children
with Coronavirus, according to the data in the table Il.
The highest comparative characteristic was the level of
lg G-in 123 times (151.07 £ 39.77 to 12.29 £ 0.07 g/I,
p< 0.01).The level of Ig E with lower values of increase
was observed —in 4.6 times (163.47 + 43.29 to 35.60 +
1.07 IU/ml, p< 0.01) and the level of Ig M - in 3.4 times
(411+£1.74t01.20 £ 0.06 g/I, p< 0.01).

Consider the obtained results of the study of the homeo-
stasis pituitary-thyroid link, which are presented in Table ll.

As we can see by the datain Table ll, allindicators are
within the reference values and most have an unreliable
difference, except of Thyroid stimulating hormone level,
which is significantly lower (in 4.7 times) in patients
(0.40 £ 0.08 to 1.87 = 0.46 mIU/ml, p< 0.01).

The levels of inflammatory endocrine regulation
markers are presented in table IV.

All obtained data are significantly different in patients
and children of the control group (p<0.01), except
for Ferritin values (p=0.73). An increase beyond the
reference values is observed in the levels of C-reactive
protein (8.76 £ 2.16 vs. 2.54 + 0.53 mg/|, p< 0.01), the
comparative ratio is 3.1 times and C-peptide (4.65 *
1.67 to 1.23 £ 0.08 ng/ml, p< 0.01), which is increased
in patients in 3.8 times.

Also, reliable correlation relationships between the
studied parameters were found.

The correlations of the parameters of the pitu-
itary-thyroid panel are shown in Table V.

The negative correlationships of T3 with Procalcitonin
(r=-0.30) and Creatinine (r=-34) are observed, according
to Table V. T4 values correlated with Total cholesterol
(r=-0.65) and Creatinine (r=0.29). TSH presents positive
correlationship with Ig E (r=0.32) and TPA level with
Albumin (r=0.28). It should be noted about the highest
negative correlation between T4 and Total cholesterol.
As reported in viral infections, especially in immuno-
compromised patients, there is a two-way relationship
between the Immune system and Thyroid hormones in
both physiological and pathophysiological conditions.
The Immune system and the Endocrine system interact
with each other. Specifically involved in the relationship
between inflammation and THS-related diseases, they
can be considered not only as biomarkers but also as
potential therapeutic targets [10].

Therevealed correlations of indicators of immune-in-
flammatory-endocrine regulation are presented in
Table VI.

According to the table VI, the most correlationship
were found in the values of IgE with Thyroid Stimulating
hormone(r=0.32), Ig M(r=-0.32) and Albumin(r=-0.34)
and CRP with Direct bilirubin(r=0.38), Albumin(r=-0.31),
Ferritin(r=-0.33). Leptin indicator presents positive
relationships with inflammatory markers, in particular
C-peptide (r=0.39) and Alanine Aminotransferase
(r=0.48). C-peptide, formed as a result of proinsulin
proteolysis, is not only an Insulin Chaperone in 3-cells,
but also a signaling molecule that regulates many
physiological and biochemical processes through
specific C-peptide receptors. The regulatory effects of
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r=0.38
40 - -

35

30

Direct bilirubin (umol/l)

C-reactive protein (mg/l)

Fig. 1. Correlationship between CRP and Direct
Bilirubin

r=0.48
100 .

Alanine aminotransferase (1U/l)

Leptin (ng/ml)

Fig. 2. Correlationship between Leptin and Alanine
Aminotransferase

C-peptide are tissue-specificand largely depend on the
physiological state of the organism, the concentration
of C-peptide and its ability to form complexes. It was
established that C-peptide isinvolved in the regulation
of the synthesis and secretion of adipokines, which
indicates its role in the control of energy homeostasis
[11,12]. In addition to inflammatory diseases, it has
been proven that some infectious diseases can be as-
sociated with the development of obesity. Mechanisms
may include reprogramming of the host’s metabolism,
exchange of microbiota components, and adaptations
ofthe host’simmune and metabolic systems in the pres-
ence of chronic viral infection, which causes changes
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in cytokine and interferon levels that may play arole in
the development of obesity. On the other hand, obesity
has been found to be an important risk factor for the
severity of some viral infections, such as severe acute
respiratory syndrome, Coronavirus 2 (SARS-CoV-2). And
leptin has also been suggested as a possible link [13-15].

The Procalcitonin (PCT) indicator correlates with the
Free Triiodothyronine values (r=-0.30). Because of the
low sensitivity of PCT for all outcomes, normal PCT
levels should not be used to guide treatment decisions
in patients with COVID-19. PCT is mainly used as a bio-
marker of bacterial infections. The results of the present
study show a novel use of PCT in a specific group of
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r=-0.65

Total cholesterol (mmol/l)

1 12 13 14 15 16 17 18

Free thyroxine (pmol/l)

19 20 21 Fig. 3. Corelationship between Free T4 and Total

Cholesterol

r=0.31

Potassium (mmol/l)

35

40 45 50

Adiponectin (ug/ml)

55 60 65

Fig. 4. Corelationship between Adiponectin and
Potassium levels

patients with COVID-19 as a marker of disease severity.
Even after adjusting for bacterial co-infections and the
inflammatory markers CRP and d-dimer, elevated PCT
levels remained associated with severe COVID-19 infec-
tion. Elevated PCT in severe COVID-19 infections can be
explained by looking at the pathways of PCT synthesis,
which is regulated by various cytokines such as Inter-
leukin-6 and TNF-a. As hyperinflammation has been
shown to be an important factor in the progression
of COVID-19 infections, dysregulation of the immune
response may also trigger the production of PCT[16]

The most representative correlogram of relationship,
in particular the correlation between CRP and Direct
Bilirubin is illustrated on Fig. 1.

Thereis growing evidence that Bilirubin, which is formed
during the physiological breakdown of heme, has a pow-
erful anti-inflammatory effect. Evidence suggests that Bili-
rubin can suppress inflammatory responses by preventing
Leukocyte migration to target tissues through disruption
of vascular celladhesion molecule-1 (VCAM-1)-dependent
cellsignaling. Because VCAM-1 is an important mediator of
tissue damage, in vitro experimental studies have shown
significantly less tissue damage and reduced infiltration
of inflammatory cells into tissues. The scientists’ conclu-
sions suggest that Bilirubin functions as an endogenous
regulator of inflammatory reactions[17].

The correlogram of the relationship between Leptin
and Alanine Transierase is represented on Fig.2.
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In addition to the metabolic effect, the range of func-
tional capabilities of the Leptin hormone includes the
regulation of inflammatory processes, the effect on the
Immune system and the synthesis of Thyroid hormones
that regulate metabolism. Therefore, it is reasonable to
interact with the inflammatory marker - ALT, the level
of which increases due to the pathological destruction
of cells and the release of the intracellular enzyme into
the bloodstream [14,18].The pronounced inflammatory
process in the child’s body was confirmed by the data
of our survey and its correlation analysis the following
correlogram of the relationship between Free T4 and
Total Cholesterol is shown on Fig. 3.

The level of Cholesterol depends on the level of hor-
mones, therefore, when diagnosing Hypothyroidism,
it is so important to test Cholesterol and its fractions
(HDL and LDL). Thyroxine is produced by the Thyroid
gland, which transmute into the active form of Triiodo-
thyronine and have affects on the level of Cholesterol
in our organism. This means that the impaired action
of both hormones will affect the level of Cholesterol in
the same way [10]. In our research, a strong negative
relationship between these parameters is observed.

Scientificinformation is provided by the correlogram
about correlations between Adiponectin and Potassium
levels and are illustrated on Fig. 4.

Consider the relationship between serum Potassium
level - Adiponectin level and the risk of Metabolic
syndrome development accordingly. The prevalence of
Metabolic syndrome was 51.7% in participants with Hy-
pokalemiaand 37.7% in those who were Normokalemic.
The level of Potassium in the blood serum significantly
decreased with an increase in the number of compo-
nents of the Metabolic syndrome. Low serum Potassium
is significantly associated with the prevalence of Met-
abolic syndrome in middle-aged and elderly Chinese.
That is, according to scientists, there are relationships
between the level of potassium and the adipose tissue,
hormones Adiponectin and Leptin, which is also proven
in our research [19,20].

DISCUSSION
COVID-19 is either rare in children or undiagnosed,
because this age group have asymptomatic course of
disease.The proportion of children with COVID-19 with
elevated inflammatory markers was reported as low. Se-
vere cases of COVID-19 are associated with elevated PCT
levels [16]. When patient have infected with COVID-19,
the vast majority of homeostasis links were violated.
Activation of virus-specific B-cells leads to their
differentiation into plasma cells, which successively
produce specific IgM and IgG class antibodies. During
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the development of COVID-19, it is observed a gradual
increase in the concentration of SARS-CoV-2-binding
antibodies of IgM and IgG class in serum blood from the
7th to the 20th day of the disease. It has been demon-
strated that SARS-CoV-2-specific antibodies of the IgM
class disappear at the end of the 12th week from the
moment of the onset of the disease, and the IgG class
remains for a long period of time, determining the level
of protection against re-infection[21]. There is a study
that replacement therapy with C-peptide prevents the
development of inflammation in the endothelial cells
of vessels, and an excess of C-peptide, on the contrary,
reveals its pro-inflammatory properties. It was estab-
lished that C-peptide is involved in the regulation of the
synthesis and secretion of Adipokines, which indicates
its role in the control of energy homeostasis[11,12].
Clinically, theimmune response induced by SARS-CoV-2
infection is biphasic. During the incubation and mild
stages, a specific adaptive Immune response is required
to eliminate the virus and prevent disease progression
to severe stages. To develop an endogenous protective
Immune response during the incubation and non-se-
vere stages, the child must have good general health
and an appropriate genetic background (eg, HLA) that
cases specific antiviral immunity. However, when the
protective Immune response is impaired, the virus will
spread and massive destruction of affected tissues
will occur, especially in organs that have high ACE2
expression, such as the intestine and kidney. Damaged
cells induce innate inflammation in the lung, which is
largely mediated by proinflammatory macrophages
and granulocytes. [3,22]. Initiation of the development
of the Inflammatory response of the child’s organism,
violation of the immune-inflammatory-endocrine
regulation system, metabolic processes, requires the
constant attention of doctors to identify markers of
the pathological process and develop therapeutic
treatment schemes.

CONCLUSIONS

1.The level of Direct bilirubin was increased in 3 times
(10.55 + 7.67 vs. 3.63 + 0.49 pmol/l, p< 0.01) and
exceeded the limits of reference values, Alanine ami-
notransferase - in 1.7 times (37.02 + 20.53 vs. 21.90
+ 1.82 IU/l, p< 0.01), Alkaline phosphatase — in 2.7
times (141.59 + 99.44 vs. 52.02 + 3, 38 IU/I, p<0.01),
Creatinine — in 1.5 times (93.82 + 34.63 to 61.21 +
5.54 ymol/l, p<0.01), Urea-in 1.8 times (6.84 + 3.36
vs. 3.81 £ 0.32 mmol/l, p< 0.01), Total cholesterol,
Glucose and Potassium —in 1.1-1.2 times, but within
the reference values . That is, inflammatory markers
are mainly increased compared to the control group
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against the background of a decrease in the level of
Total Protein.

.An increase in Ig G levels was observed - in 12.3

times (151.07 + 39.77 to 12.29 + 0.07 g/I, p< 0.01).
With lower values of increase, the level of Ig E was
observed - in 4.6 times (163.47 + 43.29 to 35.60 *
1.07 IU/ml, p< 0.01) and the level of Ig M - 3.4 times
(411+£1.74t01.20 £ 0.06 g/I, p< 0.01).

. Allindicators of the Thyroid panel were within the ref-

erence values and most had an unreliable difference,
except for the level of Thyroid Stimulating hormone,
which is significantly lower (by 4.7 times) in patients
(0.40 £ 0.08 to 1.87 £ 0.46 mIU/ml, p< 0.01).

. An increase beyond reference values was identified

in the levels of CRP (8.76 £ 2.16 vs. 2.54 £ 0.53 mg/I,

p< 0.01), the comparative ratio is 3.1 times and C
-peptide (4.65 = 1.67 to 1.23 £ 0.08 ng/ml, p< 0.01),
which is increased in patients in 3.8 times.

.Negative correlations of T3 with Procalcitonin (r=-

0.30) and Creatinine levels (r=-34) were revealed.
T4 values correlate with Total Cholesterol (r=-0.65)
and Creatinine levels (r=0.29). TSH presents posi-
tive correlations with Ig E levels (r=0.32), Leptin
with Alanine aminotransferase (r=0.48) and with
C-peptide levels (r=0.39), TPA with Albumin indi-
cator levels (r=0, 28). It should be noted that the
highest negative correlationship of T4 with Total
cholesterol levels and the highest positive cor-
relation of Leptin with Alanine Aminotransferase
levels were releaved
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ABSTRACT

The aim: Study of the clinical and hemodynamic effects of S-amlodipine in patients with arterial hypertension associated with coronary artery disease, in
individuals with preserved LV systolic function.

Materials and methods: The study includes 51 patients with arterial hypertension associated with coronary artery disease, who were treated with S-amlodipine.
Results: This study shows the high dlinical effectiveness of the use of S-amlodipine in patients with arterial hypertension associated with coronary artery
disease. We reveal that treatment of hypertensive patients with coronary artery disease with S-amlodipine leads to improvement of LV diastolic dysfunction,
bringing it closer to normal values.

Conclusions: Clinical effectiveness was associated with positive changes in hemodynamics, and was expressed in the normalization of the left ventricle
diastolic function parameters, about which indirectly indicates decreasing of end-diastolic pressure.

KEY WORDS: S-amlodipine, arterial hypertension, hypertrophy, angina pectoris, threshold physical load, central hemodynamics, diastolic dysfunction

INTRODUCTION

Progress in basic sciences have made possible to study
the mechanisms of coronary blood circulation at the
molecular and cellular level. The study of ion channels,
in particular those that ensure the penetration of
calcium ions into the cell, made it possible to create
a fundamentally new drugs group - calcium channel
blockers (CCB) [1]. The first clinically used drug was
verapamil (1962). Later,in 1967, Fleckenstein announced
the discovery of afundamentally new drug group - CCB
(he separated them from b-adrenoblockers). Since
then, in different periods, the attitude towards CCB
has changed [1].

In recent years, CCB has again found its wide use,
especially after cardiosurgical interventions (coronary
artery bypass grafting, stenting, balloon angioplasty) [2-
4]. One of the reasons for the growing popularity of CCB
is metabolic neutrality and improvement of diastolic
function of the left ventricle (LV) in hypertensive
patients and patients with coronary disease.

Data from multicenter studies indicate the special
effectiveness of dihydropyridine CCB group for
reducing the risk of strokes [1,5].

Such arepresentative of the dihydropyridine series of
the Il generation as amlodipine (known as «norvask»,

Wiad Lek. 2023;76(11):2429-2434

«normodipine», kAmlo») is particularly popularamong
CCBs [2,3,5,6]. It is characterized by high expected
efficiency (60-80% bioavailability) and stability of
plasma concentration (24-36 hours), which means that
is unnecessary to create retarded forms [1-3,5].

The antihypertensive effectiveness of amlodipine
therapy in mild and moderate hypertension is sim-
ilar to that of other basic antihypertensive drugs,
sometimes even better and can reach 60-70%. On the
background of therapy, there is an improvement in the
daily profile of blood pressure (BP); with long-term use
(>4-6 months) develops regression of LV hypertrophy.
The reduction of cerebral strokes risk in people with
hypertension is one of the important effects of the
drug, confirmed in a number of large-scale studies,.
Amlodipine combines well with all groups of drugs. In
coronary artery disease (CAD), amlodipine is used in
patients with stable and vasospastic angina. In patients
with CAD, the drug has a coronary dilating effect,
which increases the blood supply to the myocardium
and reduces the total peripheral vascular resistance. In
addition, amlodipine has an antiatherosclerotic effect,
which was convincingly confirmed in the PREVENT
study (2000) [1,2]. The clinical effects of this drug in
CAD include areduction in the number and duration of
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anginal episodes and episodes of painless myocardial
ischemia; at the same time, the antianginal effect is
more pronounced compared to a number of other CCBs
(CAPE-Il study, 2002) [1].

The most common side effect of amlodipine in clinical
practice is peripheral edema. There are present data that
this complication may occur in more than 8% of patients
receiving amlodipine [5,7]. The solution to this issue was
the use of the levorotatory isomer of S-amlodipine. It is
known that optical isomerism is characteristic of almost
all molecules in the body. Most proteins consist of
levorotatory amino acids. Itis believed that drugs based
on levorotatory molecules are safer and more effective
when used. Most of the drugs used are a mixture of
dextrorotatory and levorotatory isomers (R+S). At the
same time, the active substance is the levorotatory
S-isomer [7-10].

Taking into account the available literature data, we
conducted our own research.

THE AIM

Study of the clinical and hemodynamic effects of
S-amlodipine in patients with arterial hypertension
associated with coronary artery disease, in individuals
with preserved LV systolic function.

MATERIALS AND METHODS

The study includes 51 patients with arterial hypertension
associated with coronary artery disease, who were
treated with S-amlodipine. Among them: 27 patients
- with first stage hypertension, 24 - with second stage
hypertension. It was noted angina pectoris Il functional
class (FC) in 25 patients, and angina pectoris lll FCin 26
patients; there were 25 (49%) women and 26 (51%) men
aged from 34 to 73 years (on average 64.1+4.2 years). Ex-
clusion criteria were: acute coronary syndromes, symp-
tomatic hypertension, history of myocardial infarction,
stenting or coronary bypass surgery, diabetes mellitus.
As a baseline, all patients received standard therapy
with enalapril 20 mg per day, bisoprolol 2,5 or 5 mg per
day, rosuvastatin 10 mg per day, and acetylsalicylic acid
100 mg per day. Doses of drugs did not change during
two months before inclusion in the study.

Clinical effectiveness was assessed by lowering BP
to target levels and reducing the number of angina
attacks by 30% or more (positive antianginal effect).
A positive ergometric effect was considered as an
increase in power (W) of the threshold load by one
step (25 W). Hemodynamic indicators were studied by
echocardiography. LV hypertrophy was ascertained
according to the recommendations of A. Canau et al.
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[10].To analyze the structural and functional state of the
heart, the following indicators were studied: the anterior-
posterior size of the left ventricle, left ventricle param-
eters like end-systolic dimension (ESD), end-diastolic
dimension (EDD), interventricular septum (IVS) and pos-
terior wall thickness, were calculated end-systolic volume
(ESV), end-diastolic volume (EDV), ejection fraction (EF),
myocardial mass index of left ventricle (MMILV). Myo-
cardial mass was calculated according to the formula of
R.B.Devereux 1995. MMILV was calculated as the ratio of
MMLV to body area (S), which was determined according
to the Dubois table. There were distinguished three
types of LV geometry: normal geometry - MMILV<125
g/m?, relative wall thickness (RVS) <0.45; eccentric LV
hypertrophy: MMILV >125 g/m? RVS <0.45; concentric LV
hypertrophy: MMI LV >125 g/m?, RVS >0.45. The control
group consisted of 20 healthy people.

Diastolic heart function was studied by Doppler
echocardiography. The following parameters were
determined: isovolumic relaxation time (IVRT),
maximum speed of early diastolic filling (E), deceleration
time of early diastolic filling (DT), maximum speed of
late diastolic filling (A) and ratio E/A.

After stabilization of hemodynamic indicators (with
enalapril and bisoprolol), treatment with S-amlodipine
was prescribed for ten weeks. In the absence of a
decrease in blood pressure to the target levels of
systolic and diastolic blood pressure, the dose of the
drug was increased from 2.5 mg to 5 mg. The studied
indicators were determined before the appointment
of S-amlodipine and after 10 weeks of taking the drug.

RESULTS

The average systolic blood pressure (SBP) and diastolic
blood pressure (DBP) in patients from general population
before the start of treatment was 162/100 mm Hg. In group
patients for which S-amlodipine in dose 2.5 mg was pre-
scribed (n=30) after 10 weeks of treatment BP decreased
to 128/83 mm Hg. The decreasing of SBP and DBP was
considered statistically significant (p <0.005). The mean
SBP and DBP in the group treated with S-amlodipine in
dose 5mg (n=21) decreased to 126/ 81 mm Hg (p <0.005).

In general group, treatment of patients for 10 weeks led
to decrease in the number of angina attacks (the need for
nitroglycerin (NG) decreased more than twice per week), to
increase the power of the threshold load (W), to decrease
the threshold demand of oxygen to myocardium (TDO)
without significantly affecting on the contractility of the
myocardium (see Table I).

The criteria for terminating the test with dosed physical
activity were also not significantly different. We also
did not notice any side effects from S-amlodipine in
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Table I. Clinical and instrumental indicators of the effectiveness of treatment patients with AH and CAD by S-amlodipine (M+m)

Indicators of treatment effectiveness

Stages of research Number Power Threshold demand of TL (threshold
NG tablets W) oxygen (TDO) at rest, load), EF, %
in a week conditional units conditional units
Hypertensive patients with coronary 28,7423 81,9+3,0 87,146,2 177458 59,242,4
artery disease before treatment

Hypertensive patients with coronary 12,9425 1237428 880429 149445 586437

artery disease after treatment T e e - e

P <0,01 <0,01 >0,05 >0,05 >0,05

Table I1. Indicators of the effectiveness of treatment of patients with arterial hypertension and concomitant coronary artery disease depending on the
severity of coronary artery disease

Hypertensive patients with coronary Number Threshold load power, W (BT) -
artery disease patients (n=51) Before treatment After treatment
Angina pectoris Il FC 25 100,2+4,1 149,0£3,8 <0,01
Angina pectoris Il FC 26 49,4+2,3 74,5£2,8 <0,05

Table lIl. Clinical and instrumental parameters of the effectiveness of patients treatment with S-amlodipine depending on the type of LV hypertrophy
(M£m)

Patients with concentric type
of LV hypertrophy, n=25

Patients with eccentric type
of LV hypertrophy, n=22

Indicators of treatment effectiveness

Before After Before After
treatment treatment treatment  treatment
Number of nitroglycerine tablets in a week 26,7+1,5 11,9+2,0 <0,01 29,4+3,1 15,7+1,8 <0,01
Power (W) 79,7£2,0 134+4,1 <0,01 82,1£3,6 119+3,1 <0,01
Threshold demand of oxygen (TDO) at rest, conditional units 87,0+2,1 86,8+1,5  >0,05 87,3122 88,9+1,5 >0,05
Ejection fraction (EF), % 59,0+1,4 58,8+1,8 >0,05 58,9+1,5 58,7£1,9 >0,05

Table IV. Indicators of central and intracardiac hemodynamics in patients with hypertension associated with CAD under the influenceof S-amlodipine
treatment (M£m)

Patients with hypertension associated with coronary artery disease

Hemodynamic indicators

Before treatment After treatment P
Heart rate, bpm 71,9+2,5 72,1£3,1 >0,05
BP, mmHg 161,2+5,0 127,4+£3,8 <0,02
Threshold demand of oxygen (TDO) at rest, conditional units 90,1+3,7 88,1+2,9 >0,05
EDV, cm? 145,7£3,4 141,8+£3,7 >0,05
ESV, cm? 74,8%3,1 71,2+2,8 >0,05
EF, % 59,2+2,4 59,1£3,0 >0,05

patients with arterial hypertension in combination with
CAD. Blood pressure decreased to target levels in 87%
of patients.

The initial functional condition of myocardium, that is,
the functional class of angina pectoris, is important for
the effectiveness of treatment. Table Il shows data on
the effectiveness of course treatment of patients with
S-amlodipine depending on the severity of the disease
(presence of concomitant CAD).

Treatment with S-amlodipine significantly increases the
level of threshold load power (W) both in patients with
hypertension and Il FC of angina as in patients with Ill FC.

LV hypertrophy was noted in the majority of patients
with hypertension and coronary heart disease (in 47 of 51
patients). Only four patients with hypertension combined
with coronary artery disease did not have LV hypertrophy.
This phenomenon can be explained by the increased
inotropic properties of the myocardium and the relatively
short-term history of hypertension in these patients.

Table lll presents the results of the study of the clinical
effectiveness of S-amlodipine in patients with AHand CAD,
depending on the type of LV hypertrophy.

The frequency of concentric and eccentric types of LV
hypertrophy was approximately the same (25 versus 22
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patients). According to literature data, in patients with
hypertension, this ratio is 4:1 [11,12]. The addition of
ischemic heart disease to hypertension leads to increase
in the frequency of eccentric LV hypertrophy, as well as to
increase the risk of developing LV dilatation - an increase
in EDV (LV dilatation index) [11,12].

The analysis of Table Ill shows the positive dynamics of
indicators. Irrespective of the type of LV hypertrophy, in
both groups, the clinical efficacy of S-amlodipine was high,
which was expressed in a decrease of using of nitroglyc-
erine per week and an increase in the level of threshold
exercise power (W). The criteria for terminating the test
with dosed physical activity were not significantly different.

Performance of higher threshold loads by patients with
AH associated with CAD, after treatment with amlodipine,
occured on the background of minor changes in the pa-
rameters of central hemodynamics (see Table IV).

We note a positive trend of LV volumetric indicators
(EDV, ESV) on the background of practically unchanged
EF and threshold demand of oxygen. The pronounced
antihypertensive effect was observed on the background
of unchanged heart rate (without activation of the
sympatho-adrenal system).

It is impossible to explain the high clinical effectiveness
of amlodipine in patients with AH and CAD, based on the
data of changes in the specified hemodynamic parameters.

The study of the hemodynamic structure of diastole
made it possible to establish in the examined patients
hypertrophic type of diastolic dysfunction (in 27 persons)
and «pseudonormal» type (in 24 persons).

In patients with a hypertrophic type of diastolic
dysfunction was found a lengthening of IVRT (82.3+1.7
relative to 68.3+1.3 ms, P<0.05) and decreasing of late
diastolic filling speed (A; 64.2+1.5 relative to 43,0+1.6 cm/
sec, P<0.05). At the same time, the speed of early diastolic
filling (E; 60.2+0.9 relative to 70.5+0.9 cm/sec, P<0.05) and
the E/A ratio (0.96+0.6 relative to 1,65+0.04 conditional
units, P<0.05) increased. Unreliable increasing in DT was
noted (190.0+8.2 relative to 181+9.7 ms, P>0.05).

With the «pseudo-normal» type of filling of the left
ventricle, the following changes were noted: IVRT
increased (62.4+2.5 relative to 66.7+1.8 ms, P<0.05)
and DT increased (171.4+8.2 relative to 182,4+10.7
ms, P>0.05) and the E indicator decreased (78.7+1.9
relative to 71.2+1.8 cm/sec, P<0.05). The E/A ratio
approached normal values (1.59+0.05 relative to
1.65+0.04 conventional units, P>0.05). This orients us to
increase in end-diastolic pressure in the left parts of the
heart (left atrial and LV).

During treatment with S-amlodipine for 10 weeks, a
decrease in systolic and diastolic blood pressure was
noted. Average daily SBP decreased by 36.5+2.20 mm
Hg, or by 20.1+0.8% from the initial level (P<0.05), DBP
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- by 26.2+0.86 mm Hg, or by 18.1+0.8% (P<0.05). At
the same time, heart rate did not increase.

S-amlodipine therapy in patients with hypertrophic
type of diastolic dysfunction significantly reduced IVRT
(82.3+1.7 to 69.0+1.9 ms, P<0.05), not significantly -
DT (from 190.0+8.2 to 175.4+£8.9 ms, P>0.05) and late
diastolic filling speed (A; from 64.2+1.5 to 59.3+1.6
cm/sec, P>0.05). Under the influence of amlodipine
treatment, the speed of early diastolic filling significantly
increased (E; from 60.2+0.9 to 71.4+1.2 cm/sec, P<0.05),
and as aresult E/A value also increased (from 0.96+0.06
to 1.28+0.04 conventional units, P<0.05). All this
indicates hemodynamic unloading of the LV due to a
reduction of preload, first of all, - decreasing in pressure
in the left heart.

The following hemodynamic effects of S-amlodipine
were noted in patients with the «pseudonormal» type
of diastolic dysfunction: rasing of IVRT (from 62.4+2.5
to 84.5+1.7 ms, P<0.05), lowering of E (from 78.7+1.9 to
67.2+1.6 cm/sec, P<0.05) and E/A ratio (from 1.59+0.05 to
1.24+0.06 conventional units, P<0.05). There was revealed
a tendency to increase the speed of late diastolic filling
(A; from 50.1£1.5 to 56.4+2.7 cm/sec.; P>0.05) and DT
(from 171.4+8.2 to 182,0+8.1 ms, P>0.05). These changes
were considered as positive, i.e. hemodynamic indicators
approached the hypertrophic type of diastolic dysfunction.

Summarizing the above, we reveal that treatment
of hypertensive patients with coronary heart disease
with S-amlodipine leads to improvement of LV diastolic
dysfunction, bringing it closer to normal values.

DISCUSSION

The literature describes, mainly, data relating to the
improvement of LV systolic function in patients with AH
and CAD under the influence of amlodipine therapy. In
our study we found the superiority in the mechanism of
therapeuticaction of S-amlodipine in hypertensive patients,
evaluating systolic function by volumetric indicators, and
diastolic function by transmitral blood flow [1-3,8,11,12].

We note the safety of treatment with S-amlodipine,
which indicates the rare frequency of side effects.
Similar conclusions are given in the literature.

Thus, the SESA study [13] was conducted to estimate
the effectiveness and tolerability of S-amlodipine
(2.5/5 mg) - pure levorotatory amlodipine in the
treatment of patients with AH. The study showed that
S-amlodipine in doses of 2.5/5 mg is an effective drug
for the treatment of hypertension, well tolerated, and
can also be an ideal replacement therapy for patients
with peripheral edema when using racemic amlodipine.

Despite the fact that the study was published back in
2002, and the recommendations for the treatment of
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hypertension have been revised four times since then,
these data were not reflected in relation to S-amlodipine.

There is an opinion that the presence of two isomers
provides the therapeutic properties of amlodipine, which
have brought the drug to the forefront in the treatment
and prevention of major cardiovascular events.

Analyzing the data of the latest epoch-making large-scale
multicenter studies and taking into account the results of
our study, it is possible to assert with high probability the
positive effects of the use of the levorotatory isomer of
amlodipine (S-amlodipine) [7-10,14].

But the use of monotherapy, as a rule, cannot control all
pathogenetic mechanisms of BP increasing: activity of the
sympathetic nervous system, renin-angiotensin-aldosteron
system, volume-dependentand other secondary mechanisms.
Today, necessity of use combined antihypertensive drugs is
obvious, especially in the treatment of high-risk patients.

The most effective combination of hypotensive drugs,
based on the modern research base (ACCOMPLISH,
ADVANSE, HYYET, ASCOT, ONTARGET), is ACE inhibitors
+ CCB, angiotensin Il receptor antagonists + CCB, ACE
inhibitor + thiazide diuretic or angiotensin Il receptor
antagonists (ARA) + thiazide diuretic.

Among modern combinations of antihypertensive
drugs, the combination of CCB and ACE inhibitors
receives special attention. This combination, according
to the data of two large-scale international studies
ASCOT and ACCOMPLISH, allows to further reduce the
risk of major cardiovascular events.
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ABSTRACT

The aim: To determine the level of motivation for learning and professional development among 6th-year students of the medical faculty.

Materials and methods: Included a comparative analysis of contemporary scientific psychological-pedagogical works on this issue and questionnaire surveys.
The research design involved the use of psychological diagnostic testing methods by A.0. Rean, V.0. Yakunin, and K. Zamfir in the modification by A.0. Rean.
Results: When studying the levels of motivation for acquiring knowledge in students from the two investigated groups, differences were found in the inter-
pretation and perception of motivation content. For the first group, the main motivation is the possibility of becoming a highly qualified specialist, while for
the second group, it is to ensure the success of their future profession. However, both groups of students have high levels of internal motivation. The main
reason for the difference in attitudes toward the learning process is the different motivational complexes in students, which determine a different hierarchy
of motives in the studied groups in achieving the goal of becoming a doctor, albeit through different means (due to a greater influence of internal negative
motivation, especially in the second group).

Conclusions: The main motivation for students of the first group to study is the opportunity to become a highly qualified specialist, while for students of
the second group, it is to ensure the success of their future professional activity, primarily through high levels of internal motivation. The effectiveness of the
educational process and the future development as a doctor are determined by the type of their motivational complex. Taking this into account can serve as

the main reserve of motivation for students and be useful in developing measures to attract and retain medical personnel.

KEY WORDS: motivation, learning, professional development, personnel

INTRODUCTION

The modern system of higher medical education is
developing and functioning in new political and so-
cio-economic conditions that determine not only the
ways and directions of its development, but also put
forward new requirements for students and create
new challenges in the process of their educational ac-
tivities [1, 2]. Because of this, the requirements for the
training of future doctors have undergone structural
changes. In particular, in 2022, higher medical institu-
tions of Ukraine developed new editions of educational
programmes with an updated list of competencies,
programme learning outcomes and educational com-
ponents in accordance with the standard of higher
education in the specialty 222 Medicine, approved by
the order of the Ministry of Education and Science of
Ukraine dated 08.11.2021 No. 1197 [3]. The need for
such changes is also due to the implementation of

Wiad Lek. 2023;76(11):2435-2441

medical reform in Ukraine, the impact of the COVID-19
pandemic and the consequences of the ongoing war.
At the same time, higher medical education as a lead-
ing channel for transferring scientific knowledge to
future doctors is currently under strong pressure from
society, which is putting forward increasing demands
for its improvement, improving the quality of knowl-
edge, ensuring the provision of quality healthcare in
line with the real needs of the population in modern
conditions, etc.

That is why recently, more and more scientists have
emphasised the need to restructure higher medical
education in the new conditions of mixed (full-time and
distance) learning, in particular for medical students
[4]. According to some scholars, the main approach to
solving the problems with ensuring learning conditions
in modern conditions is to develop an adaptive system
of individualisation and personalisation of professional
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training of future medical professionals, which requires
a combination of the traditional, informative learning
paradigm and an innovative, competence-based sys-
tem [5].

However, these learning conditions, which have aris-
en in Ukraine as a result of the spread of coronavirus
infection and are forced by the military aggression of a
neighbouring state, also determine the need to develop
new approaches to the organisation and provision of
the learning process itself. After all, although learning
management systems and their use in a distance format
allow for an individual approach to teaching students,
they do not take into account the personal component
of the student (the desire to learn and develop).

Thus, in the European educational space, the key
concepts of higher education according to the Bologna
system of education, which is also used by medical
students, are competences and learning outcomes in
the form of acquired theoretical knowledge, practical
skills and abilities that can be quantified and measured
by obtaining the appropriate number of points for
the acquired knowledge [6]. The acquisition of such
knowledge and skills can be exclusively technical,
when a student receives the minimum points only to
pass the exam and close the subject, and professional
development is defined as obtaining a diploma (and
does not guarantee becoming a doctor).

Therefore, one of the key tasks of modern higher
medical education is not only to train medical special-
ists with a high level of professionalism, but also to
ensure the comprehensive development of students’
personalities, in particular medical students who are
capable of continuous self-improvement, especially
in view of the new paradigm in medicine “continuous
lifelong learning”.

Improving the training of students in a higher medical
education institution is due to many factors, among
which one of the most important is the motivation of
their educational and cognitive activities. It is motiva-
tion that is one of the leading factors in the successful
learning of a young person, and hence their profession-
al development in the future.

In view of the above, in the process of training a future
doctor, the priority should be given to the personality of
a medical student who, being in constant professional
and personal development, should strive for continuous
professional training and have the opportunity and
desire to receive it.

The formation of students’ positive motivation to
learn a future profession, and thus to the educational
and cognitive process, is of great importance in this
process. The formation of motivation raises the issue of
searching and selecting priority motives and the opti-

2436

mal structure of the student’s motivational sphere [7].

Therefore, despite the existence in modern science of
a significant number of psychological and pedagogical
works devoted to the problem of forming the motiva-
tion of students’educational and cognitive activity, this
issue is one of the most relevant, especially for future
doctors. Given the medical staffing crisis and in light of
the martial law in Ukraine, it is extremely important to
study the state of motivation to study and professional
development of medical students.

THE AIM

To determine the state of motivation to study and
professional development of 6th year students of the
Medical Faculty of the Uzhhorod National University
in order to develop measures to improve the learning
process of medical students and their practical use in
overcoming the problems of the medical staffing crisis.

MATERIALS AND METHODS

To achieve this goal, a comparative analysis of modern
scientific psychological and pedagogical works was
carried out and a survey of medical students in their
final year of study was conducted. The study involved
146 6th year medical students of the Medical Faculty of
the Uzhhorod National University who studied at the
Department of Social Medicine and Hygiene during
the academic year 2022-2023. Medical students were
distributed almost equally by gender (p<0.5), the age
of respondents ranged from 21-26 years.

The study design involved the use of psychological
diagnostic testing methods: to determine the general
motives of learning activities in the modification of A.
A.Rean andV.O.Yakunin and K. Zamfir in the modifica-
tion of A. O. Rean to determine the level of professional
development [8]. Data processing was carried out using
STATISTICA 6.0, the difference in results was considered
significant at p<0.05.

RESULTS

Motivation to study is a complex and multilevel process,
the study of which is an important element in opti-
mising the training of future highly qualified doctors.
When conducting the survey, we divided the 6th year
students into 2 groups: Group 1 - students who stud-
ied after school and Group 2 - students who studied
after graduation (from previous special groups of the
Medical Faculty).

Thus, the respondents were asked to choose the 5
most important general motives for learning from the
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Hierarchy of motives

of the 2nd group
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m 3rd place
m 4th place
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Hierarchy of
motives of the 1st
group

m Ist place
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Fig. 1. Distribution of motives for learning according to the answers of respondents to the questionnaire by A. A. Rean and V. A. Yakunin (n=146).
A) Hierarchy of motives of the 2nd group; B) Hierarchy of motives of the 1st group

m 1st group (n=75) = 2nd group (n=71)
84%
59%
36,50%
16%
4,50%>10%
||
high level medium level low level

Fig. 2. Distribution of students by levels of motivation according to the methodology of A. 0. Rean and V. 0. Yakunin (n=146).

16 options presented. After analysing and processing
the results of the questionnaire, the leading motives
that characterise the essence of the learning motivation
of 6th year medical students as the object of study were
identified. The hierarchy of motives in the two select-
ed groups was different. Thus, medical students from
group 1identified becoming a highly qualified special-
ist as the main goal in their studies, while respondents
from group 2 chose ensuring the success of their future
professional activities as the first and main motive.
The further hierarchy of motives of the respondents
from the first group was as follows: the second was
to acquire in-depth knowledge in medicine, the third
was to study well, pass exams with good and excellent
marks, the fourth was to get intellectual satisfaction
from studying, and the fifth was to ensure the success
of future professional activities.

In the second group of respondents, the hierarchy
of general motivations for studying looked somewhat
different: obtaining a diploma ranked second, followed
by studying the subjects of the academic cycle in third
place, seeking approval from parents and others in
fourth place, and avoiding judgment and punishment
for poor performance in fifth place (Fig. 1).

The analysis of the responses allowed us to compare
the frequency with which students indicated the motive
that motivates them to study. Thus, for students from
Group 1, the mostimportant motives were the reasons
for professional development rather than the acqui-
sition of knowledge, as well as for the students from
Group 2. The acquisition of deep knowledge among
students of group 1 as a motive for learning is only the
second step in the hierarchy of motives, while in group
2 itis only the third.
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Table L. The type of motivational complexes in the two groups of students under study

Type of motivation (in points on a 5-point scale)

Ne

IM EP EN
1. 5 3
2. 3 5

The opportunity to get high marks at exams and intel-
lectual satisfaction from learning, which are present in
the hierarchy of motives of group 1, actually contribute
to the motivation of students in this group to the least
extent and do not motivate students in group 2 at all.
At the same time, it should be noted that the majority
of respondents from Group 2, who already have previ-
ous college experience, have a better understanding
of the prospects for their future profession, but do
not believe that their success directly depends on the
knowledge they acquire. In most cases, students from
this group already have some experience working in
hospitals or combine their studies with non-medical
work. They are older, so they are well aware of their
responsibility for the future, especially to themselves.
As a result, they are better able to adapt to changing
learning environments, preferring practical experience
to acquired theoretical knowledge. Also, the majority
of them (78%) are residents of rural areas of Transkar-
pattia region, where the peculiarities of living create an
additional external factor influencing the formation of
the hierarchy of motives for learning and motivation
for professional activity.

There is a distinction between extrinsic and intrinsic
motivation for any type of activity, including study and
professional development. The intrinsic type of moti-
vation is indicated if the activity itself is important to
the individual. If the motivation is based on the desire
to satisfy other needs (external to the content of the
activity itself), we should speak of extrinsic motivation.
In turn, extrinsic motives are differentiated into posi-
tive and negative ones. Extrinsic positive motives are
undoubtedly more effective and more desirable from
all points of view than extrinsic negative ones [9, 10].

In order to determine the features and level of intrinsic
(personal) motivation in students of the two groups,
we used another method of psychodiagnostic testing
in the modification A. O. Rean and V. O. Yakunin, which
involved choosing from the proposed 20 statements
of assessments of their own judgements in the form
of statements “correct”, “not completely correct’, “not
completely incorrect” or “wrong” (Fig. 2).

Based on the interpretation of the survey data, it can
be argued that in both groups of students surveyed,
intrinsic motivation is at medium and high levels, with
a higher level for students from group 2. At the same
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time, 8.1% of students from this group and 4.5% from
the first group of students said that they were studying
at the university at the request of their parents or for
other external reasons and had not yet decided on their
future profession, and were not sure that their future
would be related to medicine. This situation is extremely
regrettable, as it indicates a potential loss of medical
personnel potential in our region.

The vast majority of students from group 1 (86%) are
highly motivated to study and acquire practical skills.
The level of high motivation among these students is
significantly (p<0.05) lower (59%) than among students
from group 2.

There is no problem of motivation to study at foreign
higher medical universities at all. The complex process
of enrolment, other approaches to studying (indepen-
dent choice of time for certain disciplines, additional
incentives for studying in the form of free choice of elec-
tive disciplines, etc.) and a more conscious approach to
higher education [11] explains this.

For a more in-depth disclosure of the reasons for
such a difference in the state of motivation of the two
groups of medical students under study, we used the
methodology of K. Zamfir in the modification of A.A.
Rean, which is based on the concept of intrinsic and
extrinsic motivation for professional activity. On the
basis of the results obtained, the motivational type of
students from the first and second groups was deter-
mined, respectively, based on the ratio of three types
of motivation: intrinsic (IM), extrinsic positive (EP) and
extrinsic negative (EN). When interpreting the data,
not only the type of motivational complex was taken
into account, but also the degree of predominance of
different types of motivation among themselves.

Thus, according to our data, students from group
1 have the optimal type of motivational complex, i.e.
intrinsic positive motivation prevails over intrinsic and
negative motivation. On the contrary, students from
group 2 have a suboptimal type of motivational com-
plex, when intrinsic positive motivation prevails over
intrinsic motivation, but is inferior to intrinsic negative
motivation (Table I).

Based on the above, it should be noted that the rea-
son for the more “light-hearted” attitude to learning
among students in Group 2 may be the influence of a
wider range of internal negative motivations (such as
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completing studies at any cost, obtaining a profession
for greater profit, obtaining a medical degree to pander
to the interests of others, etc.)

A more complete description of the structure of
internal negative motivation in students, in particular
from group 2, was obtained by analyzing the answers
to an anonymous questionnaire that we created, which
provided a choice of 15 answers regarding negative
factors of motivation for the educational process. The
main negative motivations that do not contribute to
theinterest of our students in studying and becoming a
doctor were: lack of confidence in the future (89%), lack
of decent salary (72%), lack of social benefits (especially
housing), particularly in rural areas (56%), insufficient
practical experience in applying the acquired skills
during training (in particular, up to the 6th year - 78%)
and inability to obtain knowledge on aflexible schedule
(own choice of disciplines and time of their study - 62%).

Based on the above, when developing measures to
increase motivation to study, the management of the
university and the teaching staff of the medical faculty
in the process of organising the educational process
in modern unfavourable conditions should take into
account the above features of motivation to study of
medical students, including graduates.

DISCUSSION

One of the most challenging tasks of today is to ensure
access to trained healthcare workers, who are the main
guarantor of effective healthcare services and improved
health indicators. Therefore, most WHO strategic docu-
ments state that the effectiveness of healthcare services
is primarily determined by the presence of a sufficient
number of experienced and motivated healthcare
workers in the right place and at the right time. In view
of this, improving the quality of medical staff training
is perhaps the most important aspect in ensuring the
proper quality of medical services and building the
human resources capacity of the healthcare system,
including in a particular region [12].

Medical education, obtained with considerable ef-
fort over a considerable number of years of study at a
medical university, is a key factor in ensuring quality
medical services through an appropriate level of pro-
fessionalism. In other words, professional competence
directly depends on the education and experience that
a medical graduate implants in his or her practice. This,
at the same time, requires significant efforts from the
future specialist - from the efforts made during training
to the efforts to provide quality healthcare services.
In turn, efforts without appropriate motivation are
meaningless.

One of the types of extrinsic motivation is systematic
control. If we transfer this judgement to the learning pro-
cess, strict control of student’s knowledge can act as an
extrinsic motivation, butis not able to ensure high quality
of learning [11].This can be evidenced, for example, by the
failure of 6th year students to pass the KROK-2 licensing
exam or by graduation from the medical faculty with low
scores in most disciplines. Thus, the process of proper
control of knowledge, without taking into account the
motivational components of its implementation by the
student, is not always a criterion for achieving quality
knowledge, but rather may be a manifestation of meeting
the student’simmediate needs (to complete their studies
and receive a diploma even with satisfactory grades).

The study of various aspects of motivational activity
as a factor of efficiency in student learning has received
a lot of attention in recent years and remains one of
the most pressing scientific tasks in the context of re-
forming the medical industry. The analysis of modern
scientific psychological and pedagogical research on
this topic shows a wide range of studies of this prob-
lem: from the study of motives for entering a higher
education institution and the dynamics of changes
in motives in different courses to the conditions for
students to have positive motivation for learning and
cognitive activity [13-15].

The main characteristic of the motivational sphere
is the hierarchy of motives, which allows to identify
the personal meaning of activity for any person of any
profession. The formation of optimal positive internal
motives in students should be manifested in the form
of a true persistent desire to obtain medical education,
which ultimately is the key to the formation of high
professional fulfilment of the student.

That is why, in our opinion, the study of the motiva-
tional sphere of medical students’ personality should
become a priority in the search for new forms and meth-
ods of improving the teaching of medical disciplines in
the conditions of mixed adaptive learning and become
a promising direction in the development of measures
to overcome the problems of the personnel crisis at the
regional level.

CONCLUSIONS

1. It has been determined that one of the main reasons for
the high motivation to acquire knowledge among stu-
dentsfromgroup 1is the opportunity to become a highly
qualified specialist, and among students from group
2 - to ensure the success of future professional activities.

2.The internal component of motivation to the ed-
ucational process in the vast majority of 6th year
students of the Medical Faculty of the Uzhhorod
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National University is at the average and the number
of students from previous special groups is higher,
anditis more pronounced in students from previous
special groups.

3.1t has been proved that students of group 1 have
the optimal type of motivational complex, unlike
respondents from group 2, which directly determines
the effectiveness of the educational process and
future training as a doctor from the point of view of
the respondents.

4. Reserves for motivating students to study and profes-
sional development are diverse and should be taken
into account when organizing the educational pro-

cess at the School of Medicine of the Medical Faculty
of the Uzhhorod National University.

5.The results of the study can be used in the process

of developing measures to attract and retain medical
staff in the Transcarpathian region on the basis of
sound organisational and persistent management
efforts not only by the university management and
teaching staff, but also require a balanced policy of
local authorities and those involved in the formation
of personnel policy, in particular, taking into account
the characteristics of the Transcarpathian region,
which will give confidence in the future to graduates
of the Medical Faculty.
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ABSTRACT

The aim: Evaluate the expediency of using different methods of treatment for patients with acute purulent-odontogenic inflammatory processes in both the
main and control groups. This assessment will be based on various indicators of non-specificimmunity.

Materials and methods: This study involved the evaluation of the humoral component of nonspecificimmunity in 114 patients. We assessed changes in total
protein and its fractions, C-reactive protein (CRP), lysozyme, and immunoglobulins (A, M, and G) during three distinct time intervals: 1-3 days, 5-7 days, and
8-14 days after treatment initiation. Statistical analysis was conducted using Statistica 10.0 (StatSoft, Inc., USA) and Microsoft Office Excel 2010.

Results: At different postoperative follow-up periods, a significant improvement in humoral nonspecific immunity indicators (p>0.05) was observed when
comparing patients treated with and without platelet-rich plasma. This improvement is expected to enhance reparative processes and expedite recovery.
Conclusions: The incorporation of platelet-rich plasma, immunocorrective, and adaptogenic therapy into the comprehensive treatment of acute purulent
odontogenic inflammatory processes in the maxillofacial region not only leads to pronounced and enduring positive outcomes but also results in substantial
improvements, including the potential normalization of key humoral and cellular factors associated with innate immunity.

KEY WORDS: Infectious and inflammatory processes of the maxillofacial area, treatment, platelet-rich plasma, immunity indicators

INTRODUCTION
Purulent inflammatory processes occupy a significant
position in the realm of surgical dentistry due to various
factors, including host organism changes and infectious
agent properties [1-3].

Improving diagnostic and treatment methodologies
for patients afflicted with odontogenic inflammatory
diseases in the maxillofacial and neck regions remains
a critical concern in practical healthcare. This is driven
by their high incidence, severe symptoms, and frequent
complications, which can disrupt the dentoalveolar
system and lead to aesthetic facial defects, including
deformities stemming from postoperative scars, thus
directly affecting patient well-being.

Numerous methods and strategies for treating
purulent wounds have been explored, yet none are
universally effective [4-6]. Contemporary standards
for managing patients with purulent inflammatory
diseases in the maxillofacial and neck regions include
surgical interventions to drain purulent foci, antimi-
crobial therapy, detoxification, anti-inflammatory mea-
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sures, and homeostasis correction [4, 7]. Nonetheless,
the prevalence of these pathologies continues to rise.
This increase can be attributed to factors such as the
growing antibiotic resistance of microorganisms, their
virulence, and adaptability [8, 9].

Platelet-rich plasma (PRP), a blood concentrate con-
taining 3-5 times the normal platelet count, has emerged
as a valuable tool in maxillofacial surgery and surgical
dentistry [10-12]. Upon activation, platelets release
specific biological factors that stimulate mesenchymal
progenitor cell migration and proliferation, foster neo-
angiogenesis, and promote tissue regeneration in both
hard and soft tissues [10-14]. This study aims to provide
an overview of PRP’s success and discuss the technical
preparation and biological foundations of its clinical use.

THE AIM

The aim of this work was to evaluate the expediency of
using different methods of treatment for patients with
acute purulent-odontogenic inflammatory processes
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Table I. Indicators of the Humoral Component of Innate (Non-specific) Immunity in the Treatment of Acute Purulent Odontogenic Inflammatory Processes

in the Maxillofacial Area at Different Postoperative Time Points.

Indicators 1-3 days 5-7 days 8-14 days
- Average
of humoral ?Cth'tY- statistical The main Control The main Control The main Control
Factors of innate R— group group group group group group
immunity (n=60) (n=54) (n=60) (n=54) (n=60) (n=54)
Total protein, g/I 74,00+8,10 62,12+2,12 58,85+2,32 67,21+£2,14 62,13+2,18 73,60+4,20° 68,25+4,22
al-globulins, %. 4,20+0,70 3,30+0,82 3,21+0,84 3,85%+0,83 3,42+0,82 4,12+0,85 3,72+0,86
a2-globulins, %. 8,70+1,30 7,20+1,56 7,12+1,62 7,94+1,60 7,36%1,63 8,45+1,60 8,12+1,64
B-globulins, %. 9,90+1,90 13,00+2,63 13,25+2,68 10,28+2,60 12,15+2,69 10,00+2,63 11,24+2,65
y-globulins, %. 15,50+2,10 27,30+3,24* 27,90+3,30% 19,24+3,18 24,40+3,31%* 16,18+3,32° 21,25+3,30
Albumin, %. 61,70+2,30 49,10+2,21*  48,13+2,48* 57,28+2,22° 53,06+2,44%* 61,40+2,22°° 55,20+2,48°
C-reactive protein, mg/| 5,00+0,50 27,15+6,25*  27,93+6,32* 10,18+6,21° 18,56+6,30%*,°° 7,16+2,70° 12,48+3,42%*°
Lysozyme titer, pg/ml 3,74%0,03 1,16+0,15* 1,09+0,17* 3,04+0,17%,°°, A 1,25+0,20* 3,47+£0,19°°, A 2,00+0,21*%,°°
1gA, g/l 2,54+0,62 2,90+0,39 2,90+0,40 2,67+0,40 2,80+0,44 2,50+0,41 2,65+0,45
IgM, g/I 1,47+0,43 1,70+0,29 1,75+0,31 1,53+0,28 1,69+0,33 1,48+0,30 1,54+0,32
19G, g/l 12,10+2,35 12,98+1,89 13,07£1,92 12,80+1,90 12,94+1,92 12,10+£1,92 12,46+1,94

Notes:

*p<0.01; **p<0.05 - Indicates a significant difference in values compared to the established average statistical norm;
°p1<0.05;°°p1 <0.01 - Represents a significant difference in values when compared to the data recorded during the initial postoperative period (days 1-3).
A p2 <0.01- Demonstrates a significant difference in values compared to the control group.

in both the main and control groups. This assessment
will be based on various indicators of non-specific
immunity.

MATERIALS AND METHODS

The study involved 114 patients with infectious and
inflammatory processes of the maxillofacial area. Of
these, 60 patients were treated using the developed
treatment and prevention complex (referred to as the
main group), while the remaining 54 patients under-
went treatment according to standard protocols for
surgical patient management.

The etiology of clinical and laboratory changes was
determined through the examination of specific indi-
cators of non-specificimmunity. These obtained values
were subsequently compared to established reference
values. The dynamics of the humoral component of
non-specific immunity were evaluated through al-
terations in total protein and its fractions, C-reactive
protein (CRP), lysozyme, as well as immunoglobulins
A, M, and G within the patients’ blood.

Assessments were conducted at three distinct time
points: 1-3 days, 5-7 days, and 8-14 days postoperatively.

Statistical analysis was carried out using Statistica
10.0 (StatSoft, Inc., USA) and Microsoft Office Excel
2010. For normally distributed samples, descriptive
statistics were employed, with quantitative charac-
teristics being represented as mean (M) + standard
deviation (SD).

RESULTS

The examination of the immune status of patients af-
flicted with acute purulent odontogenic processes in
the maxillofacial region during varying postoperative
intervals relied on laboratory parameters.

The assessment of non-specific immunity dynamics
encompassed the investigation of cellular compo-
nents, including neutrophils evaluated through tests
measuring spontaneous nitroblue tetrazolium (NST
sp.) and stimulated nitroblue tetrazolium (NST stim.)
reduction, non-enzymatic lysosomal cationic proteins
(lysosomal cationic test - LCT), phagocytic index (Fl),
phagocytic count (PC), phagocytosis completion
index (PCl), and natural killer cells expressing CD16+
and CD56 (NK cells). Humoral factors were assessed by
evaluating protein levels and its fractions, C-reactive
protein, tetralysocyme (TL), as well as immunoglobu-
lins of classes A, M, and G in blood serum. Neutrophil
functionality was assessed by determining the overall
oxygen-dependent bactericidal activity of peripheral
blood neutrophils using either spontaneous (NST sp.)
or stimulated (NST stim.) tests.

The results of the study regarding the humoral
component of innate (non-specific) immunity in the
treatment of acute purulent odontogenic inflammatory
processes in the maxillofacial area at various postoper-
ative time points are presented in Table I.

On day 1-3 of the postoperative period, a decrease
in the content of total protein in the blood by 16.05%
in the main group and by 20.47% in the control group
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Table II. Indicators of the cellular link of innate (nonspecific) immunity in the treatment of acute purulent odontogenic processes at different times of

the postoperative period.
Indicators. 1-3 days 5-7 days 8-14 days
Average
Cellular factors of statistical The main Control Main Control Main Control
.|nnat? norm group group group group group group
immunity (n=60) (n=54) (n=60) (n=54) (n=60) (n=54)
NST spons.test, 17,48+1,08 17,5241,09 10214025  15,10+0,86 9,40+1,12  13,25+0,87
0, 9,34+0,40 " , "2 - "ad iy
NST stim.test, 62008040 2770£520  2768£531  5841:521 33128530  61,00+540  44,10£535
% 7 i * * O,A A X% o, A A oo
Lysosoma(')/:at'on st gqr04250 /3BOX278 T3A9ELBI 59501071 75144268 83,90+274  80,13+2,72
Phagocytic indicator, 0., o 30,60:273  2087+279  4870+274  2653t282  5518+273  32,80+2:80
%. SO * * A A A * A *
Phagocfg”“mbe" 12,80+1,40 9,90+1,96  834+1,90  11,9042,05  9,09+1,93 12,5242,10  10,25+1,90
Phagocytosis 30,73+3,06 26214244  3870+2,91 29224246  39,00+244
completion rate, %. 39,00+2,80 ** * AA * e 32,75+283
NK cells CD16°,CD56*  15,60£2,65 o047 24208305 54601306 2400310 46300312 20854318

Notes:

*p<0.01; **p<0.05 - significant difference in values relative to the average statistical norm.
°p1<0.01; °°p1 <0.05 - significant difference in values compared to the data on days 1-3 of the postoperative period.
Ap2<0.01; A A p2<0.05-significant difference in values compared to the control group.

compared to the normal values (p>0.05) was estab-
lished; the fraction of a-globulins in the blood of pa-
tients in the main group was 18.60% and in the control
group - 20.00% lower than the average (p>0.05). In the
main group, the fraction of a-globulins in the blood was
1.7% higher than in the control group (p1 >0.05). The
concentration of B-globulins in the blood of patients
increased relative to the norm: by 31.31% in the main
group and by 33.84% in the control group (p>0.05); in
patients of the main group, the content of B-globulins
in the blood exceeded the same indicator in patients of
the control group by 1.92% (p1 >0.05). In all patients, a
significant increase in the content of y-globulins in the
blood was observed in relation to the normative data:
by 74.19% in the main group and by 80.00% in the con-
trol group (p<0.01). The concentration of y-globulins in
the blood of patients in the main group was 2.15% lower
than in patients in the control group (p1 >0.05). There
was a decrease in the concentration of albumin in the
blood: by 20.42% in the main group and by 22.00% in
the control group compared to the average (p<0.01).
However, in patients of the main group, the albumin
content in the blood did not differ significantly from
the data in the control group (p, >0.05).

The concentration of C-reactive protein (CRP) in the
blood of the subjects remained elevated, surpassing
normative data (27.15+6.25 mg/l and 27.93+6.32 mg/|
vs. 5.00+£0.50 mg/I|, respectively, p<0.01). Simultane-
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ously, the lysozyme titer in the blood decreased sig-
nificantly, showing a reduction of 69.00% in the main
group and 70.86% in the control group compared to
the average values (p<0.01). In patients from the main
group, there were increases in blood concentrations
of IgA by 14.17%, IgM by 15.65%, and IgG by 7.27%,
although these changes were not statistically significant
(p>0.05). In contrast, patients in the control group ex-
hibited elevated levels of IgA by 17.7%, IgM by 19.05%,
and IgG by 8.02%, with no statistically significant differ-
ences between the groups (p1 >0.05).

Ondays 5-7 of the postoperative period, total protein
content in the blood increased by 8.19% in the main
group and by 5.57% in the control group compared to
the data from days 1-3 of the postoperative period (p2
>0.05). The a-globulin fractions in the blood increased
on average by 12.38% in the main group and by 4.45%
in the control group (p2 >0.05). Conversely, the concen-
tration of 3-globulins decreased in both groups on day
5-7 of the postoperative period, showing a reduction
of 20.92% in the main group and 8.30% in the control
group (p2 >0.05). A notable decrease in y-globulin levels
in the blood of subjects was observed, with a decrease
of 29.52% in the main group and 12.54% in the control
group. It is noteworthy that in the control group, the
concentration of y-globulins in the blood was 57.42%
higher than the average (p>0.05). The concentration of
albumin in the blood of the study population increased
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significantly on day 5-7 of the postoperative period,
rising by 16.66% in the main group (p1 <0.05) and by
10.24% in the control group (p1 <0.05) compared to
the data from days 1-3 after treatment. Importantly, in
patients in the control group, the albumin content in
the blood remained significantly lower than normative
values (p<0.05). In patients from the main group, the
concentration of albumin in the blood was 7.37% higher
than in patients from the control group (p1 <0.05).

In the main group, on day 5-7 of the postoperative
period, there was a significant decrease in C-reactive
protein content in the blood by 62.50% (p1 <0.05),
compared to 33.55% in the control group (p1 <0.01),
relative to the data from day 1-3 of the postoperative
period. However, in the control group, the analyzed
CRP index, with a value of 18.56+6.30 mg/|, remained
significantly higher than the average statistical norm
(p<0.05).

The lysozyme titer in the blood of patients in the
main group increased, reaching a value of 3.04+0.17
ug/ml, which was significantly higher than that on
days 1-3 of the postoperative period (p1 <0.01) and
markedly higher than the value (1.25+0.20 pg/ml) in
patients from the control group (p2 <0.01). There was
a decrease in the content of IgA, IgM, and IgG in the
blood, although these changes were not statistically
significant (p1 >0.05), indicating a reduction in the
inflammatory response.

On day 8-14 of the postoperative period, in patients
with acute purulent odontogenic inflammatory pro-
cesses in the main group, blood protein content in-
creased (p1 <0.05), as did albumin and lysozyme titer
(p1 <0.01). This was accompanied by a decrease in the
concentrations of y-globulin and C-reactive protein
(p1 <0.05) compared to the data from days 1-3 of the
postoperative period. All other analyzed parameters
remained within reference values (p>0.05).

In the control group of patients, the concentration of
C-reactive protein (CRP) in the blood remained elevated
(p1<0.01), while the lysozyme titer and albumin levels
remained lower (p1 <0.01 and p1 <0.05, respectively)
compared to the data from days 1-3 of the postoper-
ative period. It is worth noting that the concentration
of CRP in the blood was also higher (p < 0.05), and the
lysozyme titer in the blood was lower (p < 0.01) com-
pared to normative values

The results of indicators of the cellular link of innate
(non-specific) immunity in the treatment of acute pu-
rulent odontogenic processes at different times of the
postoperative period are presented in Table II.

During the initial period of the postoperative phase
(days 1-3), there was an increase in neutrophil surface
triggering (NSTsp.) to 17.48+1.08% in the main group

and 17.52+1.09% in the control group, relative to the
average statistical norm (p<0.01). Concurrently, during
this research period, the neutrophil surface triggering
stimulation (NSTstim.) decreased to 27.70+5.20% in
the main group and 27.68+5.31% in the control group,
relative to normative values (p<0.01).

Thus, in patients of the main group during days 1-3
of the postoperative period, lysosomal cationic protein
content decreased to 73.80+2.78%, and in patients of the
control group to 73.49+2.83%, compared to the average
statistical norm (p<0.05); in patients of the main group
the phagocyticindex was 1.8 times higher (30.60+2.73%
vs. 56.20+4.62%, p<0.01), the phagocytic number was
1.3 times higher (9.90+1.96 abs. vs. 12.80+1.40 abs.,
p>0.05), and the phagocytosis completion rate (PCR) was
1.3 times lower (30.73%+3.06% vs. 39.00+£2.80%, p<0.01)
compared to the average statistical norm. In patients of
the control group, there was a decrease in the phagocytic
index by 2.7 times, phagocytic number by 1.5 times, and
PAE by 1.5 times (p<0.01).

The cytotoxic activity of NK cells occurs in the absence
of sensitized lymphocytes, characteristic of cellular
immunity reactions. In patients of the main group, the
content of NK cells CD16+,CD56+ was 1.5 times higher
(23.38+3.47%), and in patients of the control group,
it was 1.6 times higher (24.20+3.05%) compared to
average values (15.60+2.65%) during days 1-3 of the
postoperative period (p<0.01). It should be noted that
a significant difference between the groups was only
observed in the phagocyticindex (p2 <0.05) during this
analyzed research period.

On the 5th-7th day of the postoperative period, in
the main group, we observed a significant decrease in
NST spons. (p1 <0.01) and NK cells CD16+, CD56+ (p1
>0.05), alongside an increase in NST stim. (p1 <0.05),
lysosomal cation test (p1 <0.05), phagocytic index,
phagocytic number, and phagocytosis completion
index (p1 >0.05) relative to data from the first 1-3 days
post-treatment. Conversely, in the control group on
the 5th-7th day postoperatively, the dynamics of the
studied parameters did not significantly differ from
the data observed during the first 1-3 days post-treat-
ment (p1 >0.05). Notably, NST sp. and NK cells CD16+,
CD56+ values were significantly higher (p>0.01), while
NST stim. (p<0.05), phagocytic index (p<0.01), and PFD
(phagocytosis completion index) (p<0.05) were below
normative values.

As a result of the study, it was demonstrated that on
the 5th-7th day of the postoperative period, patients
in the main group exhibited significantly lower NST
spons. values (p2 <0.01) and higher NST stim., phago-
cyticindex, and phagocytosis completion index values
(p2 <0.05) compared to patients in the control group.
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In the control group, on the 8th — 14th day of the
postoperative period, NST sth. values were significantly
higher than both the average data and the values from
the first 1-3 days of the postoperative period (p1 <0.01),
while the phagocytic index values were below norma-
tive values (p1 <0.01). In contrast, in the main group
on the 8th-14th day of the postoperative period, NST
stm. (p2 <0.05) and phagocytic index (p2 <0.01) were
higher, and NST sp. (p2 <0.05) values were lower than
those in the control group

DISCUSSION

The treatment of patients with acute purulent odon-
togenic processes of the maxillofacial area is complex,
comprehensive and timely. According to many authors,
existing treatment methods are characterized by trau-
ma, a long recovery period and frequent complications,
which is associated with increased antibiotic resistance
of microorganisms, their virulence and variability [8, 9].

The results of recovery are significantly improved
with the use of platelet-enriched plasma at the treat-
ment stages, the main characteristics of which are the
presence of a large number of platelets in it, which
during activation change their shape and secrete
specific biological factors that induce migration and
proliferation of mesenchymal progenitor cells, stimulate
neoangiogenesis and regeneration in both hard and
soft tissues [10-12].

According to many authors [13, 14] plasma enriched
with platelets is widely used in maxillofacial surgery
and surgical stomatology.

The effectiveness of recovery in the postoperative pe-
riod is determined by the improvement of the patient’s
physical condition, which is confirmed by immunolog-
ical parameters.

According to the results obtained by us, in the
patients of the main group who received platelet-en-
riched plasma, the indicators of humoral (non-spe-
cific) immunity approached the norm for 1-3 days, in
particular, the content of total protein, a-globulins,
B-globulins, y-globulins in the blood and albumins.
However, the content of CRP and IgA, IgM, IgG in the
blood remained high.

REFERENCES
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ABSTRACT

The aim: To identify clinical and epidemiological features of meningococcal infection on the initial day of a patient’s medical consultation, as well as the
efficacy of laboratory examinations.

Materials and methods: A retrospective analysis of 76 patients’ histories diagnosed with meningococcal disease was carried out.

Results: Children were more susceptible to meningococcal disease (p < 0.001). The majority of children were of preschool age, with the minority being
adolescents and children under the age of one year. Among children disease incidence did not depend on gender. Among adults, the majority were women
(p=0.002). All patients had a family history of a disease, close relatives tested positive for meningococcal diseases (p=0.039). The main symptom discovered
during the primary examination on the day of admission to the hospital was a hemorrhagic rash (p<0.001). Most cases were of moderate severity (p<0.001)
and cases of children having meningococcemia (p<0.001). A typical rash was found in 40% of patients with generalized meningococcal disease. A complete
blood count showed leukocytosis in 47.8% of all cases. The most effective method of confirming the diagnosis was a thick blood smear and microscopic
examination of cerebrospinal fluid (p<0.001).

Conclusions: Patients in the Transcarpathian region mainly develop an atypical form of meningococcal disease. Only half of all patients diagnosed with
meningococcemia had a classical hemorrhagic rash. Generalized forms of meningococcal disease may proceed with normal or subfebrile temperature and
without severe leukocytosis. We doubt the use of bacteriological methods of laboratory diagnosis due to their low effectiveness. The most sensitive method of

laboratory diagnosis is a microscopic examination of blood smear, and cerebrospinal fluid.

KEY WORDS: meningococcal disease, epidemiology, thick blood smear

INTRODUCTION

Meningococcal disease (MD) is an anthroponotic infec-
tion that is transmitted via droplets and has a wide spec-
trum of symptoms (from asymptomatic nasopharyngeal
carriage to generalized forms with high mortality) [1]. The
causative agent of MD is Neisseria meningitidis. Clinical
forms of MS may wary from asymptomatic course to a
fulminant form that leads to multiple organ failure and
death within hours or days [2]. The overall mortality rate
of generalized meningococcal infection (GMI) can be as
high as 10%, and in some cases - 40-80% [3]. Despite low
incidence rates in economically developed countries
over the past decade, MD has consistently been the
leading infectious cause of death in young children [4].

According to the International Health Regulations
2005, MD is included in the list of infectious diseas-
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es regulated by these regulations that constitute an
exceptional national or regional problem [5]. Ukraine
and the Transcarpathian region are not an exception.
In Ukraine, 896 cases were registered in 2018-2022,
of which 706 (78.8%) were children, with an intensive
incidence rate ranging from 0.218 to 3.26 per 100,000
population for all patients and from 0.91 to 3.02 for
children. In the Transcarpathian region, 205 patients
were detected during this period, including 160 (78.0%)
children, which is almost a quarter of all patients in
our country. The intensive incidence rate per 100,000
population was 4-11 times higher than the national
rate, ranging from 0.96 to 6.69, and for children it was
3-9 times higher, ranging from 3.1 to 22.3.
Meningococcal disease is the leading cause of
bacterial meningitis and septicemia worldwide and
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is associated with high mortality and serious lifelong
complications in survivors [6]. Treatment requires anti-
biotics. The sooner treatment is started, the better it is
likely to be. If MD is suspected, treatment should begin
in at the pre-hospital phase [7].

THE AIM

The aim of the study is to identify the clinical and epi-
demiological particularities of meningococcal disease
that may be found during primary medical examination,
in order to suspect the diagnosis and begin an early
antibiotic therapy.

MATERIALS AND METHODS

To determine the clinical, epidemiological and lab-
oratory characteristics of the course of MD in the
Transcarpathian region, 76 patients’ histories were
analyzed. All patients were admitted to the Regional
Clinical Infectious Diseases Hospital in 2018-2020 years
with a diagnosis of MD, including: 21 adults aged 19
to 43 years and 55 children aged from 3 months to 18
years. There were 34 males and 42 females. Family his-
tory of meningococcal disease, contact with a patient
with meningococcal disease, main complaints, clinical
manifestations and laboratory tests on the first day of
admission were recorded. The diagnosis of MD was
confirmed following the discovery of gram-negative
diplococci in blood and cerebrospinal fluid smears, or
the identification of the causative agent N. meningitidis
based on bacteriological investigations of nasopharyn-
geal swabs, blood, and cerebrospinal fluid, as well as
their combination. The survey was conducted at the
permission of the Bioethics Commission of the Faculty
of Medicine of the Uzhhorod National University (Min-
utes No. 4 dated February 2, 2022).

Statistical processing was performed in Jamovi 2.2.5.
The Kruskal-Wallis test was employed to calculate the
significance of individual variables in diagnosing and
measuring the severity of the condition, and then a
pairwise comparison of variables using the Dwass-
Steel-Critchlow-Fligner test. The normality of the
distribution of quantitative data was assessed using
the Shapiro-Wilk test. The results were represented as
M=SD and Me (Q1; Q3). A critical level of reliability of
a=0.05 was employed.

RESULTS

Among patients diagnosed with MD, children were
the dominant group with 55 cases (74.4%) compared
to other age groups, with a p-value of <0.001. This

includes: Nine individuals were under one year of age
(16.4%), with slightly more patients aged between 1 and
3 years - a total of 13 individuals (23.9%). A majority of
the patients were preschool children - 17 individuals
(30.9%), which is significantly higher than the group
comprised of individuals under one year and primary
school age, with a total of 11 individuals (20.0%). The
smallest percentage of patients were adolescents - 5
individuals (9.1%), which is significantly lower than all
groups except for children under one year. There were
no variations in gender composition, with 28 boys
(50.9%) and 27 girls (49.1%).

The mean age of adult patients diagnosed with MD
was (29.9+6.6) years, with a significant preponderance
of female cases (14 individuals (66.7% (p=0.002)).

It is noteworthy that a total of 60.5% of individuals
diagnosed with MD were found to be part of family
foci (p<0.001), particularly among adults at 71.4%
(p<0.001) and to a slightly lesser extentamong children
at 56.4% (p=0.039). Meanwhile, patients diagnosed with
MD were likely less frequently identified in organized
groups, with a decrease of 44.7% (p=0.042), particularly
among adults, with a reduction of 23.8% (p<0.001).
Such association was not observed during childhood
(52.7% and 47.3%).

The primary motive for conducting patient exam-
inations for the detection of MD was typically the
appearance of a rash, either on its own or along with
other symptoms of the disease (51.3% (p=0.039)), the
presence of contact with a patient who has MD or
with other related symptoms is reported at a rate of
26.3%. In other cases, 22.4% of patients underwent
disease detection examinations for reasons unrelated
to their disease. In children (61.8%, p<0.001), a rash was
frequently the primary reason for examination, either
alone oraccompanied by other clinical manifestations.
Conversely, in adults, contact with an infected individ-
ual was the main reason for examination, either alone
or with other manifestations(47.6%, p=0.015).

The diagnoses of MD for which patients received
treatment at the Regional Clinical Infectious Diseases
Hospital can be found in Table I.

The table displayed above indicates that adults were
primarily affected by meningococcal nasopharyngitis
and meningococcemia. It is not likely that there was a
discernible variation in the rate of detection between
the generalized and localized forms of the disease. In
childhood, there was a significantly higher frequency of
meningococcemia diagnosis than adulthood (p<0.001).
The prevalence of generalized meningococcal infec-
tions was nearly nine times higher than that of localized
meningococcal infections, with statistical significance
(p<0.001). In general, the prevalence of generalized
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Table I. Forms of meningococcal disease in the examined patients

Forms of meningococcal disease

Adults (n=21) Children (n=55) Total (n=76)

e il e % Absolute % Absolute %
number number

T . Asymptomatic carrier of meningococcal disease 1 4.8 3 5.5 4 53
(%]
}—5 % Meningococcal nasopharyngitis 9 42,912 3 55 12 15.8
S* Total 10 47,6 6 10.9 16 211
E Meningococcemia 8 38.1° 45 81.8™* 53 69.77
L2 n
g % Mixed form of meningococcal disease 3 14.3 4 7.3 7 9.2
[
(]
O Total 11 52.4%¢ 49 89.17 60 79.88

Notes:

" — probable difference from asymptomatic carrier of meningococcal disease in adults p<0.001;

'~ probable difference from asymptomatic carrier of meningococcal disease and meningococcal nasopharyngitis in childhood p<0.001;

"~ probable difference from asymptomatic carrier of meningococcal disease and meningococcal nasopharyngitis of generalised formsinall subjects p<0.001;
! — probable difference of meningococcal nasopharyngitis in adults from meningococcal nasopharyngitis in children p<0.007;

2— probable difference of meningococcal nasopharyngitis in adults from meningococcal nasopharyngitis of all examined p=0.008;

3 — probable difference between localised forms of meningococcal disease in adults and localised forms of meningococcal disease in children p=0.004;
“— probable difference between localised forms of meningococcal disease in adults and localised forms of meningococcal disease of all examined p=0.015;
5 — probable difference between generalised forms of meningococcal disease in adults and generalised forms of meningococcal disease in children p<0.001;
§— probable difference between generalised forms of meningococcal disease in adults and generalised forms of meningococcal disease of all examined p=0.015;
7— probable difference between localised forms of meningococcal disease and generalised forms of meningococcal disease in children p<0.001;

8 probable difference between localised forms of meningococcal disease and generalised forms of meningococcal infection of all examined p<0.001.

Table II. Severity of meningococcal disease in patients of the Regional Clinical Hospital

Adults (n 21) Children (n 55) Total (n 76)
Degrees of severity of the disease Absolute Absolute Absolute
% % %
number number number
Asymptomatic course 1 4.8 2 3.6 3 3.9
Mild course 7 33333 4 73 1 14.58
Moderate degree of severity 10 476" 43 78.2%¢ 53 69.77
Severe course 3 14.3 6 10.9 9 11.8

Notes:

— difference between the moderate severity and asymptomatic course in adults p=0.0016;
— difference between moderate severity and severe severity in adults P=0.0218;
— difference between moderate and asymptomatic course in adults p=0.018;

— difference between the mild severity of the disease in adults and children p= 0.0041;

.
2
3
*— difference between moderate severity and asymptomatic course, mild severity and severe course in children p<0.001;
5
6

— difference between the moderate severity of the disease in adults and children p=0.0094;
7 — the difference between moderate severity and asymptomatic course, mild severity and severe course in all subjects p<0.001;
8 — difference between mild severity and asymptomatic course in all subjects p=0.0238.

forms of the disease was nearly quadruple that of lo-
calized forms amongst patients at the Regional Clinical
Infectious Diseases Hospital (p < 0.001).

The degree of MD in patients who received treatment
at the Regional Clinical Infectious Diseases Hospital is
displayed in Table Il.

Patients with moderate severity were significantly
more likely to be identified among those diagnosed
with MD, particularly during childhood.

In each instance, localized forms of meningococcal
infection were bacteriologically confirmed via the
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detection of N. meningitidis in nasopharyngeal swabs.
Generalized forms of MD were confirmed through
bacterioscopic detection of gram-negative diplococci
in blood and cerebrospinal fluid, and bacteriological
detection of N. meningitidis in blood, cerebrospinal
fluid and nasopharyngeal swabs. The efficacy of bacte-
rioscopic and bacteriological examination in individuals
with generalized meningococcal infection is illustrated
in Table Ill.

The microscopic blood examination is the most
effective means of confirming a diagnosis of gener-
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Table ll1. Efficacy of microscopic and bacteriological examination in generalised forms of meningococcal disease

Generalised forms of meningococcal infection

. . Mixed form of
Meningococcemia meningococcal disease Total
Research method (n=53) (n=7) (n=60)
Absolute % Absolute % Absolute %
number number number

Bacterioscopic blood test 49 92312 6 85.74 55 91.6%7

Bacteriological blood test 3 57 1 14.3 4 6.8

Bacterioscopic test of CSF 0 0 4 57.1 4 6,6

Bacteriological test of CSF 0 0 5 7145 5 83
Bacteriological test of nasopharyngeal swabs 24 4343 4 57.1 28 46.7

Notes:

' — difference between bacterioscopic and bacteriological blood tests in patients with meningococcemia p<0.001;
2 — difference between bacterioscopic test of blood and bacteriological test of nasopharyngeal swabs in patients with meningococcemia p<0.007;

3 — difference between the bacteriological test of nasopharyngeal swabs and bacteriological test of blood in patients with meningococcemia p<0.001;
“— difference between bacterioscopic and bacteriological blood tests in patients with generalised forms of meningococcal infection p=0.008;

5 — difference between bacteriological tests of blood and CSF in patients with generalised forms of meningococcal infection p<0.031;

6 — difference between bacterioscopic and bacteriological blood tests in all subjects p<0.001;

7 — the difference between bacterioscopic tests of blood and bacteriological tests of nasopharyngeal swabs in all subjects p<0.001.

Table IV. Complete blood count in patients with different forms of meningococcal disease on the day of admission

Forms of meningococcal disease

Laboratory indicator Asymptomatic carrier of Meningococcal . . Mixed form of
meningococcal disease nasopharyngitis Meningococcemia meningococcal disease

WBC (*10°/L) * 6,78+2,04 7,719(6,29;9,41) 8,15(6,99; 11,2) 20,316,323

LYM (*10%/L) 3,38+1,55 2,11£1,13 2,5(1,29; 3,46) 1,1 (0,825; 1,56)

MID (*10%/L) 0,295+0,154 0,22(0,165; 0,27) 0,39(0,21;0,63) 0,16 (0,075; 0,235)
GRA (*10°/L) * 2,35+1,65 5,66 (3,85;6,59) 5,12(3,84;7,49) 18,8+6,8 %3

RBC (*10'%/L) 4,86+0,215 4,430,429 4,78(4,42; 5,09) 4,45+0,732

HGB (g/L) 134+15,8 135+16,1 129 (120; 134) 117+56,7

PLT (*10°/L) 290+82,4 271£78,5 285(229; 393) 217+84,7
GRA/LYM (%) * 0,895+0,689 2,31(2,01;4,34) 1,95(1,18; 3,43) 19,6+£14,9"23
MID/GRA(%) * 0,111(0,0965;0,236) 0,0428+0,0387 0,0634(0,0406; 0,123) 0,00661 (0,00291; 0,0147) 3
MID/LYM (%) 0,102+0,0703 0,225(0,0685; 0,155(0,103; 0,246) 0,174 (0,0509; 0,222)

PLT/LYM (%) 94,5+37,9 120(109;202) 166(85,8; 183) 203+129

Notes:

* Statistically significant indicators (Kruskal-Wallis) * P<0,001

- difference between WBC counts in patients with generalised forms of meningococcal disease and asymptomatic carrier of meningococcal disease p=0.041;
2 — difference between WBC counts in patients with generalised forms of meningococcal disease and meningococcal nasopharyngitis p=0.013;

3 — difference between the WBC counts in patients with generalised forms of meningococcal disease and meningococcemia p=0.003;

“— difference between the GRA countsin patients with generalised forms of meningococcal disease and asymptomatic carrier of meningococcal disease p=0.041;
5 — difference between the GRA counts in patients with generalised forms of meningococcal disease and meningococcal nasopharyngitis p=0.01;

6 — difference between the GRA counts in patients with generalised forms of meningococcal disease and meningococcemia p<0.001;

7 difference between the GRA/LYM ratio in patients with generalised forms of meningococcal disease and asymptomatic carrier of meningococcal disease p=0.041;
8 — difference between the GRA/LYM ratio in patients with generalised forms of meningococcal disease and meningococcal nasopharyngitis p=0.035;
? — difference between the GRA/LYM ratio in patients with generalised forms of meningococcal disease and meningococcemia p=0.001;

10— difference between the MID/GRA ratio in patients with generalised forms of meningococcal disease and meningococcemia p=0.01.

alized meningococcal infection. In this examination, disease cases.Bacteriological testing of nasopharyngeal
a specific diplococcus was found most frequently in  swabs was positive in almost half of the patients. The
individuals with MD and in over half of meningococcal  bacteriological blood test was determined to have the
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lowest efficacy, as it validated the disease diagnosis in
only one out of 15-17 patients. Bacteriological examina-
tion of cerebrospinal fluid and nasopharyngeal swabs
proved more efficient, yielding a confirmatory diagnosis
in nearly fifty percent of the patients. Bacteriological
analysis of cerebrospinal fluid and nasopharyngeal
swabs has been demonstrated to be a superior method,
verifying approximately half of the patients.

When analyzing reasons for referral for a specific
diagnosis of MD upon admission, we categorized all
patients into the subsequent groups: patients with
complaints of rash, either alone or in combination with
other symptoms of the disease; patients who have
been in contact with a MD patient without clinical
manifestations or complaints and with their presence;
patients who were not in contact with MD patients, did
not exhibit a rash, but rather presented with complaints
and clinical manifestations of the disease. The study
found that a rash alone or in combination with other
complaints and clinical manifestations, contact with a
patient with MD alone or in combination with other
symptoms, was the reason for provisional diagnosis
of MD and referral for specific diagnosis in 45 patients
(59.2%, p<0.001). For 20 (26.3%) patients, the reason
was contact with a patient with MD or with other clinical
manifestations, and for 11 (14.5%) patients, it was other
complaints and manifestations. It is noteworthy that
31.6% (24 patients) were found to have a hemorrhagic
rash consistent with meningococcemia, while 27.6%
(21 patients) had presented with an atypical rash. Rash
was not present as a pathognomonic sign of the disease
in 16 patients (30.9%) with generalized forms of MD.
Meningeal symptoms with a positive indication were
found in 7 (9,2%) patients. Amongst other complaints,
46 (60.5%) individuals experienced fever, 17 (22.3%)
reported a runny nose, 15 (19.7%) complained of a sore
throat, and 14 (18.4%) experienced vomiting.

Body temperature, as an indicators of intoxication, in
patients with MD ranged widely upon admission - from
36.1 °C to 40.2 °C and was in asymptomatic carriage of
MD the temperature was (36.6+0.05) °C and all patients
had a normal temperature; at meningococcal naso-
pharyngitis 7 patients had normal temperature and 5
had subfebrile, with an average temperature reading of
(36.9+0.42) °C; at meningococcemia - (37.6+1.04) °C, a
normal temperature was recorded in 20 patients, sub-
febrile - 11, febrile - 15, high - 6, excessive - 1; at mixed
forms of MD - (38.0+1.01) °C, a normal temperature - 1
person, subfebrile - 3, febrile - 1, excessive - 1.

Thus, out of the 72 patients diagnosed with menin-
gococcal nasopharyngitis, meningococcemia, and
mixed forms of meningococcal infection, 28 (38.9%)
had a normal temperature, 19 (26.4%) had a subfebrile
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temperature, 16 (22.2%) had a febrile temperature, 7
(9.8%) had a high temperature, and 2 (2.7%) had an
excessively high temperature. In nearly two-thirds of
cases (65.3%), MD manifested in patients with a normal
or subfebrile temperature.

A typical rash, indicative of generalized meningo-
coccal infection, was observed in 24 patients (40.0%),
while 19 (31.6%) had an atypical rash, and 17 (28.4%)
did not have any rash.

The complete blood count (CBC) results are detailed
in the following table IV.

The complete blood count analysis showed that solely
the leukocyte and granulocyte counts, along with the
granulocyte-linked ratios (GRA1/LYM1, MID1/GRA1),
had statistical significance (p<0.001). In a pairwise
comparison, significant differences were observed in
only the indicators of patients with mixed forms of
MD when compared to all other examined groups. An
increase in the number of leukocytes in the analysis
of the entire examined group was found in 37 peo-
ple (48.7%), a normal number - in 34 people (44.7%)
without a statistically significant difference, and in 5
people (6.6% (p<0.001) the number of leukocytes was
reduced. An elevation of leukocytes was noted in 37
individuals (48.7%) of the analyzed group, while 34
people (44.7%) demonstrated typical leukocyte counts
without any significant statistical variation. Conversely,
leukocyte levels were lowered in 5 participants (6.6%)
(p<0.001). The latter were diagnosed with moderate
meningococcemia and all of them belonged to the
childhood age group.

DISCUSSION

Antibiotics constitute the primary treatment for me-
ningococcal infection. Early use is crucial for successful
recovery and a positive disease outlook. [1] It is particu-
larly important in severe forms [8]. Our study identified
the clinical and epidemiological features of meningo-
coccal infection in residents of the Transcarpathian
region, which enable early suspicion of meningococcal
infection and prescribe proper treatment on the initial
day of treatment. The crucial epidemiological feature
is age, with particular emphasis on infants up to one
year old [1, 2]. The peculiarity of our region lies in the
fact that the majority of ill children are of pre-school
age.We did not find any elderly individuals [7]. Another
significant epidemiological indicator we identified was
interaction with anill individual, primarily in the family.

The vast majority of patients were diagnosed with
moderate meningococcemia. The primary clinical
manifestation is a characteristic stellate hemorrhagic
rash accompanied by a range of general intoxication
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symptoms [3]. During the initial examination, a charac-
teristic hemorrhagic rash was identified in only a third
of the patients in our study, while a different type of
rash was observed in a quarter of the patients. Thus, a
rash, characteristic and uncharacteristic in combination
with other manifestations of the disease, was detected
in more than half of patients with meningococcemia.
Almost a quarter of the patients had been in contact
with a patient with meningococcal infection during
the clarification of the epidemiological history. A
combination of clinical signs, including the presence
of a rash, and epidemiological data on contact with a
patient suffering from meningococcal infection, were
presentin the vast majority of hospitalized patients with
a confirmed diagnosis of generalized meningococcal
infections. This confirms the significance of considering
epidemiological data.

One manifestation of intoxication is changes in body
temperature. Over a third of patients with clinical signs
of meningococcal infection at the Regional Clinical
Infectious Diseases Hospital had a normal tempera-
ture. Only one-third of patients presented with febrile
temperature, indicating a level of intoxication. The
identification of an elevated quantity of leukocytes and
granulocytes on a complete blood count serves as a
vital indication of generalized infectious disease. A satis-
factory leukocyte and granulocyte count were found in
over half of the patients with meningococcal infection.
Only in mixed forms of meningococcal infection was a
significant rise in the number of the latter observed.

The diagnosis of meningococcal infection can be con-
firmed with reliability when the presence of Neisseria
meningitidis is detected in the blood, nasopharyngeal
mucosa, or CSF [3]. Bacteriological examination of na-
sopharyngeal swabs proved most efficient in localized
forms, though markedly less so in cases of meningococ-
cemia and mixed meningococcal infection. Nonethe-
less, it enabled us to reliably confirm the etiology of the
diagnosis in almost half of all the patients we examined.
Bacteriological examination of the blood samples from
patients with meningococcemia was unsuccessful in
our research. Bacteriological examination of the cere-
brospinal fluid was more effective in the identification
of the causative agent. Our findings are consistent
with the literature [7]. In cases of generalized forms of
disease, the most efficient method was the microscopic
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ABSTRACT

The aim: To study the determination of Mesothelin level in women with endometriosis associated with infertility and estimate influence of probiotic on
endometriosis according of Mesothelin level in complex preparation before assisted reproductive technologies.

Materials and methods: In this study, we conducted a retrospective analysis of the medical records of 40 infertile women who underwent assisted reproductive
technologies while also using the probiotic“Femina Probiz."We divided the participants into two groups. The control group comprised 11 women who had tubal
infertility due to a previous inflammatory condition but were otherwise found to be in good health through comprehensive clinical and laboratory assessments.
These women, aged between 21 and 42 with an average age of 29.75 years, did not use the probiotic “Femina Probiz."The main group consisted of 29 women
diagnosed with external genital endometriosis who were undergoing assisted reproductive technologies. Women in the main group received the probiotic
“Femina Probiz” from Unic Biotech Ltd, India. They took one tablet twice a day for one month as part of their overall treatment before undergoing assisted
reproductive technologies. We measured the Mesothelin levels before and after this preparation phase. This study was conducted at Bukovinian State Medical
University and Centre of Reproductive Medicine. It's worth noting that the primary infertility incidence was significantly higher in the main group of patients.
Results: In the main group, we observed that the Mesothelin level was 0.73+0.01, which was significantly higher than the post-preparation level (0.59+0.01).
In contrast, the control group had a Mesothelin level of 0.49+0.01. Interestingly, we noted that the Mesothelin level in patients increased approximately
twofold before preparation compared to those who had undergone preparation. This suggests that the use of the probiotic led to a sharp reduction in the
elevated Mesothelin levels.

Consequently, the significant decrease in Mesothelin levels after using the probiotic indicates its effectiveness and potential utility in the preparation phase
of assisted reproductive technologies programs.

Conclusions: The elevated Mesothelin levels indicate a strong association between the pathogenesis of endometriosis and inflammation, as well as damage
to the peritoneum.

The incorporation of a probiotic as part of a comprehensive preparation regimen prior to assisted reproductive technologies notably enhances the overall health of
patients and leads to a reduction in Mesothelin levels. Based on our findings, we highly recommend the inclusion of this probiotic preparation in clinical practice.

KEY WORDS: endometriosis, assisted reproductive technologies, infertility, mesothelin
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INTRODUCTION
Endometriosis is a chronic inflammatory condition
characterized by the growth of tissue similar to the
uterine lining outside the uterus, commonly in areas like
the peritoneum, ovaries, and cervix. Clinical symptoms
often include progressive dysmenorrhea, chronic pel-
vic pain, deep dyspareunia, and infertility, all of which
significantly impact a patient’s quality of life [1]. It is
estimated that approximately 10% of women in their
reproductive years are affected by endometriosis [2].
While the exact cause and development of endome-
triosis remain unclear, the retrograde menstruation
theory, proposed by Sampson in 1921, is widely ac-

cepted. Other hypotheses, such as coelomic metaplasia
and vascular/lymphatic metastasis [3], have also been
proposed but cannot fully explain all forms of the con-
dition. Additionally, factors such as the immune system,
hormones, genetics, and the environment are believed
to play roles in the pathogenesis of endometriosis [4].

Considering the involvement of natural killer (NK)
cells in endometriosis due to reduced toxicity, one
potential treatment approach is the activation of these
cells. In animal models, intraperitoneal injections of
Lactobacillus gasseri OLL2809, a probiotic that stimu-
lates IL-12 production, led to the activation of NK cells
and a reduction in ectopic endometriotic lesions. A
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randomized, double-blind, placebo-controlled study
also suggested that this probiotic could alleviate en-
dometriosis-related pain [5].

Furthermore, blocking inhibitory receptors like
KIR2DL1, LILRB1/2, and NKG2A with monoclonal an-
tibodies may offer therapeutic benefits in endome-
triosis [6]. Reducing TGF-3 levels is another potential
treatment option [7]. Additionally, stimulating NK cells
through intraperitoneal injections of IL-2 has been
shown to decrease endometriosis lesion sizes in animal
models [8], though evidence in humans is lacking. The
Bacillus Calmette-Guérin (BCG) tuberculosis vaccine,
known to recruit NK cells, enhance cytotoxicity, and
reduce ectopic endometrial lesions in animal models,
has also been considered as a potential treatment [9].

Mesothelin (MLN) is a surface molecule found on me-
sothelial cells and has been observed in various cancers,
including mesothelioma, ovarian cancer, pancreatic cancer,
and squamous cell carcinoma [10]. It may play arole in peri-
toneal implantation and metastasis, particularly through
interactions with CA125 [11]. MLN, when combined with
CA125, demonstrated higher sensitivity in identifying
ovarian cancer patients compared to using either marker
alone. Notably, elevated MLN levels were found in the urine
of early-stage ovarian cancer cases, outperforming serum
measurements [12]. However, sensitivity decreased when
distinguishing early-stage cases from healthy controls. Sub-
sequent research showed sensitivity at a specific threshold
in another cohort of prediagnostic sera.

THE AIM

The objective of this study is to investigate the mea-
surement of Mesothelin levels in women experiencing
infertility due to endometriosis and assess the impact of
a probiotic on endometriosis in relation to Mesothelin
levels during the comprehensive preparation phase
before assisted reproductive technologies.

MATERIALS AND METHODS

We conducted a study involving 40 women, who were
categorized into two distinct groups. The control group
comprised 11 women with tubal infertility resulting
from a previous inflammatory condition. These indi-
viduals, following an extensive clinical and laboratory
examination, were found to have no other detectable
diseases and were considered to be in a state of good
health. Their ages ranged from 21 to 42 years, with an
average age of 29.75 years. Importantly, they did not
receive the probiotic “Femina Probiz”

The main group consisted of 29 women diagnosed with
external genital endometriosis, all of whom were under-
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going assisted reproductive technologies. Patients in the
main group were administered the probiotic “Femina
Probiz,’manufactured by Unic Biotech Ltd, India. They were
instructed to take one tablet twice daily, each containing
10x109 Lactobacillus, as part of a one-month comprehen-
sive preparation (treatment) regimen before undergoing
assisted reproductive technologies. Mesothelin levels were
assessed both before and after this preparation phase.

This study was conducted at Bukovinian State Medical
University and the Centre of Reproductive Medicine.

The measurement of Mesothelin levels was carried out
utilizing the Human Msln (Mesothelin) ELISA Kit, em-
ploying sandwich enzyme-linked immunosorbent assay
technology. Initially, a capture antibody was pre-coated
onto 96-well plates, and subsequently, biotin-conjugated
antibodies were used for detection. Standard test sam-
ples and biotin-conjugated detection antibodies were
sequentially added to the wells, followed by a wash step
with a wash buffer. HRP-Streptavidin was introduced,
and any unbound conjugates were removed with wash
buffer. The enzymatic reaction catalyzed by HRP was visu-
alized using TMB substrates, resulting in the formation of
a blue-colored product that changed to yellow upon the
addition of an acidic stop solution. The density of yellow
coloration was directly proportional to the quantity of
the target sample captured on the plate.

Statistical analysis was performed utilizing the STA-
TISTICA-10 software package (StatSoft, Inc., USA), and
the significance of differences (p < 0.05) was assessed
using Student’s t-criterion.

RESULTS

The mean age of women in control group (who did not
take probiotic “Femina probiz”- 29,75+7,09 years) and
in main group (who took probiotic “Femina probiz")
30,65+2,04 (p>0,05)

Women main and control group has been examined
and determined Mesothelin level. The Mesothelin level
in blood serum in women before preparation to assisted
reproductive technologies is shown in Table I.

We determined the Mesothelin level in blood serum
before and after preparation

The Mesothelin level in blood serum in women before
and after preparation to assisted reproductive technol-
ogies is shown in Table Il.

Comparison the Mesothelin level in blood serum
and peritoneal fluid in women before preparation to
assisted reproductive technologies is showninTable lll.

The decrease in Mesothelin levels observed in the
control group can be attributed to the fact that these
patients were essentially in good health. Upon examining
the data presented in Table |, we can discern two distinct
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Table I. The Mesothelin level in blood serum in women before preparation to assisted reproductive technologies (M+m)

Groups of women under studies n Mesothelin level in blood serum, ng/ml p
Endometriosis 25 0,73+0,01 ng/ml <0,05
Control 1 0,49+0,01 ng/ml <0,05

Table I1. The Mesothelin level in blood serum in women before and after preparation to assisted reproductive technologies (M+m)
Mesothelin level in blood serum, ng/ml
Group p
Before preparation (treatment) After preparation (treatment)

Endometriosis 0,73£0,0 ng/ml 0,59+0,01 ng/ml <0,05

Control 0,49+0,01 ng/ml - -

p <0,05 -

Table I11. Comparison the Mesothelin level in blood serum and peritoneal fluid in women before preparation to assisted reproductive technologies (M+m)

Mesothelin level

Group of women under studies

(ng/ml) n (main group) with endometriosis P
blood serum 25 0,73£0,01 ng/ml <0,05
peritoneal fluid 29 0,55%0,01 ng/ml <0,05

groups: the main group, comprising women with endo-
metriosis, who received our proposed preparation for
assisted reproductive technologies, including probiotics,
and the control group, who underwent preparation for
assisted reproductive technologies without the addition
of probiotics. Within the main group, the Mesothelin
level measured at 0.73+0.01 was notably higher than
the post-preparation level of 0.59+0.01. In contrast, the
control group had a Mesothelin level of 0.49+0.01. It is
worth noting that the Mesothelin level increased approx-
imately twofold in patients before the preparation phase
compared to patients after the preparation, respectively.
Consequently, the utilization of the probiotic resulted ina
sharp reduction in the elevated Mesothelin levels, under-
scoring its effectiveness and its potential application in
assisted reproductive technology preparation programs.

DISCUSSION

In this study, our primary objective was to assess the serum
mesothelin levels in patients diagnosed with endometrial
cancer, specifically [13] examining variations across differ-
ent histopathological subtypes. Our overarching aim was
to investigate the potential utility of serum mesothelin as
a diagnostic marker for endometrial cancer. Several prior
studies have explored the use of serum mesothelin, a 40-
kDa glycoprotein originating from mesothelial cells, as a
diagnostic or screening tool for mesothelioma [11, 12]. A
recent meta-analysis reported summary estimates of 64%
sensitivity and 89% specificity for this test, which is com-
mercially available as an ELISA kit. It's important to note
that most of these studies have utilized tissue bank sam-
ples and focused on specific diagnostic subgroups rather

than consecutive patient series typically encountered in
clinical practice. Among the largest studies conducted
on mesothelin testing using pleural fluid, sensitivities of
67% and 71% were reported, with specificities of 98% and
89% for diagnosing mesothelioma. Mesothelin, a 40-kDa
protein, is typically expressed in mesothelial cells found
in the pleural cavity, peritoneal cavity, and peritoneum
[13, 14]. Additionally, mesothelin has a strong affinity for
cancer antigen 125 (CA125) through N-linked glycans
[15]. Several studies have indicated that the co-expression
of mesothelin and CA125 is associated with aggressive
tumor characteristics and poor prognosis in various
cancers, including ovarian carcinomas [16-19]. However,
only a limited number of studies have explored the cor-
relation between mesothelin and CA125 expression in
endometrial cancers [20-28]. Hence, our study aimed to
investigate this relationship and its potential implications
for clinicopathological features. Our findings suggest that
Mesothelin levels could serve as a non-invasive marker in
women with endometrial cancer.

CONCLUSIONS

Based on the findings of this study, we have reached the
following conclusions: The utilization of a quantitative
ELISA to detect mesothelin in both serum and perito-
neal fluid revealed elevated levels in 80% of patients
diagnosed with endometriosis. These outcomes sug-
gest that serum mesothelin has the potential to serve
as a biomarker for this condition. Nevertheless, further
investigations involving larger patient cohorts are nec-
essary to comprehensively evaluate the sensitivity and
specificity of this assay.
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ABSTRACT

The aim: To study the prevalence of ACE1/D and AT2R1 A1166C gene polymorphisms in patients with CTE, SVD, AIE, and PIE and to assess the influence of the
presence of a particular genotype of the studied genes on the occurrence and/or progression of encephalopathies.

Materials and methods: A total of 96 patients with encephalopathies of various genesis (chronic traumatic encephalopathy (CTE) n=26; chronic alcohol-induced
encephalopathy (AIE) n=26; microvascular ischemic disease of the brain (or cerebral small vessel disease, (SVD)) n=18; post-infectious encephalopathy (PIE)
n=26) were involved in the study. The molecular genetic study was performed in the molecular genetics laboratory of the State Institution «Reference Center
for Molecular Diagnostics of the Ministry of Health of Ukraine», Kyiv. Statistical processing of the results was performed using the STATISTICA 10.0 program.
Results: In patients with various types of encephalopathies, probable changes in the frequency distribution of genotypes of polymorphic variants /D of the
ACE gene were established (11.11% vs. 33.33% - carriers of the I/ genotype, 27.78% vs. 50.00% - carriers of the I/D genotype and 61.11% vs. 16.67% —
carriers of the D/D genotype) and A1166C of the AT2RT gene (22.22% vs. 66.67% — carriers of the A/A genotype, 50.00% vs. 25.00% — carriers A/C genotype,
27.78% versus 8.33% — carriers of the (/C genotype) compared to individuals of the control group only in patients with SVD. The presence of the D allele and
the D/D genotype of the ACE gene is associated with a statistically significant increase in the risk of SVD development and progression (respectively, 4.2 times
(95% (1 (1.39-12.72)) and 7.9 (95% (I ( 1.31-47.05)) times). A similar trend was established for the carrier of the C allele of the A1166C polymorphic variant
of the AT2R1 gene in patients with SVD: a 4.3-fold increase in the risk of development and progression (95% Cl (1.30-13.86). In addition, there is a probable
dependence between carrier genotype A/C of the AT2R1 gene and increased risk of PIE and AIE by 4.8 and 5.7 times, respectively.

Conclusions: Therefore, results suggest the reasonability to include the /D of the ACE gene polymorphism investigation in the genetic panel of encephalopathies.

KEY WORDS: encephalopathies, ACE I/D polymorphism, AT2RT A1166C polymorphisms

INTRODUCTION

Encephalopathies of various genesis remain the most
relevant and socially significant issue in neurological
pathology. The marked interest nowadays is focused
on this brain disease due to the steady increase
in its morbidity rate, the development of marked
neuropsychiatric disorders, the negative impact on the
quality of life, and the early disability of patients, which
determines the medical and social importance of per-
forming the early diagnosis, adequate treatment and
prevention [1]. It has been scientifically proven that the
brain is the first organ to suffer from hypoxia and toxins
in the case of systemic blood circulation disorders, viral
intoxications, and brain injuries. As a result, clinically it
may manifest with the development of encephalopathy,
which can develop at any age of a person [2].
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Microvascular ischemic disease of the brain (or
cerebral small vessel disease, (SVD) is a type of encepha-
lopathy caused by chronic cerebrovascular insufficiency
and/or repeated episodes of acute cerebral blood cir-
culation disorders. It is characterized by neurological,
neuropsychological, and/or mental disorders resulting
from multifocal or diffuse damage to the brain [3].
According to T. S. Mishchenko and co-authors, athero-
sclerosis and arterial hypertension are the main causes
of this syndrome [4]. According to statistical data, in
Ukraine, 6.1% of the population suffers from SVD [5].

Recent global data shows a concerning rise in chron-
ic alcohol-induced encephalopathy (AIE) spreading
worldwide and continuously affecting more countries
[6-8]. Ukraine ranks among the top ten countries in
terms of annual alcohol consumption, with an average
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of 13.9 liters. In addition, according to the results of
WHO research, several causes that lead to the death of a
person and are in one way or another related to alcohol
abuse have been identified, including injuries and
accidents - 29.60%, as well as cardiovascular diseases
- 14, 00% [9]. The World Health Organization (WHO)
reports that every year, approximately 50-60 million
people worldwide suffer from traumatic brain and skull
injuries. In Ukraine, official data shows that from 2014
to 2019, around 200,000 individuals were hospitalized
due to brain injuries. The recent invasion has caused a
critical increase in traumatic brain injuriesamong both
military personnel and civilians [10, 11]. Furthermore,
traumatic brain and skull injuries are now recognized
as chronic diseases with long-term consequences, such
as an increased risk of progressive neurodegeneration
and chronic traumatic encephalopathy (CTE) [12, 13].

Many cases of encephalopathy are caused by infec-
tions, even if the pathogen does not directly affect the
central nervous system. This means that more than 19
million people develop sepsis each year, and 70% of
them may experience sepsis-associated encephalop-
athy according to Robba C. and co-authors [14]. Some
strains of the influenza virus are considered neuro-
tropic/neurovirulent because they can enter the CNS.
Ludlow M. and co-authors explain that encephalopathy
is the most common non-respiratory complication of
influenza, typically occurring a week after the first symp-
toms of the virus [15]. Encephalopathy (also known as
HIV-associated dementia or AIDS-dementia complex) is
the most commonly observed nervous system lesion in
HIV-infected individuals, with 60-90% of AIDS patients
experiencing it. This is according to the nosological
structure of nervous system lesions in HIV-infected
persons, as reported in reference [16].

It is crucial to comprehend the genetic foundation
of encephalopathies due to their high prevalence. This
understanding plays a crucial role in assessing the risk
of their development and progression. Allelic poly-
morphism, the variation of the genome resulting from
point changes in genes or different amounts of tandem
repeats, determines an individual’s resistance or predis-
position to certain diseases, including encephalopathy
[17]. Several scientific studies have been published
that have identified probable associations between
certain types of encephalopathies and candidate
genetic factors. The study of the polymorphism of
the angiotensin-I converting enzyme (ACE) gene,
which is responsible for the synthesis of angiotensin
[-converting enzyme and plays a vital role in the
regulation of blood pressure, indicates its role in the
mechanisms of occurrence of certain encephalopathies.
Polymorphism in the 16th intron of the ACE gene is

associated with the presence (insertion or | allele) and
absence (deletion or D allele) of 287 bp. areas.
Angiotensin Il type 1 receptor (AT2R1) is involved
in the implementation of the main physiological and
pathophysiological functions of angiotensin. Many
studies have shown that the activation of the renin-
angiotensin system directly or indirectly leads to the
activation of angiogenesis processes [18]. The AT2R1
gene is located on the long arm of chromosome 3 at
the 3Q24 locus. More than twenty polymorphic variants
of the AT2R1 gene are known, and the most studied
is the A1166C mutation (replacement of adenine for
cytosine at position 1166) in the 3'region. Considering
the synergistic effect of the ACE and AT2R1 genes and
their influence on the maintenance of homeostatic
processes, it is advisable to investigate the polymorphic
variants of these genes in patients with all types of
encephalopathies under investigation.

THE AIM

Thus, the aim of the study is to study the prevalence
of ACE I/D and AT2R1 A1166C gene polymorphisms in
patients with CTE, SVD, AIE, and PIE and to assess the
influence of the presence of a particular genotype of the
studied genes on the occurrence and/or progression of
encephalopathies.

MATERIALS AND METHODS

We conducted a study on 96 patients with enceph-
alopathies of different origins who were receiving
treatment at the neurological departments of the
“Ternopil Regional Clinical Psychoneurological Hospital”
in Ternopil, Ukraine from 2021 to 2022. The patients
were classified according to the cause of the enceph-
alopathy. The distribution of encephalopathy types
was: chronic traumatic encephalopathy (CTE) n=26,
chronic alcohol-induced encephalopathy (AIE) n=26,
microvascular ischemic disease of the brain (or cerebral
small vessel disease, (SVD)) n=18, and post-infectious
encephalopathy (PIE) n=26. The control group com-
prised 12 individuals who were representative in terms
of age and gender.

Currently, there is no universal classification for en-
cephalopathies that considers their severity, origin,
and clinical presentation. Therefore, the verification
of different types of encephalopathies was conducted
based on criteria proposed by various authors [19-21].
The progression of each subtype of encephalopathy is
determined by multiple factors, including the under-
lying cause of the condition, its impact on the rate of
brain tissue damage and clinical presentation, as well as
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the influence of concurrent ilinesses. Encephalopathy
encompasses a variety of subtypes, each characterized
by a distinct set of neurological symptoms that are
contingent upon the severity and progression of the
condition. Such symptoms may include behavioral
disturbances, apathy, altered memory and attention,
cognitive decline leading to eventual dementia,
as well as moderate neurological deficits such as
extrapyramidal and pyramidal insufficiency.

Patientinclusion criteria were the following: age from
18 to 75 years; compliance with diagnosis criteria; and
availability of the patient’s informed consent. Exclusion
criteria: the presence of oncopathology; concomitant
pathology in the stage of decompensation; use of
psychoactive substances; the presence of other
diseases that could cause psychoneurological disorders,
behavioral and mental disorders.

The performed study is a single-moment clinical
study of the “case-control” type. The study protocol
included screening of patients to determine compli-
ance with inclusion and exclusion criteria, carrying out
laboratory determinations, genetic research, and sta-
tistical analysis of the obtained data. All patients were
informed about the purpose of the clinical study and
gave written informed consent for their participation
in it. Confidentiality about the patient’s identity and
state of health was preserved. The patient’s informed
consent form, examination card, and all stages of the
research were approved by the bioethics commission of
the Horbachevsky Ternopil National Medical University
of the Ministry of Health of Ukraine.

MOLECULAR GENETIC STUDY OF THE
POLYMORPHIC VARIANT I/D OF THE ACE
GENE AND A1166C OF THE AT2R1 GENE
Its first stage was isolating DNA from whole peripheral
blood on a paper blank using the commercial kit “Quick-
DNA Miniprep Plus Kit” (Zymo Research, USA) according
to the instructions. Molecular and genetic differentia-
tion of the studied gene variants was carried out by
allele-specific PCR or PDRF PCR (restriction fragment
length polymorphism) by standard operational pro-
tocols developed in the molecular genetics laboratory
of the SI”"RCMD of Public Health Ministry of Ukraine”
Electrophoretic separation was carried out in the
System for horizontal electrophoresis multi Sub Midi
(Cleaver Scientific, Great Britain). The size of amplified
and restriction fragments was estimated by comparison
with the molecular weight marker GeneRuler DNA
Ladder (Thermo Scientific, USA) in an ethidium
bromide-stained 3% agarose gel (Cleaver Scientific,
UK). In the visualization process, the formed fragments
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for each sample were evaluated, and photofixation of
the obtained images was carried out. The genotypes
of the pieces were determined according to the SOPs
approved by the institution by evaluating the molecular
weight of the restriction/amplified fragments compared
to the molecular weight and corresponding positive
control samples (Table I).

STATISTICAL ANALYSIS

The Hardy-Weinberg law was used to assess the
correspondence between the genotypes of the selected
sample and the general population. Comparison of
observed and expected frequencies (Pearson Chi-Square,
x2) was calculated using Pearson’s formula: p2 + 2pq+q2 =
1 (Hardy-Weinberg equilibrium), using Pearson’s x2-square.
When obtaining values of the reliability coefficient p>0.05,
we accepted the «null» hypothesis about the equality of
the samples, that is, the correspondence between the
selected model and the general population. Comparative
analysis of frequency tables was performed using Pearson
Chi-Square (x2) and Fisher exact p, two-tailed (in those
cases when the values of expected frequencies (expected
frequencies) of individual indicators did not exceed 5).
To assess the influence of the factor (the presence of a
particular gene genotype) on the investigated feature
(occurrence and progression of the disease), the odds
ratio (OR) and its 95% confidence interval (95% Cl) were
calculated. The influence was considered statistically
probable at p<0.05 for the odds ratio.

RESULTS

Analysis of the frequency distribution of ACE and AT2R1
gene genotypes according to the Hardy-Weinberg law
in patients with the studied types of encephalopathies
and assessment of compliance with population balance
was carried out in all observation groups and the
control group. It was established that the frequency
of the genotype responsible for the I/D polymorphism
of the ACE gene both in patients with various types
of encephalopathies and in the control group did not
significantly deviate from Hardy-Weinberg equilibrium
(p>0.05) (Table Il). Analysis of the frequency distribution
of the genotype responsible for the A/C polymorphism
of the AT2R1 gene showed that the frequency of
genotypes for this gene in patients with CTE, SVD, and in
the control group also did not deviate significantly from
the Hardy-Weinberg equilibrium. At the same time, in
patients with AIE and PIE, the frequency distribution
of genotypes responsible for the A/C polymorphism
of the AT2R1 gene did not correspond to the general
population according to the Hardy-Weinberg law.
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Table I. Molecular weight of restriction/amplified fragments

Gene and polymorphism, rs

The size of the restriction/amplified fragments and the corresponding genotype

ACE I/D, rs4340

Genotype II: 479 bp
Genotype ID: 479 and 192 bp
Genotype DD: 192 bp

AT2R1 A1166C, rs5186

Genotype AA: 351 bp
Genotype AC: 351,238 and 113 bp
Genotype CC: 238 and 113 bp

Table I1. ACE and AT2R1 gene polymorphism according to the Hardy-Weinberg law in patients with different types of encephalopathies.

Genotype

CTE SVD AIE PIE Control
o o ° K ° o ° @ ° o
b o 2 ] 2 ) 2 3 2 )
v (] v ] v (] v © v 1]
i 5 § 3z § 3z & 3 § 3
3 s s ® 3 ® s s 3 (5
ACE gene polymorphism
Homozy-gotes that occur S 554 6 113 2 1246 12 465 4 408 4
frequently
Heterozy-gotes g 12,92 12 6,75 5 11,08 12 12,69 14 5,83 6
Homozy-gotes, which are rare g 7,54 8 10,13 1 2,46 2 8,65 8 2,08 2
X4 p ¥x*=0,13; p>0,05 x*=1,21;p>0,05 x>=0,18; p>0,05 x>=4,36; p>0,05 x>=0,01; p>0,05
AT2R1 gene polymorphism
Homozy-gotes that occur < 1316 13 401 4 1246 10 1047 8 752 8
frequently <

Heterozy-gotes g 10,67 1 8,97 9 11,08 16 12,06 17 3,96 3

Homozy-gotes, which are rare S 2,16 2 5,01 5 2,46 0 3,47 1 0,52 1

2 . 2 .
2 2, . 2—, . X _5’14’ X _2’25’ 2 .
X5 P x*=0,02; p>0,05 x>=0,01; p>0,05 b<0,05* 0<0,05* x*=0,70; p>0,05

Note. * — statistically significant result.

The results of the frequency distribution of ACE gene
genotypes showed that the /D genotype predominated
in patients with CTE, PIE and the control group (Table
lll). Genotype I/l was detected least often in patients
with the studied types of encephalopathies (except
for the AIE group, where genotype D/D was observed
least usually).

Comparing the distribution of genotypes of the
ACE gene in patients with the studied types of
encephalopathies and controls, statistically significant
differences were found only in patients with SVD,
in whom the distribution of genotype frequencies
according to the polymorphic variant of the ACE gene
was as follows: 11.11% of people are carriers of the /I
genotype, 27, 78% - I/D genotype and 61.11% — D/D
genotype. At the same time, in the group of patients
with AIE, the frequency distribution of ACE gene

genotypes probably differed from the data of patients
with SVD and PIE (x2 = 20.05; p = 0.010).

The results of the distribution of genotype frequencies
according to the A1166C polymorphic variant of
the AT2R1 gene showed that the A/C genotype
predominated in patients with CTE, AIE, and PIE, while
the distribution of genotypes A/Cand A/A was even in
patients with CTE. It should be noted that the obtained
results of the distribution of genotype frequencies in
patients with CTE, AIE, and PIE probably did not differ
from the data of the control group. Comparing the
distribution of genotypes of the AT2R1 gene in patients
with SVD and the control group, statistically significant
differences were found (22.22% vs. 66.67% - carriers of
the A/A genotype, 50.00% vs. 25.00% - carriers of the
A/C genotype, 27, 78% versus 8.33% - carriers of the
C/C genotype). In addition, the data of patients with
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Table Il1. Polymorphism of ACE and AT2R1 genes in patients with different types of encephalopathies

CTE (1) SVD (2) AIE (3) PIE (4) Control
Genotype n % n % n % n % n %
ACE gene polymorphism
I/1 6 23,08 p 11,11 12 46,15 4 15,38 33,33
I/D 12 46,15 5 27,78 12 46,15 14 53,85 50,00
D/D 8 30,77 11 61,11 2 7,69 8 30,77 16,67
x*(EP/CG), p x*>=0,97; X?=6,03; x?=0,97; X*=1,90; -
p=0,614 p=0,049* p=0,614 p=0,386
X2 P ¥’=20,05; p=0,010%,p , . , <0,05*
AT2R1 gene polymorphism
A/A 13 50,00 4 22,22 10 38,46 8 30,77 8 66,67
A/C 11 42,31 9 50,00 16 61,54 17 65,38 25,00
C/C 2 7,69 5 27,78 0 0,00 1 3,85 1 8,33
x*(EP/CG), p x*=1,08; X*=6,04; X*=5,74; X*=5,74; -
p=0,581 p=0,049* p=0,057 p=0,068
X5 p x*=19,30; p=0,013*; p, ,<0,05*
Note. * — statistically significant result.
Table IV. Frequency of ACE and AT2R1 gene alleles in patients with different types of encephalopathies
Frequency of CTE SVD AIE PIE Control
alleles n % n % n % n % n %
ACE gene polymorphism
Allele | 24 46,15 9 25 36 69,23 22 42,31 14 58,33
Allele D 28 53,85 27 75 16 30,77 30 57,69 10 41,67
p (EP/CG) p=0,460 p=0,015* p=0,437 p=0,798 -
AT2R1 gene polymorphism
Allele A 37 71,15 17 47,22 36 69,23 33 63,64 19 7917
Allele C 15 28,85 19 52,78 16 30,77 19 36,54 5 20,83
p (EP/CG) p=0,580 p=0,017* p=0,421 p=0,196 -

Note. * — statistically significant result.

SVD probably differed from those of patients with AE
(x2=19.30; p=0.013).

Analyzing the frequency distribution of alleles of the
ACE gene, it was established that among patients with
CTE and PIE, the number of carriers of alleles | and D was
almost the same, while among patients with SVD, carriers
of allele D predominated, and among patients with AlE,
carriers of allele | predominated (Table IV). Comparing
the frequencies of alleles of the ACE gene among patients
with the studied types of encephalopathies, probable
differences were established in the SVD group relative
to control data (frequency of allele | - 25.00 vs. 58.33%;
frequency of allele D - 75.00% vs. 41.67%).

A similar trend was noted regarding the frequency
of distribution of alleles A and C according to the poly-
morphic variant A1166C of the AT2R1 gene, in particular,
among patients with the studied types of encephalopa-
thies, probable differences were found in the SVD group
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compared to control data (frequency of allele A-47.22%
vs. 79.17%; frequency C alleles - 52.78% versus 20.83%)
(Table IV). At the same time, the analysis of the frequency
distribution of alleles of the AT2R1 gene showed that
among patients with SVD, the number of carriers of al-
leles A and C was equal; while in the group of CTE, AlE,
and PIE, carriers of the A allele predominated.

Analyzing the odds ratio and its confidence interval
for alleles of the ACE gene in patients with the studied
types of encephalopathies, it was established that
there is a statistically significant relationship between
the carriage of alleles | and D and the occurrence of
encephalopathy only in patients with SVD (Table V).
Thus, the presence of the D allele increases the risk of
encephalopathy in this cohort of patients more than 4
times. A similar trend has been established regarding
the presence of the C allele of the AT2R1 gene in pa-
tients with SVD.
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Table V. 0dds ratio (OR) and its confidence interval (95% Cl) for ACE and AT2R1 gene alleles in patients with different types of encephalopathies

Allel CTE SVD AIE PIE
ele
OR 95% CI OR 95% CI OR 95% CI OR 95% CI
ACE
0,23—- . 0,08— 0,59—- 0,20—-
Allele | 0,61 163 0,24 072 1,61 438 0,52 140
0,61- . 1,39- 0,23- 0,72
Allele D 1,63 434 4,20 1272 0,62 170 1,91 5,00
AT2R1
0,20- N 0,07- 0,18 0,15—
Allele A 0,65 206 0,24 0.77 0,59 187 0,46 142
0,49 N 1,30- 0,54~ 0,70~
Allele C 1,54 488 4,25 13,86 1,69 532 2,19 681
Note. * — statistically significant result.
Table VI. 0dds ratio (OR) and its confidence interval (95% Cl) for ACE genotypes in patients with different types of encephalopathies
ACE gene polymorphism
Encephalopathy
. " I/D D/D
OR 95 % CI OR 95 % CI OR 95 % CI
CTE 1,20 0,25-5,77 0,86 0,22-3,37 2,22 0,39-12,56
SVD 0,25 0,04-1,67 0,38 0,08-1,78 7,86* 1,31-47,05
AlE 1,71 0,41-7,14 0,86 0,22-3,37 0,42 0,05-3,38
PIE 0,36 0,07-1,81 117 0,30-4,59 2,22 0,39-12,56

Note. * — statistically significant result.

Table VII. The odds ratio (OR) and its confidence interval (95% ClI) for AT2R1 genotypes in patients with different types of encephalopathies

AT2R1 gene polymorphism

Encephalopathy

type A/A A/C c/c
OR 95 % Cl OR 959%Cl OR 95 % Cl
CTE 0,50 0,12-2,08 2,20 0,48-10,07 0,92 0,07-11,22
SVD 0,14* 0,03-0,73 3,00 0,61-14,86 4,23 0,43-41,88
AIE 0,31 0,07-1,32 4,80* 1,04-22,10 0,14 0,01-3,82
PIE 0,22* 0,05-0,96 5,67 1,22-26,33 0,44 0,03-7,69

Note. * — statistically significant result.

Analyzing the odds ratio and its confidence interval
for ACE gene genotypes in patients with the investi-
gated types of encephalopathies, it was established
that there is a statistically significant relationship
between carrying the D/D genotype and the occur-
rence of encephalopathy in patients with SVD (Table
VI). Thus, the presence of the D/D genotype increases
the risk of encephalopathy in this cohort of patients
by almost 8 times.

Analyzing the odds ratio and its confidence interval
forthe genotypes of the AT2R1 gene in patients with the
studied types of encephalopathies, it was established
that there is a statistically significant relationship be-
tween the carrier of the A/C genotype and the increased
risk of encephalopathy in patients with PIE and patients

with AIE (Table VII). On the other hand, the protective
properties of the A/A genotype in patients with SVD
and PIE have been established.

DISCUSSION

Cerebral small vessel disease (SVD) develops
against the background of arterial hypertension,
atherosclerosis, diabetes, and a number of other
diseases and is a slowly progressive disorder of
cerebral blood circulation with the development of
multifocal or diffuse ischemic damage to the brain [22].
The renin-angiotensin-aldosterone system (RAAS) is
central to the regulation of blood pressure and plays
an important role in the central nervous system,
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as its inhibition can reduce the rate of cognitive
decline in patients with SVD and dementia [23]. ACE
affects angiotensin metabolism in the RAAS system,
and ACE inhibitors suppress microglial activation
and preserve dendritic integrity and cognitive
function [24]. One of the main pathogenetic links
of cerebrovascular pathology is the development of
endothelial dysfunction, which is characterized by the
development of specific changes in the endothelium,
manifested by a decrease in vasodilation, a changein
prothrombotic properties, and the development of a
proinflammatory state [25, 26].

Individualization of universal protection and
damage mechanisms is determined mainly by allelic
polymorphism — genome variations that determine
the individual characteristics of a person and consist
in the presence of point changesin genes or tandem
repeats in different quantities. On the one hand,
allelic polymorphism determines the resistance of
an individual to a certain disease, and in others, it
determines the predisposition to the occurrence of
pathology, including encephalopathy [17, 27]. The
results of our study, which indicate the association of
the D allele and the D/D genotype of the ACE gene
with a statistically increased risk of SVD development
and progression, are confirmed by a number of other
studies.

Thus, according to scientific data, middle-aged and
older patients with SVD who have an allele encoding a
highly active variant (D) of the ACE gene show greater
cognitive impairment, while carriers of a low-active
allele (1) have an increased risk of dementia [28, 29]
. In addition, the angiotensin Il type Il (Ang Il) gene
receptor 1 polymorphism plays an important role in
the regulation of blood pressure and is associated
with a decrease in prefrontal and hippocampal
volumes, hippocampal volume and memory loss in
the elderly [30, 31].

As a result of chronic alcohol intoxication, oxidative
and nitrosative stress develops, which can lead to
significant damage to brain neurons, which can
be clinically manifested by the development of
neurological deficits and a noticeable decrease in
cognitive and memory functions [32, 33]. In addition,
excessive alcohol consumption is almost always
associated with systemic hypertension, as well as
endothelial dysfunction and arterial atherosclerosis.
Ang Il has been shown to cause vasoconstriction by
increasing superoxide production via induction of
NADPH oxidase (NOX) in the vessel wall [34]. Ang Il is
known to stimulate superoxide generation through
its receptor type 1 (AT1) to activate NOX in the
vascular wall [35]. Therefore, the role of polymorphic
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variants of the AT2R1 gene in increasing the risk
of development and progression of SVD and AIE is
justified. Bai et al. first showed a direct causative role
of Ang Il through interaction with the AT1 receptor
in the induction of alcoholic oxidative stress/aortic
damage, inflammation, cell death and proliferation,
as well as their remodeling [36].

Itisknownthat Angll,inadditiontoits prohypertensive
properties, is able to activate various cells of the
immune system, including, for example, macrophages,
inducing the production of proinflammatory cytokines,
such as IL-6, TNFa, and other proinflammatory
cytokines [37]. Accordingly, Ang Il was associated
with the development of inflammatory lung injury.
The results of our study indicate an increased risk
of PIE in carriers of the A/C genotype of the AT2R1
gene. Researchers, using the example of SARS-CoV-2,
cannot answer affirmatively whether neurological
syndromes are a direct effect of the virus [38]. It is
possible that these clinical-neurological syndromes
are secondary effects caused by viral mechanisms that
remain to be elucidated. Viral infection is known to
activate inflammatory, prothrombotic, and endothelial
pathways that can lead to a systemic inflammatory
response syndrome characterized by cytokine
hyperproduction that affects brain function [39, 40].

CONCLUSIONS

In patients with various types of encephalopathies,
probable changes in the frequency distribution of
genotypes of polymorphic variants I/D of the ACE
gene were established (11.11% vs. 33.33% - carriers
of the I/l genotype, 27.78% vs. 50.00% - carriers of
thel/D genotype and 61.11% vs. 16.67% — carriers of
the D/D genotype) and A1166C of the AT2R1 gene
(22.22% vs. 66.67% — carriers of the A/A genotype,
50.00% vs. 25.00% - carriers A/C genotype, 27.78%
versus 8.33% - carriers of the C/C genotype)
compared to individuals of the control group only in
patients with SVD. The presence of the D allele and
the D/D genotype of the ACE gene is associated with
a statistically significant increase in the risk of SVD
development and progression (respectively, 4.2 times
(95% Cl (1.39-12.72)) and 7.9 (95% Cl ( 1.31-47.05))
times). A similar trend was established for the carrier
of the C allele of the A1166C polymorphic variant
of the AT2R1 gene in patients with SVD: a 4.3-fold
increase in the risk of development and progression
(95% ClI (1.30-13.86). In addition, there is a probable
dependence between carrier genotype A/C of the
AT2R1 gene and increased risk of PIE and AIE by 4.8
and 5.7 times, respectively.
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ABSTRACT

The aim: To investigate the main indicators characterising clinical and haematological manifestations in patients with NHL complicated by anaemia at the
stages of the disease development for optimisation of diagnostics and prognosis of the disease.

Materials and methods: Data from 40 patients were analysed, 40 (100%) of whom were diagnosed with NHL complicated by anaemia. The severity of anaemia
was divided into: mild anaemia - haemoglobin 10 - 12 g/dl; moderate anaemia - 8 - 10 g/dl; severe anaemia - 6.5 - 8 g/dl; life-threatening anaemia - below
6.5 g/dI. Patients were divided into 2 groups: the first group included 27 patients with haemoglobin levels of 100-120 g/I; the second group consisted of 13
patients with haemoglobin levels of 80 to 99 g/I. All patients were examined using clinical, laboratory, instrumental and special research methods. Statistical
processing of the results was performed using the methods of variation statistics using the Microsoft Excel XP.

Results: The course of lymphoproliferative diseases in which the proliferation of a malignant clone is often complicated by anaemia. The prognostically
unfavourable factors were identified. The article discusses possible pathophysiological mechanisms of the identified changes.

Condlusions: The results of the study demonstrate that as the disease progresses and the tumour mass increases, NHL patients tend to develop more severe
anaemia. The leading cause of anaemia in patients is the infiltration of the bone marrow by tumour cells and their negative impact on erythropoiesis.

KEY WORDS: non-Hodgkin's lymphoma, anaemia, diagnosis, treatment, Transcarpathian region

INTRODUCTION
Non-Hodgkin’s lymphoma (NHL) is an actual problem
of modern haematological and oncological practice, as
in recent years there has been a constant trend towards
their growth [1,2]. NHLs are malignant formations of
lymphoid tissue, which are a heterogeneous group
of lymphoproliferative diseases that differ in morpho-
logical variants and clinical features associated with
the molecular biological characteristics of the tumour
process and different prognosis. The identification of
different NHL variants is based on the ultrastructural,
molecular biological, and immunophenotypic charac-
teristics of cells and is most often the main factor in the
course of the disease [1,2]. According to the Ministry of
Health and the National Academy of Medical Sciences
of Ukraine (2020), the prevalence of NHL in the adult
population in our country was 22.85 cases per 100,000
adults, and the incidence was 3.25 cases per 100,000
adults [3].

One of the most aggressive variants of NHL is B-cell
lymphoma. Its proportion is 35% of all NHL cases, and in
30% of cases it is characterised by a recurrent course [4].

Wiad Lek. 2023;76(11):2469-2473

Numerous recent studies have shown that the
R-CHOP regimen is currently the gold standard in the
treatment of patients with diffuse B-cell non-Hodgkin’s
lymphoma (DBCL). The development of this regimen
has shown progress in prolonging remission in pa-
tients with DBCL, but studies to modify this regimen
are ongoing [5-7].

Optimisation of treatment is carried out in the direc-
tion of changing the number of polychemotherapy
(PCT) courses and their duration for people at high
risk of toxic complications, among whom the studies
primarily include elderly patients. The effectiveness of
the newly developed regimens is assessed primarily
by the response to the course of chemotherapy, the
duration of the relapse-free period, and the frequency
of toxic complications, as they worsen the prognosis
and may cause the patient’s death [2, 8-9].

There is a serious obstacle that limits the effective-
ness of the main chemotherapy regimens - their high
toxicity, which affects both the tumour tissue and
the body as a whole. A decrease in the effectiveness
of cytostatic treatment forces the haematologist to
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Table I. Clinical and laboratory characteristics of the examined patients (absolute number (%), M+m)

Patients with NHL (n=40)

Clinical and laboratory parameters
Gender.
men 20 (50,0)
women 20 (50,0)
Age, years
Range. 24-78
mean value + std. dev. 57,85+14,29
Median 60
Anthropometric indicators
Body weight 76,97+8,84
Height 174,47+6,29
Body surface area 1,92+0,12
The stage of the disease
I 24 (60,0)
I 10 (25,0)
11 3(7,5)
v 3(7,5)
B-symptoms (n=29) 29 (72,5)
Local forms
Number of affected lymph node groups ; g : ; 8(7)(5);
3g-5(12.5)
49-7(17.5)
none - 13 (32.5)
Generalised forms
were 9(22,5)
was not 31(77,5)
Involvement of the authorities
Lungs 7(17,5)
CNS 1(4,0)
Bone marrow 0(0)
Liver 1(4,0)
Spleen 2(5,0)
Pericardium 1(4,0)
Bones 3(7,5)
Stomach 4(10,0)
Red blood cells, 10° 4,0140,25
Haemoglobin 103,1349,16
White blood cells, 10° 8,274+2,62
Lymphocytes, %. 25,18+9,22
Neutrophils, %. 60,50+11,70
Platelets 241,46+84,50
Glucose, mm 4,59+0,87
Urea 7,11+42,22
Creatinine 87,57+15,18
ALT 21,714+4,78
AST 23,25+6,86
LDG 363,65+20,41
Number of cases of haematological toxicity 36 (90,0)
Number of cases of hepatological toxicity 10 (25,0)
Number of cases of nephrological toxicity 9(22,5)
Absence of any toxicity 4(10,0)
One type of toxicit
Durir):g treatmenty 36 (30,0
Two types of toxicity 10 (25,0)
Three types of toxicity 3(7,5)
Response to chemotherapy
Full 29(72,5)
Partial 8(20,0)
None 3(7,5)
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intensify treatment by transferring patients to high-
dose polychemotherapy (HDP) and including addi-
tional cytostatic [8-9]. Despite the obvious relevance
of this problem for haematology, few studies have
been devoted to the study of clinical and haema-
tological features of NHL with anaemic syndrome,
with conflicting results of observations, insufficient
number of controlled studies, lack of evidence base,
and unclear data on haematological changes at dif-
ferent stages of the disease, which prompted us to
conduct this study.

THE AIM

The aim of the study is to establish the frequency and
determine the features of clinical manifestations of
haematological and non-haematological toxicity in
patients with NHL with anaemic syndrome to assess
their prospective use as prognostic markers.

MATERIALS AND METHODS

The subject of the study was the clinical and haemato-
logical manifestations of NHL in 40 patients (20 women
and 20 men), including 20 patients (8 women and 11
men) living in highland areas and 20 patients (11 wom-
en and 9 men) from lowland areas of Transcarpathia.
All patients were treated in the haematology depart-
ment of the Municipal Non-Profit Enterprise “Andriy
Novak Transcarpathian Regional Clinical Hospital” of
the Transcarpathian Regional Council and were under
outpatient care or registered at the outpatient clinic of
the same institution.

The diagnosis of NHL was verified based on the
results of clinical, laboratory, cytological, histological
and immunophenotypic data before specific treat-
ment. The diagnosis was verified in all patients on the
basis of the current generally accepted criteria for the
classification of tumours of haematopoietic and lym-
phoid tissues of the World Health Organization (2001
and 2008). In order to conduct the planned research,
inclusion criteria were determined. The inclusion cri-
teria for patients were the absence of internal organ
diseases and organ failure (cardiac, pulmonary, hepatic
and renal), HIV infection and other infectious diseases,
and a decrease in leukocytes that required a change
in the number and duration of chemotherapy courses,
especially for older patients. All patients in the study
met the inclusion criteria and underwent the neces-
sary clinical and laboratory examination. The statistical
processing of the results was performed using the
methods of variation statistics using the computer
program Microsoft Excel XP.

RESULTS

Among the examined patients with NHL, we did not
find any patients with severe (haemoglobin con-
centration 6.5 - 8 g/dl) or life-threatening anaemia
(haemoglobin concentration below 6.5 g/dl). Mild
anaemia (haemoglobin 10 - 12 g/dl) was observed
in 27 patients, and moderate anaemia (haemoglobin
8- 10 g/dl) in 13 patients. We did not find significant
differences in the examined patients with NHL de-
pending on gender (p>0.05), which, in our opinion,
may be due to common pathogenetic mechanisms
of anaemic syndrome formation.

Clinical and laboratory characteristics of patients with
NHL are presented in Table I.

As can be seen from Table |, patients with NHL had
foci of lymphoproliferative process in the lungs, peri-
cardium, bones and stomach.

Clinical signs of toxicity were determined in accor-
dance with clinical and laboratory criteria during the
first four courses of radiotherapy. Based on their results,
patients were divided into subgroups for statistical anal-
ysis based on the presence or complete absence of toxic
manifestations and/or the type of toxic complications,
as well as their total number.

Clinical manifestations of haematological, hepato-
logical and nephrological toxicity during the first four
courses of radiotherapy were analysed in all the patients
studied (Table I).

In a comparative analysis of clinical and laboratory
datain the examined patients, we found no differences
depending on their residence in highland or lowland
regions (p>0.05).

DISCUSSION

In patients living in the Transcarpathian region, as the
disease progresses, a more severe form of anaemia is
noted, which is probably due to the infiltration of tu-
mor cells into the bone marrow. Clinical manifestations
cannot be associated with patients staying in different
altitude areas. The method of choice for treatment of
patients with NHL is chemoradiation therapy with the
use (according to indications) of targeted drugs. The
possibility of individualized selection of concomitant
therapy during PCT will reduce the risk of toxic com-
plications and improve the effectiveness of PCT in pa-
tients with NHL. Treatment of patients with malignant
non-Hodgkin’s lymphoma involves receiving a full
course of PCT treatment according to the prescribed
regimens and completing it within the time frame
outlined in the treatment plan. This is the main con-
dition for long-term remission and prevention of early
relapses of the disease [10]. Urbanization has caused
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significant migration processes and redistribution in
the social population structure - increase to 68% the
size of the urban population, reflected at the level and
structure of oncological incidence. It is determined
that the increase in the incidence of cancer is largely
due to the peculiarities of the demographic structure
of Ukraine - a significant aging of the population [11].
However, the increase in the specific weight of the
elderly in the demographic structure, belonging to
the groups with higher incidence of NHL, must be
taken into account when carrying out measures of
prevention, diagnosis and dispensary supervision
[11]. Diagnosis and treatment of extranodal NHLs
remain one of the most difficult problems of modern
oncology, which is due to the probable tendency to-
wards the growth of extranodal NHL in recent years,
the difficulty of timely detection, often the late start
of therapy and, as as a result, worsening the prognosis
for such patients.
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ABSTRACT

The aim: To justify the concept and features of acetabular reconstruction during primary endoprosthesis for transcatheter fractures from the standpoint of
radiological data, biomechanical calculations and intraoperative observations.

Materials and methods: A retrospective analysis of the use of primary cement arthroplasty for osteoporotic fractures of the trochanteric zone in 52 elderly
and senile patients was conducted. Before implantation of the femoral component, fragments of the proximal metaphysis were fixed with cerclage tightening
loops which depended on the type of fracture. For fractures 31-A2.1, 31-A2.2, 31-A2.3, reconstruction of the destroyed trochanteric zone and the walls of the
bone marrow canal opening was performed using our own methodology. Finite-element modeling with the SolidWorks program was used to investigate the
influence of the reconstruction of the trochanteric zone on the distribution of strain on the bone tissue around the implant under osteopenic conditions and
load during single-support standing.

Results: Clinical and X-ray results were studied in 39 (74.36%) operated patients within 3 to 33 months. There were no complications associated with recon-
struction of the proximal part of the femur and implantation of endoprostheses. Restoration of movements in the hip joint and full loading of the operated
limb was allowed the day after surgery, depending on the patients™ physical condition. The results of finite-element modeling indicate a significant reduction
of the strain on the proximal metaphysis in the zone of predominant destruction of the medial and posterior walls of the bone marrow canal of the trochanteric
zone reconstruction and ensuring the stability of the femoral component.

Conclusions: Clinical results and biomechanical calculations confirm the possibility and feasibility of using primary arthroplasty in unstable osteoporotic
fractures of the trochanteric zone with the aim of early restoration of the support function of the damaged limb in individuals with limited physical capabili-
ties. Reconstruction of the intertrochanteric area with a ring-shaped autograft contributes to the achievement of primary stability of the femoral component,

restoration of the total femoral offset and stabilizing function of muscles around the joints.

KEY WORDS: pertrochanteric fractures, osteopenic fractures, endoprosthesis, hip arthroplasty

INTRODUCTION

The constant increase in the number of elderly and
senile people in the world is accompanied by an in-
crease in cases of osteoporotic fractures in the area
of the hip joint [1]. About 45% of them are fractures
of the trochanteric zone [2, 3]. Due to the presence of
concomitant diseases in patients of this age category,
the treatment of trochanteric fractures represents a
complex medical, social and economic problem. In
China, they are called “the last injury in life”, due to the
high rate of complications and mortality. Without sur-
gical intervention, the mortality rate reaches 34.6% [4].

Modern technologies of osteosynthesis are a gener-
ally recognized standard for the treatment of fractures
of the trochanteric zone, because they are efficient and
relatively less traumatic [5].
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However, with unstable fractures (31-A A2.2,31-A2.3,
31-A3.3 according to the OA classification) after osteo-
synthesis, a high level of complications is observed
(from 0.5 to 56%) depending on the type of fracture,
patients’ condition, quality of the reposition and fix-
ation. The most common, about 20%, are migration
of fixing structures, complications of osteosynthesis,
destruction (cut out effect) of the proximal fragment
by the fixator, secondary displacement of fragments,
and in 2.8% of cases infectious complications are ob-
served [1, 6]. The possibility of repeated restorative
or reconstructive operations is limited due to the
comorbid condition of patients, risks of complications
and increased mortality [1, 7].

According to research data, primary hemiar-
throplasty with unstable pertrochanteric fractures
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provides more guarantees of early restoration of
function of the damaged limb and, therefore, is used
as an alternative to osteosynthesis [2, 8]. However, if
osteoporosis and a destroyed proximal metaphysis is
present, the implantation of the femoral component
requires careful mechanical evaluation to ensure
the primary stability of the femoral component
and the entire artificial hip joint. The expediency
of preliminary restoration of the acetabular area by
fixing fragments of the posterior, medial (area of the
calcarus and small trochanter) and external surfaces
using wire, tension tapes or plates or bone plastic
remains under consideration considered [9, 10].

THE AIM

The aim of this study was to justify the concept and
features of acetabular reconstruction during primary
endoprosthesis for transcatheter fractures from the
standpoint of radiological data, biomechanical calcu-
lations and intraoperative observations.

MATERIALS AND METHODS

The study is based on the results of a retrospective
analysis of the implementation of primary arthroplasty
for trochanteric fractures in 52 patients aged 72 to 89
years (mean age - 76.34 + 3.28 years). Among them
were 38 women aged 72 to 88 years (mean age - 74.18
+ 3.46 years) and 14 men aged 73 to 89 years (mean
age-76.4+4.14 years). The periods of hospitalization
for patients in the traumatology departments were 1
to 5 days after the injury. The injuries were of low-en-
ergy - as a result of falling on the thigh while walking
or from a standing position.

As per the radiographic examination data according
to the OA classification, 17 of the injured had fractures
of the proximal part of the femur belonging to type
31-A1 (31-A1.2, 31-A1.3), 28 had multifragmentary
fractures of type 31-A2 (31 -A2.1, 31-A2.2, 31-A2.3),
and 7 - type 31-A3 fractures (31-A3.1, 31-A3.3).

For fractures 31-A2.2 and 31-A2.3, spiral computed
tomography (SCT) of the hip joints was performed
before arthroplasty.

The criteria for selecting patients were age, the
presence of an osteopenic condition, the severity of
the comorbid condition due to concomitant diseases
(including the presence of two or more osteoporotic
fractures of different localization for 12 patients),
which determined the impossibility of mechanical
unloading the damaged limb after surgery. Among
the selection criteria in 13 patients, we included
excessive body weight according to the body mass

index - the average value was 27.31 + 2.41 (from
26.18 to 32.33).

Arthroplasty was performed 3-9 days after the
injury (average time 5.2 + 1.4 days). In all cases, ex-
ternal-anterior surgical access to the hip joint and
cement fixation of the femoral component were used.
Endoprostheses with a standard stem were used for
hemiarthroplasty in 36 patients, and with an extend-
ed stem in 16. In 5 patients, due to the presence of
destructive-dystrophic changes in the damaged joint
that occurred before the injury, total arthroplasty was
performed.

In addition to hemiarthroplasty of the hip joint, 6
patients underwent simultaneous interventions in
connection with concomitantinjuries during a single
anesthetic procedure: osteosynthesis for fractures of
the proximal metaphysis of the humerus - 2, distal
metaepiphysis of the forearm bones - 3, ulnar con-
dyle - 1.

For all patients, fragments of the proximal metaph-
ysis were fixed with cerclage tightening loops, the
nature of which depended on the type of fracture,
before the implantation of the femoral component.
In case of fractures 31-A2.1, 31-A2.2, 31-A2.3, in
order to ensure the primary stability of the stem of
the endoprosthesis, as well as to restore the optimal
alignment between the proximal part of the femur
and the pelvis, before the implantation of the femoral
component, the destroyed trochanteric area section
of the calcar and bone walls of the entrance to the
bone marrow canal were reconstructed. By means
of numerical analysis on a mathematical 3D model,
the stress-deformed state in the proximal part of the
femur around the leg of the endoprosthesis was in-
vestigated under the conditions of the presence of an
osteoporotic pertrochanteric fracture and in due to the
functional load of the limb. According to the modeling
conditions, the bone fragments of the trochanteric
area are pre-connected with a cerclage wire followed
by cement fixation of the implant. In the first option,
implantation is performed without restoration of the
intertrochanteric area and calcar (Fig. 1b). The second
option includes the reconstruction of the intertrochan-
teric area with aring-shaped autograft taken from the
base of the proximal fragment, which is removed in
accordance with the proposed method of surgery (Fig.
1c). The models were built in the SolidWorks program
[11]. The stress state analysis was carried out in the
ANSYS Workbench [GMN] program. The Mises stress
test was chosen to evaluate the stress state.

The impact of the body mass without the inves-
tigated limb (single-support standing) and the
impact of the muscular-ligamentous apparatus in
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Table I. The value of the strained-deformed state (Mises stress) at the control points of the calculation models

Types of calculated models with an implanted

Value of SDS (Mises stress) at control points (MPa)

femoral component of an endoprosthesis during

single-support standing 1

2 3 4 5 6 7 8

the dissection of the femur in the

on the surface of the femur
frontal plane

Fracture-free model for intact bone tissue 10 2.2 1.9 10 11.2 13.5 16.2 143

Model with osteoporotic bone tissue, trans-acetabular
fracture, implanted femoral component without inter- 14.7 6 135 13.8 83 12.8 9 6.9

acetabular reconstruction
The model with osteoporotic bone tissue, with a
transtrochanteric fracture, with reconstruction of the 6.3 4.9 12.7 13.8 4.2 11.5 8.9 6.7
intertrochanteric area with a ring-shaped graft

Changes in the strain level (%) 429 18.3 53 0 494 10.2 1.1 2.9

I

Fig. 1. Calculation models of the
left femur: a) model of the femur
without fracture, unchanged
bone; b) a model of a multifrag-
mentary pertrochanteric fracture,
osteoporotic bone, endoprosthe-
sis implantation without resto-
ration of the intertrochanteric
area; () model of a multifragmen-
tary pertrochanteric fracture,
osteoporotic bone, implantation
of an endoprosthesis with plasty
of the intertrochanteric area,
c Adams’s arch and calcar with a
ring-shaped graft.

5

Fig. 2. Calculation model:
a) Direction of action of forces and
fixation of the model;

b) control points in the frontal
section of the femur; ¢) control
points on the surface of the femur.

the vertical position of the body were chosen as the
load.The total load is reduced to a set of equivalent
forces. The points of application of forces, their
magnitudes and directions of action are taken from
references [12].
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The comparative analysis was carried out according
to the stress values at the control points - on the inner
surface of the bone marrow canal in the places of con-
tact with the lower endoprosthesis (Fig. 2b), as well as
on the outer surface of the femur (Fig. 2c).
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Standing with one support

Fig. 3. Mises stress values - the
surface of the femur at control

points 5,6,7,8.

Fig. 4. Mises stress values - fron-
tal section of the femur (control
points 1,2, 3, 4).
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We did not observe complications related to reconstruc-
tion of the proximal part of the femur and implantation
of endoprostheses, as well as infectious complications.
Restoration of movements in the hip joint and full load-
ing of the operated limb was allowed, depending on
the physical condition of the patient, the day after the
operation. The duration of stay in the hospital varied
from 6 to 11 days (8.3 = 1.8 days on average). On the
day of discharge, all patients could move with the help
of a walker or crutches without limiting the load on the
operated limb.

Clinical and radiological examination was performed
3, 6 and 12 months after the day of surgery. A total of
39 patients were studied after arthroplasty for 31-A1
(4),31-A2(28) and 31-A3 (7) fractures. Among them, 11
patients were examined between 18 and 33 months.
There were no cases of hip dislocations after hemi-and
total arthroplasty. The level of mobility depended on
the comorbid condition, but all patients noted the ca-

pability to apply full load on the operated limb during
walking. There were found no signs of instability of the
femoral component and destruction of bone tissue
around the implants on control radiographs within the
observation period. In 4 patients, moderate proximal
displacement of fragments of the apex of the greater
trochanter was noted, which did not affect the function
of support and gait.

In the case of primary arthroplasty for type 31-A2
fractures, we supplement the reconstruction of the
trochanteric zone with bone plasty with an annular
autograft to restore the medial cortical wall (Adams’
arch) and form the upper opening of the bone mar-
row canal. The graft is taken from the basal part of the
proximal fragment that is being removed. It contains 2
to 3 cm of cortical medial wall (Adams’arch). Its size is
determined by the X-ray of the contralateral hip joint
during surgery planning. The transplant is placed on
the edges of the fragments of the trochanteric zone
previously fixed with a wire. In this way, we unsure an
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established optimal level of immersion of the stem in
the bone marrow channel, restoration of the offsetand
stabilizing function around the joint muscles.

Analysis of the strained-deformed state (SDS) of
the model with an unstable osteoporotic fracture
of the trochanteric zone and an implanted femoral
component of the endoprosthesis shows that the
most strained element of the model is the femur. The
influence of the mineral density of bone tissue on the
nature of the distribution and value of strains on the
outer surface of the femur and on the inner surface of
the bone-marrow canal around the leg of the implant
was established. In the presence of osteoporosis, the
strain value on the outer surface of the bone decreases
(Fig. 3), but significantly increases on the inner surface
around the implant (Fig. 4). Especially in the area of the
destroyed proximal metaphysis. The reconstruction of
the trochanteric zone, in comparison with the model
without reconstruction, does not affect the nature of
the SDS in the area of the diaphyseal part of the bone
marrow canal. The main result of the reconstruction is
a significant decrease in the strained state in the bone
tissue of the restored proximal metaphysis, namely in
the area of the restored medial and posterior wall of
the bone marrow canal (Table I).

In the area of the entrance to the medullary canal
along the medial surface, it decreased to 6.3 MPa (com-
pared to 14.7 MPa for the model without reconstruc-
tion). On the lateral surface, the stress level decreased
by 18.4% and amounted to 4.9 MPa (compared to 6 MPa
for the model without reconstruction) (Fig. 4).

DISCUSSION

In the case of fractures at the level of the small tro-
chanter, and in the absence of an osteopenic state,
endoprostheses with diaphyseal fixation stems are
offered, which significantly reduces the level of stress
in the proximal metaphysis of the femur.

In case of unstable osteoporotic pertrochanteric frac-
tures, ensuring the stability of the femoral component
is provided by using cement fixation of the leg and
reconstruction of the destroyed acetabular area. The
argument in favor of hemiarthroplasty with cement
fixation is the relatively low traumatic nature of the
surgery and a much lower level of complications in the
medium-term observation period [14, 15]. The presence
of a collar (collared versions) prevents stem subsidence
due to being supported by the medial-posterior cortical
wall (calcar) [16].

Due to the lack or insufficient fixation of fragments in
pertrochanteric fractures, there is a threat of displace-
ment and non-union of fragments, bursitis, pain on the
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outer surface of the thigh, weakness of the abductors and
associated lameness, and the possibility of dislocations
are observed [17]. Repositioning and “rigid fixation” of
fragments of the trochanteric zone during primary ar-
throplasty contributes to the restoration of the function
of the muscles attached to them and the anatomical and
physiological features of this area, since the total strain
these muscles put on the trochanteric zone during regu-
lar walking is doubled, and when going up the stairs - up
to 4 times more than the body weight [9, 18].

Techniques for fixing fragments of the trochanteric
zone vary. Trochanteric Buttress Plates are used, which
fixate the apex of the greater trochanter and are fixed
with screws on the outer surface of the trochanteric
zone [19]. However, the most common is fixation with
a wire or steel cable, including small and large trochan-
ters [9, 20, 21].

Computer tomography with 3D modeling provides
the most accurate assessment of the nature of the
destruction of the trochanteric zone and the justified
choice of surgical tactics [22, 23].

Viewing the data of Li M. et al,, according to the
results of CT studies of unstable fractures, when the
posterior-medial surface of the proximal metaphysis
is destroyed, in 32.2% of cases a single fragment of
the intertrochanteric ridge with a small trochanter is
formed, in 42.37% they are represented by two separate
fragments, and in 25.42% the separated small trochan-
ter was presented as 3 or more fragments [24, 25].

From the standpoint of these studies, we consider
fixation of fragments with a cerclage wire in the form
of tightening wire loops depending on the type of
fracture to be the most reasonable. In our patients
with type 31-A2 fractures, we form a tension wire loop
in such a way that the apex of the greater trochanter is
fixed, the crossing of the wire over the interacetabular
ridge and two parallel wraps above and below the
lesser trochanter are created, which ensures fixation
of the most destroyed posterior-medial wall of the
trochanteric zone.

Unstable fractures of type 31-A3 (reverse fractures)
are mainly due to destruction of the medial wall of the
proximal metaphysis. This is illustrated by the require-
ments to ensure positive contact of the proximal and
distal fragments in the area of Adam’s arch - Positive
medial cortex support (PVCS) when applying osteo-
synthesis [26]. In arthroplasty for reverse fractures, we
form a tightening wire loop in such a way as to create
compression tension between the fragments along the
entire fracture surface.

In case of 31-A2 fractures, before the implantation of
the endoprosthesis stem, various options are offered for
replacing the defect of the Adams’arch and the area of the
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calcar. The authors suggest filling the defect of the poste-
rior-medial wall by impaction of bone fragments with or
without wire fixation [27]. Compact autografts from the
lower part of the removed head and neck are used [28], or
a semicircular graft from the removed capitus [29].

Thus, the results of the calculations and gathered data
confirm the biomechanical effectiveness of the recon-
struction of the trochanteric zone in unstable osteoporotic
trans-acetabular fractures by fixing the fragments with a
tightening wire loop and plasty of the proximal opening
of the entrance to the bone-medullary canal with a ring-
shaped autograft with the restoration of the Adams arch

CONCLUSIONS

Despite the limited number of operated patients, the
obtained clinical results, as well as the results of bio-
mechanical calculations, confirm the possibility and
feasibility of using primary arthroplasty in unstable
osteoporotic fractures of the trochanteric zone with
the aim of early restoration of the support function of
the damaged limb in individuals with limited physical
capabilities. Reconstruction of the intertrochanteric
area with a ring-shaped autograft contributes to the
achievement of primary stability of the femoral com-
ponent, restoration of the total femoral offset and

and Calcar zone. stabilizing function of muscles around the joints.
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ABSTRACT

The aim: Assessment of abdominal delivery by cesarean section in preterm pregnancies in women with undifferentiated connective tissue dysplasia.
Materials and methods: Analyzed were 3,371 cases of cesarean section deliveries in preterm pregnancies complicated by undifferentiated connective tissue
dysplasia (UCTD). Based on a scoring assessment of external and visceral UCTD markers, three groups were identified: Group 1included 466 patients with no
signs of UCTD, Group 2 consisted of 798 patients with mild UCTD, and Group 3 comprised 2,107 patients with moderate to severe UCTD. The severity of connective
tissue dysplasia manifestations was assessed based on external and internal signs of connective tissue dysplasia, as well as gynecological and obstetric history,
indications for abdominal delivery in preterm pregnancies, and maternal and perinatal outcomes of the deliveries.

Results: It has been established that in 71.4% of patients with stress-compromised pregnancies resulting in preterm birth and delivered by cesarean section,
the most common indications were: inability of the uterine scar in 23.8%, breech presentation of the fetus in 19.1%, and detachment of the normally placed
placentain 4.9%. An unfavorable factor was moderate to severe connective tissue dysplasia, which led to a 5-fold increase in the likelihood of requiring a cesarean
section. In addition, severe hypoxia in newborns was significantly more frequently observed in the first minutes of life in cases of moderate and severe UCTD.
Conclusions: The conducted studies have shown that cesarean sections in cases of stress-compromised pregnancies resulting in preterm birth are performed
significantly more often in cases of moderate to severe undifferentiated connective tissue dysplasia (UCTD). Moderate and severe UCTD have a substantial

impact on obstetric and perinatal outcomes of deliveries, both at present and in the future.

KEY WORDS: (esarean section, preterm labor, undifferentiated connective tissue dysplasia

INTRODUCTION
Over the past two decades, cesarean sections, thanks to
advances in medical technology, have become one of
the most common abdominal interventionsin pregnant
women. According to the World Health Organization
(WHO), an increase in the rate of cesarean sections
of more than 15% does not contribute to reducing
perinatal morbidity and mortality [1]. On the contrary,
deliveries by cesarean section, especially in preterm
pregnancies, can lead to postpartum rehabilitation
disorders in mothers and disruptions in adaptive capa-
bilities, particularly in preterm newborns [2].
Pregnant women with undifferentiated connective
tissue dysplasia (UCTD) occupy a special place in de-
liveries completed by cesarean section. A significant
factor in this context is isthmic-cervical insufficiency
as one of the forms of connective tissue dysplasia.The
pathogenesis of isthmic-cervical insufficiency (ICl) is
of crucial importance, and connective tissue dysplasia

Wiad Lek. 2023;76(11):2481-2484

plays a triggering role in preterm pregnancies and
premature deliveries [3].

Based on the above information, the study of this issue
holds significant scientific as well as practical importance.

THE AIM

Assessment of abdominal delivery by cesarean section
in preterm pregnancies in women with undifferentiated
connective tissue dysplasia.

MATERIALS AND METHODS

A retrospective follow-up analysis was conducted on
23,616 cases of deliveries at the Uzhhorod City Mater-
nity Hospital from 2012 to 2022. During this period,
10,119 pregnant women underwent cesarean section.
Among them, 3,371 cases (39.9%) involved preterm
births with undifferentiated connective tissue dysplasia
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Table . Distribution of patients into groups according to the scoring scale for assessing undifferentiated connective tissue dysplasia (UCTD).

Groups Patients Scores The severity of (UCTD)
| 466 (13,8 %) 0-3 Absence of (UCTD)
I 798 (23,7 %) 3-6 Mild (UCTD)
1l 2107 (62,5 %) >6 Moderate and severe( UCDT)

(UCTD). The inclusion criteria for the study were isth-
mic-cervical insufficiency, which served as the primary
stress-compromising factor in preterm pregnancies.

The degree of connective tissue dysplasia (CTD) in
patients was assessed based on the follow-up data,
taking into account a combination of various external
and visceral markers of undifferentiated connective
tissue dysplasia (UCTD).

If there were signs of CTD, it was assessed as ‘1, and
its absence as ‘0. Scores for each sign were summed,
and based on the total score, conclusions were drawn
regarding the severity of CTD according to the scale
proposed by E.V. Fotin and colleagues (2021) [4].Scoring
0-3 points indicated the absence of UCTD symptoms;
3-6 points indicated mild UCTD, and >6 points indicated
moderate to severe UCTD

The distribution of patients into groups based on the
severity of UCTD is presented in Table I.

Statistical analysis of the research materials was
conducted using Excel for Windows and Statistics 7.0
for Windows packages. Differences were considered
statistically significant at p < 0.05.

RESULTS

A clinical-statistical analysis revealed that out of 23,616
deliveries at the third level of medical care provision
for pregnant women at the Uzhhorod City Maternity
Hospital from 2012 to 2022, the rate of cesarean sec-
tion was 42.8% of the total number of deliveries. Out
of 10,107 deliveries through cesarean section, 8,429
women (83.3%) were found to have external and
visceral markers of undifferentiated connective tissue
dysplasia (UCTD).Furthermore, in 3,371 cases (39.9%) of
UCTD, cesarean sections were performed in pregnant
women with a history of preterm stress-compromised
pregnancies. In 427 cases (12.7%), it was associated
with habitual miscarriages, and in 242 cases (7.8%), it
occurred due to premature deliveries between 28 to 33
weeks of gestation.

Based on the follow-up data, it was determined that
one of the significant stress-limiting factors in UCTD
was isthmo-cervical insufficiency (ICl).

The clinical and anamnestic characteristics of the
3,371 cases of preterm cesarean section delivery in
women with UCTD indicate a significant increase in

2482

extra genital pathology at moderate and severe levels
of connective tissue dysplasia.

It was found that in the absence of UCTD signs (Group
), extra genital pathology was diagnosed in only 154
cases (33.1%). In cases of mild UCTD (Group ), it was
presentin 671 cases (84.0%), and in cases of moderate
and severe UCTD (Group Ill), it was presentin all 20,107
cases (100%).

Gynecological pathology in patients from all the men-
tioned groups was represented as follows: 1,459 (43.3%)
women had cervical ectropion, 673 (20.0%) had endome-
trial pathology in the form of polyposis, 293 (8.7%) exhib-
ited ovarian-menstrual cycle disorders, 279 (8.3%) were
diagnosed with endometriosis, and 225 (6.7%) women
had inflammatory diseases of the pelvis. In patients with a
more pronounced UCTD (Group lll), ectopic of the cervical
cylindrical epithelium was more frequently detected, with
a frequency of 71.9 + 8.3%. In cases of mild UCTD (Group
I1), this indicator of dysplasia was 31.9 = 5.3% (p < 0.05).

When assessing obstetric history, it was found that
for 445 (13.2%) patients, this pregnancy was their first,
while for 2,926 (86.8%), it was a subsequent pregnancy.
The first deliveries occurred in 1,342 (39.8%) patients,
and repeat deliveries occurred in 2,029 (60.2%) patients.
Cesarean section delivery in the first group occurred in
61 (13.1%) cases, while in the third group, it occurred in
1,504 (71.4%) cases, which is five times more frequent.
Cesarean section was performed for preterm pregnan-
cies with isthmo-cervical insufficiency (ICl) correction,
using both surgical and combined methods. It should
be noted that in patients in the second and third groups,
with more pronounced UCTD, cesarean section was
performed more frequently, as most patients had a
complicated obstetric history - a previous cesarean sec-
tion and extra genital pathology in their medical history.

The most common indications for abdominal delivery
were as follows:inability of the uterine scarin 802 cases
(23.8%),fetal malpresentation in the pelvisin 643 cases
(19.1%),preterm separation of a normally positioned
placenta in 165 cases (4.9%),placenta previa in 162
cases (4.8%),severe pre-eclampsia in 105 cases (3.1%).

When evaluating the perinatal outcomes of delivery,
there was an increase in the frequency of moderate and
severe asphyxia in newborns during the first minute
of life when the mothers had a 2nd and 3rd-degree
severity of UCTD.
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DISCUSSION

The conducted study has shown the necessity for more
detailed examination of pregnant women with a his-
tory of miscarriages and preterm deliveries, especially
in cases of uterine scars with UCTD. As indicated by
research [5], this pathology should be considered a
molecular-genetic disorder that may manifest more
prominently in pregnant women.

Patients with UCTD more frequently have a compli-
cated obstetric history, including miscarriages, preterm
deliveries following cesarean sections, as demonstrated
in our study. Some authors even categorize a group of
obstetric markers of UCTD, including isthmo-cervical
insufficiency, weak labor activity, and preterm labor.

In the study of the possible role of UCTD in women
who had cesarean section deliveries due to stress-com-
promised pregnancies with a history of miscarriages
and preterm deliveries, it was found that, with the
same prevalence of the UCTD phenotype, the degree of
connective tissue dysplasia plays a significant role. This
observation is supported by other authors as well [6].

“Operated uterus,” as shown by our research, is one
of the factors that determines a less favorable perinatal
prognosis in UCTD with moderate and severe degrees
of connective tissue dysplasia in women with uterine
scars due to stress-compromised pregnancies with
a history of miscarriages and preterm deliveries. The
clinical manifestation of these processes includesan in-
crease in the frequency of incomplete uterine scarring,
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ABSTRACT

The aim: To investigate the peculiarities of immunological changes and their relationship with colon dysbiosis in obese patients with HT.

Materials and methods: The examined patients included 48 patients with HT and obesity (group 1) and 34 patients with obesity (group 2). Patients under-
went fecal analysis for dysbiosis. The levels of complement, namely (3 and (4 and the concentration of immunoglobulins (IgA, Ig M, 1gG) were determined
by means of chromogenic analysis.

Results: During the clinical examination, constipation and flatulence were more often diagnosed in patients of group I (58.3% and 66.7%, respectively
- p<0.001), while in patients of group 2 with increased BMI without thyroid dysfunction, a tendency to diarrhea was more often found, accompanied by
periodic pain along the colon (50.0% and 32.3% of patients, respectively - p<0.001). Changes in the immunological status of patients in both groups were
found. In patients with HT and increase of BMI an increase in serum IgA, IgM, IgG levels were found. An increase in serum immunoglobulins (A, M and G) was
also diagnosed in group 2 of examined patients too.

Condlusions: 1. In patients with obesity decrease in the concentration of Bifidobacterium, Lactobacillus and increase in the number of Staphylococcus, Clostridium,
Proteus and Klebsiella were detected, which is more pronounced in patients with a combination of obesity and hypothyroidism. 2. Impairment distinct of immu-
nological status in patients with hypothyroidism and obesity was diagnosed, which was manifested by increased levels of immunoglobulins, namly (A, M, G),
as well as a decrease in blood serum complements (C3, C4). 3. The level of IgA, G directly depends on the decrese of Bifidobacterium, Lactobacillus and increse
of Staphylococcus, Clostridium and Klebsiella in patients with obesity, which is more pronounced in patients with a combination of obesity and hypothyroidism.

KEY WORDS: hypothyroidism, obesity, body mass index, immunological disorders, colon dysbiosis

INTRODUCTION

Obesity is gaining increasing attention around the
world and is seen as a significant public health problem
dueto its widespread negative effects on human health,
such as an increased risk of diabetes, cardiovascular
disease and other internal organ diseases [1]. Due to
the increasing prevalence of obesity worldwide, it is
important to determine the prevalence of obesity-re-
lated conditions, including thyroid dysfunction [2].
Obesity and hypothyroidism (HT) are two closely relat-
ed pathological conditions. Many researchers believe
that hypothyroidism is the cause of obesity. However,
the cause-and-effect relationship between the two is
ambiguous. There is a growing body of evidence that
changes in thyroid-stimulating hormone (TSH) may well
be secondary to obesity [3].

In patients with a combination of hypothyroidism
and obesity, research for possible exacerbating mecha-
nisms, including the study ofimmunological processes

Wiad Lek. 2023;76(11):2485-2490

formed against a background of impaired gut microbi-
ota, is currently an important link in both experimental
and clinical medicine.

THE AIM

The aim of this work was to investigate the peculiarities
of immunological changes and their relationship with
colon dysbiosis in obese patients with HT.

MATERIALS AND METHODS

The study was conducted at the Department of Propae-
deutics of Internal Medicine of Uzhhorod National Uni-
versity. We examined 48 patients with HT and obesity
or overweight (1 group of patients).This research work
was conducted with the consent of patients, and its
methodology was in line with the Helsinki Declaration
(1975, 1983) and Ukrainian legislation.
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Table 1. Distribution of examined patients with depending on BMI

Examined patients

Indicator
group 1 (n=48) group 2 (n=34)
Overweight (BMI: 25.0-29.9) 14.6 % 14.7 %
Class 1 obesity (BMI: 30.0 - 34.9) 31.2% 323%
Class 2 obesity (BMI: 35.0 — 39.9) 41.7 % 41.2%
Class 3 obesity (BMI: over 40,0) 12.5% 11.8%

Table II. Clinical signs of intestinal lesions in the examined patients

Examined patients

Clinical symptoms

group 1 (n=48) group 2 (n=34)

Constipation 58.3 %** 125 %
Diaarrhoea 229% 50.0 %*
Flatulence 66.7 %** 235 %

Pain along the colon 16.7 % 32.3 %*

Note: the differences between the indicators in patients of groups 1.and 2 are significant: * - p<0.01; ** - p<0.001.

Patients of 1 group were aged from 18 to 70 years, the
average age was 44.7 £ 6.5 years; there were 28 females
(58.3 %) and 20 males (41.7 %). The comparison group (2
group) included 34 patients with and obesity and normal
levels of thyroid hormones (among them were 20 females
(58.8 %) and 14 males (41.2 %) with the average age of
43.8 + 4.7 years. The control group consisted 30 healthy
individuals (among them were 56.7 % females and 43.3 %
males with the average age of 45.1 + 5.8 years).

Patients were examined using a general clinical meth-
od. According to WHO recommendations, patients were
divided by BMI, with BMI of 18.5-24.9 corresponding
to normal weight; 25.0-29.9 to overweight; 30.0-34.9
to class 1 obesity; 35.0-39.9 to class 2 obesity; 40.0 and
more to class 3 obesity [4].

All patients underwent ultrasoundwere examination.
Standard general and biochemical blood serum tests
were performed with a focus on lipid and carbohydrate
metabolism. All patients were assigned the serum levels
of thyroid hormones (free trioxine (T4), triiodothyronine
(T3)) and TSH determined.

The diagnosis of DMD was made in accordance with
the NICE guidelines (National Institute for Health and
Care Excellence, 2019), the European Thyroid Associ-
ation (ETA) and American Thyroid Association (ETA)
Guidelines - 2012-2014. The criteria for evaluating
unified clinical protocols and local protocols were also
taken into account[5, 6]. The faeces were examined
for dysbiosis. The severity of intestinal dysbiosis was
assessed according to the classification of Kuvaieva IB,
Ladodo KS (1991 year).

Complement (C3, C4) and immunoglobulin (Ig) A,
M, G levels were studied by means of chromogenic
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analysis on the Sysmex 500 and 560 (Japan), using
Siemens reagents.

The exclusion criteria were: patients with normal body
weight, hyperthyroidism.

The statistical calculation of patient outcomes was
performed using the computer program STATISTICA
10.0 (StatSoftinc, USA).

RESULTS

After an anthropometric examination, the examined
patients were divided according to BMI (Table I).
According to the results obtained, the distribution of
the examined patients in groups 1 and 2, depending
on BMI, was homogeneous.
The analysis revealed predominantly class 2 and class
1 obesity in patients of both groups. Overweight was
observed in 14.6-14.7 % of the subjects, and Class 3
obesity in 12.5-11.8 % of patients, respectively.
Clinical examination of all patients in both groups re-
vealed complaints indicating changes in the intestines,
with the vast majority of patients in group | having com-
plaints of constipation. The results are shown in Table Il.
During the clinical examination, constipation and flat-
ulence were more often diagnosed in patients of group
| (58.3% and 66.7%, respectively - p<0.001), while in
patients of group 2 with increased BMI without thyroid
dysfunction, a tendency to diarrhea was more often
found, accompanied by periodic pain along the colon
(50.0% and 32.3% of patients, respectively - p<0.001).
Colon dysbiosis was detected in the examined
patients of both groups. This was reflected in a de-
crease in the number of Bifidobacterium, Lactobacillus,
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Table l1l. Changes in the quantitative and qualitative composition of the colonic microflora in the examined patients and control group

in the examined patients and control group

Indicator

Examined patients

group 1 (n=48)

group 2 (n=34)

Bifidobacterium:

Control group 100.0 % (8.44+0,17)

frequency (%) 79.2 %* 88.2 %*+
Ig CFU/g 5.91+0.12%* 6.78+0.14%*+
Lactobacillus: Control group 100.0 % (6.86+0.21)
frequency (%) 75.0 %** 85.3 %*
Ig CFU /g 4.87+0.23%* 5.45+0.08*+
Escherichia: Control group 100.0 % (7.76+0.11)
frequency (%) 79.2 %* 91.2 %+
lg CFU /g 6.03+£0.12%* 6.63+£0.08*+
Enterococcus: Control group 100.0 % (7.76+0.09)
frequency (%) 52.1 %** 70.6 %*++
Ig CFU /g 6.06+0.12%* 6.54+0.10%+
Enterobacter: Control group 23.3 % (1.23£0.07)
frequency (%) 43.8 %* 61.8 %**++
lgCFU/g 3.08+0.11** 2.7740.15%*
Citrobacter: Control group 30.0 % (1.47+0.12)
frequency (%) 58.3 %*++ 353 %
lg CFU /g 2.64+0.12%* 2.08+0.15%
Staphylococcus: Control group 30.0 % (3.15%0.09)
frequency (%) 66.7 %**++ 324 %
IlgCFU /g 5.03£0.16** 4.52+0.15*
Klebsiella: Control group 16.7 % (1.21£0.08)
frequency (%) 50.0 %**++ 29.7 %*
lgCFU/g 3.56+0.17**+ 2.89+0.16**
Clostridium: Control group 16.7 % (4.21+0.12)
frequency (%) 45.8 %**+ 29.7 %*
Ig CFU /g 5.88+0.09%+ 5.07+0.12
Proteus: Control group 13.3 % (0.38+0.08)
frequency (%) 37.5 %**+ 20.6 %*
Ig CFU /g 2.86:+0.16%**+ 1.89+0.14%*
Candida: Control group 3.3 % (2.88+0.16)
frequency (%) 25.0 %***++ 11.8 %**
lg CFU /g 4.77+0.09%*+ 4.01+0.08*

Note: the differences between the indicators in the control group and in patients of groups 1 and 2 are significant: * - p <0.05; ** - p <0.01;
***_p <0.001; differences between indicators in patients of groups 1and 2 are significant: + - p <0.05; ++ - p <0.01.

Escherichia, Enterococcus and an increase in the number
of Citrobacter, Staphylococcus, Klebsiella, Clostridium,
Proteus and Candida compared with the control group
in examined patients - Table IIl.

More pronounced disorders in the qualitative and
quantitative composition of colonic microflora were
established in patients of group 1 (patients with HT
and increase of BMI). At patients in group 1 a decrease

in the number of Bifidobacterium (by 9.0 % - p<0.05)
Lactobacillus (by 10.3% - p<0.05), Escherichia with
normal enzymatic properties (by 12.0 % - p<0.05) and
Enterococcus (by 18.5 % - p<0.01) were detected sig-
nificantly more often compared with patients in group
2. In patients of group 1 an increase in the number of
Staphylococcus (by 34.3 % - p<0.01), Citrobacter (by 23.0
% - p<0.01), Klebsiella (by 20.3 % - p<0.01), Clostridium

2487



Yelyzaveta S. Sirchak et al.

Table IV. Change in serum immunological status in the examined patients and control group

Control group

Examined patients

Indicator
(n=30) group 1 (n=48) group 2 (n=34)
IgA, g/L 2.17 £0.08 13.15 £ 0.18***4+ 9.45 + 0.09%**
IgM, g/L 2.14 +0.06 497 +£0.11**+ 4,05 +0.07**
I9G, g/L 12.07 £0.11 2348 £ 0.17**+ 19.67 £ 0.10*
3,9/l 1.48 + 0.09 0.68 + 0.05** 0.83 £ 0.07*+
C4,g/L 0.28 £0.03 0.17 £0.03* 0.22 £ 0.05

Note: the differences between the indicators of the control group and the examined group are significant: * - p <0.05; ** - p <0.01; *** - p <0.001;
differences between indicators in patients of groups 1and 2 are significant: + - p <0.05.

Table V. Comparison of indicators of immunological status with the species composition of the colonic microflora in the examined patients

Indicators of immunological status

Indicators of the

Examined patients

microbial composition

of the colon group 1 group 2
IgA lgG c3 IgA lgG c3
Bifidobacterium r=0.92; p<0.01 r=0.78; p<0.01  r=0.68; p<0.05 r=0.82; p<0.01 r=0.56; p<0.05 r=0.54; p<0.05
Lactobacillus r=0.88; p<0.01 r=0.64; p<0.05 r=0.66; p<0.05 r=0.76; p<0.01 r=0.52; p<0.05 r=0.48; p<0.05
Staphylococcus r=0.80; p<0.01 r=0.66; p<0.05 r=0.64; p<0.05 r=0.78; p<0.01 r=0.66; <0.05
Clostridium r=0.64; p<0.05 r=0.68; p<0.05 _ r=0.54; p<0.05 - -
Klebsiella r=0.70; p<0.01 _ _ _ _ -

(by 16.1 % - p <0.05) and Candida albicans (by 13.2 % -
p<0.01) was found significantly more often compared
with the data of group 2.

Changesin colonic microflora in those examined were
also accompanied by changesinimmunoglobulin levels
and complement parameters in serum. At the same
time, more pronounced changes in theimmunological
status were found in patients of group | (Table IV).

Changes in the immunological status of patients in
both groups were found. In patients with HT and in-
crease of BMI an increase in serum IgA, IgM, IgG levels
were found, with the most pronounced in patients of
group 2. An increase in serum immunoglobulins (A,
M and G) was also diagnosed in group 2 of examined
patients too. A significant increase in immunoglobulin
levels was found in patients with HT and obesity. In-
creased levels of IgA and G are evidence of activation
of the humoral immune system, which was found in
obese patients regardless of thyroid damage. Decreases
in the parameters of the complement (C3, C4) system
were also observed in the examined patients.

Statistical analysis established a relationship between
the composition of the colon microflora and the im-
munological parameters of the body in the subjects
-Table V.

The relationship between the number of bifidus
and lactobacilli and the level of IgA, IgG and the level
of complement C3 in patients with both group were
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found. There was a correlation between the number
of Staphylococcus in colon microflora and the level
of immunoglobulins (A, G) and complement C3 in
patients of group 1. Clostridium levels also affect IgA
levels in the serum in both groups of examined patients
and with level of IgG in patients of group 1. There was
also a correlation between Klebsiella and IgA levels in
patients of group 1.

DISCUSSION

The gut microbiota plays an important role in the
pathogenesis and progression of obesity. Abdominal
obesity significantly increases the risk of metabolic syn-
drome, cardiovascular disease, diabetes mellitus, and
non-alcoholic fatty liver disease [7]. Recent studies have
also shown that the gut microbiome is associated with
thyroid diseases (Graves’ disease, Hashimoto's disease,
thyroid cancer) [8].

Our research has found changes in the qualitative
and quantitative composition of the colonic microflora
in patients with HT and obesity on the background of
metabolic changes.

It is known that the gut microbiota not only has a
positive effect on the activity of the immune system,
but also on thyroid function. Thyroid and intestinal
diseases often coexist and are often accompanied by
other pathological conditions, such as celiac disease
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and food intolerance. This occurs as a result of damage
to the intestinal barrier and a subsequent increase in
intestinal permeability. In this case, antigens pass the
intestinal barrier more easily and negatively affect the
immune system. In addition, the composition of the
intestinal microbiota affects the absorption of essential
trace elements for the thyroid gland (iodine, iron, cop-
per, selenium, zinc), which are crucial for the synthesis
of thyroid hormones and are necessary for the conver-
sion of T4 to T3. The levels of these trace elements are
often reduced in patients with thyroid disease. Taking
into account changes in the composition of the gut
microbiota, multifactorial therapeutic and preventive
strategies for the treatment of these patients could
be developed. However, further research is needed to
assess the impact of changes in the gut microbiota on
thyroid function and disease [9].
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ABSTRACT

The aim: To evaluate the effect of 28-day oral administration of MSG at the rate of 30 mg/kg of body weight on histological and morphometric parameters
of the vascular bed of the thymus in rats.

Materials and methods: The scientific experiment was conducted on 20 white non-linear rats of reproductive age (4-5 months) weighing from 220 to 280
g, which were divided into two groups (10 rats each). Depending on the term of decapitation, the experimental animals were divided into two groups (10
rats in each group). We studied the effect of 14 and 28 days of MSG administration on the body of rats (I and Il groups of experimental rats). The experimental
animals were daily orally treated with MSG at a dose of 30 mg/kg body weight, which was dissolved in 0.5 ml of dechlorinated tap water at room temperature.
Control rats of Il and IV groups (5 rats in each of the control groups) were injected with a placebo (0.5 ml of dechlorinated tap water at room temperature) for
14 and 28 days. Intact animals of Ill and IV groups were also decapitated on the 14th and 28th days of the experiment, respectively.

After the end of the experiment, animals were decapitated under light ether anesthesia. After decapitation, the animals were dissected into the chest cavity
to remove the thymus. Histological preparations were studied using a MICROmed SEQ SCAN light microscope and a Vision CCD Camera. Morphometric studies
were carried out using VideoTest-5.0, KAARA Image Base and Microsoft Excel programs on a personal computer.

Results: During the microscopic examination of histological preparations of the retrosternal gland in experimental animals of the Tst group (daily administration
of MSG at the rate of 30 mg/kg of body weight for 14 days), it was established that the lumen of the arteries is moderately filled with blood elements. The veins
are dilated with a changed shape and filled with blood. The following ultrastructural changes were detected in the experimental animals of group I: the lumen
of arteries, arterioles and venules is slightly expanded, the nuclei of endotheliocytes are enlarged, occupy a significant part of the cytoplasm, the karyolem forms
intussusceptions. The plasmolemma of the lumenal surface of endotheliocytes forms numerous microvilli. At the same time, organelles in the cytoplasm of
endotheliocytes lose their contours. After 28 days of exposure to MSG at a dose of 30 mg/kg of body weight in rats (11 group of experimental animals), structural
changes in the vascular bed of the thymus worsened. The wall of arteries and arterioles is more thickened and swollen, collagen fibers are stratified. In their
lumen, there are many uniform elements attached to the vascular wall and testify to thrombus formation. Perivascular edema is determined. The diameter of
hemocapillaries is increased, their basal membrane is swollen. Veins and venules are also dilated, full blood, interendothelial contacts in the vessel wall are
dilated, the basement membrane is damaged. This contributes to the diapedesis of blood plasma through the vessel wall, which leads to perivascular edema.
Conclusions: Administration of MGS to rats at a dose of 30 mg/kg of body weight for 14 days leads to violations of the morphometric indicators of the vascular
bed in the thymus, namely, to an increase in the outer and inner diameter of the arteries, an increase in the area of the middle membrane and the lumen of
the vessels, which tend to progress with maximum indicators on the 28™ day of the experiment. 2. The study of the vascular bed of the thymus against the
background of taking MSG in a dose of 30 mg/kg of the weight of rats indicates the most pronounced changes in hemocapillaries, mainly on the 28" day of the
experiment, which is manifested by an increase in their outer diameter. In the lumen of the hemocapillaries, deformed erythrocytes are identified, arranged
in the type of “coin columns”.

KEY WORDS: monosodium glutamate, thymus, vessels

Wiad Lek. 2023;76(11):2491-2496

INTRODUCTION

The flavor additive of monosodium glutamate (MSG) is
widely used in the industry for the production of food
products, medicines, fodder and feed additives for in-
dustrial livestock production of whey [1]. Studies have
shown that even minimal doses of monosodium gluta-
mate (0.6 and 1.6 mg/g of body weight for two weeks

or 100-500 mg/kg of body weight for three weeks)
can cause harmful effects on the body of humans and
laboratory animals. animals, in particular rodents [2].
The effect of monosodium glutamate on the body
of animals and humans manifests itself mainly in the
form of metabolic disorders. Increasing the daily dose
of MSG even by 1 g. significantly increased the risk of
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developing metabolic syndrome and obesity in people,
regardless of lifestyle (diet, physical activity). Studies
on laboratory animals have shown an increase in body
weight, the development of insulin resistance and other
hormonal disorders, changes in serum biochemical
indicators [1, 2].

Monosodium glutamate has a complex mechanism of
action, which can be conditionally divided into indirect
and direct. The indirect effect of MSG on the body is
realized by affecting the neuroendocrine system and
damage to the hypothalamus. As a result of damage to
the autonomic nervous system, the work of controlled
organs and systems is disrupted. The direct effect of
MSG is the occurrence of inflammatory processes
in tissues, infiltration by lymphoid cells, edema and
microcirculation disorders. As a result, hypoxia and
fibrosis develop in tissues. Damage to the endothelium
of vessels causes disruption of histo-hematic barrier
functions and hemorrhage [3].

The the study of the influence of MSG on changes in
the vascular bed in various organs and systems is an
urgent task of modern medical science.

THE AIM

The aim is to evaluate the effect of 28-day oral admin-
istration of MSG at the rate of 30 mg/kg of body weight
on histological and morphometric parameters of the
vascular bed of the thymus in rats.

MATERIALS AND METHODS

The scientific experiment was conducted on 20 white
non-linear rats of reproductive age (4-5 months)
weighing from 220 to 280 g, which were divided into
two groups (10 rats each). Experimental animals were
kept in vivarium conditions in compliance with all
regulations, namely the provisions of the “European
Convention for the Protection of Vertebrate Animals
Used for Experimental and Other Scientific Purposes”
(Strasbourg, 1986), Council of Europe Directive 86/609/
EEC (1986), the Law of Ukraine No. 3447—IV “On the
protection of animals from cruel treatment”, general
ethical principles of experiments on animals, adopted
by the First National Congress of Ukraine on Bioethics
(2001). Experimental and control animals were housed
in separate boxes in the vivarium. All experimental
animals were kept in the conditions of the vivarium
of the Lviv National Medical University named after
Danylo Halytskyi.

Depending on the term of decapitation, the experi-
mental animals were divided into two groups (10 ratsin
each group). We studied the effect of 14 and 28 days of
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MSG administration on the body of rats (I and Il groups
of experimental rats). The experimental animals were
daily orally treated with MSG at a dose of 30 mg/kg body
weight, which was dissolved in 0.5 ml of dechlorinated
tap water at room temperature. Control rats of lll and
IV groups (5 rats in each of the control groups) were
injected with a placebo (0.5 ml of dechlorinated tap
water at room temperature) for 14 and 28 days. Intact
animals of lll and IV groups were also decapitated on
the 14th and 28th days of the experiment, respectively.

After the end of the experiment, animals were decap-
itated under light ether anesthesia, with the animals
previously weighed. After decapitation, the animals
were dissected into the chest cavity to remove the
thymus. After dissection of the ventral wall of the chest
cavity and the front surface of the neck, the mammary
gland was removed. The obtained material was pro-
cessed according to generally accepted methods. For
histological examination, tissue blocks of the thymus
were fixed in a 10.0% solution of neutral formaldehyde.
After fixation, the material was washed, dehydrated in
a series of alcohols of increasing concentration, passed
through chloroform and poured into paraplast. Sections
of tissue with a thickness of 5-7 um were prepared on
a rotary microtome, placed on glass, stained with he-
matoxylin-eosin according to the generally accepted
method. Histological preparations were studied using
a MICROmed SEO SCAN light microscope and a Vision
CCD Camera. Morphometric studies were carried out
using VideoTest-5.0, KAARA Image Base and Microsoft
Excel programs on a personal computer. The research
was carried out in the specified terms of the experiment
in preparations stained with hematoxylin and eosin. The
relative area of the cortical substance of the thymus
lobe, the relative area of the medullary substance of the
thymus lobe, the cortical-cerebral index, the thickness
of the capsule, the number of thymocytes per unit area
in the cortical and medullary substances of the thymus
lobe, as well as the diameter of small thymocytesin the
compositions of the cortical and medullary substance
of the thymus lobe were studied morphometrically.

Inaccordance with the purpose of the scientific work,
the arteries of the muscular type of small and medium
caliber were studied. The values of the external (D))
and internal (D,) diameters, the area of the middle
membrane (media) (Sm) and the area of the lumen (SI)
were determined. The assessment of the functional
state of the blood vessels was carried out by calculating
the Voogenvoort arterial permeability coefficient (VC),
which is the ratio of the wall area to the area of the
lumen - VC= (Sm/SI) x 100%.

The outer diameter (D) of the blood capillaries of the
cortical and medullary substances of the thymus lobes
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was also measured.

The analysis and processing of the results of the ex-
amination of patients was carried out by the computer
program Statistics 10.0 (StatSoftInc, USA) for Windows,
using parametric and non-parametric methods of eval-
uating the obtained results.

RESULTS

The parameters of the arteries, that supply blood to the
thymus in rats were studied (interlobular and intralob-
ular arteries of the retrosternal gland, from which the
arcuate arteries that form the vessels of the hemomi-
crocirculatory bed of the organ branch out).

During the microscopic examination of histological
preparations of the retrosternal gland in experimental
animals of the 1%t group (daily administration of MSG
at the rate of 30 mg/kg of body weight for 14 days),
it was established that the lumen of the arteries is
moderately filled with blood elements. The veins are
dilated with a changed shape and filled with blood. The
following ultrastructural changes were detected in the
experimental animals of group I: the lumen of arteries,
arterioles and venules is slightly expanded, the nuclei
of endotheliocytes are enlarged, occupy a significant
part of the cytoplasm, the karyolem forms intussus-
ceptions. The plasmolemma of the lumenal surface of
endotheliocytes forms numerous microvilli. At the same
time, organelles in the cytoplasm of endotheliocytes
lose their contours.

During the microscopic examination of the histo-
logical preparations of the first group of animals, an
increase in the lumen of the veins, which are filled with
blood-forming elements, was established. The general
increase in the diameter of the vessels of the microcircu-
latory bed is determined. At the same time, erythrocytes
in the lumens of hemocapillaries are arranged in the
type of“coin columns”. Single erythrocytes are detected
in the intercellular space, which indicates damage to
the vascular wall. The lumen of the capillariesis slightly
narrowed, which occurs as a result of the swelling of the
endotheliocytes and the protrusion of the plasmolem-
ma into the lumen of the vessels. The lumen of arterioles
is also slightly expanded. The basement membrane of
the venules is thickened in some places.

After 28 days of exposure to MSG at a dose of 30
mg/kg of body weight in rats (Il group of experimental
animals), structural changes in the vascular bed of the
thymus worsened. The wall of arteries and arterioles is
more thickened and swollen, collagen fibers are strat-
ified. In their lumen, there are many uniform elements
attached to the vascular wall and testify to thrombus
formation. Perivascular edema is determined. The

diameter of hemocapillaries is increased, their basal
membrane is swollen.Veins and venules are also dilated,
full blood, interendothelial contacts in the vessel wall
are dilated, the basement membrane is damaged. This
contributes to the diapedesis of blood plasma through
the vessel wall, which leads to perivascular edema.

The release of formed blood elements into the paren-
chyma is also determined. In the lumen of the hemo-
capillaries, erythrocytes are deformed, also arranged
in a “coin column” type, as in animals of the 1% group.
Erythrocytes often attach to the lumenal surface of en-
dotheliocytes. The wall of arteries and arterioles is thick-
ened due to swelling of endotheliocytes. Initial signs
of sclerosis in arteries and arterioles are determined.

The most pronounced microscopic changes in ani-
mals of the Il group were found in the blood capillaries,
namely, an increase in their outer diameter, the basal
membrane of hemocapillaries was significantly thick-
ened and stratified. In the lumen of hemocapillaries,
deformed clusters of erythrocytes are determined. In
animals of the Il group, electron microscopy revealed
enlarged nuclei of endotheliocytes of an irregular
elongated shape with protrusions and depressions
in the wall of hemocapillaries. The cytoplasm of en-
dotheliocytes is thinned, enlightened. The lumen of
the hemocapillaries is reduced due to the fact that the
plasmalemma. of the lumenal surface of endothelio-
cytes forms numerous protrusions and microvilli in the
hemocapillary lumen.

The parameters of the arteries supplying blood to the
thymus in rats were also assessed by the morphometric
method. Their outer diameter was determined, which
is 50.12£1.12 ym in animals of lll and 49.95+1.07 um in
rats of IV groups, the inner diameter is 25.70+1.02 pm
inllland 25,63+1.14 um in animals of the IV group, the
area of the middle membrane (1428.23+11.46 ym2 in
animals of the llland 1441.25+10.74 um2 in rats of the
IV group), the area of the lumen (513.56%5, 37 um2 in
animals of llland 514.02+4.06 um2 in rats of IV groups),
the Vogenvoort coefficient, which was 290.67+3.15%
in animals of Il group and 289.77+5.56% in rats of IV
group.The indicator of the outer diameter of the blood
capillaries in the thymus lobules was as follows in the
groups of control animals: in the cortical substance -
12.07+0.55 pm in animals of Illl and 12.23+0.61 um in
rats of IV group; in the brain substance, 24.06+1.07 um
in lllanimals and 24.21+1.18 umin IV group rats (Table
). As indicated by the results of the statistical analysis,
we did not establish a significant difference between
the indicators in rats of lll and IV groups. Accordingly,
theirindicators were taken as the norm, with which the
obtained results of the | and Il groups of experimental
rats were subsequently compared.
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Table I. Morphometric indicators of the vascular bed of the retrosternal gland in experimental rats

Groups of studied animals

Indicators Experimental groups Control groups

I group (n=10) Il group (n=10) Il group (n=5) IV group (n=5)

D1 arteries, um 53,04+1,05* 54,88+1,14* 50,12+1,12 49,95+1,07

D, um 26,87+1,12*+ 22,04+0,86* 25,70+1,02 25,63+1,14
Sm arteries, um? 1603,21+£12,55** 1785,35+14,78**4++ 1428,23+11,46 1441,25+£10,74

Sl arteries, pm? 560,23+5,48%+ 535,64+4,12* 513,56+5,37 514,02+4,06

VC, % 289,12+3,26* 328,77+3,08*+ 290,67+3,15 289,77+5,56

D hemocapillaries of the cortical substance, um 16,02+0,71* 18,95+0,46**+ 12,07+0,55 12,23+£0,61

D hemocapillaries of the brain substance, um 29,88+0,27* 34,12+0,45%*+ 24,06+1,07 24,21+£1,18

Note: the difference between the indicators of rats of experimental groups (I and Il groups) and control groups (IlI-IV groups) is significant: * — p<0.05;
** — p<0.01; the difference between the indicators in rats of the | and Il groups is significant: + - p<0.05; ++ - p<0.01.

The analysis of the results of the morphometric
parameters of the vascular bed of the thymus in rats
of the | group (after 14 days of taking MSG) indicates
a significant increase in the indicator of the outer di-
ameter of the arteries (up to 53.04+1.05 um - p<0.05).
The maximum pronounced increase of this indicator
was established on the 28th day of the experiment in
rats of the Il group (increase to 54.88+1.14 um). In rats
of both experimental groups, the external diameter of
arteries was significantly different from this indicator of
intactrats of llland IV groups - p<0.05. On the contrary,
the internal diameter of the arteries was maximally in-
creased in rats of the | group and significantly differed
from this indicator in the rats of the Il group (p<0.05).
Inrats of the Il group, the inner diameter of the arteries
was lower than this indicator of the control animals,
namely - by 3.66+0.16 um from this indicator in therats
of the lll group and by 3.59+0.28 um from the indicator
in the animals of the IV group - p<0.05.

Assignificant increase in the area of the middle mem-
brane and the area of the lumen of the arteries in the
retrosternal gland was established in rats of both ex-
perimental groups in comparison with such indicators
in the animals of the control groups. At the same time,
if the maximum pronounced deviation from the norm
in the analysis of the area of the middle layer of arteries
was found in animals of the Ill group (its increase to
1785.35+14.78 um2 - p<0.01), then on the contrary -the
area of the lumen of the arteries increased maximally
in animals of | group (560.23+5.48 um2 - p<0.05), in
comparison with the data of control animals. If on the
14th day of the experiment, the VC in the animals of
the | group actually did not differ from that in the rats
of the control groups, then on the 28" day of receiving
MSG, it was found to have significantly increased in
comparison with the animals of the control groups (up
t0 328.77+3.08 % - p<0.05).
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During the morphometric study of histological
preparations, a reliable gradual increase in the outer
diameter of hemocapillaries was established in both
the cortical and medullary substances of the thymus
with the maximum values in rats of the lll group —up to
18.95+0.46 um in the cortical substance of the lobules
and up to 34.12+0 .45 pym in the brain substance of the
lobules, which, accordingly, significantly exceed these
indicators of intact animals (p<0.01).

So, already 14 days after the introduction of MSG to
rats at a dose of 30 mg/kg of body weight, changes in
the vascular bed of the thymus in experimental animals
are determined, which have a tendency to progress
with maximally pronounced changes on the 28" day
of the experiment.

DISCUSSION

Various experimental and clinical studies are conducted
to determine the impact of food additives on health.
The most common of them is monosodium gluta-
mate. The food supplement, which has been known
as a “flavor enhancer” for more than 100 years, is the
fifth type of taste in Japan - “umami’, after sour, bitter,
salty and sweet. It was first discovered by a Japanese
scientist, Professor Kikunae Ikeda and introduced into
mass production as one of the most common food
additives after salt and pepper. In the professional lit-
erature, information about the negative impact of MSG
on the structural organization of organs, in particular
the nervous, digestive, immune and other systems, is
increasingly appearing [4].

Experimental studies indicate that in glutamate-in-
duced obesity, excess fat accumulates in adipose tissue
as a result of increased cholesterol levels, which leads
to cardiovascular pathology [5]. The preliminary data
obtained by us also indicate a violation of lipid me-
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tabolism in rats when MSG is administered at a dose
of 30 mg/kg of body weight against the background
of structural changes in organs, including the thymus.
In an experimental study by Aghajani M. et al. (2017),
it was established that the introduction of MSG in
combination with a high-calorie diet led to oxidative
stress due to increased levels of nitric oxide. This, in
turn, increases the area of damage during myocardial
infarction in experimental animals [6].

The data obtained by us also confirm the negative
effect of MSG on the vascular structures of the thymus
in rats receiving the dietary supplement at a dose of
30 mg/kg body weight. Already on the 14th day of the
experiment, the expansion of the lumen of the arteries
and arterioles of the thymus was established, which
indicates vasodilatation. The lumen of the veins and
venules is increased, they are full of blood. Two-week
administration of GN contributes to the narrowing of
the lumen of the hemocapillaries of the thymus in rats.

Destructive changes in the vascular bed of the thy-
mus after 28 days of taking GN in a dose of 30 mg/
kg body weight of rats deepen even more. Veins and
venules are more dilated, full-blooded. The basement
membrane is swollen. The wall of arteries and arteri-
oles are thickened, swollen, there are many shaped
elements in their lumen, which is a sign of thrombus
formation. Perivascular edema increases. Hemocap-
illaries increase in diameter, both in the cortical and
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ABSTRACT

The aim: The primary objective of our study was to track the T(Z's impact on PCT levels in a cohort of COVID-19 patients who received dexamethasone
daily from admission to the day of discharge.

Materials and methods: There were two groups: a treatment group of 40 patients who received tocilizumab and a 40-patient control group that did not
receive the medication. Both groups’ daily blood culture results and serum procalcitonin biochemical indicators were observed for 20 days, or until discharge
or death. After 10 days, non-parametric univariate and linear mixed model analyses were used to compare the two groups’ differences.

Results: Tocilizumab is administered on Day 5 and greatly reduces procalcitonin. The two groups did not differ in the percentage of positive blood cultures.
Condlusions: Procalcitonin levels in COVID-19 individuals who have received tocilizumab maybe not a dependable predictor of superinfection with bacteria.

KEY WORDS: (0VID-19, tocilizumab, clinical biochemical marker, procalcitonin

INTRODUCTION

The coronavirus disease (COVID-19) global pandemic
has been around since 2019 [1, 2]. The most common
side effect of the disease is adult respiratory distress
syndrome (ARDS) [3], that characterized by widespread
viral particles and inflammatory cells in the lungs
within Pneumocystis type Il [4]. Tocilizumab (TCZ),
also called rheumatoid arthritis medication, which is
a monoclonal antibody against the IL-6 receptor and
reduces cytokine storm, has generated interest as an
active drug for severe COVID-19 [5, 6]. Early studies in
2020 showed that TCZ survived COVID-19 in severe
cases [7]. The REMAP-CAP study, which evaluated TCZ
compared with Sarilumab [8], was published in late
February 2021 and is the largest trial to date. Patients
taking the IL-6 receptor inhibitor compared favorably
to the control group, spending an average of 10 days
without organ support in the TCZ group against 11
fewer days in the Sarilumab group. According to the
three-month analysis, the survival rate of the treated
patients was better than that of the control group [9].
As more and more studies are published proving the
benefits of TCZ on survival, physicians are becoming
more concerned about the potential disadvantages of
TCZ.Known side effects include immunosuppression,
liverinjury, neutropenia, and thrombocytopenia. How-

Wiad Lek. 2023;76(11):2497-2501

ever, we think there may be a more significant indirect
impact on clinical care that needs to be addressed in
further research [10]. Approximately 20% of hospital
admissions for COVID-19 are affected by bacterial
coinfection on admission, and up to 50% of these
admissions are at risk of developing hospital-acquired
sepsis within weeks of their ICU stay [11]. Before the
pandemic, there was information [12] showing that
TCZ could independently lower each and every sign
of infection that physicians use to keep an eye on the
prognosis and development of bacterial sepsis and
decide whether to intensify or reduce antimicrobial
therapy. The use of TCZ in the treatment of severe
COVID-19 infection is an interesting topic given the
impact of TCZ on biochemical and clinical markers of
infection. Commonly used Procalcitonin (PCT) is one
such indicator of infection, CRP, and white blood cell
count (WCC) [13]. There are even fewer data on how
TCZ affects markers of infection in people who are
regularly treated with corticosteroids, since it only
became commonplace treatment for COVID-19 after
June 2020 [14]. Hariyanto and Kurniawan examined
the effects of TCZ on multiple biochemical markers
of infection in a rapid study of nine studies and 577
patients. CRP, ferritin, and D-dimer decreased and
lymphocytes increased after TCZ injection. This review
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Table I. Detection of procalcitonin in COVID-19 patient groups under study

Parameter Group No. Mean+ SD p-value
Control (group 1) 40 180.522+166.538
Procalcitonin (pg/ml) - 0.000*
Treated with TCZ (group 2) 40 63.941+14.317

*P<0.05

Table I1. Relationship between COVID-19 severity and procalcitonin

Asymptomatic 95% confidence interval

Test variable Accuracy Area (AUCQ) Asymptomatic significance
Lower bound Upper bound
Procalcitonin Excellent 0.916 0.000* 0.861 0.971
*p<0.05
Table Ill. Differences in PCT biochemical markers between the two groups at days 5, 10 and 15 with matching of p-values
Control Group Treatment Group p-value
Number of patients 40 40
Any positive blood culture 22 (55%) 26 (65%) 0.58
Date of the event 8[5-11] 55[3-8] 0.15
Fungal cultures 12 (30%) 8 (20%) 0.45

found that PCT also decreased after TCZ treatment
[15]. A sudden increase in oxygen consumption and
admission to the ICU are red flags. Patients with slower
disease progression or serum alanine aminotransfer-
ase levels greater than one-fifth of the higher bound
of the standard were not taken into account for TCZ
treatment. Eligible candidates received only oneintra-
venous dose of 8 mg/kg TCZ up to a prescribed dose
of 800 mg [16, 17].

THE AIM

The primary objective of our study was to track the
TCZ's impact on PCT levels in a cohort of COVID-19
patients who received dexamethasone daily from
admission to the day of discharge.

MATERIALS AND METHODS

It was a retrospective single-center study conducted
at the Al-Yarmouk teaching hospital in Baghdad, Iraq,
in a general intensive therapy unit (ITU). The treatment
group was comprised by the first 50 continuously ad-
mitted COVID-19 patients to the ITU who received TCZ.
The 50 patients not given TCZ in the control group for
this trial were admitted to the ITU due to COVID-19.
From the day when TCZ was administered until death,
discharge from the ITU, or 20 days after administration,
whichever came first, blood panel results for PCT at 6
am every day were documented. The first set noted was
frequently taken in this group during admission and
shortly before the TCZ dose was administered.
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STATISTICAL ANALYSIS

The statistical analysis for this study was completed
using Microsoft Excel 2013 and the statistical package
for social sciences (SPSS) version 19.0. The Chi-square
test was used to describe the relationship between
these data. The Fisher exact test was used if there
were 25% fewer cells than predicted. Numerical data
were described using the mean, standard error of
the mean, and standard deviation. The independent
sample t-test was used to compare the two groups.
The null hypothesis was tested, and the P-values were
used to assess the significance of the testing. AP value
of less than 0.05 was used to determine if a result was
significant.

RESULTS

When PCT was measured in COVID-19 patients who
participated in this study, the results revealed a
substantial increase in PCT that was correlated with
the severity of the infection (P value = 0.000). Day 5,
using the treatment group’s PCT values, univariate
analysis revealed that TCZ administration had an
impact on the PCT level. The mean%SD of PCT was
63.941+£14.317,and 180.522+166.538 in the control
group (Table I).

The investigation evaluated the reliability of the PCT
test, and it revealed a statistically significant relationship
between PCT and the severity of COVID-19 infection in
study participants. The area under the curve for PCT was
(0.916), and the 95% confidence interval was equal to
0.861-0.971 (Table II).
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MICROBIOLOGY
The results of blood cultures for cultures of bacteria and
fungi from the TCZ group and the control group are
detailed in Table lll, along with the relevant p-values.
The proportion of patients in each group who had
a positive blood culture (without contaminants) was
comparable: 65% in Tocilizumab group vs 55% in Con-
trols, p-value=0.58. In patients receiving TCZ, Optimistic
results tended to emerge during the ITU stay earlier,
however, this did not reach statistical significance (Table
I). The frequency of fungal cultures was the same in
both groups.

DISCUSSION

The primary objective of this study was to investigate
the significance of PCT levels following TCZ adminis-
tration to COVID-19 pneumonia patients with severe
illness. Our results show that TCZ therapy significantly
reduces PCT for up to five days following the dose.
After this stage, there was a statistically significant fall
in the median PCT. Studies conducted abroad have
previously drawn some conclusions concerning results
comparable to those reached by our group. Results
of the COVID-19 research showed that in those who
did not require mechanical ventilation, TCZ therapy
dramatically decreased PCT and CRP [18-20]. Patients
with COVID-19 who took part in this study’s PCT de-
tection results showed a significant rise in PCT that
was associated with the severity of the infection. The
results are in line with several studies, such as Rue Hua
et al., which demonstrate how PCT can be utilized as a
measure of disease severity and to gauge the severity of
COVID-19 patients. Regular PCT readings may also help
determine the prognosis [21]. Additionally, a subset of
COVID-19 individuals who are at risk for experiencing
a severe illness and having negative outcomes may be
found using Natalee Hazzans et al. high PCT levels [22].
Another meta-analysis study by Lippi G and Plebian et
al., found that bacterial illnesses boost extra thyroidal
PCT synthesis and preserve PCT activity due to greater
quantities of IL-1, TNF-& and IL-6, but viral infections
decrease PCT production due to interferon. Serum PCT
concentrations in COVID-19 patients remain normal
because there are noissues, but higher values in severe
cases may indicate bacterial co-infection [23]. PCT is
primarily created during inflammation by two different
pathways: a direct channel induced by lipopolysaccha-
ride (LPS) or other toxic bacteria-derived metabolites,
and an indirect avenue induced by other inflammatory
mediators like IL-6, TNF-&, and others. The fact that PCT
is created in bacterial septicemia through several dif-
ferent pathways, either directly or indirectly, may help

to explain why PCT is elevated in severe COVID [24].
The results of this study were not supported by other
investigations, which included those by Huang Cetal.,
Wan S et al., Wang D et al., Barraza H et al., Chen T et
al., and Langford BJ et al. which found no statistically
significant connection between higher PCT and illness
severity or outcomes. Potential confounding factors in-
clude a small sample size, various severity classification
criteria, the PCT threshold, and/or the proportion of
patients with severe disease [25-28]. Less research has
been done on other elements, and conflicting reports
seem to exist. Other studies that were stated at the
beginning of the study showed a variety of favorable
impacts on survival results and weaning off mechanical
breathing [9].

CONCLUSIONS

Procalcitonin and C-reactive protein levels are sig-
nificantly lowered in critically ill patients treated with
tocilizumab. Blood culture results and patients with
COVID-19 are unaffected by this medicine in the days
following therapy. Because it shows that PCT might no
longer be a reliable sign of superinfection in patients
getting TCZ treatment for severe COVID-19 pneumonia.
This study isimportant as TCZ still carries a minor risk of
bacterial infection, even though it appears to help pa-
tients with COVID-related ARDS most of the time. While
watching from the onset of contamination, additional
markers, for example, WCC and cultures of bacteria,
maybe greater significance than the commonly used
PCT and CRP values. Given that microbial resistance
must be considered, it is currently unclear if to lessen
the likelihood of an undetected superinfection, pre-
ventive antibiotics should be given along with TCZ.The
study’s shortcomings include the inclusion of only one
site and the very small sample size. All patients received
dexamethasone, which might have been a confusing
element that masked more pronounced disparities
between the two groups.

RECOMMENDATION

Repercussions of TCZ medication and the ideal strategy
to shield these individuals from the issues associated
with bacterial superinfection require more study. Larg-
er studies and lengthier investigations are necessary
to more fully comprehend the precise impacts and
processes of TCZ function in severe COVID-19 before
explicitly proposing a change in clinical practice. Ex-
amine the impact of TCZ on additional markers, such
as the number of white blood cells, neutrophils, lym-
phocytes, etc.
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ABSTRACT

The aim is to analyze patients with acute myocardial infarction with reduced ejection fraction in order to determine risk factors for mitral insufficiency.
Materials and methods: The study included 149 patients with acute myocardial infarction. Among the patients, there were 113 males (75.8%) and 36 females
(24.2%). The age of the patients ranged from 43 to 86 years. Echocardiography was performed using a Phillips Epiq 7 machine. Patients were examined three
times: upon admission to the hospital, after revascularization, and six months after discharge. Patients received transthoracic echocardiography, which was
used to determine the presence and degree of mitral regurgitation.

Results: According to the results of the study, it was found that the presence of concomitant somatic pathology worsens the course of an acute myocardial
infarction, in turn increasing the likelihood of valvular pathology. An increase in left ventricular volume indicators, such as end-diastolic volume, end-systolic
volume, end-diastolic index, and the index of contractile function (ejection fraction) contributes to the development of mitral valve insufficiency.
Conclusions: The presence of mitral requrgitation in patients with acute myocardial infarction and reduced left ventricular ejection fraction worsens the course
of the disease and negatively affects the prognosis.

KEY WORDS: myocardial infarction, mitral requrgitation, echocardiography

INTRODUCTION

Mitral regurgitation is a frequent complication of acute
myocardial infarction (AMI). If a mitral regurgitation
occurs, it can manifest itself in the different degrees of
severity, from clinically and hemodynamically obvious
to clinically latent and detected only as an incidental
finding during the echocardiography. Surely, mitral
valve insufficiency is diagnosed using a Doppler diag-
nostics and it occurs in 39% of patients with myocardial
infarction (MI) [1]. Papillary muscle dysfunction and
associated dysfunction of the affected wall of the left
ventricle are thought to be the most common cause of
mitral regurgitation (MR) in post-AMI patients [2, 3, 4],
and MR tends to be a more frequent complication of
inferior than anterior infarction.

Echocardiography is the gold standard for evaluating
valvular diseases of the heart, in particular mitral regur-
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gitation [5]. Two-dimensional (2D) and three-dimen-
sional (3D) echocardiography are used mainly to iden-
tify the etiology and the mechanism of the MR, while
a Doppler method provides an accurate assessment of
MR severity. Moreover, the integration of other ancillary
findings, such as left ventricular size and function, the
coexistence of significant tricuspid regurgitation, and
pulmonary artery pressure, play a significant role in
the decision-making process regarding the type and
timing of intervention in severe MR. Echocardiographic
assessment of IMR should also include assessment of
global and regional LV function, LV ejection fraction, LV
dimensions, LV wall motion abnormalities, and pulmo-
nary hypertension [6].

A thorough complex echocardiographic analysis
of anatomical structures and functional changes will
make it possible to timely and correctly establish the
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diagnosis of mitral insufficiency, and mostimportantly -
to understand the cause of its occurrence. Diagnosis of
the genesis of valvular dysfunction is the main pointin
choosing the correct treatment tactics for the patient.

THE AIM

To investigate the prevalence of mitral regurgitation in
patients with acute myocardial infarction and examine
the risk factors associated with its occurrence.

MATERIALS AND METHODS

149 AMlI-patients, who were treated at the Kyiv Heart
Center, took part in the research. In the period from
March 03, 2021 to November 16, 2022, the medical
histories of patients who were admitted to a medical
institution with acute myocardial infarction of type
I and received percutaneous coronary intervention
(PCI) were retrospectively studied. All patients received
transthoracic echocardiography before the PCl, after
the intervention, and 6 months after the occurrence
of myocardial infarction.
Patients were divided into 2 groups: without mitral in-
sufficiency (n=48) and with mitral insufficiency (n=101).
An echocardiographic research was performed on a
Philips Epiq7 ultrasound diagnostic device. To assess
the degrees severity of mitral insufficiency, were used
the flow convergence assessment method (PISA, EROA),
measuring the size of the vena contracta.
Convergence of proximal blood flow was assessed
in an apical 4-chamber projection, allowing measure-
ment of proximal isovolumetric surface area (PISA) with
reduced smoothing speed and increased penetration
depth. The effective regurgitation orifice area (EROA)
was obtained from the continuous-wave Doppler
profile of the MR jet in the apical 4-chamber position.
The width of the vena contracta (VC) was assessed on
the long-axis parasternal image. MR was classified as mild,
moderate, or severe according to established criteria [7].
The dimensions of the left atrium (LA) and LV were indexed
according to Mosteller's Body Surface Area calculation. LV
ejection fraction (LVEF) was calculated by the Simpson’s
Method of Disc. The volume of the LA was calculated by
the two-plane method based on the images obtained
from the apical four-chamber and apical two-chamber
images at the end of systole. LA dilatation was defined as
the indexed left atrial volume (LAVi) > 34 ml/m2 [8].

RESULTS

As a result of the study, 149 AMI-patients were ex-
amined. All patients underwent transthoracic echo-

cardiography. Patients are divided into 2 groups: 1st
group - 48 patients without mitral valve insufficien-
cy and 2nd group - 101 patients with mitral valve
insufficiency (Table I). In both groups of patients,
men prevailed, 38 (79.17%) in the 1st group and 75
(74.26%) p=0.516. The average age of patients was
higher in the group of patients with mitral valve
insufficiency - 65.59+1.01, and in the 2nd group -
63.44+1.49 (p=0.233). Hypertensive disease was
observed in almost all patients of both groups (48
patients (100%) and 100 patients (99.01%) p=0.492).
Diabetes mellitus was more often noted in patients
of the 2nd group - 34 (33.66%), and in the 1st group
- 14 people (29.17%) p=0.586.

Patients with mitral insufficiency often have chronic
kidney disease (38 (37.62%) and 12 (25%) p=0.129).
When comparing the body mass index in patients, no
significant difference was noted (28.41+0.57 kg/m2 and
28.31+0.45 kg/m2 (p=0.898)). In the assessment of previ-
ous cerebral circulation disorders, the second group had
higher indicators than the first group (12 (11.88%) and 5
(10.42%) p=0.794)). When patients were admitted to the
department, they were evaluated according to the NYHA
scale, according to the obtained results, class Ill prevailed
in both groups (48 (100%) and 99 (98.02%) p=0.330)).

All patients received echocardiographic examination
three times - before surgery, after surgery and 6 months
after surgery.

When analyzing the data of the first echocardiog-
raphy before stenting (Table Il), a larger end-diastolic
volume of the left ventricle was found in the patients
of the second group (147.51+£3.77 and 138.75+5.41
(p=0.187)). The indicator of end-systolic volume did
not have a significant difference - 58.69+1.90 in the
first group and 57.60+1.30 in the second (p=0.634).
The end-diastolicindex s higher in patients with mitral
valve insufficiency 76.44+1.88, and in patients without
mitral insufficiency - 70.06+2.38 (p=0.047). The ejection
fraction was lower at the time of admission to stent-
ing in the second group of patients (39.79+0.68 and
43.31+0.97 (p=0.004).

Patients underwent a second echocardiography the
day after coronary arteries stenting (Table Ill). Accord-
ing to the research data: the end-diastolic volume
of the left ventricle in patients of the second group
remained larger than in the first group (146.11+3.84
and 143.79+5.38 (p=0.730)), increased in both groups,
comparing with the previous indicators of echocar-
diography. End-systolic volume prevailed in patients
with mitral insufficiency (78.60+3.00 and 75.46+4.32
(p=0.552)). The end-diastolic index was higher in the
second group (78.09+1.75 and 72.06+2.38 (p=0.048),
the results increased in both groups compared to the
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Table I. Basic clinical characteristics of patients

Indicator Group 1 n=48 Group 2 n=101 P
Age 63,44+1,49 65,59+1,01 0,233
ks male 38(79,17) 75 (74,26)
< 0,516
O female 10(20,83) 26 (25,74)
hypertension 48 (100) 100 (99,01) 0,492
o DM 14(29,17) 34 (33,66) 0,586
g CKD 12 (25,00) 38(37,62) 0,129
“; BMI 28,41+0,57 28,31+0,45 0,898
- BSA 1,97+0,03 1,93+0,02 0,287
ACVA 5(10,42) 12(11,88) 0,794
i % 11l 48 (100) 99 (98,02) 0.330
z ’
\% 0 2(1,98)
Table II. Preoperative echocardiographic characteristics of the LV
Indicator Group 1 n=48 Group 2 n=101 P
EDV 138,75+5,41 147,5143,77 0,187
ESV 58,69+1,90 57,60+1,30 0,634
EDI 70,06+2,38 76,44+1,88 0,047
EF 43,31+0,97 39,79+0,68 0,004
Table I11. Postoperative echocardiographic characteristics of the LV
Indicator Group 1 n=48 Group 2 n=101 P
EDV 143,79+5,38 146,11+3,84 0,730
ESV 75,4614,32 78,60+3,00 0,552
EDI 72,06+2,38 78,09+1,75 0,048
EF 44,729+1,28 40,48+0,67 0,002

first study. The ejection fraction increased after revas-
cularization in all patients, but the 1st group had higher
data (44.729+1.28 and 40.48+0.67 (p=0.002)).

In addition to the indicators of the left ventricle, the
function of the mitral valve was evaluated (Table IV).

Pathological mitral regurgitation was absent in 48
patients (group 1), and MR was noted in 101 patients
(Table V). All patients, in addition to the visual assess-
ment of color Doppler data, were assessed the effec-
tive regurgitation orifice area (EROA), vena contracta
to objectify these degrees of mitral insufficiency. The
following data were obtained during the classification
of mitral insufficiency in the second group of patients:
1st degree of Ml in 68 patients (67.33%) p=0.874; 2nd
degree - in 26 (25.74%) p=0.137; 3rd degree —in 7 pa-
tients (6.93%) p=0.062.
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After 6 months, the end-diastolic volume and left ven-
tricular ejection fraction were re-analyzed in patients
who were dismissed from the hospital in satisfactory
condition (Table VI). EDV indicators remained higher
in patients of the second group (148.93+3.75 and
144.60+7.70 (p=0.570)), slightly increased in compari-
son with postoperative studies. The LV ejection fraction
remained lower in patients with MR (39.59+0.82 and
41.96+0.91 (p=0.080)), slightly decreased compared to
the indicators obtained 6 months ago.

Therefore, comparing the echocardiographic charac-
teristics of patients with an acute myocardial infarction
with a reduced left ventricular ejection fraction, it be-
comes clear that an increase in the volume indicators of
the left ventricle and a decrease in the ejection fraction
contribute to the development of mitral insufficiency.
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Table IV. Echocardiographic characteristics of the severity of mitral insufficiency

Degree of severity Gradell Gradelll Gradelll
Width of Vena Contracta (mm) <3 3-6 >7
EROA (mm2) <20 20-39 =40
Table V. Echocardiographic assessment of MV insufficiency after revascularization
Indicator Group 1 n=48 Group 2 n=101 p
EROA 0,13+£0,00 0,22+0,02 0,003
Vena contracta 1,54+0,08 4,24+0,17 0,145
0 48 (100,00) 0 0,874
Ml degree of severity 1 0 68(6733) o004
2 0 26 (25,74) 0,137
0 7 (6,93) 0,062
Table VI. Echocardiographic characteristics after 6 months
Indicator Group 1 n=40 Group 2 n=97 p
EDV 144,60+7,70 148,93+3,75 0,570
EF 41,96+0,91 39,59+0,82 0,080

Fig. 1. MR quantification by the ratio of the maximum distal flow area to
the left atrium area [10].

DISCUSSION

One of the complications of acute myocardial infarc-
tion is mitral valve insufficiency. The prognosis of the
disease depends on several factors, including age, Killip
classification during the acute phase, delay in receiving

Fig. 2. Vena contracta measurement. VC (white arrows) of the MR flow is
measured from the parasternal view along the long-axis as the narrowest
part of the proximal flow at the level of the tips of the leaflets or slightly
distal to them [10].

specialized care, chosen treatment strategy, extent of
coronary vessel involvement, heart valve pathology,
left ventricular ejection fraction (LVEF), the presence
of comorbidities such as diabetes, kidney insufficiency,
family history, and other aspects.

Mitral valve insufficiency is diagnosed using echo-
cardiography. Timely detection of insufficiency and its
degree is important for the patient’s prognosis.
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Fig. 3. Quantitative evaluation of the difficulty of MR using the PISA method: A. A4Cposition; B. Doppler color flow mapping (CFM); B.“Zoom”mode of the
area of interest; D. Lowering the zero line of the colored speed scale to obtain the PISA hemisphere; D. Determination of the radius of PISA using the first
eleasing; E. Continuous-wave MR spectrum: manual contouring to determine VTI, allowing calculation of EROA and Rvol. (VTI —Velocity Time Integral) [13].

MR should be evaluated using an integrative ap-
proach that includes multiple Doppler techniques for
direct quantification, as well as ancillary data (left atrial
size, LV chamber size, pulmonary vein flow pattern) in
the overall assessment [9].

Color Doppler techniques include:

1.Quantitative assessment of MR by the ratio of the
plot of maximum distal flow to the left atrium area.
Assessment of MR severity based on the plot of the re-
gurgitation area includes tracing the flow area (dashed
white line) on the image of the four chambers of the
apex and comparing the ratio of the area of the jet to
the area of the left atrium (solid white line) (Fig. 1) [10].

2.Vena contracta (VC) measures the linear size of the

2506

neck of the MR jet as it enters the regurgitation orifice
atthe level of the leaflets. The VCis a simple linear mea-
surement of the regurgitation orifice and is relatively
independent of load conditions. The VC is measured in
the long-axis parasternal plane with a magnified image,
and the depth and size of the sector are optimized
for color Doppler resolution (Fig. 2). Magnification is
critical for accurate vena contracta classification, as
small differences in measurement can change the clas-
sification category. Since reference ranges for VC have
been defined in the long-axis planes, dual-chamberVC
measurement should be avoided.

3. A method for evaluating flow convergence. The
flow convergence assessment technique (PISA) (Fig. 3)
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Fig. 4. Three examples of different grades of MR: mild (A), moderate (B) and severe (C). As the severity of MR increases, the area of the requrgitant flow
(EROA) and the speed of the early-diastolic transmitral wave E increase. In severe MR, the slow-wave (SW) spectrum of the requrgitant flow is truncated,
triangular, and intense. A notch (barb) on the CWD spectrum (“cutoff” sign) can be observed with severe MR. VTl is the integral of the linear velocity of
the flow. Mild MR - normal flow contour in the pulmonary vein; moderate MR — decrease in the rate of anterograde systolic flow in the PV; severe MR —
reversion of systolic flow in the pulmonary vein (S — systolic wave; D — diastolic wave) [11].

today is the most recommended quantitative method
in all cases where it can be used (Fig. 4) [11]. Traditionally,
the four-chamber (A4C) position is recommended for
optimal PISAimaging. However, the left ventricular long
axis (PLAX) position is also often useful for imaging in
anterior mitral valve prolapse, where the regurgitant flow
jet is directed under the posterior valve and along the
posterior wall of the left atrium (LA). The region of interest
is optimized by reducing the scan depth and lowering
the zero line of Doppler color flow mapping (CFM) to the
Nyquist limit to a value of ~15-40 cm/s. The PISA radius
is measured in mid-systole to the first spectrum rever-
sal line. Upon that, the values of regurgitation volume
(Rvol.) and effective regurgitation orifice area (EROA) are
obtained using standard formulas. The presence of PISA
at the established Nyquist limit of 50-60 cm/s indicates
the need to rule out the severe MR. Grades of MR include
mild, moderate, and severe. Moderate MR is divided into
“mild-moderate” (EROA 20-29 mm?2 or Rvol. 30-44 ml)
and“moderate-severe” or“expressed” (EROA 30-39 mm2
or Rvol. 45-59 ml). Primary MR is considered severe with
EROA =40 mm?2 and Rvol. =60 mL. In secondary MR, the
threshold values for severe regurgitation, which have

prognostic value, are EROA = 20 mm2 and Rvol. = 30
ml [12]. EROA is the most powerful parameter that is a
marker of MR severity. A large EROA can lead to a large
kinetic energy of regurgitation (a large Rvol.), but also
to a potential energy with a small Rvol., but with a high
pressure in the LA [13].

Ischemic mitral regurgitation (IMR) occurs as a result of
left ventricular (LV) remodeling following a myocardial
infarction [14, 15, 16]. This form of mitral valve insufficien-
cy occurs without changes in the structure of the mitral
valve leaflets and is the result of pathological processes
in the myocardium [17, 18]. IMR presents a complex di-
agnostic and therapeutic challenge, and currently, there
are no clear recommendations for choosing the optimal
treatment method, whether it be a pharmacological
approach, revascularization, or surgical intervention
[19, 20]. There are currently a range of surgical, inter-
ventional, and electrophysiological methods available
for the treatment of IMR [21, 22, 23]. However, there are
no clear guidelines for selecting one treatment method
over another for IMR, and research into specific factors
contributing to the development of this insufficiency
using visualization methods is ongoing.
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Due to results of our research, the presence of co-
morbid somatic pathologies such as obesity, diabetes,
chronic kidney disease, chronic heart failure, and a
history of acute cerebrovascular events complicates the
course of acute myocardial infarction and increases the
likelihood of ischemic mitral regurgitation.

CONCLUSIONS

It is important to rely on objective indicators during
an echocardiographic research and assessment of the
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ABSTRACT

The aim: To determine the efficacy of the original hormone-vitamin complex in terms of biochemical activity enhancement and muscle system functional
activity restoration in the irradiated rat’s descendents.

Materials and methods: The activity of NADP-dependent malatedehydrogenase and the content of ATP, ADP and AMP were determined in the blood,
myocardium and thigh muscles of rats exposed to ionizing gamma-radiation. The rats were also checked in the forced swimming test. The efficacy of the
hormone-vitamin complex was determined in all mentioned indexes.

Results: Our results testify the expressed changes in muscle tissue functioning in an irradiated person, which was expressed by the dysfunction of biochemical
reactions aimed at synthetic energy processes, and by the macroergic compounds level depletion together with physical performance minimization. Our data
showed the hormone-vitamin complex injection to irradiated animals and their descendants improved the muscle energy resources due to glycolytic substrate
phosphorylation enhancement and due to tricarboxylic acids cycle oxidative potential strengthening.

Conclusions: Original scheme of post-radiation lesions complex pharmacological correction prevented the development of tissues providing with macroergic
compounds, anaerobic processes strengthening, metabolic acidosis, weakening of both substrate phosphorylation and tricarboxylic acids cycle. The original scheme
of ionizing radiation-induced energetic disorders pharmacological corrections in the irradiated animals’ descendents we consider as an experimental basis for the
reasonability of these compound radioprotective effects testing during the physiotherapeutic treatment of persons exposed to ionizing radiation.

KEY WORDS: ionizing radiation, muscle dysfunction, energetic exhaustion, physical performance, hormone-vitamin complex, treatment efficacy,

rehabilitation

INTRODUCTION

The concept of medical support of rehabilitation in
response to ionizing radiation provoked damage of the
human body acquires not only medical and industrial
but also economic, social and state importance [1, 2].
A significant period of time which separates us from
the terrible nuclear disaster in Chernobyl significantly
reduced the severity of the problem, but already the
accident at the Fukushima nuclear power plant remind-
ed us of the extremely dangerous impact of ionizing
radiation on the biological organism [3]. The military
aggression currently taking place against our country
urgently raises the question of improving existing and
developing new methods of rehabilitation after ionizing
radiation, since the enemy is resolutely trying to destroy
the Zaporizhzhya nuclear power plant, and depleted
uranium ammunition is increasingly being used on the
battlefield [2, 4].
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The medical side of this problem allows us to recall
the development of degenerative-destructive changes
at all structural and functional levels of organization
and systemic regulation of the activity of a biological
organism after exposure to ionizing radiation [5, 6]. Re-
habilitation schemes that were used had the resulting
effect on the ionizing factor harmful effects elimination
and the body’s energy reserve direct stimulation (or
activation) [7]. We have been conducting experimental
trials aimed at elucidating the details of the radioprotec-
tive effect of the original hormone-vitamin complex [8,
9]. We chose as the main concept the activation of the
body’s protective adaptive resources with an emphasis
on pharmacologically-induced muscle system activity
increase during the rehabilitative effect implementa-
tion. Our attention is focused on the descendents of
irradiated animals which allows us to follow the depth
of damage and pathophysiological mechanisms of
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Table I. Changes of NAD-dependent malatedehydrogenases activity in the tissues of 1-month-old rats born from animals irradiated with different doses
and exposed to radiation at a dose of 1.0 Gy as s result of hormone-vitamin complex influence

Myocardium

Skeletal muscle

N Enzymes Blood
Cytoplasm Mitochondria Cytoplasm Mitochondria
Intact rat pups, n=10
1 NAD-MDH (direct reaction) 0.58+0.05 0.29+0.02 0.21+0.01 47.37+3.24 1.93+0.16
2 NAD-MDH (reverse reaction) 2.46+0.02 0.22+0.03 1.07+0.03 54.18+3.61 4.37+0.36

1-month-old rats born from animals once irradiated by 0.5 Gy and exposed to irradiation at a dose of 1.0 Gy, n=10

Before correction

1 NAD-MDH (direct reaction) 0.66+0.18 0.24+0.01 0.28+0.01 40.36+2.80 2.24+0.19

2 NAD-MDH (reverse reaction) 2.46%0.15 0.27%0.05 1.45+0.07° 68.24+2.92 4.62%0.31
After correction

1 NAD-MDH (direct reaction) 0.63+0.18 0.23+0.01 0.26+0.01 43.28+3.20 1.79+0.18

2 NAD-MDH (reverse reaction) 2.08+0.14 0.25+0.06 1.28+0.06 66.48+2.86 4.28+0.31

1-month-old rats born from animals once irradiated by 1.0 Gy and exposed to irradiation at a dose of 1.0 Gy, n=10

Before correction

1 NAD-MDH (direct reaction) 0.98+0.36 0.18+0.012 0.31+0.01° 26.56+1.41° 1.25+0.13°

2 NAD-MDH (reverse reaction) 3.81+£0.24° 0.29£0.09 1.84+0.10° 78.52+3.64° 5.72+0.39°
After correction

1 NAD-MDH (direct reaction) 0.69+0.20° 0.25+0.02 0.28+0.01 41.94+3.21° 1.92+0.19°

2 NAD-MDH (reverse reaction) 1.99+0.13° 0.28+0.07 1.29+0.07 68.42+2.92 4.55+0.34

Notes:— p<0.05 — studied indexes significant differences compared with the same in intact rat pups; ® — p<0.05 — studied indexes significant differences

compared with the same before pharmacological correction.

radio-induced changes in the organism of the second
generation of animals and to determine the necessary
level of sanogenetic restorative effects implementation.

THE AIM

The aim of the present work was to determine the
efficacy of the original hormone-vitamin complex in
terms of biochemical activity enhancement and muscle
system functional activity restoration in the irradiated
rat's descendents.

MATERIALS AND METHODS

This study was conducted in accordance with the
“General Ethical Principles of Animal Experiments” ad-
opted by the Fifth National Congress on Bioethics (Kyiv,
2013). We used the recommendations of the European
Convention on the Protection of Vertebrate Animals for
Experimental and Other Scientific Purposes (Strasbourg,
1985) and the rules of humane treatment of experimen-
tal animals and conditions approved by the Bioethics
Commission of the Odessa National Medical University
(protocol No. 32D dated 03/17/2016).

Experimental trials were carried out on 66 Wistar rats,
weighing 200-250 g. Rats were kept at a constant tempera-
ture of 24-26°C, 55-60% humidity, 12/12 hr light/dark cycle
and on a standard vivarium diet. The cages were changed
weekly, and rats'fluids were changed every two day.

The mature rats were exposed to a single total gamma
irradiation of ®Co in the morning on an empty stomach
on the “Agat” telegammatherapy unit (the distance to
the device was 75 cm, the dose rate was 0.54 Gy/min,
the absorbed dose was 0.5 Gy and 1.0 Gy).

The rats were randomly divided into 7 groups: the 1+
group (n=10) — 1-month-old rats born from intact ani-
mals; the 2" and the 3" groups (n=2x10) - 1-month-old
rat pups born from animals once totally irradiated by
0.5 Gy and 1.0 Gy; the 4™ and the 5™ groups (n=2x10) -
1-month-old rat pups born from animals once totally
irradiated by 0.5 Gy and by 1.0 Gy and exposed to a dose
of 1.0 Gy; the 6" and the 7* groups (n=2x8) - 1-month-
old rat pups born from animals once totally irradiated
by 0.5 Gy and by 1.0 Gy and exposed to a dose of 1.0
Gy, which were administered with a hormone-vitamin
complex (HVQ).

The HVC included tocopherol acetate (i.m., 50 mg/
kg, 30 min after irradiation), retabolil (i.m., 2.5 mg/kg, 3
hrs after irradiation), cocarboxylase (s.c.,, 5 mg /kg) and
nicotinamide (s.c., 10 mg/kg), which were administered
1 day after irradiation dissolved in 0.5 ml of saline. The
HVC was administered during 12 days [10].

After euthanasia (i.v., propofol, 60 mg/kg) the
animals’ blood was collected, the heart (2/3 of the
heart’s apex) and the frontal group of thigh muscles
(mainly quadriceps femoris and sartorius muscle) were
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Table 11. Changes of ATP, ADP and AMP content in the tissues of 1-month-old rats born from animals irradiated with different doses and exposed to
radiation at a dose of 1.0 Gy as s result of hormone-vitamin complex influence

N Investigated compounds Skeletal muscle Myocardium
Intact rat pups, n=10

1 ATP 2.86+0.24 4.93+0.37

2 ADP 0.39+0.04 0.24+0.02

3 AMP 0.22+0.02 0.10+0.01

1-month-old rats born from animals once irradiated by 0.5 Gy and exposed to irradiation at a dose of 1.0 Gy, n=10

Before correction

1 ATP 2.29+0.19 4.53+0.35
2 ADP 0.77+0.07° 0.44+0.04°
AMP 0.29+0.02° 0.16x0.02°

After correction
1 ATP 2.83+0.23 4.93+0.37
2 ADP 0.40+0.04° 0.24+0.02°
3 AMP 0.23+0.02 0.11+0.01°

1-month-old rats born from animals once irradiated by 1.0 Gy and exposed to irradiation at a dose of 1.0 Gy, n=10

Before correction

1 ATP 1.17+0.14° 2.45+0.44°
2 ADP 0.52+0.05° 0.57+0.05°
AMP 0.40+0.04° 0.18+0.02°

After correction
1 ATP 2.79+0.22° 4.81+0.35°
2 ADP 0.40+0.04 0.25+0.02°
3 AMP 0.23+0.02° 0.11+0.01°

Notes:— p<0.05 — studied indexes significant differences compared with the same in intact rat pups; *— p<0.05 — studied indexes significant differences

compared with the same before pharmacological correction.

removed. We determined the activity NADP-depend-
ent malatedehydrogenase in both direct and reverse
reactions and the content of ATP, ADP and AMP in one
sample using combined reactions [11]. All indexes of
energy metabolism were expressed in pmol per 1 g
of the studied tissue.

The physical working capacity of the animals was de-
termined in the forced swimming test with a load and
was evaluated by the swimming duration with a load
of 10% of body weight attached with a rubber ligature
to the root of the animal’s tail [12]. Swimming was car-
ried outin the time interval from 10.00 to 12.00in glass
vessels with an inner diameter of 30 cm and a height of
50 cm. The moment of the trial finish was considered
the animal’s fatigue in the form of an inability to rise to
the surface of the water for 8 s or the animal’s refusal
to swim (immersion to the bottom for more than 10s).

The data obtained were presented as mean (x) and
the standard error of the mean (SE). x2 criterion was
used to detect the significant differences between the
investigated groups p<0.05 was considered as statisti-
cally significant difference.
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RESULTS
The activity of NAD-dependent MDH in the cytoplasm of
cardiac and skeletal muscles of descendents born from
irradiated animals in different doses and exposed to ra-
diation 1.0 Gy after the HVC introduction is comparable
to the same index in the control animals (p>0.05; Table I).
The activity of the direct NAD-dependent MDH reaction
in the mitochondria of cardiac and skeletal muscles of
descendents born from irradiated animals in different
doses and exposed to radiation 1.0 Gy after the HVC in-
jection is reduced, and the lowest values are observed in
rats born from irradiated animals by 1.0 Gy and exposed
toirradiation at a dose of 1.0 Gy (p<0.05). The pharmaco-
logical correction, however, results in these indexes being
identical to corresponding ones in intact rats (p>0.05).
Direct NAD-dependent MDH reaction activity in the
blood of descendents born from irradiated animals in
different doses and exposed to radiation 1.0 Gy after
the HVC administration is reduced. The lowest index
is observed in rats born from animals irradiated by 0.5
Gy and exposed to radiation at a dose of 1.0 Gy after
pharmacological correction.
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Fig. 1. Changes of forced swim-
ming time of 1-month-old rats
born from animals irradiated with
different doses and exposed to
radiation at a dose of 1.0 Gy as s
result of hormone-vitamin com-
plexinfluence.

Notes: * — p<0.05 — studied
indexes significant differences
compared with the same in intact
rat pups; # — p<0.05 — studied
indexes significant differences
compared with the same before
pharmacological correction.

The activity of NAD-dependent MDH in the cytoplasm
of myocardium of descendents born from irradiated an-
imals in different doses and exposed to radiation by 1.0
Gy after the HVC injection is lower vs the same control
index. The lowest index of its activity is observed in the
cytoplasm of the myocardium in rats born from animals
irradiated ata dose of 1.0 Gy and exposed to irradiation
by of 1.0 Gy after the HVC administration (p>0.05).

The activity of NAD-dependent MDH (reverse reac-
tion) in the mitochondria of cardiac and skeletal mus-
cles, as well as in the blood of descendents born from
irradiated animals in different doses and exposed to
radiation by 1.0 Gy after the HVC introduction is com-
parable to such control indexes. The indexes obtained
depend on the dose exposed to parents.

The ratio direct/reverse NAD-dependent MDH
reaction in descendents born from irradiated animalsin
different doses and exposed to radiation by 1.0 Gy after
the HVC injection increases drastically. This becomes
significant in rats born from animals once irradiated
by 1.0 Gy and exposed to radiation at a dose of 1.0
Gy, compared with such indexes in descendents born
from irradiated animals in different doses and exposed
to radiation by 1.0 Gy without the pharmacological
correction (p<0.05).

Adenylnucleotides content change was recorded
in rat pups born from irradiated animals at a different
doses and exposed to irradiation by 1.0 Gy (p<0.05;
Table I1).

We registered both ADP and AMP content significant
increase due to which a stable ATP concentration is
maintained in the muscles of 1-month-old rats born
from animals irradiated at a dose of 0.5 Gy and exposed
to irradiation by 1.0 Gy, and an acute ATP content

decrease (by 2.0-2.4 times; p<0.05) within the skeletal
and cardiac muscle, respectively, and an acute ADP
and AMP levels increase (p<0.05) in muscle tissue of
1-month-old rats born from parents once irradiated at
dose 1.0 Gy and then exposed to radiation at the same
dose. Pharmacological correction of these metabolic
disorders resulted in ATP concentrations increase in
both rat pups born from animals once irradiated at a
doses of 0.5 Gy and 1.0 Gy and exposed to radiation by
1.0 Gy (in both groups p<0.05).

The values of ADP and AMP content in the studied
groups of animals exceeded the same indexes in
1-month-old rats and were comparable to them, which
indicated the pronounced changes development as the
result of HVC use (p<0.05).

Physical activity of the descendents born from irradiat-
ed animals and exposed to a maximal dose of radiation
significantly differed from the samein the intact rats and,
moreover, it was changed after the HVC administration
(Fig. 1). Swimming time of 1-month-old rats born from
animals onceirradiated at a dose of 0.5 Gy and exposed
toirradiation by 1.0 Gy was 23% less compared with the
same index in intact rats and 30% less compared with
the same index in non-irradiated rat pups born from
animals once irradiated by 0.5 Gy (p<0.05).

We registered the muscle tissue functioning signif-
icant changes in rats born from once irradiated at a
dose of 1.0 Gy and exposed to irradiation at the same
dose after the HVC pharmacological correction. These
rats demonstrated swimming time significantly less
by more than 2 times compared with the same control
index (p<0.05) and by 32% compared with the same
index in non-irradiated rat pups born parents once
irradiated at a dose of 1.0 Gy.

2513



Gennadiy F. Stepanov, Rooslan S. Vastyanov

DISCUSSION

Thus, the obtained results testify the expressed changes
in muscle tissue functioning in an irradiated person,
which was expressed by the dysfunction of biochem-
ical reactions aimed at synthetic energy processes,
and by the macroergic compounds level depletion
together with physical performance minimization,
which, in a systemic analysis, iluminates pathogenetic
mechanisms intended to destructive, degenerative and
necrotic directions, the result of which should be a requ-
latory“breakdown’, systemic-anti-systemic dysfunction
and/or energetic exhaustion, the comorbid pathology
burden and the death of the organism [6].

It has been proven that HVC introduction for the
muscle tissue metabolic disorders correction in irra-
diated animals and their descendants improved the
muscle energy resources due to glycolytic substrate
phosphorylation enhancement and due to tricarbox-
ylic acids cycle oxidative potential strengthening on at
the stage of MDG action and on the stage catalyzed by
succinatedehydrogenase. Our results are confirmed by
asignificantarray of actual data concerning the physical
performance increase in the studied rats.

We specially organized such a method of post-
radiation lesions complex pharmacological correction
to prevent the development of providing tissues
with macroergic compounds, anaerobic processes
strengthening, metabolic acidosis, weakening of both
substrate phosphorylation and tricarboxylic acids
cycle as well as cellular genetic apparatus damage cells
and strengthening the normalization of regeneration
processes [5]. We had already optimistic results of HVC
using in animals and their descendants, which proved
the energy supply processes restoration in irradiated
rats [8].

We consider important to provide the experimental
study of muscle tissue dysfunction not only and not so
much in irradiated animals, but in their descendants,
which has the adequate clinical validity (the second
generation is living after the accident at Chernobyl
nuclear power plant) and provides an opportunity to
investigate thoroughly the pathophysiological mecha-
nisms of radiation-induced morphological, functional,
biochemical and regulatory violations, and also allows
to comprehensively study the possibilities of rehabili-
tation effects and establish its efficacy.

We achieved positive results in the case of a full-
fledged pharmacological correction of the formed
energetic disorders, which should be the background of
a complete rehabilitation scheme for the specified con-
tingent of victims, taking into account the multimodal
concept of health restoration of military personnel
adopted by the medical service of the Military Forces of
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Ukraine [13]. Itis important to understand and be able
to change dynamically the composition of the complex
pharmacological therapy of radiation-induced func-
tional disorders depending on the clinical condition
of the patients. This is possible in case of a clear under-
standing the original scheme of pharmacocorrection
mechanisms of action. It's important to understand
that under the specified pathological conditions, the
activation of the reverse NAD-dependent MDH occurs
in the cytoplasm and in the mitochondria of muscle
tissue, as well as the predominance of the reverse NA-
DP-dependent MDH reaction. Reduced forms of NADH*
accumulate in the tissues, which induces the acidosis
and creates conditions for competition between aero-
bic and anaerobic processes, where anaerobic reactions
have an advantage. The formation of pronounced
epigenetic changes induced by ionizing radiation has
also been shown, as a result of which the ATP content
decreases due to (a) the delay in the processes of adenyl
system phosphorylation from its dephosphorylation, (b)
an increase in the methylated ATP derivatives content
and (c) this metabolite increased degradation, which
will definitely lead to a change in physical performance
of an organism [14].

The original treatment scheme includes drugs with
antioxidant properties - multivitamin complexes, which
additionally strengthen the whole organism resistance
to the negative impact of adverse environmental fac-
tors [15]. The HVC ensures the coherence of metabolic
processes in the body, resistance to the influence of
extreme environmental factors, and the ability to adapt
the regulatory systems of the body [16]. We believe
that this is important in the processes of utilization and
resynthesis of metabolites of a carbohydrate nature,
which are under complex and multi-stage hormonal
and vitamin control, in which the hormones of the
pancreas and adrenal glands play a leading role, sup-
porting the metabolism and the functional activity of
the bodies vital systems [6, 17].

We consider our idea, consisting in the above-men-
tioned pharmacological compounds combined use to
test their efficacy in the irradiated animals’descendents
as an experimental basis for the reasonability of the
original scheme radioprotective effects testing during
the physiotherapeutic treatment of persons exposed
to ionizing radiation.

CONCLUSIONS

1. The data obtained testify the expressed changes in
muscle tissue functioning in an irradiated person,
who was expressed by the dysfunction of biochem-
ical reactions aimed at synthetic energy processes,
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2.

and by the macroergic compounds level depletion
together with physical performance minimization.
The hormone-vitamin complex introduction in ir-
radiated animals and their descendants improved
the muscle energy resources due to glycolytic
substrate phosphorylation enhancement and due
to tricarboxylic acids cycle oxidative potential
strengthening on at the stage of MDG action and on
the stage catalyzed by succinatedehydrogenase. We
registered also the physical performanceincrease in
the studied rats.

Original scheme of post-radiation lesions complex
pharmacological correction prevented the develop-

ment of tissues providing with macroergic compounds,
anaerobic processes strengthening, metabolicacidosis,
weakening of both substrate phosphorylation and
tricarboxylic acids cycle as well as cellular genetic
apparatus damage cells and strengthening the nor-
malization of regeneration processes.

4. The original scheme of ionizing radiation-induced

energetic disorders pharmacological corrections in
the irradiated animals descendents we consider as
an experimental basis for the reasonability of these
compound radioprotective effects testing during
the physiotherapeutic treatment of persons exposed
to ionizing radiation.
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ABSTRACT

The aim: A theoretical and applied study of the essence of legal conflicts in the field of medical activity in order to determine the proper system of ways to
protect the interests of patients, doctors and other participants in medical legal relations.

Materials and methods: Various methods of scientific knowledge make up the methodological basis of research. Thus, the comparative legal method was used to
compare the features of the legal requlation of the rights protection of medical legal relations subjects in different countries. The essence and classification criteria of both
legal conflicts and methods of protection in the field of medical activity were investigated with the help of a system-complex method. The following other methods were
used in the study, in particular: formal-logical, dialectical, analysis and synthesis.

Condusions: The classification of dispute resolution methods in the aspect of medical activity indicates the possibility of distinguishing non-jurisdictional
(self-defense) and jurisdictional (special, administrative, judicial protection) forms of patients’ rights protection, as well as distinguishing two levels of such
protection (pre-trial and judicial), each of which has its distinctive features and the patient himself is able to determine in what way and by what level to
protect his rights. An important role in the conflict resolution in the field of health care is primarily played by the pre-trial protection, the defining features of
which are the voluntary nature of conflict resolution, the availability, convenience and speed of dispute resolution as well as the possibility of compensation

for the damage caused

KEY WORDS: medical activity; health care; legal conflict; forms of patients'rights protection; pre-trial protection level

INTRODUCTION

There is no doubt that the 215 century is characterized
by the rapid development of medicine, regarding both
theimprovement of medical law norms and the applica-
tion of modern methods of diagnosis and treatment. On
the one hand, this contributes to improving the quality
of medical care and creating the possibility of treating
very complex diseases, while on the other hand, it does
not prevent from arising the conflict situations in terms
of providing such care.

THE AIM
The aim of the article wasa comprehensive theoretical and
applied study of the essence of legal conflicts that arise in
the field of health care, in order to determine the appro-
priate system of ways to protect the interests of patients,
doctors and other participants in medical legal relations.
Theissue of determining the essence of legal conflicts
as well as procedures and mechanisms for protecting
the participants’ rights in medical legal relations was

Wiad Lek. 2023;76(11):2517-2524

being studied by a number of scientists, including
Y. Astaykina, S. Bobrovnyk, L. Bokeriya., R. Hryvtsova,
O.Drozdova, O. Klymenko, R. Maidanyk, H. Mykhailova,
O. Mostovenko, T. Semina, R. Stefanchuk, S. Stetsenko,
Y. Shvets, E. Shcheglov and others. At the same time,
a comprehensive study of the legal nature of conflicts
in the field of medical activity and methods of their
resolution was virtually disregarded by the scientists.

MATERIALS AND METHODS

Various methods of scientific knowledge make up the
methodological basis of research. Hence, the comparative
legal method was used to compare the features of the
legal regulation of the rights protection of medical legal
relations subjects in different countries. The essence and
classification criteria of both legal conflicts and methods of
protection in the field of medical activity were investigated
with the help of the system-complex method. The follow-
ing other methods were used in the study, in particular:
formal-logical, dialectical, analysis and synthesis.
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REVIEW AND DISCUSSION

LEGAL CONFLICT AS A BASIS FORTHE
PROTECTION OF SUBJECTS OF MEDICAL
LEGAL RELATIONS

Actually, one of the medical activity features is that such
professional activity is inextricably linked with a suffi-
ciently large number of potential reasons for patients to
remain dissatisfied with the provision of medical care. E.
Shcheglov and M. Smutok note that even the slightest
deviation from the results expected by the patient can
affect the occurrence of a conflict situation, and when
it comes to life and health, human consciousness and
emotions are in a special state [1]. At the same time,
it is necessary to take into account the fact that the
doctor’s profession is related to medical intervention,
the peculiarity of the human body reactions, various
manifestations of disease course, the problem of correct
and timely diagnosis, etc., and therefore, objectively,
the doctor cannot always foresee and do everything
[2]. All this indicates an increased possibility of conflict
occurrence during the medical care provision, which
acquire a special, social significance.

Aiming to reveal the essence of the legal conflict itself
as a basis for the protection of medical legal relations
subject, itis necessary to pay attention to such an aspect
as the protection of the doctor’s honour and business
reputation. This necessity is due to the fact that the
profession of a doctor in recent years has increasingly
become the object of social and legal control by soci-
ety, taking into account, foremost, the rapid increase
in the number of claims against medical institutions
and doctors, as well as the number of criminal and civil
cases initiated in connection with failure to provide or
improper provision of medical care [3]. This shows that
the legal conflict occurrence in the aspect of medical
activity is the basis for the human rights protection in
the field of health care not only in relation to patients,
but to doctors and other participants in medical legal
relations as well.

It should be noted that there is no unified under-
standing of the concept of “legal conflict” among sci-
entists, however most of them adhere to the viewpoint
that such a conflict, which is a type of social conflict,
represents a certain confrontation regarding the inter-
ests, needs, and views of several subjects. Moreover,
a number of such scientists, revealing the essence of
the definition of this concept, pay attention to both
its negative and positive features [4], pointing out
that a legal conflict: can have a positive effect on the
process of changing the legal reality, and, accordingly,
inhibit or stimulate (be a driving force) social or state
transformations [5], be a form of improving society,
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which enables people to gain experience not only of a
negative, but of a positive nature as well (the ability to
recognize the nature of conflict, the ability to manage
it, and most importantly, to have conflict resolution
mechanisms) [6].

Legal conflict must be considered as a dynamic
process, and its occurrence and existence requires the
presence of the following components: preconditions
for the occurrence of a legally significant conflict situ-
ation; the existence of a legal conflict situation itself;
and actions carried out by one of the parties to defend
their interests (the direct content of the conflict), which
makes it possible to classify such conflicts according
to different criteria. Therefore, researching the types
of legal conflicts, Y.O. Astaykina and O.M. Khokhlov
come to the conclusion that the most accurate is the
classification of these conflicts by law, since conflicts
are possible in all spheres of life in society, and mostly
conflicts arise from issues related to such spheres as
labour, family, civil, administrative, financial, criminal,
criminal procedure law, etc [7].

Animportant place among such conflicts is occupied
by legal conflicts in the sphere of rights protection of
medical legal relations subjects. The possibility of a
legal conflict in the field of medical activity is due to
the fact that the purpose of the contract for providing
medical services is the provision of a service itself, and
not the achievement of the recovery result [8], which is
very often forgotten by patients, first of all, in the case
when, as a result of providing such services, there was
no improvement in their health condition. As rightly
noted by O.S. Mostovenko, in practice, the object of
legal relations for a doctor is the process of providing
medical care (services), while for patients, it is their
health, and sometimes their life (sometimes the patient
forgets that the medical worker is not responsible for
the onset of the patient’s illness, and is not aware of
the fact that doctors cannot guarantee one hundred
percent recovery orimprovement in the quality of life,
regardless of the country where medical care will be
provided, its cost, years of experience of the doctor
himself) [9]. Unfortunately, in many cases, a medical
error is a precondition for a legal conflict in the field of
medical activity. Thus, according to scientists, there is no
country where medical errors do not occur, just as there
is no single universally accepted definition of such an
error, and statistics show that up to 70,000 people die
from errors of medical personnel in Great Britain every
year, in Italy — about 90 thousand, in the USA - 50-100
thousand people, where, in addition, almost every
tenth doctor becomes the object of legal claims from
a former patient. In Germany, up to 100,000 cases of
incorrect diagnosis of the disease, wrong prescription
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of drugs as well as surgical and interventional care are
detected annually [3]. A certain precondition for the
increase in the number of legal conflicts in the field of
medical activity was the increase in the legal literacy
of the population in recent years, as a result of which
the number of complaints from patients and their rel-
atives, who apply for the protection of their rights, has
significantly increased [10].

Having studied the preconditions for the occurrence
of legal conflicts in the field of medical activity, it is
necessary to reveal their essence, as well as the criteria
for the classification of their types. Widespread in the
literature is the point of view according to which a
conflict in the field of medical activity should be un-
derstood as an open confrontation between subjects of
legal relations in the field of medical activity, connected
with their realization of interests of a mutually exclusive
nature, while physical (patient, private doctor) and legal
entities (medical institution, health care management
body) can act as subjects of a legal conflict in medicine
[11]. Other scientists hold an almost identical point of
view [12].

Elucidation of the essence of legal conflicts in the field
of medical activity is primarily aimed at preventing the
occurrence of conflict situations or at mitigating their
consequences and ending them. Investigating this
question, H.L. Mykhailova rightly points out that, on
the one hand, the most effective method of preventing
conflict situations related to the provision of medical
services is their prevention and resolution at an early
stage of development (for this purpose, specialized
state and non-state institutions are created) [13], and
on the other hand, it requires the existence of an ex-
tensive system that will allow the specific features of
consideration and resolution of disputes in the field of
medical activity, taking into account all their diversity.
The proper functioning of the relevant system would
contribute not only to the consideration and resolution
of conflict situations at the stages of their origin and
development, but also to the accelerated process of
restoration of violated rights in the field of health care.
This necessity is due to the fact that preventing the
occurrence of conflict situations will definitely contrib-
ute to the improvement of the relationship between
the doctor and the patient, which will have a positive
effect on the outcome of treatment and will prevent
the spread of a negative attitude towards medicine in
general, which is becoming threatening.

The variety of disputes that may arise in the field of
medical activity implies the possibility of the existence
of different criteria for the classification of legal conflicts.
Therefore, according to scientists, the classification of
legal conflicts in the field of medical activity should

be carried out according to several criteria, namely:
depending on the subject of legal regulation (adminis-
trative-legal, criminal-legal, civil-legal, etc.); by duration
(short-term; long-term); and depending on the theo-
retical features of the legal conflict and the practice of
providing medical care (legitimate, i.e., those arising
from legal relations during the medical care provision,
and illegal - those arising from offenses during the
provision of medical care) [14].

The existence of a significant number of disputes in
the field of medical activity as well as criteria for the
classification of relevant legal conflicts also implies the
existence of an extensive system of ways for resolving
such conflicts, which necessitates the study of pro-
cedures and mechanisms for the rights protection of
medical legal relations subjects.

The need for the existence of such an extensive sys-
tem of ways to resolve legal conflicts between medical
legal relations subjects is due to the fact that, on the
one hand, a person, his life and health are recognized as
the highest social value, and on the other hand, when
performing medical activities, in particular, as regards
provision of medical services (especially paid ones), as
rightly noted by O.V. Klymenko, there is always a possi-
bility of dissatisfaction with their quality, and, therefore,
a mechanism for handling complaints, disputes and
conflicts must be provided (in the aspect of health care,
due to the delicacy of this sphere, the effectiveness of
such a mechanism is doubly important) [15].

In the legal literature, there is no single approach to
defining the procedure and mechanisms for protecting
the rights of medical legal relations subjects, and sci-
entists cite various ways of protecting such rights and
criteria for their classification. The most widespread is
the criterion of classification depending on the entity
to which the medical legal relations participants turn
for the protection of their violated rights and inter-
ests, according to which the forms of human rights
protection in the field of health care are divided into
non-jurisdictional (self-defense; alternative conflict res-
olution; assistance of independent public associations
and appeals to professional medical associations) and
jurisdiction [16], within which it is necessary to allocate:
1) judicial, namely the human rights protection in the
field of health care in civil, criminal, administrative and
constitutional proceedings; 2) extrajudicial: adminis-
trative form of human rights protection in the field of
health care; appeal to the prosecutor’s office; appeal to
internal affairs bodies; appeal to the Commissioner of
the Verkhovna Rada of Ukraine for human rights [12].

A slightly different approach is followed by O.V.
Rozhon and A.M. Ustinchenko, who divide the methods
of resolving disputes in medical legal relations into tra-
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ditional (judicial and extrajudicial (appeal to the head of
the medical institution (oral and written); appeal to the
health care management body; assistance of indepen-
dent public organizations and professional associations;
complaint to the prosecutor’s office and others)) and
alternative (being popular and widely used in Europe,
the USA, Canada, Australia), which primarily include:
negotiations; mediation; arbitration [12].

There are other criteria for the classification of dispute
resolution methods in the aspect of medical activity in
the legal literature. Thus, O.V. Drozdova indicates the
possibility of selection of preventive and suppressive
measures (aimed at suspending an action that violates
the patients’rights); restorative (aimed at restoring the
patients'rights); compensatory (compensation for prop-
erty and moral damage) [18] methods, while the means
of protection are as follows: the patient’s appeal to the
ombudsman, non-governmental organizations, the
mediator, the arbitration court; submitting a complaint
to the relevant body in an administrative procedure; a
claim to a court of general jurisdiction and an appeal
to the European Court of Human Rights [19].

This makes it possible to come to a conclusion about
the possibility of distinguishing non-jurisdictional
(self-defense) and jurisdictional (special, adminis-
trative, judicial protection) forms of patients’ rights
protection, as well as distinguishing two levels of such
protection (pre-trial and judicial), each of which has its
own distinctive features and the patient has the right
to determine himself in what way and by what level to
protect his rights.

PRE-TRIAL LEVEL OF PROTECTION OF THE
RIGHTS OF SUBJECTS OF MEDICAL LEGAL
RELATIONS

An important role in the conflict resolution in the field
of health care is primarily played by the pre-trial pro-
tection, the defining feature of which is the voluntary
nature of the conflict resolution (voluntary recognition
by the guilty party of the violations committed by it and
compensation for the damage caused to the patient)
[20], and which is simpler and more accessible (com-
pared to a judicial one)[21], as it is less costly in terms
of time and financial resources [22], as well as more
convenient (does not require special knowledge) and
an effective method for dispute resolution and the pos-
sibility of damage compensation without bureaucracy
(itis sometimes more profitable for medical institutions
to compensate materially caused damage than to enter
into a legal process, which, in addition to the so-called
“drag’, will also have a negative impact on the reputa-
tion of the health care institution) [9].
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The pre-trial level of the rights protection of medical
legal relations subjects is widespread in law enforce-
ment practice and is characterized by the availability
of a significant number of ways for its implementation.
Analyzing this level of protection, the viewpoint of S.B.
Buletsa deserves attention. The scientist indicates the
following options: appeal to the head of the medical
institution (oral and written); appeal to the higher
health management body; appeal to the ethical council,
if there is one; seeking help from independent public
associations and professional associations; application
to the licensing and accreditation commission; filing
a complaint with the prosecutor’s office; mediation
[23], as well as singles out such a method as no-fault
compensation system (pre-trial compensation without
fault, which takes place in Sweden (a special insurance
fund is created at the expense of monthly contributions
from commercial medical enterprises and private prac-
titioners), Scotland, Finland, Denmark, New Zealand and
in some US states, and it is a no-fault compensation
system where patients suffering from post-treatment
disability do not go to court to receive compensation)
[24].

Without diminishing the role of each of the specified
methods, in our opinion, animportantroleis played by
the activity of medical arbitrations (commissions) and
the proper functioning of medical self-governance, in
particularin the aspect of preventing rights violation of
both patients and doctors. Thus, O.V. Klymenko draws
attention to the essential role of medical arbitrations
(commissions), pointing above all to the example of the
USA, where medical arbitrations function on the basis
of the Rules of Commercial Arbitration in compliance
with the law and taking into account the basic rights
and freedoms of a person and a patient [15], as well as
the existence of medical arbitrations association. The
experience of Austria (medical commissions operate on
the basis of a statute or a provision adopted in accor-
dance with the resolution of the Chamber of Physicians
and the National Medical Association) and Germany
(where the first Medical Arbitration Commission was
created back in 1975) [25] is also positive. Along with
medical arbitrations (commissions), the activity of
independent institutions on medical ethics matters is
also important (following France, which was the first
to create the National Committee on Medical Ethics,
similar committees were created in Italy and Denmark,
and now such institutions exist in almost all countries
of Europe (Hungary, Slovakia, the Czech Republic, etc.).
Committees on ethics are created in medical institutions
as an alternative to judicial review of decisions of a med-
ical institution, which have an ethical, moral and legal
nature [26]. According to S. B. Buletsa, the advantage
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of the activity of such a committee in Hungary is that
every hospital has representatives of patients’ rights,
and their task s to help patients in studying their rights,
writing complaints, informing medical workers about
patients’ rights violation, while such a representative
is not in an employment relationship with the hospital
as well as health care administration, and therefore he
is an independent person and this contributes to the
correct resolution of controversial issues between the
patient and the doctor [24].

In order to protect the patients’ rights, in particular
those who are characterized by increased vulnerability
(for example, in need of compulsory psychiatric care,
are incapacitated, etc.), an important role is played by
the medico-legal partnership. Positive in this case is
the experience of the USA, where such a partnership is
developing at a wide pace (today, according to the Na-
tional Center for Medical-Legal Partnerships, there are
more than 300 medical-legal partnerships in 46 states),
whose activities are aimed atimproving the health and
well-being of low-income citizens and other vulnerable
segments of the population by meeting their legal
needs and promoting the elimination of legal barriers
in the field of health care [27].

Along with the protection of patients’ rights, an im-
portantroleis also played by the availability of effective
ways for protecting the doctors’ rights. The proper
functioning of medical self-government is important
in this case. We agree that in those countries where
membership in self-governing medical associations is
mandatory, they have the right to decide on admission
to the profession, disciplinary powers over a doctor,
up to depriving him of the right to practice medicine
(certainly, if there is for good reasons). At the same time,
such associations take care of the legal support of the
doctor (in cases where a civil suit is brought or criminal
proceedings are opened, this is extremely important),
given that “medical” cases are recognized worldwide
as one of the most difficult categories of cases. Most
foreign countries ensure the activity of self-governing
organizations at the highest level (for example, in
Switzerland, Norway, Spain, Turkey, Bulgaria, Romania,
Slovakia, Slovenia, Croatia, Montenegro, it is regulated
by special laws, in Poland - by the Constitution of the
country, while in Finland, the medical self-governing
association performs the function of a medical trade
union, i.e. it takes care of issues of protecting the doc-
tors' rights to decent wages, working conditions, etc.)
[28]. Medical self-government, apart from the countries
of the European Community, is widespread in North and
South America, South and East Asia, and a significant
part of African countries, where there were adopted
laws by which the state transferred regulatory functions

in the management of the health care system to medical
self-government as well as outlined the organizational
principles of the doctors’ professional activity [29].
The protection of the doctors'rights is primarily relat-
ed to the fact that such institutions have professional
lawyers (attorneys) who specialize in medical law, in
particular in cases of medical errors [30]. The study of
their legal status gave us the opportunity to come to the
conclusion that a medical lawyer is a person who carries
out professional activities related to the protection,
representation and provision of other types of legal
assistance to a client (in particular, a patient, a doctor, a
medical institution, socially vulnerable segments of the
population), that requires both the possession of medi-
cal knowledge (laws in the field of medicine, standards
that regulate the ethical and professional behaviour of
doctors, etc.), as well as his awareness of a number of
other areas of law, which may also be the subject of law-
suits or other pretentious activities in the field of health
care.Their professional activity isimportant both in the
aspect of consulting their client (a patient of a medical
institution) before starting to provide assistance, and in
the context of protecting the rights and interests of the
doctor (if considering the case of bringing the doctor
to civil or criminal liability for medical malpractice com-
mitted by his mistake), and the medical institution as a
whole (performance of“contractual work’, participation
in pre-trial proceedings (including ethics committees),
as well as in court procedures for the settlement of dis-
putes arising between the medical organization and its
clients, in particular patients and their relatives [31-33].

CONCLUSIONS

The peculiarity of medical activity is that such pro-
fessional activity of doctors is characterized by an
increased possibility of conflict occurrence during its
implementation, which acquire a special social signifi-
cance. This is due to the fact that such activity, despite
the permanent improvement of the quality of medical
care and the predominant use of modern methods for
diagnosis and treatment, is inextricably linked with
a sufficiently large number of potential reasons for
patients to remain dissatisfied with the medical care
provision. Therefore, the legal conflict occurrence in
the aspect of medical activity is the basis for the human
rights protection in the field of health care not only
of patients, but of doctors and other participants in
medical legal relations as well.

Legal conflict in the field of medical activity is a
dynamic process, the origin and existence of which
requires the need to study the preconditions for its
occurrence, the essence of the conflict situation itself,
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as well as its content (actions taken by participants to
defend their rights and interests). Elucidation of the
essence of legal conflicts in the field of medical activ-
ity is primarily aimed at preventing the occurrence of
conflict situations, solving them at an early stage of
development, or mitigating the possible consequences
of such conflicts.

The availability of a significant number of disputes
in the field of medical activity as well as criteria for the
classification of relevant legal conflicts, requires the
existence of an extensive system of conflict resolution
methods between medical legal relations subjects, the
proper functioning of which will contribute not only to
the consideration and resolution of conflict situations
atthe stages of their nature and development, but also
the accelerated process of restoration of violated rights
in the field of health care, which, above all, will prevent
the spread of a negative attitude towards medicine in
general, which is becoming threatening.

The classification of dispute resolution methods in
the aspect of medical activity indicates the possibility
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ABSTRACT

The aim: To find out the peculiarities of constitutional and legal principles of the limits of permissible intervention in conducting biomedical research with
human participation.

Materials and methods: The methodological basis of the study was worldview dialectical, general scientific and specific scientific methods of learning
the phenomena of state and legal reality. Common ones were widely used in the work principles of scientific knowledge — comprehensiveness, objectivity,
historicism, unity of theory and practice and others. The most important methodological prerequisite was a systemic approach to the issue of protecting human
rights when conducting biomedical experiments with his participation, which made it possible to form a holistic view of the object and subject of research. With
its help, the human rights affected by biomedical research in the context of the general legal principle of humanism were analyzed, the limits of permissible
intervention in the human body were identified, and conclusions were drawn regarding the need for the separation and normative legal regulation of the
complex branch of medical law. In the study, general scientific methods were widely used: historical, systematic analysis of the studied phenomena and syn-
thesis of the obtained results, inductive and deductive reasoning; special: formal-logical, sociological, statistical; and also private-scientific: comparative-legal,
normative-legal, and others.

Condlusions: 1) A key point in the mechanism of protection of the subject’s rights in the process of conducting biomedical research is the establishment
of a number of limits (maxims) that allow interference in the human body and can limit the researcher and protect the subject. These maxims should be
integral elements of the process of biomedical research with human participation and determine the basic criteria for the protection of citizens' rights when
conducting biomedical research. 2) The limits of permissible intervention in the conduct of biomedical research with human participation are the legal and
factual consequences of the activity of bodies authorized to conduct biomedical research, which is based on the law and aimed at achieving the goals set by
the researcher for conducting biomedical research with human participation, as a result of which the options for permitted by the norms of the law of behavior
of the subjects of biomedical research by establishing various limits of such behavior, which necessarily have an exclusively temporary and subjective nature.

KEY WORDS: human rights and freedoms, generation human rights, personal human rights, somatic human rights, medicine, law, biomedical research,
human rights protection, permissible intervention
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INTRODUCTION
Freedom of scientific research in the field of biomedi-
cine cannot be justified only by the right of mankind to
obtain new knowledge, but also by the fact that their
results can lead to significant progress in terms of health
and well-being of patients. However, it is necessary to
understand that such freedom is not absolute, since in
medical research itis limited by human rights, which are
defined by international and national legal acts aimed
at their protection [1].

The rights and freedoms of a person and a citizen are a
fundamental asset of humanity, an important element in
the process of formation and socialization of each individual,

because they allow him to satisfy his needs and realize his
potential in various spheres of social life. The degree of their
guarantee is a litmus test for the democratic development
of any society. A special place in the system of rights and
freedoms of a person and a citizen is occupied by consti-
tutional rights and freedoms, which, together with the
corresponding obligations, are established in the basic law
of each state [2]. Generally recognized and mostimportant
civil (personal), political, economic, social, cultural and other
rights and freedoms are concentrated in constitutions. In
this way, the constitution-giver determines the legal status
of a person and a citizen and regulates the activities of all
legal entities [3].
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THE AIM

The aimis to find out the peculiarities of constitutional
and legal principles of the limits of permissible inter-
vention in conducting biomedical research with human
participation.

MATERIALS AND METHODS

The methodological basis of the study was worldview
dialectical, general scientific and specific scientific
methods of learning the phenomena of state and legal
reality.

Common ones were widely used in the work princi-
ples of scientific knowledge — comprehensiveness,
objectivity, historicism, unity of theory and practice
and others. The most important methodological
prerequisite was a systemic approach to the issue of
protecting human rights when conducting biomedical
experiments with his participation, which made it pos-
sible to form a holistic view of the object and subject
of research. With its help, the human rights affected
by biomedical research in the context of the general
legal principle of humanism were analyzed, the limits
of permissible intervention in the human body were
identified, and conclusions were drawn regarding the
need for the separation and normative legal regulation
of the complex branch of medical law.

In the study, general scientific methods were widely
used: historical, systematic analysis of the studied
phenomena and synthesis of the obtained results,
inductive and deductive reasoning; special: formal-log-
ical, sociological, statistical; and also private-scientific:
comparative-legal, normative-legal, and others.

REVIEW AND DISCUSSION

Effective provision of the constitutional rights and
freedoms of a person and a citizen is connected with
the need for restrictions in theirimplementation. Today,
scientists distinguish two concepts - “limits of the exer-
cise of human rights” and “restrictions of the exercise
of human rights.” So, in particular, P.Rabinovych notes
that the definition of “limits of the exercise of human
rights”is a set of all phenomena that outline the content
and scope of human rights. Regarding the concept of
“limiting the exercise of human rights’, this is the ac-
tivity of competent state bodies to establish limits on
the exercise of human rights. Thus, as we can see, these
concepts are not identical [4].

Historically, changes in the development of social
relations led to the creation of a kind of conceptual base
and principles of democratic and legal statehood, which
later manifested itself in the processes of expanding the
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list of rights and freedoms guaranteed at the state level.

If at first their presence had the character of belonging

only to the privileged classes, then in the future the

enrichment of its content and spread to other layers
of the population was conditioned by the increase of
production capacities and the capabilities of society
to actually provide certain benefits. This is seen as one
of the important aspects of forming the basis for the

further approval of the principle of equality [5].

A gradual expansion of the“individual”(in which state
intervention is limited) sphere of man and citizen is
observed. It also gradually contributed to the creation
of appropriate opportunities for optimizing conditions
for the improvement of personal initiative. This, in turn,
is seen as one of the important conditions for the pro-
gressive development of civilization [6].

At the current stage, there is also a contradiction
between state intervention and the need to create ap-
propriate conditions for the personal safety of citizens,
which is resolved by restricting rights and freedoms. In
the future, the above may cause an actual narrowing
of the achieved level of ensuring human and citizen
rights and freedoms at the global level (especially if
the legislation of the countries of the world develops
in this direction).

The question of the rights and freedoms of a person
and a citizen under the conditions of the formation
and development of civil society in democratic states
occupies a central place. For quite along time and until
now, scientists have been concerned with the issue
of establishing an optimal balance between human
rights and freedoms and the interests of society and
the state as a whole. In the aspect of such a ratio, the
problem of admissibility of limiting human rights and
freedoms arises.

It is necessary, in our opinion, to note that the term
“restrictions” itself, as a rule, is used in different mean-
ings that characterize the activities of state authorities.
However, the scope of application of this concept is not
limited only to the procedure for the exercise of powers
by state authorities, but also affects other aspects of the
life of society and the state as a whole. In particular, the
concept of “restriction” can be related to:

1) the application of criminal punishment, namely: re-
straint of will, i.e. detention of a person in open-type
penal institutions without isolation from society un-
der the conditions of supervision with the mandatory
involvement of the convicted person in work;

2) ensuring the sanitary and epidemiological well-being
of the population;

3) provision of quarantine measures;

4) realization of property rights (easements, mortgages,
lease, seizure of property, etc.);
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5) professional activity of the relevant subject;

6) introduction of an extraordinary administrative and
legal regime.

7) the definition of limitation of vital activity, i.e. com-
plete or partial loss of the ability of a natural person
to perform self-care, move independently, orientate
in space, control behavior, perform labor activities.

Considering biomedical research in the legal sphere, |

would like to note that until now the question of wheth-

er there is a permissible limit of physical and mental
harm that can be inflicted on subjects undergoing bio-
medical research in the name of | progress of medicine.

At the same time, it is necessary to understand that
the essence of law, as the scientist V. Protasov rightly
notes in this regard, is that it is a way (instrument /
form) of establishing a fair balance of the interests
of everyone and everyone: individuals, social strata,
classes , social communities and organizations. Only
taking into account and coordinating the interests of
all social subjects (individual and collective) is the real
basis and guarantee of the implementation of legal
prescriptions [8]. That is why, in our opinion, the balance
of the interests of the researcher and the subject of the
study becomes extremely important.

In legal provisions relating to the regulation of bio-
medical research, such limits can be expressed through
the elements of the regulatory system, which are repre-
sented, in fact, by the very methods of legal regulation.
The reasons for the determining role of methods of
legal regulation lie in the peculiarities of the regulatory
functions of law, one of which is aimed at consolidat-
ing the most important social relations and is carried
out through permits and prohibitions, and the other,
designed to ensure the dynamics and movement of
social processes by specificlegal means and, therefore,
functions through legal obligations sewing [9].

Being the highest social value, a person acting as a
subjectin biomedical research must be protected from
unlawful encroachment, and the limits of intervention
in his body must be defined by a number of restrictions.
The principle of humanism is the ideological source and
immanent component of human rights, which is filled
with a new theoretical content at the current stage
of the development of human relations. The modern
attitude to man allows us to identify a number of con-
ceptual foundations that provide an opportunity to
look at the content of the principle of humanism in a
new way and reflect its essence when conducting sci-
entific research. Regarding the field of medical activity,
these principles are reduced to the limits of permissible
intervention in the human body, limited to a number
of fundamental principles. With respect to biomedical
research, the limits of permissible intervention can be

determined through methods of legal regulation using
a combination of obligations and prohibitions [10].

As limiting principles related to obligations, a num-
ber of domestic scientists single out: respect for hu-
man dignity, recognition of individual independence
(personal autonomy) in decision-making, voluntary
informed consent, usefulness of the influence exerted,
justice, truthfulness, privacy, preservation of medical
confidentiality [11].

At the same time, legal prohibitions in S. Alekseev’s
understanding are moral prohibitions translated into
legal language and equipped with a legal sanction. Legal
prohibitions, as well as prohibitions in general, are char-
acterized by a fixing, fixing function: they are designed
to approve, to reduce to the rank of inviolable, inviolable
what is - the existing dominant orders and relations.
Therefore, from the regulatory side, they are expressed
inlegal obligations of a passive content, i.e. in obligations
to refrain from committing actions of a certain kind [12].

It must be noted that the problem of coordinating the
socially significant interests of citizens and the govern-
ment cannot be solved without achieving a balance of
theinterests of the individual, civil society, and the state.
Such a balance is achieved by imposing some reasonable
restrictions both on the power of the state over the citi-
zen and on the rights and freedoms of the individual. In
connection with this, a natural, fundamental question
arises - what is meant by “reasonable” (“‘commensurate”)
restrictions and to what limits the right can be limited.

Within the framework of the subject of our disserta-
tion research, analyzing the category of “restrictions’,
we can also highlight their signs. As evidenced by the
analysis of the scientific works of a number of domes-
tic and foreign scientists (see, for example, the works
of P. Rabinovych, I. Pankevych, I. Yagoforov, etc.), the
following deserve special attention among them: 1)
restrictions represent certain legal and factual conse-
quences in in the form of “inconvenient” conditions
for the realization of the legal interests of the relevant
subjects (natural and legal entities), whose rights and
freedoms are limited, while simultaneously satisfying
the”“legalinterests” of the subject of power, which intro-
duced these restrictions, or the interests of a third party,
which is interested in introducing such restrictions; 2)
in any case, restrictions always represent a reduction of
“free” (that is, permitted by law) behavior (actions); 3) re-
strictions introduced in connection with the occurrence
of emergency situations always have the limits of their
implementation (spatial, temporal, etc.) established by
legal norms (law); 4) the legal restriction is established
only by the relevant authorized subject, in compliance
with the procedure defined in the normative legal acts
(laws) [13].
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The above analysis gives grounds for concluding that
the limits of permissible intervention in the conduct
of biomedical research with human participation
are legal and factual consequences of the activity of
bodies authorized to conduct biomedical research,
which is based on the law and aimed at achieving the
goals set by the researcher for conducting biomedical
research with the participation of a person, as a result
of which the options for the behavior of subjects of
biomedical research permitted by the law are reduced
by establishing various limits of such behavior, which
necessarily have an exclusively temporary and sub-
jective nature.

A number of practical principles should be attribut-
ed to the method of legal regulation of biomedical
research. Let’s consider each of them in more detail.

1) The principle of recognition of individual indepen-
dence (personal autonomy) essentially, according to
J. Hans, specifies a qualitatively new role that patients
and experimental subjects are beginning to play in
modern biomedicine. At the same time, the specified
principle involves the recognition of the autonomy
of the thinking of the person who participates in the
research both in the decision-making process and
in the assessment of their consequences. In other
words, the patient (subject) must be protected from
psychological pressure, including in a hidden form, for
example, by creating imaginary interest. This approach
provides actual freedom of decision-making, which is
a prerequisite for human participation in biomedical
experiments [14].

2) Ensuring respect for human dignity is a general-
ized category of moral and ethical plan that reflects
interpersonal relations in society and is characterized
by such criteria as benevolence, respectful attitude to
thoughts and actions, correctness, politeness, etc. As
for the field of medicine in general, and biomedical
research involving humans in particular, this category
reflects the interpersonal relationship between the
doctor (researcher) and the patient (researched) and
has the same characteristics. Without observing the
principle of “respect for human dignity’, not only can
no biomedical research be conducted with human
participation, butitis also impossible to build effective
relationships in the field of health care.

3) The principle of utility provides for potential ben-
efit, both for the person participating in the research
and for the entire society as a whole. In this regard,
the analysis of the ratio of risk and benefit is extremely
important. At the same time, the very decision about
whether the ratio of risk and benefit is acceptable
should be based on a thorough review of information
related to all aspects of the research and a systematic

2528

consideration of alternative options. It is necessary
to take into account all possible types of harm, not
only the physical or psychological suffering of the
subject [15].

4) The need to obtain voluntary informed consent
is a basic principle that not only requires preventing
medical tyranny and protecting freedom, but also
encourages a rational decision made by the subject,
who, ultimately, must live with the consequences of
the medical effects on her body, or the lack thereof.
At the same time, the concept of informed consent is
relatively new in medical ethics. Many scientists of the
past centuries disagreed with this position, because
the opinion that most of the circumstances related to
the disease should be hidden from patients was dom-
inant for a long time. However, today the principle of
informed consent is becoming key in the framework
of medical science, practical health care and is one of
the most important criteria for observing the rights of
experimental subjects [16].

5) According to the principle of truthfulness, agree-
ment on controversial issues that conflict with the
interests of scientists and subjects is possible only on
the basis of truthful trustful communication between
all parties. At the same time, on the one hand, all so-
cial cooperation depends on true information, on the
other hand, informing about everything could lead to
unpredictable consequences. We will not tell each per-
son what we think of them for the simple reason that
it would destroy human connections. In this case, one
should realize two important and interrelated truths:
1) reporting the truth is not the same as reporting the
whole truth, 2) there are circumstances when certain
matters should be kept confidential. At the same time, it
is always difficult to decide what ethically can be hidden
and what should be told. That is, the usual approach
to truthfulness is based on two basic principles: one
cannotlie and it is allowed to tell the truth only to those
who have the right to it [17].

6) Speaking about the principle of justice, it should be
noted that when choosing test subjects for conducting
biomedical research, it is necessary to be guided by
such basiclegal categories as equality, impartiality and
independence. At the same time, the issue of justice is
one of the most difficult in the context of conducting
biomedical research. A number of global social and
interpersonal conflicts arise on the basis of the subjec-
tive understanding of the category“justice”and may be
caused, in particular, by unfair treatment.

7) The principle of medical confidentiality prohibits
the disclosure of professional information obtained as
a result of research without the subject’s permission.
At the same time, in a number of cases, the non-dis-
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closure of professional information is even protected
by law, when in certain cases a person who received
such information in the performance of his professional
duties has the right to its non-disclosure even in court.
This means that the doctor cannot disclose informa-
tion about the state of health, features of the disease,
received confidentially from his patient (subject), if
the patient (subject) does not give his permission. It is
obvious that disclosure of professional information can
cause the most serious damage [18].

8) The principle of privacy prohibits scientists (even
in the interests of science) from interfering in the pri-
vate life of subjects without obtaining their consent.
A person as a person should be characterized not only
by various inclusions in social relations, but also by
his individuality. Society, protecting the individuality
and private life of an individual, recognizes a certain
level of freedom. The use of individual freedom and
inviolability of private life is one of the indispensable
conditions for the functioning of democracy and the
rule of law [19].
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CASE STUDY

COMPREHENSIVE CARDIOVASCULAR THERAPY
IN EMERY-DREIFUSS MUSCULAR DYSTROPHY: A CASE REPORT
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ABSTRACT

A 25-year-old male with known EDMD was referred for the cardiology consultation due to symptoms of heart failure. Echocardiography showed decrease
left ventricular ejection fraction (LVEF) and therapy with ramipril, torsemide and rivaroxaban was initiated. Despite initial improvement, the patient later
developed presyncope, bradycardia, irreqular heartbeat and worsening of dyspnea. Therefore, implantation of resynchronization pacemaker with the function of
implantable cardioverter-defibrillator (CRT-D/P) was performed. Ramipril was substituted by sacubitril/valsartan, and mineralocorticoid receptor antagonist and
beta-blocker were initiated. Genetic testing found AD mutation in lamin A/C gene LMNA ¢.746G>A, p.(Arg249GIn). Upon follow-up, the patient demonstrated

resolution of dyspnea and reverse remodeling of the left ventricle with complete restoration of the LVEF.

KEY WORDS: Dilated cardiomyopathy, comprehensive treatment, laminopathy

INTRODUCTION

Emery-Dreifuss muscular dystrophy (EDMD) is a rare,
mostly X-linked or autosomal-dominant (AD) disorder,
which affects skeletal muscles and heart. Although skel-
etal muscle dystrophy typically has milder consequenc-
esin EDMD than in other inherited muscle dystrophies,
the long-term outlook and lifespan in patients with
EDMD are largely defined by cardiac involvement [1].
Cardiomyopathy in EDMD has distinct features which
include early development of left atrial myopathy, atrial
standstill and atrial fibrillation (AF), decreased left ven-
tricular (LV) ejection fraction (EF), absence of marked
LV dilatation, and conduction abnormalities leading
to bradycardia and need for pacemaker implantation.
The cornerstone of heart failure (HF) prevention and
treatment in EDMD remains neurohormonal inhibition
with beta-blockers, angiotensin-converting enzyme
inhibitors (ACEi) and mineralocorticoid receptor antag-
onists (MRA), although cardiovascular therapy in EDMD
is poorly defined due to lack of dedicated studies [2].

CASE REPORT

We describe a case report study of 25-year-old male
patient with cardiomyopathy due to EDMD. The subject
gave an informed consent for all medical and surgical
interventions as well as consented for the anonymous
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publication of the case. All decisions pertaining pa-
tient’s care were made by share decision process which
involved discussion with patient, patient’s family mem-
ber and multidisciplinary medical team.

A 25-year-old Caucasian male patient sought medical
attention at cardiology clinic due to dyspnea, ortho-
pnea, edema and fatigue. At presentation, he denied
chest pain, fainting, syncope, rapid or slow heartbeat.
He experienced a progressive girdle muscular wasting
since late teens, leading to difficulties with walking,
and got a clinical diagnosis of EDMD at the age of 22.
He was done several orthopedic surgeries to relieve
tendon contractures in his knees and elbows and was
initiated on oral rivaroxaban for the prevention of the
thromboembolism due to decreased mobility. He de-
nied smoking, alcohol or illicit drug use. The patient’s
mother experienced similar, although milder, muscular
symptoms and had heart failure and complete heart
block which required pacemaker implantation. She
died prematurely at her late thirties. The patient did
not have siblings; other known maternal relatives were
not affected. The patient’s paternal family history was
negative for muscular or cardiovascular conditions.

At presentation, he demonstrated gait impairment;
significant muscular wasting of arms, shoulders and
legs was evident as well as neck hyperextension and
contractures of knees and elbows. The patient had
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difficulties with standing up from sitting position and
sitting down. His blood pressure was 124/96 mm Hg,
his heart rate (HR) was 78 bpm, regularly irregular due
to premature beats. His lungs were clear bilaterally and
there was no jugular vein distension, heart murmurs or
gallops. There was a mild ankle edema.

His serum total creatine kinase returned at 605 IU/L
(normal range 39.0-308.0), serum creatinine was 57.6
mcmol/L (normal range 62.0-115.0) and serum potas-
sium was 4.8 mmol/L (normal range 3.5-5.1). Echo-
cardiography showed decreased LVEF at 36%, mild
LV and left atrium dilatation, moderaltely elevated
non-invasive pulmonary artery systolic blood pressure
and restrictive pattern of LV diastolic filling. Further
details on the initial and follow-up echocardiography
measurements shown in table (Table ). The average HR
on 24-hour electrocardiogram (ECG) monitoring was
65 bpm, the minimal HR was 33 bpm; supraventricular
ectopic beats accounted for 12.1% of all complexes
and 0.5% of all complexes were ventricular ectopies.
There was one episode of non-sustained monomor-
phic ventricular tachycardia (VT) and several episodes
of non-sustained AF (Fig. 1, 2).

The patient was initiated on ramiril, torsemide, and
anticoagulation with rivaroxaban was continued. He
was also given supportive treatment with phospho-
creatine supplementation. The patient did well on
treatment, but after 4 months he developed increased
shortness of breath, bradycardia and presyncope. His
N-terminal pro-brain natriuretic peptide level around
that time was 165.0 pg/ml (normal range 10.0-134.4).
On repeat ECG monitoring there was left bundle
branch block, episodes of non-sustained VT, four
episodes of sustained AF and multiple episodes of
bradycardia with minimal HR of 29 bpm and pauses
up to 3.1 sec. Therefore, cardiac resynchronization
therapy and implantable cardioverter-defibrillator
(CRT-D) placement were scheduled. Medical therapy
was updated: the patient was switched from ramipril
to sacubitril/valsartan; eplerenone and bisoprolol
were added after CRT-D implantation. Loop diuretic
and phosphocreatine supplementation were main-
tained. Although CRT-D resulted in conversion to
right bundle branch block pattern on ECG, it did not
lead to significant decrease in QRS complex duration.
On scheduled in-clinic follow-up after 7 weeks from
CRT-D insertion, the patient reported resolution of
dyspnea and bradycardia, and his LV EF as well LV
dimensions improved significantly. Over the next 7
months of follow-up, the patient remained clinically
stable and has achieved a complete reverse remodel-
ing of his left chambers (see Table I). Follow-up CRT-D
interrogation did not reveal pacemaker malfunction,
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VT or ventricular fibrillation. Genetic testing found
AD mutation in lamin A/C gene LMNA c.746G>A,
p.(Arg249GIn), therefore allowing the verification of
diagnosis of EDMD type 2.The additional finding of the
genetic testing was the discovery of heterozygosity
for the likely pathogenic variant SLC22A5 c.131C>T,
p.(Ala44Val), which has been reported in patients
with primary carnitine deficiency and is inherited in
autosomal-recessive mode. Therefore, ex juvantibus
supplementation with L-carnitine was instituted.

EDMD is a clinical diagnosis that can be made when
three criteria are met: scapulo-humero-peroneal
myopathy, joint contractures, and dilated cardiomy-
opathy with conduction abnormalities [1, 2, 4]. These
distinct features allowed clinical description of EDMD
decades before genetic background of the disorder
was elucidated. EDMD is a rare disease with preva-
lence estimation reported by Orphanet database at
1:400000 (https://www.orpha.net/consor/cgi-bin/
OC_Exp.php?Ing=EN&Expert=261).

According to the Online Mendelian Inheritance in
Man database, there are seven known subtypes of
EDMD (EDMD1 through EDMD7) due to mutations
in different genes. Genes involved in most of EDMD
subtypes encode nuclear envelope proteins, therefore
these diseases are designated as envelopathies [4].
Majority of cases of EDMD are due to mutations in
two genes: EMD gene encoding emerin with X-linkled
inheritance (EDMD1), and LMNA gene encoding lamin
A/C, which is inherited in AD mode (EDMD?2). In the
recent published case series of 4 patients with EDMD1
HF with reduced LV EF was not reported, though AF
and conduction defect were common [3]. Our patient
was diagnosed with EDMD2 and was found to have
mutation in lamin A/C gene c.746G>A, p.(Arg249GlIn).
We suggest that this mutation was inherited by the
patient from his deceased mother, who apparently
had a sporadic disease. Muscular symptoms were
moderate-to-severe and preceded conduction abnor-
malities, arrhythmia and symptomatic HF. Our obser-
vation falls in line with two reported cases by Vytopil
M et al. [5] of same mutation in patients aged 28 and
22 years in whom contractures of elbow, knee, ankle,
rigid spine as well as conduction defects, arrhythmia
and need for pacemaker implantation were observed,
but no overt HF was reported. Interestingly, dilated
cardiomyopathy was observed only in one patient
in the abovementioned report, although conduction
abnormalities and/or arrhythmia were present in 10
out of 15 patients. Unlike reported cases with the same
mutation, our patient developed dilated cardiomy-
opathy and congestive heart failure, although with
mild LV dilatation. This underscores known significant



COMPREHENSIVE CARDIOVASCULAR THERAPY IN EMERY-DREIFUSS MUSCULAR DYSTROPHY: A CASE REPORT

Table I. Initial and follow-up echocardiography parameters.

12 Oct 2021 13 Apr 2022 31 May 2022 29 Sep 2022 25 Jan 2023
LV EF, % 36 40 48 53 56
LV EDD, mm 56.4 53.0 53.0 53.0 53.0
LV EDV, ml 150 135 124 124 126
LV ESV, ml 92 77 63 58 55
LAD, mm 40.2 37.5 35.0 35.0 35.0
TR pressure gradient, mm Hg 32.0 29.0 24.0 24.0 24.0

*EDD end-diastolic dimension, EDV — end-diastolic volume, ESV — end-systolic volume, EF — ejection fraction, LAD — left atrial dimension, LV — left

ventricle, TR — tricuspid requrgitation.
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heterogeneity in genotype-phenotype correlations valsartan and ultimately orthotopic heart transplant
in EDMD [3, 4, 6]. Comprehensive medical and device  was performed. In the time being, our patient is doing
therapy, including neurohormonal blockade with  well on treatment and is on close follow-up.
beta-blocker, sacubitril/valsartan, AMR and CRT-D,

resulted in clinical improvement and reverse cardiac

remodeling in our patient. We found another case CONCLUSIONS

reporting 32-year-old male with EDMD2 and LMNA  EDMD is a rare, inherited, progressive disorder affect-
mutation variant c¢. 136A>G p.(lle46Val) [7], whose ing skeletal muscles and heart. Cardiac dysfunction,
HF deteriorated despite treatment with sacubitril/  when present in EDMD, bears an adverse prognostic
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impact and can be effectively controlled using tailored  ta-blocker, sacubitril/valsartan and AMR combined with
comprehensive medical and device therapy. Standard  electrophysiology intervention can result in reverse
guideline-derived medical therapy for HF with be- cardiac remodeling in EDMD.
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