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ABSTRACT

Marie Sktodowska-Curie Symposia on Cancer Research and Care (MSCS-CRC) promote collaborations between cancer researchers and care providers in the
United States, Canada and Central and Eastern European Countries (CEEC), to accelerate the development of new cancer therapies, advance early detection
and prevention, increase cancer awareness, and improve cancer care and the quality of life of patients and their families. The third edition of MSCS-CRC, held
at Roswell Park Comprehensive Cancer Center, Buffalo, NY, in September 2023, brought together 137 participants from 20 academic institutions in the US,
Poland, Ukraine, Lithuania, Croatia and Hungary, together with 16 biotech and pharma entities. The key areas of collaborative opportunity identified during the
meeting are a) creating of a database of available collaborative projects in the areas of early-phase clinical trials, preclinical development, and identification
of early biomarkers; b) promoting awareness of cancer risks and efforts at cancer prevention; c) laboratory and clinical training; and d) sharing experience in
cost-effective delivery of cancer care and improving the quality of life of cancer patients and their families. Examples of ongoing international collaborationsin
the above areas were discussed. Participation of the representatives of the Warsaw-based Medical Research Agency, National Cancer Institute (NCI) of the United
States, National Cancer Research Institutes of Poland and Lithuania, New York State Empire State Development, Ministry of Health of Ukraine and Translational
Research Cancer Center Consortium of 13 cancer centers from the US and Canada, facilitated the discussion of available governmental and non-governmental

funding initiatives in the above areas.

KEY WORDS: cancer prevention, cancer care, clinical trials, education, training, research

HISTORY, NEEDS AND GOALS
Marie Sktodowska-Curie (1867-1934) was a Polish expa-
triate and a pioneering scientist with groundbreaking
contributions to the understanding and treatment of
cancer. She was born in Warsaw, Poland, Nov 7, 1867.
Studies and started her teaching and early laboratory
work in Warsaw (1889-1891), before moving to Paris
in 1891. Dr. Sktodowska-Curie was the first woman
to earn Nobel Prize and the only person to win Nobel
Prizes in 2 different disciplines (Physics, 1903; for work
on radiation) and Chemistry (1911; discovery of Radium
and Polonium). She trained 4 other Nobel Prize winners,
including her daughter, Iréne Joliot-Curie, and Frédéric
Joliot-Curie, and founded Radium Institute of Paris
(1914) and Warsaw Radium Institute (1932), which be-
came the current Maria Sktodowska-Curie National Re-
search Institute of Oncology (MSCI) in Warsaw, Poland.
When staying in Buffalo to meet her childhood friend,
Dr. Francis Fronczak, a health commissioner of the Erie
countyinJune 1921, Dr. Sktodowska-Curie visited New
York State Pathological Laboratory of the University of
Buffalo (now Roswell Park Comprehensive Cancer Cen-
ter) first Cancer Center in the US, established in 1898
by a cancer surgeon, Dr. Roswell Park, known for his
effectiveness in promoting private and governmental
action in the area of health research (Wyrobek, 2022).
Dr. Sktodowska-Curie’s visit provided an important
stimulus for early work on radiation biology and cancer
treatment at Roswell, but also helped her to mobilize
funds to support her work in Paris, and the Warsaw Ra-
dium institute. 1g of radium presented to Dr. Sktodows-
ka-Curie by President Harding allowed her to advance
her work on radioactivity applications in cancer and
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other diseases. Her work fundamentally changed how
we detect, treat and monitor the progress and effect of
cancer treatments.

That success in leveraging the complementary exper-
tise and resources available in the US and in Europe pro-
vided us with inspiration for the Marie Sktodowska-Cu-
rie Symposia on Cancer Research and Care (MSCS-CRC)
initiative, started in May 2019, in conjunction the Buf-
falo-held 60 Million Congress/Global Polonia Summit,
which brought together cancer researchers, educators
and cancer care providers from the United States and
Poland. After two years of Covid-related gap, the second
edition of the MSCS-CRC, was held as a hybrid meeting
in September 2022. The well attended meeting (112
participants) provided a platform for presentations by
respected leaders of healthcare systems from Poland,
Ukraine, Hungary, Czech Republic, Croatia, Canada and
the United States. Basic and clinical oncology research,
medical education and training, prevention, genetics,
biomarkers, as well as oncology patient care were main
topics discussed at the Meeting. The conference was
very successful and showed opportunities for further
international collaborations, to build stronger inte-
grated research and healthcare systems in Eastern and
Central Europe partnering with American institutions.
The third edition was held as fully in-person meeting
at the newly renovated Gaylord Cary Conference center
of the Roswell Park Comprehensive Cancer Center on
September 2023, brought together 137 participants
from 20 academic institutions in US, Poland, Ukraine,
Lithuania, Croatia and Hungary, and representatives
of the Polish-American, Ukrainian-American, Roma-
nian-American, Hungarian-American, Czech-American
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Fig. 1. Key areas of programmatic emphasis discussed during MSC-2023.

and Serbian-American research communities, as well as
representatives from 16 biotech and pharma entities
from the US and Poland (https://www.roswellpark.org/
msc-symposium) .

The overarching goal of the MSCS-CRC initiative is to
promote collaborations between cancer researchers
and care providers, biotech, pharma and policymakers
from the US, Canada and Central and Eastern European
Countries (CEEC). The 2023 Symposium focused on
the needs and arising opportunities for research col-
laborations in the areas of joint laboratory and clinical
research projects in cancer prevention, early detection
and treatment, new health policy initiatives, education
and training, as well as improvement of the quality of
life of cancer patients and their families (Figure 1).

The development of the database connecting the par-
ties interested in preclinical and clinical collaborations
will be coordinated by the National Institute of Oncol-
ogy, Warsaw Poland, and Roswell Park Comprehensive
Cancer Center, Buffalo, NY.

Social events provided additional opportunities for
networking and small group discussions (Figure 2).

Promoting collaborative clinical and laboratory
research: Lower saturation with clinical trials per-
formed in CEE Countries, combined with a strong
clinical trials base and oversight (European Med-
icines Agency, a partner for the FDA and https://
www.biomapas.com/running-clinical-trials-in-east-

ern-europe/), documented by multiple FDA audits,
and approximately 50% lower costs of clinical trials,
compared to the of the US, represents a unique oppor-
tunity to the US-CEE teams to accelerate early phase
testing of new therapies developed in academic or
commercial settings. Lower costs of the laboratory
research in CEEC and high experience with many
unique areas, such as novel drug delivery methods
and mathematical approaches to biologic questions
and image analysis, combined with the shortage of
qualified research personnel in many parts of the US
further creates a unique opportunity for the develop-
ment of preclinical and translational projects involving
partners from both continents, with opportunities for
high impact publications, rapid clinical testing and
commercialization. Dissemination of results from
early phase trials of low-cost therapies with potential
to enhance the effects of immunotherapy or radio-
therapy (stress management, beta blockers, NSAIDs)
and improve overall cancer outcomes conducted at
Roswell and other institution, and their expansioninto
multi-center pivotal studies, was an example discussed
in several presentations.

Education and training initiatives: Several of the
speakers discussed their experience from training inter-
national clinicians and laboratory scientists in their labs.
The challenges discussed included current difficulties in
converting such short-term visits into career-building
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programs and long-term collaborations, as a result of
lack of suitable funding mechanisms.

Health policy initiatives, cancer awareness, pre-
vention, early detection, and biomarkers represents
another are of immediate opportunity to reduce cancer
incidence, improve early diagnosis and initiation of
treatment, with the overall goal to enhance survivorship
and quality of life. Two of such areas discussed at MSC-
2023 were smoking and vaping cessation and early-life
UV exposure, relevant to, respectively, lung- and skin
cancers.

Empowering patients and caregivers: Patient-cen-
tered care, survivorship, quality of life and advocacy.
Empower patients and caregivers with knowledge, re-
sources, and support systems to navigate the challeng-
es of cancer, and actively involve them in discussions
regarding research priorities and patient-centered care.
Discuss new challenges of care treatment at the time
of war and other disasters.

SCIENTIFIC SESSIONS OF MSC-2023:
HIGHLIGHTS
The 2023 MSC Symposium was divided into and Open-
ing Session and eight subject matter sessions, each in-
volving individual presentations and panel discussions:

The Opening Session: The meeting was opened by
Pawel Kalinski, MD, PhD, Senior Vice President for Team
Science at Roswell, representing Renier Brentjens,
MD, PhD, the Deputy Director of Roswell Park, and Ms.
Camille Brandon*, representing the General Pulaski
Association of Western NYS. Welcome remarks were
delivered by Elected Officials including Karen Utz, JD;
WNY Regional Director, Empire State Development
representing NYS Governor Kathy Hochul and Jesse
Prieto representing Congressman Nick Langworthy.
Other elected officials included NYS Senator Timothy
Kennedy; Erie County Legislator Hon. April Baskin;
Deputy Mayor of Buffalo, Hon. Callie Johnson and City of
Buffalo Councilman Hon. Bryan Bollman. Roswell Park
Board of Directors was represented by Elyse NeMoyer,
herself a two-time cancer survivor,and R. Buford Sears,
Senior Vice President for the Buffalo-based M&T Bank.
The Session was concluded by Dr. Kalinski provided
a historical perspective linking Dr. Sktodowska-Curie,
Roswell Park and American Polonia, as well as the cultural
and history of economic and political links between
United States, Canada and Countries of Central and
Eastern Europe, and an overview of the goals of the
Symposium and its agenda.

Session 1: Ongoing Collaborations within the MSC-
CRC Initiative was chaired by lwona tugowska, MD,
PhD (NIO, Warsaw, Poland) and Michael Nishimura,
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PhD (Loyola University, Chicago, Maywood, lllinois,
USA). The goal of the session was to use the examples
of the effective collaborations developed in the course
of the past interaction between the members of the
MCS-CRC Initiative to highlight the existing needs and
immediate collaborative opportunities, encountered
problems and ways of their elimination.

Michael Nishimura, PhD (Loyola, University, Chicago,
Maywood, lllinois, USA) provided an overview of his re-
cent experience training medical scientists from Poland,
Ukraine and Lithuania and transferring inexpensive
CARandTCRT Cell Technology to collaborating groups
in Europe. He discussed the encountered roadblocks
and experience overcoming them, as well as plan for
extension of his collaborations to Ukraine.

lwona tugowska, MD, PhD (Maria Sktodowska-Curie
National Research Institute of Oncology and the Nation-
al Institute of Oncology, Warsaw, Poland) discussed her
experience in establishing effective international col-
laborations in clinical research, especially early-phase
trials with pharma partners. She highlighted the role of
MSClI (originally founded in 1932 as the Radium Institute
by Maria Sktodowska-Curie) as a comprehensive cancer
center, encompassing both research and clinical aspects
of oncology, as well as implementing high-quality
patient care standards throughout Poland. In addition
to the Warsaw HUB, MSCI has branches in Gliwice and
Krakow, allowing it to provide care to patients for the
25% of cancer patients in Poland. This includes over
130,000 in-patients, 680,000 outpatient consultations
and diagnosing 50,000 new patients annually. Current-
ly, MSCI manages over 650 clinical trials (including 80
early-phase trials). Its Early Phase Clinical Trial Depart-
ment, Center for Excellence in Precision Oncology, and
the newly developed CAR-T Facility provide top-notch
expertise and partnering opportunities for domestic
and foreign collaborators. The Cancer Prevention Centre
involved in many international projects, e.g. the Nor-
dic-European Initiative on Colorectal Cancer, European
Polyp Surveillance Trial and Era-NET Transcan). MSCl is
a leader of the National Cancer Strategy, the National
Oncology Network, and the National Coordinating
Center for population screening and primary cancer
prevention and runs the National Cancer Registry.
Additional partnerships involved ESMO, ASCO, NClI,
EORTC, NCCN, ASH, EURACAN, EuroBloodNet, EndoERN,
Institute Curie, University of Leeds, MD Anderson’s Sis-
ter Institution Network, EHA, WSN, EuMelaReg, EBMT,
and different patient advocacy groups. Recently, MSCI
signed Memorandums of Understanding (MOUs) with
the National Comprehensive Cancer Network (NCCN)
and the U.S. National Cancer Institute, leading to the
implementation of NCCN guidelines in Poland and the
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establishment of educational programs such as the
School of Cancer Epidemiology.

Participation in research and infrastructure projects
funded by the European Commission adds another
dimension to MSClI's capabilities, propelling the devel-
opment of innovative therapies and positioning Poland
as a hub for cutting-edge technologies. With ongoing
collaborative research projects, including JA JANE, JA,
CRANE, CCI4EU, 4UNCAN, PCM4EU, PRIME-ROSE, CAN.
Heal, MELCAYA, STRONG-AYA, ECHOS, and EUonQLQ,
MSCI remains at the forefront of oncology research.

As a result of the 2" MSC Symposium held in Buffalo
in September 2022, MSCI has established collabora-
tions with groups in Warsaw and Poznan, in Poland to
transfer their gene therapy technology and establish a
country-wide clinical gene therapy program with the
goal of helping cancer patients in Poland. So far, three
scientists from other centers have visited and trained
at MSCI.

Leszek Kotula, PhD (Upstate Medical University, Syr-
acuse, New York, USA) discussed the new collaboration
with the NIO initiated at the MSC-2022 Symposium,
which resulted in the establishment of a collaboration
between Upstate Medical and NIO. Is focused on pros-
tate cancer biomarker, ABI1 in advanced and therapy-re-
sistant prostate cancer cases. ABI1 was identified as a
biomarker by the group of Dr. Kotula at Upstate Medical
University, while suitable patient cohorts for this study
will be led by the NIO. The collaborating groups have
already laid the groundwork for securing joint funding
to support this initiative.

Pawel Kalinski, MD, PhD (Roswell Park) discussed
his collaborative experience involving multiple aca-
demic centers, pharma and biotech partners in manip-
ulating the induction and effector phase of immunity
in tumor microenvironments (TME) and developing
chemokine-modulating (CKM) regimen involving
TLR3 ligand, rintatolimod and IFNa2b (Muthuswamy
et al,, 2012; Muthuswamy et al., 2016; Muthuswamy
et al,, 2017; Muthuswamy et al., 2015; Obermajer et
al., 2018; Theodoraki et al., 2018), which led to two
recently-published positive clinical trials in ovarian
cancer (local application of CKM) (Orr et al., 2022; Su-
arez Mora et al., 2022) and breast cancer (Gandhi et al.,
2023), which demonstrated the ability of CKM to exert
local effectiveness in advanced multi-focal disease
even after its systemic application, due to its synergy
with activated NFkB, which cancers selectively activate
local TME to promote their growth, vascularization and
local immune suppression, but which can be utilized
by the CKM to assure its local intratumoral selectivity
even after its systemic application, converting immu-
no-resistant“cold tumors”into immuno-sensitive “hot”

tumors, without the need for local or targeted delivery.
Dr. Kalinski discussed ongoing and upcoming trials of
CKM in combination with chemotherapy, dendritic
cell (DC) vaccines and PD1 blockade in melanoma,
prostate, breast, ovarian and colorectal cancers, as
well as in infectious diseases, and the opportunities
for collaborations with partners in Poland and other
CEE Countries, to address these questions in larger
cohorts of patients. The final part of his talk discussed
the logistic, fiscal and regulatory experience of the
office of Scientific Programs Management, which he
established at Roswell with importing foreign-pro-
duced drugs and obtaining FDA and local regulatory
approval for their use as Investigational New Drugs in
the clinical trials in the US.

Elizabeth Repasky, PhD (Roswell Park, Buffalo,
NY, USA) discussed the role of psychologic stress and
beta-adrenergic signaling pathway in promoting
tumor growth, suppressing antitumor immunity and
undermining the effectiveness ofimmunotherapy and
radiation therapy in mice and cancer patients (Bucsek
etal.,, 2017; Chen et al.,, 2020a; Eng et al.,, 2015; Gandhi
et al., 2020; Gandhi et al., 2021; Kokolus et al., 2013;
Kokolus et al., 2018; Mohammadpour et al., 2021).
The recently published results of a phase | study in
melanoma patients (Gandhi et al., 2021) indicate that
beta blockers, such as propranolol can be used as safe
low-cost enhancers of checkpoint blockade and poten-
tially other forms of cancer. Ter retrospective analyses
performed with Anurag Singh, MD, PhD at Roswell,
provide rationale for similar intervention to enhance
the effectiveness of cancer radiotherapy (Chen et al.,
2020b; Farrugia et al., 2021a; Ma et al., 2021). Oppor-
tunities for partnering with CEEC collaborators were
discussed, to advance the use of propranolol in wide
groups of cancer patients.

Session 2: Opportunities for New Collaborations
in Translational & Clinical Research was chaired by
Marcin Kortylewski, PhD (City of Hope, Duarte, Cali-
fornia, USA) and Piotr Rutkowski, MD, PhD (Medical
Research Agency and Maria Sktodowska-Curie National
Research Institute of Oncology, Warsaw, Poland). The
session on translational and clinical research in cancer
presented a number of new opportunities for collabo-
rations. The speakers focused on the potential of new
approaches to cancer prevention, diagnostics and novel
treatments based on cancer vaccination or CAR-based
NKandT cellimmunotherapies. The session provided an
opportunity for networking and collaboration between
scientists from different disciplines and institutions.
As highlighted in the discussion by Dr. Kortylewski,
effective cancer treatments need to combine strategies
disrupting tolerogenic TME with expanding and armor-
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ing immune effector cells against local suppression to
ensure the long-term antitumor responses.

Gyorgy Paragh, MD, PhD (Roswell Park, Buffalo,
NY, USA) discussed opportunities for prevention and
treatment of squamous skin carcinoma by targeting
early clonal mutations. He discussed their role in cancer
progression and the feasibility of inducing immunity
against these patient-specific mutational events as
a pathway to skin cancer prevention. The theme of
cancer vaccines was continued by Wei-Zen Wei, PhD
(Karmanos Cancer Institute, Detroit, Michigan, USA)
who presented her experience in targeting Her2 in
the immunotherapy of breast cancer. Her presentation
targeting new checkpoint molecules to enhance the
clinical effectiveness of HER2 vaccination.

Sandro Matosevic, PhD (Purdue University, West Lafay-
ette, Indiana, USA), discussed the role of cell-based immu-
notherapies utilizing natural killer (NK) cells in the treatment
of cancer, and the existing the challenges and opportunities
for the broad the deployment of these therapies to patients
worldwide. NK cells,immune cells with innate ability to rec-
ognize and eliminate cancer cells, are powerfulimmune ef-
fectors, representing a widely applicable allogeneicimmune
cell. The dysfunction of endogenous NK cell function in the
TME of solid tumors involves immune, epigenetic and meta-
bolic mechanisms, both intrinsic and extrinsic to cancerand
immunosuppressive immune cells, which dampens NK cell
activation. These involve downregulation of NK activating
receptors and upregulation of inhibitory receptors, as well
as additional suppression involving otherimmune effector
cells. The approaches to restore NK cell immuno-metabolic
effector responses have involved pharmacological and
genetic tools to regulate NK cell activation, their anti-tumor
function, metabolism and enhancing their persistence in
the TME by cytokine modulation. Dr. Matosevic discussed
opportunities for using NK cells in immunotherapy, their
novel genetic engineering approaches and therapeutic
modulation strategies, with the ultimate goal to effectively
and durably target the currently uncurable cancers in pa-
tients in the US, Europe and beyond.

The last speaker in the session, Renier Brentjens,
MD, PhD (Roswell Park, Buffalo, NY, USA), discussed
Roswell Park’s current expanding efforts to transfer his
experience from the particularly successful CAR-T cell
program in hematologic malignancies to solid cancers
by the identification of the new antigenic targets rel-
evant to highly heterogenous solid tumors and the
development of the next generation “armored” CAR T
cells for solid tumor malignancies, able to overcome tu-
mor heterogeneity and the highly immunosuppressive
nature of the solid tumors TME.

Session 3: Opportunities for New Collaborations
in Cancer Biomarkers & Prevention was chaired by
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Leszek Kotula, PhD (Upstate Medical University, Syra-
cuse, New York, USA) and Sandro Matosevic, PhD (City
of Hope, Duarte, California, USA)

Petar Ozreti¢, PhD (Ruder Boskovi¢ Institute and Cro-
atian Association for Cancer Research (HDIR), Zagreb,
Croatia) gave an overview of preclinical cancer studies
carried out at the Institute, the largest basic research
institution in Croatia. The work covers molecular mecha-
nistic and functional in vitro analyses as well as molecu-
lar profiling of clinical samples, to better understand the
signaling pathways involved in cancer development,
such as the Hedgehog-GLlI signaling pathway.

Daniel J. Powell, Jr, PhD (University of Pennsylvania,
Philadelphia, Pennsylvania, USA; President of the Trans-
lational Research Cancer Centers Consortium, USA;
https://www.trccc.org/executive-board) discussed the
biomarkers of tumor-specific TILs which identify effec-
tor-like stem T cells with particularly high anti-tumor
potential in adoptive T cell therapies. He emphasized
the heterogeneity exists in intratumoral T cells in solid
cancers and the role of CD137 as a reliable biomarker
for identifying tumor-specific TILs. Biomarker based
enrichment of TIL enhances their activity in adoptive
T cell therapy of common epithelial cancers, permits
TCRisolation, and deep interrogation of natural endog-
enous T cell immunity to cancer. Isolated CD137+TILs
contain T cells with stem-like properties which are still
heterogenous and include a non-canonical CD45RO+
Tcf-1+ stem-like TILs subset representing one of the
earliest effector subsets in the TME. These unique cells
maintain self-renewal capacity without a transcriptional
commitment to exhaustion. Dr. Powell discussed the
properties of this subset and other subsets of endoge-
nous T cells relevant to controlling cancer progression
in context of clinical trials of the TIL-based and trans-
genic-TCR-based adoptive T cell therapies (ACT).

Elzbieta Sarnowska, MD, PhD (Maria Sktodows-
ka-Curie National Research Institute of Oncology, War-
saw, Poland) discussed the character of T cell responses
in kidney cancer and opportunities for their therapeutic
manipulation. One of the hallmarks of cancerisimmune
system evasion. Proliferating tumor cells produce
distinct suppressive cytokines and other molecules to
inhibit the immune system attack. Prompted by the
2007 Polly Matzinger mouse study showing advan-
tage of therapeutic use of CD4+T cells, Dr. Sarnowska,
demonstrated that, CD4+ TILs are predominant in
clear cell renal cell carcinoma (ccRCC) TME compared
to CD8+ TILs. CD4+ effector T cell become exhausted
upon chronic activation and display PD-L1 and IDO1 as
suppressive molecules, in addition to proinflammatory
cytokine. Interestingly, the CD4/CD8 TILs ratio in pri-
mary tumors showed promise as a prognostic marker,
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raising he need for larger prospective studies, which
will benefit from collaborations.

Vita Pasukoniené, PhD (Vilnius Gediminas Technical
University and National Cancer Institute, Vilnius, Lithua-
nia) discussed her work development and use of a gene
expression-based immune subtyping tool (IMSUBTOOL)
for solid cancers, which utilizes a gene expression pat-
tern maps as an algorithm for immune subtyping of
high-grade serous ovarian carcinoma. The results allow
to identify tumors with a better prognosis using only
a few genes related to immune mechanisms and the
TME, rather than the whole tumor genome. The group
is interested in new collaborations to further develop
immune subtyping tools to assess treatment efficacy in
large prospective clinical trials and retrospective studies
of immunotherapy.

Andrew Hyland, PhD (Roswell Park, Buffalo, NY, USA),
presented his international collaborative efforts in reduc-
ing incidence of cigarette smoking, which is the leading
cause of cancer death in the US, Poland, and many other
countries. He discussed new initiatives to reduce ciga-
rette smoking, including tobacco “quitlines’, as highly
cost-effective health interventions. The Polish National
Quitline and the New York State Smokers Quitline have
been in operation for 20+ years and there are opportu-
nities to apply successfully practices across borders to
improve program success metrics. Five tangible areas
of collaboration include: 1) strategies to increase mar-
keting reach of tobacco cessation services; 2) improved
protocols for telephonic delivery of tobacco treatment;
3)improved protocols for remote access to stop smoking
medications; 4) increased training for health professions
to treat tobacco dependence; and 5) enhanced digital
services including evidenced-based text messaging
programs tailored to different languages/populations.

Session 4: Opportunities for New Collaborations
in Early Phase Clinical Trials was chaired by Elizabeth
Repasky, PhD (Roswell Park, Buffalo, NY, USA) and
Daniel Powell, PhD (University of Pennsylvania,
Philadelphia, PA, USA).

The session was started by Kestutis Suziedélis, PhD
(National Cancer Institute, Vilnius, Lithuania) presenting
his collaborative projects in search for more efficient
modalities of cancer radiotherapy. Brian Czerniec-
ki, MD, PhD (Moffitt Cancer Center, Tampa, Florida,
USA) and Gary K Koski, PhD (Kent State University,
Kent, Ohio, USA) discussed the role of DCs in cancer
immunotherapy and the possibility of using the para-
digms of natural infections to enhance their potency.
They showed that human DCs loaded with synthetic
tumor antigen peptides and activated with purified
bacterial cell wall components ex vivo, and injected
intratumorally, prime tumor-specific T cells, but also

promote local infiltration of multiple immune effector
populations and create conditions for tumor elimina-
tion. Intratumoral delivery of such DCs combined with
tumor-directed monoclonal antibodies resulted in dra-
matic tumor regressions in preclinical mouse models. A
12-subject phase | neoadjuvant clinical trial for locally
advanced HER2 breast disease combining intratumoral
DCs plus anti-HER2 monoclonal antibody drugs likewise
showed dramatic regressions in most patients with no
side effects, suggesting this approach should be further
developed. Several multi-institutional clinical trials of
different DC variants involving Moffitt Cancer Center
and Roswell Park are currently accruing patients and
can be extended to additional interested partners. In
each trial, all autologous DC vaccines are produced at
a single site (depending on the expertise with each
specific DC type, either at Moffitt or at Roswell), to as-
sure uniformity of the product. In case of patients form
the other institution, the vaccine is prepared from the
shipped leukapheresis material of each patient at the
DC production institution (which holds the IND) and
shipped back in a frozen form to the treating institution.

lwona tugowska, MD, PhD (National Institute of
Oncology, Warsaw, Poland) discussed the impressive
collaborative expertise of the Early Phase Clinical Trial
Department and partnering opportunities for domes-
tic and foreign collaborators resulting from the newly
developed CAR-T Facility of the NIO’s Center for Excel-
lence in Precision Oncology with. She also discussed the
collaborative experience of the NIO’s Cancer Prevention
Centre, already involved in many international projects,
such as the Nordic-European Initiative on Colorectal
Cancer, European Polyp Surveillance Trial and Era-NET
Transcan). MSCI is a leader of the National Cancer
Strategy, the National Oncology Network, and the Na-
tional Coordinating Center for population screening
and primary cancer prevention and runs the National
Cancer Registry.

Waldemar Priebe, PhD (MD Anderson, Houston,
Texas, USA) shared his experience connecting academic
and biotech researchers in the US and in Poland in order
to accelerate the development of novel cancer thera-
pies. He discussed the feasibility of conducting clinical
trials of the US-developed drugs in Poland and the value
of seeking public - private partnerships in this area.

Session 5: Sources of Governmental Funding
for International Collaborations was chaired by
Piotr Rutkowski, MD, PhD, and Mark Parascando-
la, PhD, MPH (National Cancer Institute, Bethesda,
Maryland, USA), and focused on the availability of
state, federal and local governmental sources of
funding available to support international collabo-
rations in the area of cancer.
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Piotr Rutkowski, MD, PhD, discussed the role of the
Medical Research Agency (MRA) of Poland as the vehicle
for development of new technologies in clinical med-
icine. MRA supports innovations in healthcare system,
financing medical and health science research, and
providing funding for non-commercial clinical trials. It
supports theimplementation of the National Oncology
Strategy and responds to unmet medical needs of the
society. Within the area of oncology, so far MRA funded
54 non-commercial clinical trials and 10 commercial
clinical trial projects (at the level of 250,000,000 USD
or 1 billion PLN) in the areas of non-commercial clinical
trials and laboratory projects, R&D, head-to-head com-
parisons, rare diseases, targeted/personalized medicine,
digital technologies, new pharmaceutical forms. MRA
funds allowed for the establishment of 7 Oncology Clin-
ical Trial Support Centers across Poland, contributing
to creation of a structured and efficient organizational
structure for cancer centers. They helped to increase the
availability of clinical trials in oncology by increasing
their overall number, standardization of operational
processes related to their conduct, introduction of
quality and other support systems, supporting ade-
quate infrastructure and increased patient awareness
of the importance of oncologic clinical trials. In 2024,
new requests for proposals (RFP) to support innovative
diagnostic and therapeutical solutions, targeted and
personalized cancer therapies, digital technologies in
healthcare, non-commercial clinical trials in cancerand
a separate RFP for Regional Centers of Digital Medicine
with Biobanking, will provide a strong background for
multi-country collaborations including the CEE Region
and the US.

Mark Parascandola, PhD, MPH (National Cancer
Institute, Bethesda, Maryland, USA), provided overview
of the role of the U.S. National Cancer Institute in sup-
porting international collaborations to advance cancer
research, through extramural grant funding, intramural
research collaborations, and bilateral agreements. Over
10% of NCI extramural awards in 2022 involved a for-
eign collaborator. The NCI's Center for Global Health,
established in 2011, supports global cancer research
and training in low-and middle-income countries with a
particular focus on the use of technology, implementa-
tion science, and health disparities (https://www.cancer.

the NCI (Bethesda, Maryland) discussed opportunities
for potential bilateral collaboration between MRA and
NCl in these areas.

Karen Utz, JD (Empire State Development; https://
esd.ny.gov/regions/western-new-york), discussed the
ESD’s efforts at promoting healthcare & biotech Inno-
vations in New York State. Ms. Utz discussed the indi-
vidual tools aimed at promoting domestic and foreign
investment in New York state, ranging from state grants,
through matching funds to tax credits.

Session 6: Education & Training- Needs and Oppor-
tunities was chaired by Adam Kisailus, PhD (Roswell
Park, Buffalo, NY, USA) and Brian Czerniecki, MD, PhD
(Moffitt Cancer Center, Tampa, Florida, USA). The session
addressed opportunities for undergraduate, graduate
and post-graduate training available to domestic and
international students. As highlighted by Dr. Kisailus,
comprehensive cancer centers represent fertile grounds
for education and training future cancer scientists and
oncologistsin aninnovative, collaborative, and interdis-
ciplinary environment. He highlighted the informal and
formal educational opportunities to engage students as
early as middle school in understanding cancer science,
immerse college and health professional students in re-
search experiences, to train graduate students through
partnership with the University at Buffalo in the Roswell
Park Graduate training programs in cancer sciences
and prepare post-doctoral and graduate medical stu-
dents for careers in academic research and oncology
medicine. Several current faculty members at Roswell
Park are alumni of these different programs and attest
to their education and training at Roswell Park as con-
firming their pursuit of cancer careers and providing the
preparation necessary to reach their career goals. The
above sentiment was mirrored in the presentation of
Dr. Czerniecki, who focused on his experience training
of laboratory and clinical scientists at Moffitt. In the fol-
lowing discussion, Drs. Suziedélis and Kalinski argued
for the need of programs allowing foreign trainees to
complete fellowship (or a part of a PhD program) in
another country and continue collaboration in the same
area upon return to the home institution.

Session 7: National and International Collabo-
rations with NGOs, Academia, Pharma & Biotech
was chaired by Pawel Kalinski, MD, PhD and Leigh

gov/about-nci/organization/cgh/about). The National
Institutes of Health has also utilized bilateral funding
agreements to support collaborative international
cancer research, such as the Academy of Finland (AKA)
—National Institutes of Health (NIH) Partnership Program
(https://grants.nih.gov/grants/guide/notice-files/NOT-
OD-21-021.html). In the ensuing discussion, Dr. Rutkow-
ski, Dr. Kalinski and Dr. Mark Parandascola, PhD, from
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Palladino, JD from Roswell Park. Regulatory, fiscal &
logistic arrangements needed to perform collaborative
clinical trials with domestic and foreign academic &
biotech partners were discussed by Pawel Kalinski,
MD, PhD & Donald Handley, MS, MBA from Roswell.
The presenters highlighted recent success of Roswell
in replacing Intron-A, discontinued by Merck in 2019,
with Argentinian produced generic version of IFNa2b,
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Bioferon, which allowed for continuation of over 10 year-
long NCI-funded program of Dr. Kalinski and colleagues
performed at the University of Pittsburgh and Roswell
Park, in collaboration with Merck and Florida-based AIM
Immunotech, the supplier of rintatolimod (Ampligen, a
TLR3 ligand). The positive results of the resulting phase
| clinical trial combining systemic (i.v.) rintatolimod with
IFNa2b in patients with advanced breast cancer, mani-
fested by the safety and average 10-fold in intratumoral
CTL markers (Gandhi et al., 2023) can now be extended
to the tests of the clinical efficacy of this combination
when combined with PD1 blockade, thanks to the recent
FDA approval of the use of Bioferon as a part of the ex-
perimental chemokine-modulating (CKM) regimen. Dr.
Kalinski highlighted the collaborative opportunities for
testing CKM in combinations with chemo-, targeted- and
radiotherapy in additional cancer types. Christopher
McAleer, PhD (AIM Immunotech, Ocala, FL) presented
the overview of Ampligen’s clinical progress in oncology
and collaborative opportunities in the areas of the com-
pany in pancreatic, breast, ovarian and other cancers.
Rafal Obuchowicz, MD (Raygenic, Warsaw, Poland) pre-
sented the company’s unique platforms ofimage analysis
and interests in collaboration with the US partners.
The presentation of Katie Noyes, PhD, MPH (State
University of New York at Buffalo) addressed the
burning topic of overcoming the urban-rural dispari-
ties in cancer care delivery. Michat Mikuta, MD, PhD
(NIO, Warsaw) provided an overview of the preclinical
resources and unique models available at NIO for col-
laborative projects with academic, biotech and pharma
partners. Malgorzata Chalupowski, MD, PhD, JD, and
Piotr Pierog, PhD from the Copernicus Institute of
New England (Cambridge, PA) presented their efforts
at bringing together representatives of Biotech and
STEM professionals from the Polish-American commu-
nity. The session was concluded by Daniel Powell, Jr,
PhD (University of Pennsylvania, Philadelphia, Penn-
sylvania), the President of the Translational Research
Cancer Centers Consortium (https://www.trccc.org/)

Berezin, PhD (Washington University, St Louis, MO)
and Sergii Dubrov, MD, PhD (First Deputy Minister of
Health of Ukraine Kharkiv, Ukraine) and involved Tetia-
na Orabina; MBA (Ministry of Health, Kharkiv, Ukraine),
and Anna Titkova, MBA, MD, PhD (Kharkiv National
Medical University and Pratia Ukraine, Kharkiv, Ukraine).

Dr. Dubrov and colleagues discussed the extraordi-
nary challenges faced by the current healthcare system
of Ukraine amidst the war. Speakers presented the
overview of the current situation and plans to restore
and enhance Ukraine’s healthcare infrastructure. The
presentations provided prospective directions for the
healthcare system reform as well as the past and the
future of clinical trials. The presented approach aims to
build a resilient and forward-looking healthcare system
through collaborations with the neighboring counties
and the US. The Ministry of Health of Ukraine has for-
mulated a recovery plan tailored to the context of war
and reconstruction. The plan emphasizes the ongoing
transformation and improvement of the healthcare
system and the continuation of health reforms. The
primary objective is to deliver quality services to the
public through financially sustainable mechanisms
in the medium run. Both the Ministry of Health and
local executive authorities are strategically planning
to streamline the extensive and fragmented hospital
network.

Ukraine has a strong record of clinical trials. Before
the war, 794 clinical trials were approved, 2500 research
centers were operating and more than 1000 researchers
with ICH-GCP standards compliance were working in
the country. 24™ of February 2022 transiently stopped
all clinical trial activities in the country, but that activity
was restarted in the following months. The average
clinical trials approval time decreased from 47 to 30
days. In 2023, 13 new clinical trials started, 20 studies
resumed patient recruitment, 32 patients returned to
clinical research sites.

Session 9: Reducing Treatment Burden and Im-
proving Patient Experience was chaired by Kara

involving 14 cancer centers from North-eastern United
States and Canada. Dr. Powell highlighted the history
and mission of TRCCC as an organization successfully
promoting multi-institutional collaborations between
academic and biotech partners, aiming to accelerate
the development of new cancer therapies. The next
meeting of TRCCC will take place in Seven Springs,
Pennsylvania February 21 - 23,2024 (https://www.trccc.
org/annual-meeting), providing ample opportunities
for the discussion of partnering options with the Con-
sortium participants.

Session 8: Collaborative Efforts & Opportuni-
ties: Experience of Ukraine was chaired by Mikhail

Eaton, MA, CPXP, and Kathleen Kokolus, PhD, from
Roswell Park. The session represented one of the key
areas of focus of the MSCS-CRC Initiative, the quality of
life (QOL) of cancer patients and their families, the area
with significant differences in emphasis on between the
United States and Europe.

Andras Perl, MD, PhD (Upstate Medical Universi-
ty, Syracuse, New York, USA) discussed the growing
problem of Immune checkpointinhibitor (ICl)-induced
autoimmune phenomena, reported in 4.2-87.5% of
ICI-treated cancer patients with preexisting genetic
susceptibility. He discussed the pathogenesis and
emerging treatment developed in his and other cen-
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Fig. 2. MSC-2023 included unstructured time over meals and session breaks to provide opportunities for networking and small group discussions, similar
to the past editions of the MSCS-CRC Symposia, which propelled the collaborative projects presented in Session 1.

ters. Elizabeth Griffiths, MD (Roswell Park, Buffalo,
NY, USA) presented her experience with the clinical
management of myelodysplastic syndrome (MDS),
a clonal malignancy of aging patients associated
with bone marrow failure, transfusion dependence,
decreased life expectancy and risk for transforma-
tion to acute myeloid leukemia. The advanced age at
presentation (typically in the mid-70s) and frequent
existence of comorbidities, limit the application of the
only proven curative intervention: allogeneic stem cell
transplant. Additional therapies, including transfusion
and chemotherapy are largely palliative and current
response assessments suggest limited impact on
survival for many patients. Since QOL in significantly
lower for MDS patients compared to age matched
controls and therapy is largely palliative, the ability
of treatments to improve the symptoms is of a partic-
ular importance. Prior research suggests that QOL is
prognostic, even corrected for performance status and
conventional clinical staging, and offers an important
novel endpoint for clinical trials. Routine application
of the now internationally validated MDS-specific
QUALMs instrument (https://qualms.dana-farber.org/)
for assessing QOL in MDS will improve our ability to
quantify the QOL impact for established and novel
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therapy in MDS and thereby maximize outcome for
this underserved population.

Anurag Singh, MD (Roswell Park, Buffalo, NY, USA)
discussed his highly collaborative work on the neg-
ative impact of beta-2 adrenergic stress (Chen et al.,
2020a) on the effectiveness of radiation therapy and
the patients’ QoL. In addition, he presented data on
how the baseline quality of life can impact outcomes
in H&N (Farrugia et al., 2021a) and lung cancer (Farru-
gia et al., 2021b). In addition, the impact of financial
stress on outcomes in H&N (Ma et al., 2021) and breast
cancer (Ma et al,, 2023) were discussed. Finally, re-
search on smoking cessation, even if initiated directly
prior to treatment, can modify stress in a simple, yet
impactful way, influencing survival in H&N(Ma et al.,
2022) and lung cancer (Dobson Amato et al., 2015).
Shipra Gandhi, MD (Roswell Park, Buffalo, NY, USA)
discussed the feasibility of replacing the currently
used neoadjuvant chemotherapy/ICI combination in
patients with high-risk triple-negative breast cancer
(TNBC) with a less toxic combination of ICl with CKM
regimen, combining IFNa2b with rintatolimod. Her
preliminary data from the clinical trial NCT04081389
investigating increasing doses of IFN along with fixed
dose rintatolimod and celecoxib (CKM) in addition
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to standard neoadjuvant chemotherapy (paclitaxel,
doxorubicin, and cyclophosphamide) in stage I-ll triple
negative breast cancer showed residual cancer burden
(RCB-0and 1) rate of 66% (6/9 patients), comparable to
the one expected on chemotherapy/ICl combination.
No dose limiting toxicities were observed. Adverse
events attributed to CKM were mostly limited to grade
1-2 toxicities. Future trials will test CKM and chemo-
therapy along with neoadjuvant pembrolizumab in
triple negative breast cancer.

Kara Eaton, MA, CPXP (Roswell Park, Buffalo, NY,
USA) concluded the session with the presentation of
her data that making patients the center of care in
hospitals is not only the right thing to do, but it also
that leads to improved health outcomes, increased
patient satisfaction, and more efficient healthcare
delivery. This holistic approach to healthcare sees pa-
tients as more than their diagnosis, but rather unique
individuals with physical, emotional, and social com-
plexities. Recognizing the entire patient experience
is fundamental in providing compassionate, safe and
effective healthcare. The novel approaches to achieve
this goal successfully introduced at Roswell can be
rapidly implemented in other centers, representing a
low-host way to enhance both the satisfaction of pa-
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ABSTRACT

The aim: To investigate the epidemiology and microbiology of vulvovaginal candidiasis (VVC) after gynecological surgeries, and adverse pregnancy outcomes
in Ukraine.

Materials and methods: Multicenter prospective cohort study was conducted from January 2020 to December 2022 and recruited pregnant and non-pregnant
women aged 15-65 years who had sought medical help for vaginal dysbiosis the seven medical clinic from five regions of Ukraine.

Results: Between 2020 and 2022, 2,341 women were followed in gynecological practices, and 1,056 (41.5%) women were diagnosed with VVC during the
same period. Of the total VVC cases, 31.9% were in non-pregnant and 68.1% in pregnant women. The use of antibiotics (0R=3.48), use hormonal contracep-
tives (OR=2.75) and pregnancy (OR=1.13) were associated with an increase in the risk of VVC diagnosis. Diabetes mellitus (0R=0.44) were additional risk
factors. The most common pathogen of VVC was C. albicans, Nakaseomyces glabratus (C. glabrata), followed by Pichia kudriavzevii (C. krusei), C. parapsilosis,
C tropicalis, C. kefyr, C. quillieromondii, C. lusitaniae, and C. rugosa. We found no significant difference in adverse pregnancy outcomes between Candida-positive
and Candida-negative women.

Conclusions: Vulvovaginal candidiasis after gynecological surgeries in Ukraine is a common medical problem in women that is associated with significant
morbidity, and hence frequent medical visits. High prevalence rate of vulvovaginal candidiasis in the present study warrants, the importance of conducting

continuous epidemiological surveys to measure changes in species distribution from C. albicans to non-albicans Candida species in Ukraine.

KEY WORDS: Prevalence, vulvovaginal candidiasis, responsible pathogens, risk factors, adverse pregnancy outcomes, Ukraine

INTRODUCTION
Vulvovaginal Candidiasis (VVC) affects millions of wom-
en every year and has been considered an important
public health problem. Although not associated with
mortality, the morbidity associated with VVC makes it
a major cause of mental distress, causing pain, great
discomfort, altered self-esteem, anxiety, impairing work
performance and interfering with sexual and affective
relations. Despite therapeutic advances, VVC remains
a common problem worldwide, affecting all strata of
society [1].

According to literature, 75 % of all women will experi-
ence at least one episode of VVCin their lives. Between
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40 % and 50 % of initially infected women will experi-
ence asecond episode. In Europe VVCis one of the most
common causes of vaginitis, and in the United States,
it is the second most frequent cause of infection after
bacterial vaginosis [2,3]. Literature evidence regarding
VVCreports highlighted that this disease it is the second
most common infection of the vulvovaginal area of
symptomatic women accounting for about 17% to 42%
[4-6]. Vulvovaginal yeast infections in pregnancy are
common and can cause extensive inflammation, which
could contribute to adverse pregnancy outcomes [7].
Candidiasis is an infection caused by a yeast (a type of
fungus) called Candida. Candida normally lives on skin



VULVOVAGINAL CANDIDIASIS AFTER GYNECOLOGICAL SURGERIES AND ADVERSE PREGNANCY OUTCOME...

and inside the body such as in the mouth, throat, gut,
and vagina, without causing any problems. Candida
can cause an infection if conditions change inside the
vagina to encourage its growth. The common term for
candidiasis in the vagina is a vaginal yeast infection.
Other names for this infection are vaginal candidiasis,
vulvovaginal candidiasis, or candidal vaginitis.

Healthcare providers usually diagnose vaginal can-
didiasis by taking a small sample of vaginal discharge.
They examine the sample under a microscope in the
medical office or send it to a laboratory for a fungal
culture. However, a positive fungal culture does not
always mean that Candida is causing symptoms. Some
women can have Candida in the vagina without having
any symptoms.Vaginal candidiasis is often mild. About
20% of women normally have Candida in the vagina
without having any symptoms [2].

Analysis of previous studies showed that understand-
ing of anti-candida host defence mechanisms in the
vagina has developed slowly and, despite a growing
list of recognised risk factors, a fundamental grasp of
pathogenic mechanisms continues to elude us. The
absence of rapid, simple, and inexpensive diagnostic
tests continues to result in both overdiagnosis and
underdiagnosis of VVC. Currently, VVC in Ukraine is
routinely diagnosed by sign and symptom and is not
confirmed with laboratory investigation when nec-
essary. As a result, the spectrum of yeasts implicated
in causing VVC, their drug susceptibility profile is not
known in the country. In Ukraine, similar studies focused
on VVC have not been carried out.

THE AIM

The aim of this study was to investigate the epidemi-
ology and microbiology of VVC after gynecological
surgeries, and adverse pregnancy outcomes in Ukraine.

MATERIALS AND METHODS

DESIGN, SETTINGS AND STUDY
PARTICIPANTS

Multicenter prospective cohort study was conducted
from January 2020 to December 2022 and recruited
pregnant and non-pregnant women aged 15-65 years
who had sought medical help for vaginal dysbiosis the
seven medical clinic from five regions of Ukraine. The
study population included women who had history of
surgery for gynecological disease. All pregnant women
in any trimester who visited the visited the antenatal
clinics were interviewed one-on-one and those that
gave consent to be part of the study were enrolled. Ex-

clusion criteriaincluded, Chlamydial infections, Syphilis
or other sexually transmitted bacterial infections, had
bacterial and aerobic vaginosis. Pregnant women who
had any pregnancy related complications (diabetes,
bleeding per vagina, hypertension) were excluded
in the study. Pregnant women were enrolled once to
avoid repetition.

DEFINITION OF VULVOVAGINAL
CANDIDIASIS

Symptomatic vulvovaginal candidiasis was defined as
the presence of clinical presentations and the presence
of yeast-liked cells in direct Gram smear with positive
culture.

DEFINITION ADVERSE PREGNANCY
OUTCOME

Relevant adverse pregnancy outcomes were based on
the core outcome set for preterm birth (PTB) research
and cross-checked with other core outcome sets in
women’s and newborn’s health. The main outcomes
were as follows: PTB, defined as birth at <37 weeks'
gestation; spontaneous PTB, defined as birth at <37
weeks' gestation after spontaneous onset of labor or
after Preterm prelabor rupture of membranes (pPROM);
small for gestational age, defined as birthweight below
the 10th percentile for gestational age; pPROM, defined
as preterm prelabor rupture of membranes at <37
weeks’gestation; and neonatal death, defined as death
during the first 28 days of life. Additional outcomes
were as follows: late pregnancy loss, defined as birth
between 20- and 24-weeks’gestation; early pregnancy
loss, defined as spontaneous demise of pregnancy at
<20 weeks' gestation; prelabor rupture of membranes
(PROM), defined as rupture of membranes before the
onset of labor; birthweight; maternal mortality; mater-
nal morbidity; and neonatal morbidity. Because of the
lack of consensus in defining stillbirth, all definitions
used for stillbirth were included.

DATA COLLECTION

Information regarding participants’socio-demograph-
ics (age, educational level, marital status, trimester in
pregnancy) and microbiological data, parity, history
of surgical procedure, preoperative and postoperative
antibiotic use, complications, and clinical presentations
were extracted from participants’ambulatory medical
records and relevant hospital records medical records.
Information that was not readily available in the medical
records were collected using structured questionnaire
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Table I. Characteristics study participants (n=2341) with a diagnosis of vulvovaginal candidiasis (VVC) and without VVCin Ukraine, 2020-2022

Number Vulvovaginal candidiasis
Variable of women Yes No P value
(n=2341) (n=1056) (n=1285)
Age (years), n (%) 0,062
<18 236 155 (14.7) 1(6.3)
18-25 547 411 (38.9) 136 (10.6)
26-30 712 211 (20.0) 501 (39.0)
31-35 378 55(5.2) 323 (25.1)
36-40 214 6 (8.1) 128 (10.0)
41-50 189 4 (8.9) 95 (7.4)
51-60 47 5(3.3) 12(0.9)
>60 18 9(0.9) 9(0.7)
Marital status, n (%) 0.052
Married 786 153 (14.5) 633 (49.3)
Unmarried 1023 601 (56.9) 422 (32.8)
Divorced 532 302 (28.6) 230(17.9)
Education level, n (%) 0.083
Secondary school 1,243 331(31.3) 912 (71.0)
College 481 284 (26.9) 197 (15.3)
High 617 441 (41.8) 176 (13.7)
Smoking habits, n (%) 2,296 1,029 (97.4) 1,267 (98.6) 0.362
Alcohol consumption, n (%) 1,535 659 (62.4) 876 (68.2) 0.128
Place of residence, n (%) 0.311
Urban 1,467 659 (62.4) 808 (62.9)
Rural 874 397 (37.6) 477 (37.1)
Pregnant status, n (%) <0.001
Non-pregnant 1,507 337 (31.9) 1,170 (91.1)
Pregnant 834 719 (68.1) 115 (8.9)
Multifetal pregnancy, n (%) 436 7 (3.5) 399 (31.0) 0.39
Use hormonal contraceptives, n (%) 756 563 (74.5) 193 (25.5) <0.001
Weakened immune system (steroid use), n (%) 258 189 (73.3) 69 (26.7) <0.001
Antibiotic use, n (%) <0.001
Preoperative antibiotics not given 327 5(7.6) 302 (92.4)
Preoperative antibiotics given 921 199 (21.6) 722 (78.4)
Long-term use of antibiotics 518 364 (70.3) 154 (29.7)
History of diabetes mellitus, n (%) 168 117 (69.6) 51(30.4) 0,002
History of adverse pregnancy outcomes, n (%) 0.125
Preterm birth (PTB) 131 9(14.5) 112 (85.5)
Spontaneous PTB 127 49 (38.6) 78 (61.4)
Small for gestational age 211 42(19.9) 169 (80.1)
Preterm prelabor rupture of membranes 138 4 (24.6) 104 (75.4)
Late pregnancy loss 109 8(16.5) 91 (83.5)
Early pregnancy loss 98 21(21.4) 77 (78.6)
Prelabor rupture of membranes 132 34 (25.8) 98 (74.2)
Low birth weight 219 26 (11.9) 193 (88.1)
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Table II. Risk factors for VWCin study participants in Ukraine, 2020-2022

Univariable analysis

Multivariable analysis

Variable
OR (95% CI) P value OR (95% CI) P value
Age (years) 0.972 (0,944-1.004) 0.062
Antibionic use 3.476 (2.226-5.427) <0.001 2.506 (1.536-4.083) <0.001
Use hormonal contraceptives 2.754 (1.743-4.355) <0.001 2,616 (1,638-4,174) <0.001
Pregnancy 1.132(1.092-1.172) <0.001 1.142 (1.098-1.185) <0.001
Diabetes mellitus 0.438 (0.257-0.746) 0.002 0.428 (0.248-0.738) 0.002
OR, 0dds Ratio; Cl, Confidence Interval.
Table Ill. Distribution of Candida isolates from 2341 patients with vulvovaginal candidiasis (VVC) in Ukraine, 2020-2022
2020 2021 2022 Total
Species of Candida (n=754) (n=770) (n=814)  (n=2341) T('Tei‘)d
n % n % n % n %

C. albicans 591 784 609 79.1 627 77.0 1827 78.0 J

Nakaseomyces glabratus (C. glabrata) 35 4.6 41 53 43 53 119 5.1 0

Pichia kudriavzevii (C. krusei) 33 44 27 35 43 53 103 4.4 0

C. parapsilosis 29 3.8 21 2.7 22 2.7 72 3.1 J

C. tropicalis 17 2.3 23 3.0 29 3.6 69 2.9 0

C. kefyr 20 2.7 20 2.6 20 2.5 63 2.7 3

C. guillieromondii 13 1.7 10 1.3 10 1.2 33 1.4 J

C. lusitaniae 1.1 12 16 6 07 26 1. {

C.rugosa 0.8 4 0.5 09 17 07 0

C.famata 03 3 04 7 09 12 05 )

administered to participants of the study. All women
were assigned study identification numbers (IDs)
which were used throughout the study. The IDs were
generated by using the initials of the hospital where
participants were enrolled and a chronological number
according to how the patients were recruited.

ETHICS

The study received ethics approval from the Shupyk
National Healthcare University of Ukraine, Kyiv, Ukraine.
The present study was performed in line with the prin-
ciples of the Declaration of Helsinki.

MICROBIOLOGICAL ANALYSIS

After detailed explanation of the sampling procedure
to the participants, two high vaginal swabs were ob-
tained by a Gynecologist/trained midwife from each
participant using sterile swab sticks. Specimens were

(ATCC 10231) was used as reference strain and tested
simultaneously with the clinical isolates.

STATISTICAL ANALYSIS

All the analysis were carried out using SAS 9.4 (SAS In-
stitute, Cary, NC, USA). The prevalence of VVC, defined
as the proportion of women diagnosed with VVC (de-
nominator: all women who visited the gynecological
practices), was analyzed. Categorical data variables
were statistically described in the form of frequencies
and percentages while continuous data variables were
summarized as mean (Standard Deviation). The associ-
ation between categorical variables were done using
chi-square test. The association between VVC diagnosis
and the predefined variables was studied using a bivar-
iate analysis and multivariate logistic regression model.
P-value less than 0.05 was considered significant.

taken from the posterior fornix of the vagina with RESULTS
sterile swabs and transported to the microbiology
laboratory for further processing. Identification to the PREVALENCE OF VVC

species level was performed by MALDI-TOF MS (Bruker
Dalto nics) and bacterial strains by Vitek 2 automated
system (BioMérieux). For quality control, C. albicans

During the study period (2020-2022), 1056 of 2341
women'’s undergoing gynecologic surgery were found
to have Vulvovaginal Candidiasis (VVC). The prevalence
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of VVC among study participants was 45.1% (95% Cl:
44.1-46.1,p <0.001). Of the total VVC cases, 31.9% werein
non-pregnantand 68.1%in pregnant women. The highest
prevalence rates of VVC were found in the age groups of
18-25 years (38.9%), 26-30 years (30.0%), and <18 years
(14.7%), respectively. Demographic and clinical character-
istics of study participants with a diagnosis of vulvovaginal
candidiasis (VVC) and without VVC are shown in Table .

RISK FACTORS FOR VVC

The results of the multivariate logistic regression model
aredisplayed in Table . The use of antibiotics (OR=3.48),
use hormonal contraceptives (OR=2.75) and pregnancy
(OR=1.13) were associated with an increase in the risk
of VVC diagnosis. Diabetes mellitus (OR=0.44) were
additional risk factors.

RESPONSIBLE PATHOGENS

In this study after microbiological analyzes 2341 isolates
were recovered from the clinical samples. Assessing
the prevalence of the identified subtypes, the pre-
dominance of C. albicans species was found (78.0%),
compared to non-albicans Candida species (22.0%).
The most common non-albicans species were Nakaseo-
myces glabratus (C. glabrata) (5.1%) followed by Pichia
kudriavzevii (C. krusei) (4.4 %), C. parapsilosis (3.1%), C.
tropicalis (2.9%), C. kefyr (2.7 %), C. guillieromondii (1.4%),
C. lusitaniae (1.1%), C. rugosa (0.7%) and other species
(n=12; 0.5 %). Of the total number of 2341 Candida
isolates, 1325 (56.6 %) showed bacterial associations.
The most common microbial association was C. albicans
and S.aureus - 127 combinations (26.6 %), followed by C.
albicans and E.coli - 99 combinations (20.8 %). Bacterial
associations with non-albicans Candida species or re-
corded less frequently. Distribution of Candidaisolates
from patients with VVC during study period (2020-2022)
in Ukraine showed in table Ill.

ADVERSE PREGNANCY OUTCOMES

In this study we found no significant difference in
preterm birth (PTB) rate, spontaneous PTB, small for ges-
tational age, preterm prelabor rupture of membranes
(pPROM), late pregnancy loss, early pregnancy loss,
prelabor rupture of membranes (PROM), and low birth
weight between Candida-positive and Candida-nega-
tive women. Characteristics of study participants with
history adverse pregnancy outcomes are shown in
Table I. Logistic analyses for history adverse pregnan-
cy outcomes among 2,341 women did not reveal any
statistically significant associations either.
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DISCUSSION

The results of present study provide data as first re-
search in Ukraine that focuses on epidemiology, micro-
biology, and adverse pregnancy outcomes in Ukraine.
Information regarding the prevalence of VVCin Ukraine
is not well known.

VVC is not a reportable disease, and therefore, the
information on its incidence is incomplete and based
on epidemiology studies that are often hampered by
inaccuracies of diagnosis and/or the use of non-repre-
sentative populations. The prevalence of vulvovaginal
candidiasis varies from one study to another. Multiple
previous studies showed the prevalence rate of VVC
among reproductive age women varies between coun-
tries and different regions, ranging from 12 to 72% [1,
4-6, 8, 9. The reasons for such varying prevalence of
VVC might be explained the investigation of different
geographical locations, profile of the population being
studied and period of time in these studies. In this study,
the incidence of VVCin Ukraine was found to be 45.1%.

The development of VVCis usually attributed to the
disturbance of the balance between Candida vaginal
colonization and host environment by physiological or
nonphysiological changes. Therisk factors are believed
to be associated with increased rate of VVC including
host-related factors such as hyper-estrogenic state
(pregnancy, hormone replacement therapy), poorly
controlled diabetes, immunodeficiency states, use of
antibiotic, treatment with glucocorticoids and genetic
predispositions and behavioral factors such as birth
control pills, intrauterine device, spermicides and
condoms and hygiene habits, tight-fit clothing and
sexual behaviour [1]. Other studies have shown that
the major risk factors for the development of VVC are
lifestyle-related (e.g., frequency of sexual intercourse,
contraception, or vaginal douching) [10, 11]. Despite a
growing list of recognized risk factors, much remains
to be elucidated. In our study the use of antibiotics,
use hormonal contraceptives and pregnancy were as-
sociated with an increase in the risk of VVC diagnosis,
and diabetes mellitus were additional risk factors VVC
diagnosis was positively associated with antibiotic
prescriptions, prescription of contraceptives, and preg-
nancy (Table Ill).

The present study of the total VVC cases, 31.9% were
in non-pregnant and 68.1% in pregnant women. Preg-
nancy and hormone replacement therapy pregnancy
has been considered an important risk factor for the
development of VVC because several studies report
high incidence of the disease in pregnant women.
According to literature, VVC caused by Candida spe-
cies, are more common in pregnant women than
non-pregnant women [12-14], potentially because
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of hormonal and immunological changes that occur
during pregnancy [15]. The epidemiologic studies have
been consensual in reporting higher prevalence of
the disease in pregnant women than in non-pregnant
patients, although the incidence varies depending on
the locations. The high incidence of VVC in pregnancy
has been attributed to the increase of sex hormones
secretion in pregnancy. Vulvovaginal candidiasis higher
in the last trimester, when levels of hormones are more
elevated, even though symptomatic recurrences are
common throughout pregnancy [16, 17]. Furthermore,
in nonpregnant women the infection is more incident
during the luteal phase of the menstrual cycle, which
is the phase with the highest hormone.

Candida albicans is the leading cause of vulvovaginal
yeast infections; however, other species are becoming
relevant in this niche. The spatial distribution of these
fungi in the female genital tract remains poorly under-
stood [18]. Candida spp. constitute one of the most
important genus of opportunistic pathogenic fungi
in humans [19, 20], comprising the great majority of
isolates obtained from fungal invasive and mucosal in-
fections [20, 21]. Globally, the five species that belong to
the genus Candida, presently or formerly, that are more
commonly associated with candidosis in humans are
C. albicans, Nakaseomyces glabratus (formerly known
as C. glabrata), C. tropicalis, C. parapsilosis, and Pichia
kudriavzevii (formerly known as C. krusei) [22, 23]. In
our study the most common species were C. albicans,
Nakaseomyces glabratus (C. glabrata), followed by Pi-
chia kudriavzevii (C. krusei), C. parapsilosis, C. tropicalis,
C. kefyr, C. guillieromondii, C. lusitaniae, and C. rugosa.

Present study demonstrates the necessity of identifi-
cation the Candida species responsible for infections in
all patients presenting with VVC especially those with
recurrent infections. Therefore, identification willinfluence
selection of antifungals and duration of therapy. Simul-
taneously, compared to previous years, a trend has been
observed and that is an increase in the rate of isolation of
non-albicans Candida species. This phenomenon could
be due to theimprovement of laboratory diagnostic prac-
tices regarding the identification of fungi or a real higher
prevalence of these species. The variety of non-albicans
Candida species involved in human pathology, their ris-
ing contribution to fungal infections and the antifungal
susceptibility profiles makes their identification at the
species level essential for epidemiological investigations,
optimizing therapy and patient management.

Recognition that ascending infection leads to adverse
pregnancy outcomes has led to a number of studies
that have evaluated the treatment of vaginal infections
in pregnancy to reduce preterm birth rates. However,
the role of candidiasis is relatively unexplored. Some

studies suggest an association between vaginal Candida
colonization and adverse pregnancy outcomes, but the
evidence is inconsistent [2, 23-25]. In this study we found
no significant difference in adverse pregnancy outcomes
between Candida-positive and Candida-negative women.

STRENGTH AND LIMITATION

To our knowledge, no study addressing of the VVC after
gynecological surgeries and risk factors for VVC, and as-
sociated adverse pregnancy outcomes. The results of our
study provide valuable data as first research in Ukraine
and potential for comparison with data from other coun-
tries. We recognize that there are some limitations to our
study. We were not able to perform analysis on several
outcomes, such as late pregnancy loss, spontaneous
demise of pregnancy at <20 weeks' gestation, maternal
mortality, maternal morbidity, and neonatal morbidity.
It is possible that VVC is associated with PTB or another
adverse pregnancy outcome with bigger sample size.

CONCLUSIONS

The present study showed that VVC in Ukraine is a
common medical problem in women thatis associated
with substantial discomfort, significant morbidity, and
hence frequent medical visits. High prevalence rate
of VVC in the present study warrants, the importance
of conducting continuous epidemiological surveys to
measure changes in species distribution from C. albi-
cans to non-albicans Candida species in Ukraine. We
did not find strong statistical evidence of an increased
risk for preterm birth or eight other adverse perinatal
outcomes, in pregnant women with either symptomatic
or asymptomatic vulvovaginal VVC. The available evi-
dence is insufficient to make recommendations about
testing and treatment of vulvovaginal yeast infection in
pregnancy. Future studies should assess vulvovaginal
symptoms, yeast organism loads, concomitant vaginal
or cervical infections, and microbiota using state-of-
the-art diagnostics. Use of molecular diagnostic meth-
ods would allow accurate detection and quantification
of organism load to determine whether the presence of
symptoms is associated with higher organism load, and
whether higher organism loads are associated with a
higher risk for adverse pregnancy outcomes. VVC can-
not be seeninisolation and comprehensive evaluation
of the role of concomitant vaginal or cervical infections,
or certain microbiota should also be investigated in ho-
listic studies Additional studies on a larger sample and
evaluating results of antifungal susceptibility testing are
of great importance for optimizing therapy and patient
management to fighting VVC with targeted therapy.
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ABSTRACT

The aim: To establish and practically substantiate the relationship between dermatoglyphic markers and the speed of reaction and type of temperament of
track and field athletes.

Materials and methods: Analysis of scientific and methodological literature, survey, dermatoglyphics, methods of mathematical and statistical processing
of the received data.

Results: Track and field athletes among the population of the Sumy region of Ukraine have a tendency to decrease the number of whorls (p<0.05). Athletes
of the sanguine type of temperament are most common (67,6%), and in the control group (among students of a medical university) the phlegmatic type of
temperament is most common (68,4%). Also, among the subjects of the main group there is no such temperament as melancholic. We also determined the
ATD angle for the palm. It was 37+4.88 in the main group, and 47+3.11 in the control group. This indicates a hereditary predisposition of this trait. The delta
index in the control group has lower values (DI=9.5) than in the main group (DI=13.3).

Conclusions: We established and practically substantiated the relationship between dermatoglyphic markers and reaction speed and temperament type of
track and field athletes. Determined the relationship between the anatomical features of the fingers and the speed of mastering movements. For track and
field athletes of the population of Ukraine, there were characteristic features of the dermatoglyphic structure: higher values of the deltoid index and genetic

markers of the distance between the triradii a and d of the fingers.

KEY WORDS: genetic marker, dermatoglyphics, athlete, temperament, finger patterns

INTRODUCTION

Dermatoglyphics is a branch of human morphology
that studies the skin relief of palmar and plantar sur-
faces, where the skin is covered with numerous combs
(papillary lines) that form certain patterns [1]. Combs
are linear thickenings in depth and on the surface
of the epidermis. Papillary lines and patterns do not
change with age, are not influenced by environmental
conditions and are characterized by great individual
variability. Many of their features are passed on to
descendants [2].

Dermatoglyphics are patterns on the pads of the
fingers and toes. They, like the patterns on the palms
and feet, are one of the most important individual char-
acteristics of a person. Dermatoglyphic indicators are
one of the most accessible genetic markers for study
and use. Finger patterns are an invariable genetically
determined hereditary feature during life, formed in
3-5 months of pregnancy, have structural diversity and
high individual group variability [3, 4].
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The secret of dermatoglyphics is extremely deep. The
study of finger patterns will make it possible to determine
whether there is a connection between heredity and types
of temperament. Today it is known that every person has
hidden resources and potential for the development of
individual abilities and physical qualities [5-9]. An urgent
issue today is the determination of the most optimal ways
of developing individual abilities and their forecasting.

It is also worth noting that benign forms with finger
patterns are extremely important and valuable material,
because they can be used for other research in the future.
Therefore, the study of finger patterns in individuals with
different types of temperament will make it possible to
reach a certain consensus on the issue of the influence
of heredity on the manifestation of physical qualities of
track and field athletes, which causes a large number of
discussions in scientific circles.

In the world, there is a growing need for quick and
effective prediction of future athletes, which can be
provided by studying genetic markers (finger patterns,
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ATD angle for the palm, delta index (DI), the distances
between the triradii a and d, c). Sports performance is
a complex phenomenon that includes will, discipline,
training, psychological state, ability to work in ateam and
many other aspects. Literature suggests, that the study of
genetic markers can provide additional information about
physiological aspects that can influence sports potential
[5-9], can also reliably predict the future sports potential or
achievements of athletes. So, genetics is one of the factors
for predicting future sports success by genetic markers.

Inthe future, genetic research can provide valuable data
to improve the effectiveness of training, personalization
of the approach to sports and health. But in order to fully
predict sports potential, it is important to combine ge-
netic data with other important factors, such as physical
training, psychological state, support and others. Indeed,
genetic factors can influence some aspects related to
physical abilities, such as muscle mass, reaction speed, vis-
ibility, height, etc. However, the determination of athletic
potential using genetic markers can be a challenging task
due to the large number of genetic interactions and the
influence of external factors that can alter the detection
of these markers. This question needs further research.

During our study, we established and practically sub-
stantiated the relationship between dermatoglyphic
markers and speed of reaction and type of temperament
of track and field athletes. According we determine the
most common dermatoglyphic markers of the control
and main group of subjects; to find out the relationship
between dermatoglyphic markers and the type of tem-
perament of track and field athletes; to determine the
values of the ATD angle and the delta index for the palm
of athletes-athletes among the population of Ukraine;
to determine the relationship between dermatoglyphic
markers and the prediction of performance in athletics.

The object of the study is the dermatoglyphic markers of
students and track and field athletes with different types
of temperament. The subject of the research is the study
of dermatoglyphic markers in people with different types
of temperament.

THE AIM

The purpose of our study was to establish and practi-
cally substantiate the relationship between dermato-
glyphic markers and the speed of reaction and type of
temperament of track and field athletes.

MATERIALS AND METHODS

The research sample comprised of 76 medical students
aged 17-20 (control group) and 68 track and field
athletes aged 18-25 (main group). Both the main and

control groups had only men in their composition. The
control group included ordinary first-year students of
the medical institute without concomitant diseases.
The main group included track and field athletes with
the rank of candidate for master of sports (50%) and
master of sports of Ukraine (50%).

Before the start of the research, students and track
and field athletes were familiarized with the goals and
hypothesis of the research, and consent to the research
was obtained. The hypothesis of our research is the
detection of finger patterns in athletes with different
types of temperament, which will make it possible to
reach a certain consensus on the issue of the influence
of heredity on the manifestation of physical qualities of
track and field athletes, which provides a large number
of discussions in scientific circles. Temperament deter-
mines the strength and speed of reactions to life events,
its degree of manifestation in sports activities. In this
way, by establishing a connection between tempera-
ment and such a genetic marker as dermatoglyphics,
we will predict the effectiveness of forecasting in the
selection of future track and field athletes. This is real-
ized in increasing sports results, reducing financial costs
for training athletes.

This study consisted of a one-time data collection
(fingerprinting) and a temperament survey of respon-
dents. The study was conducted at two universities of
Ukraine: Sumy State University and Makarenko Sumy
State Pedagogical University. The questionnaires were
distributed in paper form and respondents were in-
structed on how to complete it and informed of survey
questions related questions about the definition of
temperament. The work was performed in accordance
with the principles Declaration of Helsinki of the World
Health Organization association «Ethical principles of
medical investigations involving a person as an object
research» and approved by the Bioethics Commission
Sumy State Medical Institute. All participants provided
informed consent to participate in this study and all of
the procedures were approved by the ethics committee
of the Sumy State University.

To diagnose a person’s temperamental features, a
questionnaire developed by V. M. Rusalov, based on his
own concept of temperament, was used [10]. Students
are asked to answer 105 questions, which are aimed at
finding out the usual way of behavior. You need to an-
swer quickly and accurately. Keys are used to calculate
points on one or another scale. The conclusion about
the dominant type of a person’s temperament is made
on the basis of a comparison of indicators obtained
from different temperament properties with the typ-
ical combinations of these properties corresponding
to different types of temperament given below. San-
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Table I. Number of finger patterns in both groups, %

Loop (%)
Arch (%) Whorl (%)
groups Ulnar (U) Radial (R)
Right Left Right Left Right Left Right Left
. 6,5%0,02 19,5+£0,07 30+0,23 23+0,3 410,06 6x0,04 6%0,05 5+0,06
man 26 53 10 11
13+0,25 25+0,13 22+0,03 3+0,22 3+0,06 6x0,03 13£0,15 15+0,13
control
38 25 9 28
Table I1. Relationship between finger patterns and temperament
Arch Whorl Loop
Temperament X X o
min max 1] c min max 1] c min max 1] o
control group
Choleric (n=9) 3 10 5,7 2,22 2 5 3,44 1,28 9 13 10,6 1,24
Melancholic (n=3) 7 7 7 0 1 2 1,5 1,18 10 11 10,5 0,22
Sanguine (n=12) 6 10 7,7 1,87 0 2 0,87 0,61 13 10,8 1,35
Phlegmatic (n=52) 1 2 1,5 1,18 8 14 11 2,28 9 13 10,6 1,24
main group
Choleric (n=16) 6 10 7,7 1,87 8 14 11 2,28 9 13 10,6 1,24
Sanguine(n=46) 5 8 6,4 1,6 5 6 55 1,61 17 12.5 2,29
Phlegmatic (n=6) 1 1,5 1,25 4 4 4 11 3 10 71 1,87

guine is a moderately developed indicator in terms of
all temperament properties. Choleric - high indicators
of energy, pace and emotionality with average or high
indicators of plasticity. Phlegmatic - low indicators in
all properties of temperament. Melancholic - low indi-
cators of energy, plasticity, pace with average or high
indicators of emotionality.

Technique for the study of sports dermatoglyph-
ics is very basic, consisting of taking fingerprints on
pre-established paper formats or direct observation
with a magnifying glass. For dermatoglyphic studies,
the method of removing impressions of the surfaces
of the phalanges of the fingers, using gouache, was
used. A sponge and white sheets of A4 format were
used to remove prints. Paints or gouache are diluted to
the consistency of thick sour cream. The paintis diluted
on glass, then rolled onto a sponge, with which the
dye is evenly applied to the fingers. Press each finger
separately, rolling it on paper from the radial side to
the ulnar side. An important practical place here is the
clamping force. According to the method, the paint
should be applied only to the tops of the crests of the
finger patterns, for clarity and recognition of future
drawings. A 4 x 7 cm sponge was used to apply paint
to the palm.

The next step was to transfer the paint from the
fingers to specially prepared questionnaires. This type
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of form contains in its structure places for actual fin-
gerprints, as well as individual data of each subject.
Moreover, the drawings from the right and left hands
are located separately. This makes it possible to more
easily navigate the subsequent statistical analysis by
comparing the results. We would also like to draw your
attention to the fact that when transferring the paint
to the form, it is advisable to place a resilient surface
under it to obtain clearer results. The obtained data
were analyzed statistically.

The following methods were used during the research:
analysis of scientificand methodological literature, sur-
vey, dermatoglyphics, methods of mathematical and
statistical processing of the received data. Statistical
data processing was carried out on a personal computer
using standard Statgraphics and STATISTICA programs.
The Excel package was used for the initial preparation
of tables and intermediate calculations. All clinical
data were entered in an Excel database for statistical
analysis. Results are expressed as median (range), mean
+ standard deviation for continuous variables, and
number and corresponding percentage for qualitative
variables. We compared fingerprints, dermatoglyphic
indicators with temperament in the studied and control
groups, and determined the hereditary predisposition
of the traits. All statistical analyses were two-sided and
significance was set at P < 0.05.



RELATIONSHIP OF DERMATOGLYPHICS WITH SPEED OF REACTION AND TYPE OF TEMPERAMENT OF ATHLETICS

EI The specific gravity of athletes who
have the distance between the
finger triradii @ and d

The specific gravity of
students who have the
distance between finger

triradii o and d

48%
36%

80%

59%
60% 60%
40% 40%

23% 21%

20% - 20%

2%

47 mm 48 Mm 49 MM 50 mm

12%
4%
0% - 0% -——_— . T T

44 mm 45 mm 46 MM 47 mm

Fig. 1. The specific gravity of

The specific gravity of athletes who
have the distance between the
finger triradiicand t

The specific gravity of
students who have the
distance between finger

persons who have the distance
between the triradii of the fingers:
A) The specific gravity of athletes
who have the distance between
the finger triradii a and d; B)

triradiicand t
The specific gravity of students

who have the distance between
the finger triradii a and d; ()
The specific gravity of athletes
who have the distance between
the finger triradii ¢ and t; D) The
specific gravity of students who
have the distance between the
finger triradii cand t;

50%
42%
38% > 60%
4l 44%
o 2 0% 24%
20% ° 20%
20% - 12%
10% I
0% T 0% A T T T ._\
68 mm 69 mm 70 mm 65 Mmm 66 MM 67 MM 68 Mm
RESULTS

When analyzing the data, after recognizing the types of
fingerprints, we found that the most common fingerprint
is a loop in both groups. It occurs with a frequency of
approximately 79 % in the main group and 63% in the
control group; whorl a frequency of 11 % in the main
group and 28 % in the control group; arches— 10 % in the
main group and 9 % in the control group (Table I). Our
research confirms that the radial loopis alsorelated to a
high sports performance. We can also say that the phys-
ical quality of speedis determined by one delta of loops.
This is confirmed by research D. Chapa-Guadiana [11].
According to the results of the study, we determined
that the main group of athletes has 17% less whorls
than the control group. Thus, we can conclude that the
genetic markers of athletes have a higher percentage of
such finger patterns as radial loops, fewer whorls and
very little archs, unlike the control group. Normally for
the Ukrainian population, the number of whorls is 30
- 40%. That is, track and field athletes among the pop-
ulation of the Sumy region of Ukraine have a tendency
to decrease the number of whorls (p<0.05).
According to the Eysenck method, the type of tem-
perament was determined in the control and main
groups [12]. Sanguine has a strong, lively, balanced
type of nervous system (mobile); phlegmatic — strong,
calm, balanced type of nervous system (inert); choleric

— mobile, unrestrained, strong type of nervous system
(unbalanced); melancholic — an unbalanced, inactive
type of nervous system (weak).

We determined that among the subjects of the main
group, athletes of the sanguine type of temperament
are most common (67,6%), and in the control group
(among students of a medical university) the phleg-
matic type of temperament is most common (68,4%).
Also, among the subjects of the main group thereis no
such temperament as melancholic, in the control group
there are also very few of them - 3,9%.

According to the obtained data, it was determined
which finger patterns are characteristic for each type of
temperament (Table Il). The most extended patterns are
loops (L), which occur with almost equal frequency in
all temperament types, as well as in the main such and
control groups. Such a pattern as a whorls (W) occurs
in cholerics, in melancholics it occurs very weakly and
only on one hand, and in phlegmatics it is absent in
the control group. In phlegmatic patients, only such
a finger pattern as loops is found, there are very few
archs (p<0,001).

No melancholic temperament type was found among
those studied in the main group. The remaining types of
finger patterns were observed in the ratio that we see
in Table Il. Loops are also the most common patterns
among people of the main group.
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We also determined the ATD angle for the palm, which
exists between the triradii A, D and T.This angle should
not exceed 57°. It was 37+4.88 in the main group, and
47+3.11 in the control group. This indicates a hereditary
predisposition of this trait.

We also determined the delta index (DI). The delta
index in the control group has lower values (DI=9.5)
than in the main group (DI=13.3). Thus, the delta in-
dex of track and field athletes among the population
of Ukraine is 19% higher than that of students. This
also indicates a tendency to increase the delta index
in athletes.

The relationship between dermatoglyphic markers
and the prediction of performance in athletics was
determined. By measuring the distances between the
triradii a and d, c and t, we confirmed L.P. Sergienko’s
[13] conclusions that the speed of mastering move-
ments depends on them.

In the studied athletes, the distances between the
finger triradii a and d were more than 47 mm, compared
to the control group, where the distance ranged from
44 to 47 mm. And the distance between the finger
triradius ¢ and the main triradius t in track and field
athletes exceeded 68 mm, while in the control group it
was less than 68 mm. Thus, it can be concluded that the
prediction of future athletes can be made by genetic
markers of the distance between the finger triradii a
and d, which should exceed 47 mm and the distance
between the triradii ¢ and t, which should exceed 68
mm (Fig 1).

The results indicate a possible connection between
the anatomical characteristics of the fingers and the
speed of mastering movements. Thus, in most athletes
(59%), the distance between the triradii a and d of the
fingers was 48 mm, and in students it was 46 mm. The
distance between the triradius c of the finger and the
main triradius tin most of the athletes (42%) exceeded
68 mm, while in the majority of the control group (44%)
it was 65 mm. The results indicate a possible connection
between the anatomical characteristics of the fingers
and the speed of mastering movements.

So, the track and field athletes in the population of
Ukraine were characterized by the features of the der-
matoglyphic constitution: higher values of the deltoid
index and the genetic markers of the distance between
the finger triradii a and d.

DISCUSSION

Such researchers present fingerprints as a genetic
marker due to their association with basic physical
qualities and muscle fiber type [14]. Some researchers
believe that physical qualities are determined both by
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genetics and the environment, that is, by a combination
of genetics and the environment [15]. For the detection
of sports talent, dermatoglyphics has scientificevidence
and importance, application and use in various contexts
such as sports. Exercise is a powerful tool that affects
a wide range of body parameters, and genetic factors
will help guide the effects of exercise on the body [13,
16-18].We agree with the authors (Fernandez et al.,
2020) that dermatoglyphics is an effective method
characterize physical capabilities in the studied sports
[19]. The aim of the study was to compare to compare
the dermatoglyphic markers of students and athletes,
and to establish and practically substantiate the re-
lationship between dermatoglyphic markers and the
speed of reaction and type of temperament of track
and field athletes.

It was determined that the most common derma-
toglyphic markers of the control and main group of
subjects is the loop. Genetic markers of track and field
athletes will have a higher percentage of such finger
patterns as radial loops and very little - archs. Athletes
among the population of Ukraine tend to increase the
number of radial loops (p<0.05). Thus, our study con-
firms the research of other researchers [20-22].

Scientist M. Bogdanov proved the connection be-
tween dermatoglyphic signs and psycho-emotional
components of a person’s character. So, for example,
people in whom arcs predominate among finger pat-
terns are usually characterized by purposefulness, di-
rectness, frankness, but not very high intelligence [16].
The complete opposite of them are people with a pre-
dominant curly pattern. Such persons are characterized
by a very high intellectual potential, but they usually
cannotimplement their ideas, which is associated with
indecision and self-doubt. The golden mean between
these two types is people with an average delta index,
that is, those people whose dermatoglyphic pattern is
represented mostly by loops.

Based on the analysis of our results, we can say that
such a type of pattern as loops (L) prevails in all types
of temperamentin the main group. Using the results of
dactyloscopy, it was established that the control group
with a strong and balanced nervous system has more
loops on the finger pattern, whorls in people with a
strong and mobile nervous system, and archs in people
with a weak nervous system. If we correlate the type
of temperament and the finger pattern on ten fingers
in percentage terms, the following turns out to be the
case: choleric has more than 50% whorls; sanguine has
more than 50% loops; phlegmatic usually has all loops;
a melancholic has at least one arch, and the more there
are, the weaker the nervous system, i.e. low efficiency.

According to the classification of character, tempera-
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ment and behavior of a person according to skin patterns,
it can be said that athletes of all types of temperament
are dominated by such a finger pattern as a loops (L).

The value of the ATD angle and delta index for the
palm was determined: we observe a tendency to
decrease the ATD angle for the palm by 10% in track
and field athletes among the population of Ukraine.
The delta index in the control group has lower values
(DI=9.5) than in the main group (DI=13.3). Thus, the
delta index of track and field athletes among the pop-
ulation of Ukraine is 19% higher than that of students.
This also indicates a tendency to increase the delta in-
dexintrack and field athletes. The deltaindex provides
an important basis for identifying athletics talent in
children, because speed is essential for most sporting
events. Many scientists recognize dermatoglyphics as
key element in sports selection [16-21].

The relationship between dermatoglyphic markers
and the prediction of performance in athletics was
determined. Future track and field athletes can be
predicted by genetic markers of the distance between
the finger triradii a and d, which should exceed 47 mm
and the distance between the triradii c and t, which
should exceed 68 mm.

CONCLUSIONS

The research-descriptive nature made it possible to re-
veal the relationship between dermatoglyphic markers
and the type of temperament of track and field athletes
and students. It had a research character, since, at least
in Ukraine, in the studied literature, there is no work
that studies the relationship between dermatoglyphic
markers and the type of temperament.

We established and practically substantiated the
relationship between dermatoglyphic markers and
reaction speed and temperament type of track and
field athletes. By measuring the distances between the
triradiiaand d, cand t, we determined the relationship
between the anatomical features of the fingers and the
speed of mastering movements. Thus, for track and
field athletes of the population of Ukraine, there were
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ABSTRACT

The aim: To analyze the incidence of Hepatitis A in Ukraine and Poltava region and to study the clinical and epidemiological features of the course of Hepatitis
Aiin adult patients.

Materials and methods: The course of HA in 96 hospitalized patients was analyzed. The diagnosis of HA was established on the basis of clinical and epide-
miological data and confirmed by the results of laboratory studies (serological and molecular biological).

Results: In 2019, in the Poltava region, there was an increase in the incidence of Hepatitis A with a predominance among sick people of working age, among
the urban population. This part of people aged from 60 to 75 years old constitutes 9.4%. This study showed that the waterway was the dominant way of HA
transmission. The course of the disease in most hospitalized patients was typical and cydlic, with a predominance of a mixed variant of the pre-jaundice period
and jaundice. One third of patients survey that they had fever, which persisted with jaundice.

Conclusions: The findings of this study indicates that the patients older than 40 years were more likely to have concomitant chronic pathology than younger
patients, and Hepatitis A was more severe with the development of prolonged cholestasis, wave-like course and recurrence. In most patients under the age of

40, the course of Hepatitis A was mild, but splenomegaly and severe cytolytic syndrome were more common.

KEY WORDS: jaundice, hepatitis A, atypical course

INTRODUCTION

Hepatitis A is recognized as being a widespread viral
disease that occupies a leading position among acute
infectious pathologies of the liver. According to the
WHO (the acronym WHO stands for World Health Or-
ganization), about 1.4 million cases of hepatitis A (the
acronym HA stands for hepatitis A) are registered an-
nually in the world [1]. In Europe and the United States,
the share of HA in the total incidence of viral hepatitis
is from 10 to 30%, and in countries such as Asia, Africa,
Latin America, endemic for this pathology is 70-80% [2,
3]. According to the WHO classification, Ukraine belongs
to the regions with medium endemicity for HA, the cri-
terion of which is IgG to HAV >50% in persons under 15
years old and <90% up to 10 years old [4]. However, the
level of dissemination of this virus in Ukraine is uneven.
In recent years, there has been a downward trend in the
HA infections in Ukraine. Nevertheless, the epidemic
situation in the country remains tense. Thus, in 2019
there was an increase in morbidity by 6.5 times (19.03
per 100 thousand population) in Poltava region. It raised
significantly in comparison to 2018 (2.92 per 100 thou-
sand population) and it has exceeded the national on
average 4.2 times (4.56 per 100 thousand population).
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One of the leading factors determining the incidence
rate of of HA is considered to be the sanitary and com-
munal improvement of territories, and the main route of
transmission of this infection is the waterway. According
to the WHO, the most risky factors for HA infection are
contact with a patient, the presence of unsatisfactory
social conditions and lack of cleaned drinking water
consuming, travel to a highly endemic region without
being vaccinated against HA, homosexuality, parenteral
drug use [4].

With the start of a full-scale war in Ukraine, the risks of
outbreaks of infectious diseases have greatly increased
[5], especially with the fecal-oral transmission mecha-
nism. The lack of access for the people in the occupied
territories to clean water, basic hygiene and medical
care, crowding of people, in particular in shelters and
temporary refuges, violation of the conditions for the
burial of the dead plays a significant role in this process
[6, 7]. Stress and malnutrition also increase the suscep-
tibility of the population to infections. According to the
Center for Public Health, for 6 months of 2022, the inci-
dence of acute intestinal infections increased by 41.6%
(9052 cases against 6390in 2021) compared to the same
period in 2021. Thus, the incidence of rotavirus infec-
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tion increased by 62.3% (3533 cases vs 2176 in 2021),
shigellosis by 49.2% (97 cases vs 65 in 2021). Although
the number of cases of hepatitis A in 6 months of 2022
is 2 times lower than in the same period of 2021 (103
vs. 222 in 2021) [8], the presence of risk factors due to
military action on the territory of Ukraine increases the
likelihood of an outbreak of this infection.

According to scientific studies, about 90% of cases of
HA have a benign course and end in recovery. However,
10-20% of patients recorded an atypical course of the
disease with recurrence, prolonged cholestasis, fulmi-
nant liver failure, and induction of latent autoimmune
hepatitis with a corresponding clinical picture in about
3% of patients [9-11]. The mortality rate from HA among
children and adults under the age of 50 ranges from 0.3
t0 0.6%, while in adults =50 years old it reaches almost
5.4% [12].

Recent studies have shown that HA has ceased to be
a childhood infection, as the largest number of cases
is registered in the adult population, and the patient’s
age is the most important predictor of the severity of
the disease [13-15]. Therefore, given the current rele-
vance of HA in Ukraine and the world, changes in the
epidemiology of the disease, namely the increase in
the average age of patients and, accordingly, the risk
factors for adverse disease (chronic liver disease, HIV,
etc.), in this study we examined the features of the
current course of HA in adults.

THE AIM

To analyze the incidence of HA in Ukraine and Poltava
region and to study the clinical and epidemiological
features of the course of HA in adult patients.

MATERIALS AND METHODS

We analyzed the case histories (form No. 003/0 «Medi-
cal record of an inpatient») of 96 patients with HA who
were treated in the departments of the municipal en-
terprise «Poltava Regional Clinical Infectious Diseases
Hospital of Poltava Regional Council» during 2019 were
analyzed, among them the women - 53 (55.2%), men
- 43 (44.8%), the patients aged from 18 to 71 years old
(average 39.9+1.5). The inclusion criteria for patients in
the study were as follows: age over 18 years; presence
of serum IgM to HAV, elevated alanine aminotransferase
(ALT) activity. Patients younger than 18 years of age
and those hospitalized with a diagnosis other than HAV
were excluded.

The diagnosis of HA was established on the basis of
clinical and epidemiological data and confirmed by
the presence of IgM and IgG to HAV ("Vectogep”A-IgM,

JSC «Vector Best», Russia) and the absence of markers
of other viral hepatitis (anti-HBcor (total), HBsAg, an-
ti-HCV (total), which was determined by the immune
fermentative analysis and (HBV DNA, HCV RNA) in the
polymerase chain reaction ("Amplisens’, the reagent
kit, Russia).

Clinical severity of HA was determined by peak lab-
oratory values. Severe HA was defined as a five-fold
increase compared with the upper limit of normal for
a particular sex of ALT or aspartate aminotransferase
(AST) and the presence of at least one of the following
criteria: serum bilirubin level > 200 umol/L, hepatic
encephalopathy or coagulopathy (international nor-
malized ratio > 1.5). All other patients were defined as
having mild HA. According to studies, patients over 40
years of age have an increased risk of developing HA-as-
sociated complications and mortality, so we analyzed
the course of the disease in this category of patients
compared to those under 40 years of age. All patients
underwent clinical, laboratory, and instrumental exam-
inations upon hospitalization and in the course of their
hospitalization.

Analysis of the incidence of HA was performed
according to the statistical reports of the Ministry of
Health of Ukraine «Report on certain infectious and
parasitic diseases» (reporting form N2 2) for 2010-2019.
Statistical analysis of the data was carried out by using
the computer program “SPSS Statistics 17.0"The nor-
mality of the data distribution was checked using the
Kolmogorov-Smirnov test. The mean (M) and standard
error of the mean (m) or median (Me) with upper and
lower quartiles (Q1-Q3) were used to determine the
central tendency. In the case of normal distribution,
the probability of differences in quantitative results for
different groups of patients was determined using the
Student’s t-test, in the case of a distribution that differed
from normal - the Mann-Whitney U-test, qualitative
results - by analysing the contingency tables using the
Fisher’s exact test and the X2 criterion, depending on
the prerequisites for the analysis.

RESULTS

It is established that during 2010-2018, an epidemic
decline of HA with a morbidity rate 6.10 to 3.22 per
100 thousand populationin 2010 and from 6.52 t0 2.92
per 100 thousand population, respectively, in 2018 was
reported as in Ukraine in general and in Poltava region
in particular.In 2019, the incidence rates in the Poltava
region and the city of Poltava exceeded the indicator
for Ukraine (4.56 per 100 thousand population) by
6.5 and 11.2 times (19.03 and 51.19 per 100 thousand
population, respectively) (Fig. 1).
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The majority of cases (144 out of 265) which were reg-
istered in Poltava region are cases which fall for Poltava
city itself, where the incidence rate increased by 7.2 times
(51.19in 2019 in comparison with the data of 2018, 7.08
per 100 thousand population). A detailed analysis of cases
in Poltava showed that most patients lived in the Podol
and Levada neighborhoods of the city, where there are
some natural water reservoirs and one water intake, and
the rest of the patients-respondents in other areas either
contacted with them or worked in these areas (Fig. 2).
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In 2019, among the patients hospitalized with HA the
young and middle-aged patients comprises the biggest
part (75.0%, n=72). The share of elderly people (from
60 to 75 years old) was 9.4% (n=9). According to the
epidemiological history, 28 (29.2%) responded persons
indicated that they had contacted with a HA infected
patient, 12 (12.5%) responded patients had a swim in
the open water reservoirs in Poltava region, rest of them
had contacts abroad - 5 (5.2%), and finally, the others
consumed unboiled water — 61 (63.5%) patients. The
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Table I. Clinical and laboratory characteristics of patients with HA (n=96)

Characteristics mild HA (n=84) severe HA (n=12) P
Gender:
men 36 (42.9%) 7 (58.3%) 0.363
women 48 (57.1%) 5 (41.7%)
Average age, years (M+m) 389+ 1,54 474+49 0.042
Duration of the jaundice period, days
Me (Q1-Q3) 13(10-17) 21.5(14.5-38.0) 0.002
Duration of hospitalization, days
Me (Q1-Q3) 17 (14,25-21,0) 30,5 (26-36,25) 0.007
Maximum serum bilirubin, umol/I
Me (Q1-Q3) 96,65 (65,73- 123,7) 257,05 (209,17- 282,17) <0.01
Maximum activity of ALT, IU/I Me (Q1-Q3) 1218,0 (628,0-2159,25) 1779,0 (730,0-2729,0) 0.461

Note: p - level of significance obtained using Fisher’s exact test, Student’s and Mann-Whitney’s tests, depending on the prerequisites of the analysis and

the type of data

Table I1. Clinical and laboratory characteristics of patients with HA younger and older than 40 years

Characteristics Patients <40 years old (n=49) Patients >40 years old (n=47) P
Gender:
men 22 (44.9%) 21 (44.7%) 0.983
women 27 (55.1%) 26 (55.3%)
Course of HA:
mild 45 (91,8%) 39 (83,0%) 0.228
severe 4 (8,2%) 8(17,0%)
Duration of the jaundice period, days 13(10-17) 14 (12-25) 0.049
Me (Q1-Q3) '
Maximum serum bilirubin, pmol/I
Me (Q1-Q3) 93.3 (59.3-137.25) 111.6 (88.8-177.8) 0.047
Maximum activity of ALT, IU/I
Me (Q1-Q3) 1655 (751-2507.5) 946 (475-1779) 0.015
ESR increase, mm/h Me (Q1-Q3) 14 (28.6%) 23 (48.9%) 0.040

Note: p - level of significance obtained using Fisher’s exact test, x2 and Mann-Whitney tests, depending on the prerequisites of the analysis and the type of data
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general clinical examination revealed that 83 (86.5%)
patients had chronic concomitant pathology, with a
predominance of 74 (77.1%) diseases of the gastrointes-
tinal tract (Gl tract), which were more often represented
by cholecystitis —in 34 (45.9%), gastroduodenitis — in 23
(31.1%), non-alcoholic steatohepatitis — in 11 (14.8%).

Jaundiced form of the disease was registered in 95
(99.0%), non- jaundice disease was registered in only
1 (1.0%) patient. According to the severity of HA, the
subjects were distributed as follows: mild occurrence in
84 (87.5%), severe —in 12 (12.5%) patients. Patients were
hospitalized from the 2nd to the 17th day from the onset
of the disease, on average on the 7th day (interval 5-10),
almost all were hospitalized after the onset of jaundice.
The pre-jaundice period lasted from 1 to 15 days, the
median for severe HA was 6.5 (5-9.75 days), and for mild
HA - 5 (4-8) days. The mixed variant of the pre-jaundice
period with signs of dyspeptic (91.7%), flu-like (77.1%) and
astheno-vegetative (92.7%) syndromes prevailed over the
others (95.8%, n=92). The first manifestations of the dis-
ease were the followings: general weakness (100.0%), loss
of appetite (88.5%), pain in the right hypochondrium and
nausea (37.5%).The patients 82 (85.4%) in the pre-jaundice
period had a fever, which in a third (32.3%, n=31) of them
persisted with the appearance of jaundice.

The frequency of the main clinical manifestations in the
examined patients is presented in Fig. 3.

Comparison of clinical and laboratory characteristics in
patients with mild and severe HA is presented inTable . The
mean age was higher in the group of patients with severe
HA compared with mild HA (47.4 vs. 38.9 years, p=0.042).
Patients with severe HA had a longer duration of the jaun-
dice period and hospitalization, a higher median maximum
bilirubin level as compared to patients with mild disease.

Since age over 40 years is a predictor of the severity of
HA and worsens the prognosis, we analyzed the course
of the disease in this category of patients (Table Il). It
was found that in patients over 40 years old, more often
(87.2%, n=41), compared with younger ones (67.3%,
n=33; p=0.022), chronic diseases of the gastrointestinal
tract were recorded, which were represented by pancre-
atitis — 59.6%, cholecystitis (34.0 %) and non-alcoholic
steatohepatitis — (34.0%) (in patients under 40 years old
- 24.5% (p<0.01), 14.3% (p=0.038) and 10.2% (p<0.001)
respectively). Severe HA was registered in patients older
than 40 years 2 times more often, but without a significant
difference when compared between groups (p=0.228).
In patients older than 40 years, the duration of the icteric
period was longer, the median maximum level of bilirubin
was higher, and an increased erythrocyte sedimentation
rate (ESR) was recorded more often. In contrast, in patients
under 40 years of age, cytolysis rates were higher, in par-
ticular, the maximum of ALT activity was 1655 (751-2507.5
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[U/1), in patients over 40 years of age — 946 (475-779) 1U/,
p=0.015). According to the results of ultrasound examina-
tion of the abdominal organs in patients younger than 40
years, splenomegaly was detected more often-57.1% (in
patients older than 40 years — 36.2%, p=0.042).

The course of HA was typical and cyclic for 90 (93.7%)
patients. A typical course of HA was registered in general
—in 6 (6.3%) patients, only in persons older than 40 years
(12.8%, n=47). It was represented by the development of
long-term cholestasis — in 3.1%, wavy course — in 1.0%
and relapses — 2.1% of patients.

DISCUSSION

HAsa cyclical disease characterized by epidemic outbreaks
at certain intervals, which leads to a decrease in their clini-
cians'vigilance about thisinfection during periods of relative
well-being. Our study shows that the relative epidemiolog-
ical well-being of HA is imaginary, and is determined by
large cycles disease characteristics as well as by a number of
social factors. Therefore, the epidemic potential of HA with
the evident threat of epidemic outbreaks today remains
extremely significant. The increase in fatalities as a result of
stratification of HA on other diseases affecting the liverand
the possible development of autoimmune hepatitis after
HA seem likely to prove that the problem of this infection
is quite urgent for clinical investigations [14, 16].

Atthe present stage, HA has been acquiring new features
different from the classical disease picture, which some-
times complicates the timely recognition of the disease.
According to the scientific literature, this trend is especially
observed in adult patients, who currently predominate
among patients, and associate it with a premorbid back-
ground, which determines the severity of the disease [14,
15].Thisis consistent with the results of our study, where 41
(87.2%) of 47 patients over 40 years of age were diagnosed
with chronic comorbidities, most often gastrointestinal. In
this age group of patients, HA was characterized by a more
severe course with higher bilirubin levels, longer duration
of the jaundice period and the development of atypical
manifestations in 12.8% of hospitalized.

According to wide-ranging examination of the scientific
literature, it is known that the frequency of atypical HA is
from 1 to 20% (average about 7%) and its manifestations
may be the development of relapses, prolonged cholesta-
sis, acute liver failure and autoimmune hepatitis [16]. Much
work on the issue mentioned above has been carried out,
however there are still some data on the atypical course of
HA which are need to be investigated. An increasing num-
ber of studies have found that the incidence of prolonged
cholestasis in HA is less than 5%, and among the reasons
forits development are coinfection with chronic hepatitis B,
old age and high bilirubin [17]. The fulminant course of HA
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with the development of acute liverfailure in the developing
countries is registered in 3.1-26% of patients over 50 years
old. It is suggested that in addition to age, the causes for
adverse disease may be provoked by genetic factors and
excessive immune response involving CD8 lymphocytes
and natural killer cells [18]. In 3% of patients, the HA virus
induces latent autoimmune hepatitis | for 5 months after
HAV infection [19, 20]. It was found that after infection in
these patients there was a specific activation of CD4T lym-
phocytes, as well as increased titers of antibodies specific
to the asialoglycoprotein receptor of hepatocytes, which is
considered to be the main target antigen in autoimmune
hepatitis |. Relapses of HA, according to various studies, occur
in 1.5-20% of patients and are defined as recurrent episodes
of HA after an asymptomatic period of 4 to 10 weeks, with
clinical and biochemical manifestations and the presence
of HAV replication in the blood or stool by PCR. [21]. Scien-
tific publications cite immune disorders as relapses, such
as decreased ability to produce adequate levels of specific
antibodies required for virus elimination, as demonstrated
in studies in HIV-infected patients with HA [22].

Thus, the analysis of literature sources and our research
results show that HA does not lose its relevance and top-
icality. Today there is a change in the epidemiology of HA
with a predominance among sick adults with background
somatic pathology, which can change and determine the
course of the disease and complicate its diagnosis. There-
fore, at the present stage, clinical variants, outcomes and
long-term consequences of HA are of interest, and the
most promising task is effective prevention of HA based
on vaccination and its inclusion in the National Calendar
of preventive vaccinations in Ukraine [23].
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ABSTRACT

The aim: To analyze retrospectively our experience of Rex shunt in children with symptomatic portal hypertension, its effect on hypersplenism regression and
varices eradication, assess shunt survival and investigate risk factors, that could lead to shunt dysfunction and thrombosis.

Materials and methods: 24 children (16 males, 8 females) ,with portal hypertension included into the study. All surgeries were performed within single
center in a period from January 2010 to March 2022. Follow up period was 6.75+1.19 years.

Results: Age at diagnosis was 5.39+0.64 years. 5 (20.8%) had umbilical catheter in anamnesis. 16 (66.7%) manifested bleeding episodes as the first sign of portal hypertension.
9(37.5%) of children manifested severe hypersplenism. Age at Rex shunting was 7.50.7 years. In 7 (31.8%) cases Rex shunt thrombosis occurred. 1 successful thrombectomy
and 6 splenorenal shunting were performed. Kaplan-Meyer analysis showed Rex shunt survival 0.670 (95%( 0.420-0.831). Logistic regression model indicated thrombocytes
count (p=0.0423) and cytopenia (p=0.0272) as factors that could influence shunt thrombosis. Follow-up group included 18 patients. Spleen volume regression became
significant by 1 p/o year p<0,05, thrombocytes significant increasement reached in 1 p/o months (p<0.01), varices involution was achieved by 1 p/o year (p<0,001).
Conclusions: Rex shunt effectiveness in study group was 70.9%., shunt survival assessed 0.670 (95%(Cl 0.420-0.831). Rex shunt was effective in bleeding
prophylaxis in all patients of follow up group. Preoperative thrombocytes count (p=0.0423) and cytopenia (p=0.0272) were detected as factors that could

influence shunt thrombosis, that is to be considered in RS preoperative period and require following studies.

KEY WORDS: Children, Portal Hypertension, Rex shunt, Shunt thrombosis, Extrahepatic portal vien obstruction

INTRODUCTION

Current state methods of extrahepatic portal vein obstruc-
tion (EHPVO) surgical treatmentin children are focused on
two aims: to provide variceal bleedings prophylaxis and
to restore the liver perfusion with splanchnic blood [1-4].
Since introduced first in 1992 for a posttransplant patient
[5,6], Rex shunt (RS) restoring normal blood flow into the
liver resolved at the same time secondary portal hyper-
tension (PH) symptoms, such as recurrent bleedings and
hypersplenism. However, it soon became clear that this
surgery is feasible only in patients with favorable anatomy
[7-9], a relatively small part of EHPVO pediatric patients.
Not many authors dedicate their research to study the
risk factors that could influence successful RS in pediatric
patients [10,11], or factors that could affect shunt patency
and therefore RS survival [4,12].

THE AIM

In this study we analyze retrospectively our experience
of RS in EHPVO children with symptomatic PH, its effect

Wiad Lek. 2023;76(12):2579-2586

on hypersplenism regression and varices eradication,
assess RS survival and investigate risk factors, that could
lead to shunt dysfunction and thrombosis.

MATERIALS AND METHODS

Patients’ data was collected from case-records retro-
spectively. Out of 475 children, who underwent surgical
treatment for symptomatic portal hypertension, in 24
RS was considered feasible. All surgeries were per-
formed within single center in a period from January
2010 to March 2022.The follow up period was assessed
by September 2022, median 6.75+1.19 years.

For all patients, the following criteria were analyzed:
gender, age of disease debut, age at operation, basic
symptoms and signs (bleeding episodes, thrombocytes
count, spleen volume), complications, endoscopic exam-
inations and procedures, the result of treatment, com-
plications of treatment — shunt thrombosis occurrence.

Examination was as follows: CBC with thrombocytes
count, thrombophilia panel, including protein C, protein
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S, and antithrombin. Ultrasonography (US) in gray scale
with spleen volume measurement (using the standard
prolate ellipsoid formula: length x width x depth X
0.523), color Doppler, and spectral Doppler tracings,
which were performed as initial screening to each
patient and at later stages of treatment and follow-up.
US was also used for initial 1)V assessment (patency and
diameter). Endoscopy was performed in all patients
(n=24) to assess the grade of esophageal varices and
gastric mucosa, and to perform variceal band ligation
when necessary. Contrast-enhanced CT was performed
to all patients before surgery with additional 3D-mod-
elinginrecent cases, and on the first postoperative day.
Initial neurologist consult was performed at admission
to all patients of the study group.

Surgical procedure was performed according to the
technique for RS described by authors [6]: laparotomy,
Rex-recessus revision. If left portal vein branch and its
outflow were considered patent and satisfactory, in-
traoperation portography was performed to visualize
its intrahepatic branches. After superior mesenteric
vein (SMV) was accessed. When SMV was identified
as patent, venous autograft was harvested. Previously
detected as better graft, left or right internal jugular vein
(1JV) is anastomosed with left portal vein branch. And
then, being passed through mesocolon “window’, to
SMV. In four cases gastric vein (GV) was appropriate for
its length and patency, and therefore used as a “graft’,
preserving the natural IJVs: GV was dissected, ligated
and after interposition anastomosed with left portal
vein branch. Portal system pressure was measured in-
traoperatively before and after performing RS, to assess
its decreasement.

All patients received loading heparin dose of 5 units/
kg in the moment of shunt forming and had continuous
heparin infusion in maintenance dose of 10 units/kg/
hour, to support the target ATTP level at 30 seconds
and higher.

Data distributions were compared (for different sur-
gical methods) using the paired Student’s t-test or Wil-
coxon criteria. The logistic regression model was built
to identify factors that could influence the risk of shunt
thrombosis. Kaplan-Meier estimator was used to assess
shunt survival. Scheffe’s method, Cruscal-Wallis multiple
comparison and Dunn test were used to compare the
follow-up results. Chi-square test was used to assess
nonparametric data analysis for varices regression as-
sessment. Statistical analysis was preformed using IBM
SPSS for Windows version 24.0 (IBM Corp., Armonk, NY)
and EZR (R-statistics). A P-value <0.05 was considered
statistically significant.

The Committee on Clinical Investigation of Bogo-
molets National Medical University approved this

2580

08

Probability
o
o

|

o
'S
1

0.2

0.0

T T T T
0 1000 2000 3000 4000

time..days

Fig. 1. Shuntsurvival (Kaplan-Meier curve) for RS (uniform line). RS survival
0.670 95%CI(0.420-0.831).

study (Protocol N°141 27.01.2021). All the studies were
conducted according to implemented guidelines in
consideration of GCP-ICH and Declaration of Helsinki
[13]. The written informed consent of all participants’
parents/guardians was achieved.

RESULTS

Patients’characteristics are summarized in Table |. Male
predominance (16 males and 8 females) can be seen.
Mean age at diagnosis was 5.39+0.64 years. 5 patients
(20.8%) had umbilical catheter in anamnesis, in others
EHPVO was considered as idiopathic. 3 children had
surgeries in anamnesis: 1 - Sugiura procedure (com-
plete portoazygos disconnection) for acute bleeding
atthe age of 1y.0., 1 —Kasai procedure for biliary atre-
sia at the age of 3 m.o., the same patient later under-
went liver transplantation, 1- diagnostic laparotomy
at the rural hospital. 16 (66.7%) patients manifested
bleeding episodes as the first sign of PH, 5 of them
were admitted with signs of acute bleeding. Others
(n=8) were directed to examination for accidentally
detected splenomegaly either anemia. According to
Endoscopy data, only 1 of 24 patients had initial grade
| esophageal varices. Other 23 had grade Il - grade llI
varices (Figure 5-a). In 5 cases surgery was urgent. By
the time of surgery all patients had splenomegaly with
median spleen volume of 453 cm?(95%CI 353-503) and
thrombocytopenia with mean thrombocytes count
of 62.6+6.2. 9 (37.5%) of children developed severe
hypersplenism, with cytopenia: leucocytes count less
than 1.5-10%I, erythrocytes count less than 1.8:10'%/I,
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Table . Characteristics of study group patients

Characteristic Total Percent
Gender
Male 16 66.7%
Female 8 33.3%
Aethiology
Umbilical catheter 5 20.8%
Idiopathic 19 79.2%
Anamnesis at admission
Previous surgeries 3 12.5%
Bleeding episodes 16 66.7%
Clinical presentation
Splenomegaly 24 100%
Severe hypersplenism with cytopenia* 9 37.5%
....Isolated thrombocytopenia 2 8.3%
Isolated anemia without bleeding in anamnesis 3 12.5%
Ascites 2 8.3%
Esophageal varices at admission
Grade | 1 4.1%
Grade I 6 25%
....Grade lll 17 70.9%

* Leucocytes less than 1.5¢107/1, erythrocytes less than 1.8-10"%/I regardless of acute or anamnestic bleeding episodes

Table I1. Risk factors that were included into the logistic regression model of RS thrombosis risk

Risk factors OR (95% CI) p-value

Preoperative acute bleeding episode 0.107 (0.000342000 -33.50) 0.446

Bleeding episodes in anamnesis 3.4300 (0.14200000 - 82.50) 0.448

Learning curve 0.908 (0.69800000 - 1.18) 0.476

Umbilical catheter in anamnesis 2.550 (0.04430000 - 147.0) 0.65

Thrombocytes count 1.030000 (1.00000000 - 1.060) 0.0349

Preoperative portal system pressure 0.9840 (0.94800000 - 1.02) 0.387

Cytopenia® 141.000000 (1.63000000 - 12200.0) 0.0297

?Leucocytes less than 1.5-10%/1, erythrocytes less than 1.8-10"%/1 regardless of acute or anamnestic bleeding episodes
10 1.0
0.8 0.8 -
06 06 -
2 2
04 04 -
02 02 -
0.0 00
T T T T T T T T T T T T
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Fig. 2. a. ROC-curve of 7-factor logistic regression model of RS thrombosis occurrence risks. AUC= 0.941 (95% (1 0.821 — 1). b. Final 2-factors logistic
regression model of RS thrombosis occurrence risks AUC=0.912 (95% (1 0.78 - 1).
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Fig. 3. Spleen volume regression graphic. Preoperative median volume was 453 cm?* (95%(l 353-503), 1 month after MPS 388,5 cm? (95%(C1 239,5-418,5),
1year p/o 271,5 cm? (95%(Cl 191,5-310), and 242 cm? (95%(CI 183-283,5) in long term follow-up.

regardless of current or previous acute bleeding in an-
amnesis. In 3 isolated anemia (hemoglobin level lower
than 70 g/l) without registered bleeding episodes in
anamnesis, and 2 had isolated thrombocytopenia with
low but normal leucocytes and erythrocytes counts. In
5 (22.8%) patients acute variceal bleeding short-term
conservative treatment by means of octreotide 2mg/
kg/hour in continuous intravenous infusion and RBC
transfusion at the rate of 5 ml/kg. 3 (12.5%) required
urgent band ligation procedure.

Mean age at RS was 7.5+0.7 years. Median operation
time for RS was 320 (95%CI 280-357) minutes, shorter in
cases when GV interposition was used to redirect blood
into the liver. No perioperative complications occurred.
Median initial pressure in portal blood system was 347.5
mmHg (95%Cl 320-360). After RS in both modifications
portal blood system pressure was 212.5 mmHg, (95%Cl
200-230)mmHg. T-Wilcoxon criteria showed significant
decreasing (p<0.001).

In 7 (31.8%) cases shunt thrombosis occurred. Early
thrombosis occurred in 3 cases. On the 1 p/o day in a
patient in which later thrombophilia was confirmed:
enhanced CT chowed the absence of the blood flow in
the shunt. Relaparotomy was performed, the graft was
found filled with thrombotic masses for all its length,
graft patency was impaired, and therefore blockage of
vessel anastomosis was recognized, and venous graft
war removed. Splenorenal shunting was performed. On
the p/o day 2, confirmed by repeated Doppler US and
CT. In this patient thrombectomy was successfully per-
formed with following uneventful postoperative course.
The absence of blood flow in the shunt was revealed
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on p/o day 6 by repeated Doppler US and following CT
in the third patient with early RS thrombosis. 1 patient
manifested ascites on p/o day 27. The rest 3 patientsin
which shunt thrombosis occurred in p/o months 3, 48,
and 68 correspondingly, manifested bleeding episodes.
All had developed portal hypertension symptoms, such
as high-grade varices, splenomegaly, and thrombocyto-
penia recurrence. Splenorenal shunting was performed
in latter four described cases.

Kaplan-Meyer survival analysis was performed to
estimate RS survival. Median overall shunt survival was
not reached by the patients of the study group (Fig 1).

For multifactorial analysis logistic regression model
was constructed (Figure 2a) to identify factors that
could prognose the risk of RS thrombosis. Factors in-
vestigated are represented in Table Il.

Stepwise method revealed two factors were revealed
that are connected to RS thrombosis risks: “Thrombo-
cytes count”and“cytopenia”. Based on these two factors
logistic prognosing model was constructed (Figure 2b).

Follow-up group included 18 patients, 17, whose
postoperative course and follow-up were not compli-
cated and 1, who successfully underwent thrombec-
tomy and reshunting. No recurrent bleeding episodes
were registered. All patients were seen first one month
after surgery to undergo a Doppler US and CBC with
Thrombocytes count. Later laboratory tests and Dop-
pler US took place once in two months, and from half
a year after surgery - once in 6 months, from a second
year after surgery — once a year. First Endoscopy was
performed in 6 months after surgery, later — in every
annual follow-up visit. 6 (33.3%) patients of the follow



REX SHUNT IN CHILDREN: COULD DYSFUNCTION BE PROGNOSED? A RETROSPECTIVE ANALYSIS

aom

=

250
200

I

==

1

-

Fig. 4. Evolution of thrombocytes.
Initial preoperative mean thrombocytes
count was 55.4+5.8, 1 month after MPS

preoprative
thomoevie count

1 month pfo 1 year p/o

125.1£16.11, 1 year p/0 168.6+15.63,
and 218+9.24 in long term follow-up.

ong term follow . up

Fig. 5. Endoscopic appearance of the
same patient within the course of
treatment and follow up.

a. Preoperative endoscopic appearance
- varices grade 3.

b. 1 year p/o — varices grade 1.

¢.long term follow-up - varices grade 0.

up group reached age over 18 years by the end of as-
sessed follow-up period. One of adult patients was at 18
weeks pregnant by the moment of study completion,
the course of pregnancy was uneventful.

Dunn’s teat was used for multiple-comparison proce-
dure of spleen volume regression assessment. Spleen
volume regression was not significant by the first p/o
month p>0,05, became significant by 1 p/o year p<0,05,
and in long term follow-up p<0,001 (Fig 3).

Preoperatively all patients manifested thrombocyto-
penia. Thrombocytes count was analyzed by means of
Sheffe’s multiple analysis test, that showed thrombo-
cytes significant increasement in 1 months, 1 year and
in long term follow-up after RS (p<0.01 in all cases). In
long term follow up Thrombocytes count normalized
in all patients. Results are represented on Fig 4.

Before RS 17(70.9%) patients had grade 3 varices,
and 6(25%) - grade 2 varices. Two of them underwent
preoperative varices band ligation procedure preop-
eratively. Endoscopy was repeated 1 year after RS and
revealed grade 1 varices in 8 (50%) patients, and grade 2
in all other children of the group. In long term follow-up
6(37.5%) patients had grade 0, 9(56.3%) patients had
grade 1, and 1(6.2%) patient had longstanding varices
grade 2, that required 2 procedures of endoscopic
ligation. Two patients of the follow up group have not
reached the long-term period yet. Chi-square test was
used to analyze varices involution and revealed the
difference p<0,001. Endoscopic appearance is repre-
sented on Figure 5. It represents initial preoperative
endoscopic appearance (Figure 5a), varices eradication
to safe grade 1 (Figure 5b) which followed in one year
after RS, and total eradication in long-term follow-up,

which was 2.5 years for this specific patient on the
represented image (Figure 5c).

DISCUSSION

Despite endoscopic bend ligation success in variceal
bleeding primary prophylaxis [14-16], all portal hyper-
tension symptoms, such as hypersplenism, cytopenia,
encephalopathy, and growth impairment, only surgical
treatment, and RS particularly, can resolve [2,3,17,18]
Some authors name RS and “ideal’, the only phys-
iological shunt, which provides the liver perfusion
restoration, contemporaneously eliminating all portal
hypertension signs [2, 3, 12, 16, 19]. Since the very first
publication in virtue of further research RS was con-
sidered a “golden standard” for treatment of children
with EHPVO [20], however noting patients should have
favoravle anatomy. Some authors emphasize RS is to
be performed in asymptomatic patients who were
already diagnosed EHPVO and in which visualization
showed intrahepatic portal vein branches patency [1,
2,7,21,22]. Other authors [4, 23] advice to perform RS
in patients with high grade varices and bleeding risks,
considering this surgical procedure the best bleeding
prophylaxis method. Planned RS would provide the
physiological development in a child with restored
portal blood flow against the background of patho-
logic portal hypertension symptoms. Moreover, some
authors mention encephalopathy resolution [4, 22, 24],
growth acceleration [19], hepatopulmonary syndrome
recovery, and vanishing of adenomas and focal nodu-
lar hyperplasia of the liver tissue [4,7] in patients who
underwent RS. In a study where children with EHPVO
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who were treated by means of RS it is mentioned that
RS is effective in physical development improvement
and optimizing of liver metabolic function [19, 24].

All patients from the study group were initially
consulted by the neurologist. Encephalopathy was
registered in none, therefore was not followed further.
Growth impairment was not significantamong children
of the study group, and was not the purpose of our
study, therefore, not assessed within it.

5 (20,8%) children of our group were admitted with
acute bleeding as the first sign of PH. All were consid-
ered healthy before this initial hospitalization. We con-
sider unique compensatory reserve of child’s organism,
absence of regular physical examination culture, and
low awareness of primary care pediatricians to be the
key causes of late EHPVO with symptomatic PH iden-
tification. Surgical treatment postponement since the
settled diagnosis, that was 1.5 years (3 months — 15
years) in the children of our study group was deter-
mined by young age and initial visualization results,
that were considered as not appropriate for any type
of shunting (n=3).

We consider variceal band ligation to be effective asa
primary bleeding prophylaxis, as it is already mentioned
in our earlier publications[14,15]. Band ligation is wide-
ly used in our clinic since 2017, therefore all patients
treated before 2017, which were included into the study
group, were prescribed either conservative therapy, or
urgent surgery when admitted with acute bleeding.

It was already shown in early studies that US shows
signs of patency of Rex-zone only in 63% patients
[25]. Inthe last two decades CT improved intrahepatic
portal branches visualization significantly, however
authors mention that in patients with large cavernoma
CT or MRI results are not reliable sometimes, as hy-
podynamic circulation of intrahepatic portal branches
and Rex-zone is visualized [9,20]. Bambini D.A. et al [8]
in his study mentioned, that in a part of patients of his
group, whose visualization results showed no patency
in Rex-zone, RS was eventually feasible. Other authors
consider direct intraoperative visualization to be the
best way to detect left portal branch patency [8, 9].
We used all the mentioned techniques in patients of
our study group.

RS with IJV allograft surgical technique corresponded
to one published by De Ville De Goyet et al. in the be-
ginning of 1990™ [1, 6] and further detailed descriptions
[21,23]. Except this technique, it was also proposed to
reconnect leftintrahepatic portal branch with splanch-
nic blood communicants by means of large saphenous
graft [12, 26], or by means of gastric, spleen, inferior
mesenteric vein grafts, or large cavernoma branch
interposition [1, 271].
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In our study group it was possible to perform RS
with GV interposition in four cases, which allowed to
preserve patients natural JVs. 1 out of 7 thrombosis
occurred among these patients.

The initial idea of multifactorial analysis logistic regres-
sion model construction was to prove umbilical catheter
in anamnesis is not the factor that could influence the
risk of mesoportal shunt thrombosis in children of our
study group. Some authors mention umbilical catheter as
unfavorable factor for following RS success [23], or even
state it as a contradiction [4]. We had 5(20.8%) patients
with umbilical catheter in anamnesis in our group, only
one of them developed shunt thrombosis, the only child
in which thrombophilia was confirmed. Other study
revealed anticoagulation therapy regimen and blood
transfusion as factors that could influence the risk of mes-
oportal shunt thrombosis [10]. As all the patients from
study group received the same anticoagulation therapy,
this factor was not included into the model. In other
study [12] authors detected low body mass study and
preoperative thrombocytes count as factors which could
influence mesoportal shunt thrombosis occurrence.
Bleeding episodes in anamnesis (p=0.448) either acute
bleeding within a week in preoperative period (p=0.446)
showed no significance as RS thrombosis risk factors. It is
well known RS is a procedure for a surgeon of expertise,
considering the fact all surgeries were performed by one
team, it was suggested the learning curve could matter,
but it didn't either (p=0.476). According to multivariant
analysis in our study preoperative thrombocytes count
(p=0.0349) and cytopenia (p=0.0297) were identified as
risk factors for RS thrombosis development, which should
be, to our thought, considered in the preoperative peri-
od. We have not assessed growth impairment; therefore,
the body mass was notincluded into factors investigated.

Chin A.C. showed previous portal hypertension sur-
geries have deleterious effects on RS results [11]. Three
of patients from our group had previous surgeries, and
all three had uneventful postoperative RS course.

According to literature, shunt occlusion occursin 1.6-
16.4% cases [3] and was not observed in patients of our
group. In his study Zhang Z. showed that according to
currently published studies shunt thrombosis occurs in
8-40% of described groups [3]. There were 7 episodes of
RS thrombosis registered in our group, which is 29.1%.
Therefore, RS effectiveness in our group is, 70.9%, with
RS survival assessed as 0.670.

The main role in RS thrombosis detection belongs to
CT[20]. Enhance CT was performed in all children with
RS thrombosis to confirm the diagnosis.

Discussing the surgical tactics in cases of RS thrombo-
sis, Zhang, J.-S. Et al. in their study showed splenorenal
shunting was a better treatment after bypass failure,
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with faster recovery and symptoms relief than those
who underwent re-shunting [27]. At the same time,
it must be mentioned that children of their group de-
veloped RS thrombosis in long-term follow-up period
with bleeding episodes in most cases. In our group
successful RS reshunting was performed on the second
postoperative day, and this patient was included into
follow-up group according to his following uneventful
postoperative period. All the other children with RS fail-
ure underwent splenorenal shunting, that corresponds
to the results presented in the mentioned study.

Most authors show in their studies thrombocytes count
restoration and significant decreasement or normal-
ization of spleen volume within 6-12 months after RS.
[1,8,10,12].In our study thrombocytes count significantly
increased by the first postoperative year, together with
spleen size and volume significant decrease, that cor-
relates with data provided in literature sources.
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ABSTRACT

The aim: To study the nature and incidence of hearing loss related to tuberculosis (TB) or resulting from antimycobacterial therapy, and its impact on treatment
outcomes in patients with multidrug-resistant TB (MDR-TB).

Materials and methods: An analysis of reports on adverse reactions, medical records and electronic database of the register of TB patients was made. The
pathogen was microbiologically verified in all the patients. Patients underwent clinical and laboratory, instrumental, microbiological (BACTEC), molecular genetic
(Xpert® MTB/RIF® Ultra, Xpert® MTB/XDR, GenoType® MTBDRplus/sl) examinations. To prevent the development of complications and to control adverse effects,
alongside with the determination of the corrected QT interval, visual acuity, and color vision, brief peripheral neuropathy screen and audiometry were performed.
Results: During MDR-TB treatment with aminoglycosides, therapy was more commonly interrupted during the second episode of therapy (p=0,051), while
treatment failure, longer treatment duration, and hearing impairment were almost equally observed in both groups (p=0,431, p=0,432, p=0,69). Treatment
success was more commonly observed among patients receiving the first course of therapy. Some patients undergoing repeated antimycobacterial therapy
were transferred to palliative care (p=0,13). The short-term treatment regimen effectively prevented ototoxicity.

Conclusions: Novel antimycobacterial agents and short-term TB treatment regimens increased patient compliance with treatment and reduced the incidence of
certain adverse effects due to their monitoring and prevention. Due to the transition to mainly drug therapy, adverse effects such as ototoxicity were completely

eliminated. This was due to personalized treatment selection, its monitoring, and assessing the outcomes.

KEY WORDS: multidrug-resistant tuberculosis, ototoxicity, treatment efficacy, adverse effect

INTRODUCTION

A thousand-year history of tuberculosis (TB) is the
history of mankind’s struggle against the disease. This
war for health continues today. Due to the discovery of
antibiotics to which mycobacteria are sensitive, a strong
arsenal against infection has been obtained. However,
an extremely urgent concern which affects treatment
efficacy and disrupts its possibilities - antibiotic resistance
and adverse effects, has arisen [1,2]. The emergence of
multidrug-resistant mycobacterial strains and the devel-
opment of adverse effects resultin treatmentinterruptions
or therapy termination due to patient’s refusal and the
development of severe destructive TB forms. TB treatment
regimens with injectable agents, specifically aminoglyco-
sides, result in the development of ototoxic side effects
which areirreversible [3-6]. The 8-month intensive phase of
MDR-TB treatment with daily intramuscular administration
of aminoglycosides, that was the standard chemotherapy
for TB, did not change for a very long time [1-13], which

Wiad Lek. 2023;76(12):2587-2592

often resulted in toxic damage to the ear — sensorineural
hearing loss (SHL).

Factors that potentiate each other and contribute to
the clinical presentation of the disease such as the toxic
effect of mycobacterial by-products, the specific effect of
aminoglycosides on the vestibulocochlear analyzer, the
general toxic effect of antimycobacterial therapy, impaired
blood rheology and microcirculation, allergic sensitization
toantibiotics, are involved in the pathogenesis [3,5]. Other
risk factors include concomitant ear diseases and disor-
ders, head injuries, cerebrovascular accidents, myositis,
etc. The mechanismsinvolved in ototoxicity are as follows:
the competition between calcium and magnesium ions
onthe cell surface; an active energy-dependent transport
of aminoglycosides into the cell; irreversible binding of
antibiotics to phosphatidylinositol phosphate (PIP2), a
physiologically important phospholipid of the cellular
membrane which is involved in transferring second mes-
senger signaling that causes long-term damage to recep-
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tor cells. As a result, damaged ribosomes, altered protein
synthesis, impaired oxygen metabolism in the inner ear
are seen. The great challenge we face is the impossibility
to eliminate the main causative agent of ototoxicity since
aminoglycosides, as one of the first-line drugs for MDR-TB,
should be used for a long time, that, in its turn, increases
therisk of complications[1,5-7]. In addition, the approach
to correcting adverse effects is complicated by the nega-
tive potentiation of antimycobacterial therapy ototoxicity
by vascular agentsincluded in the protocols for providing
medical care‘Otolaryngology:

A new era has set ambitious goals and built strat-
egies of their implementation - less than 1 case per
million population and no TB deaths by 2050. Novel
roadmaps for TB elimination include the latest rapid
diagnostic methods (Xpert® MTB/RIF® Ultra, Xpert"
MTB/XDR, GenoType” MTBDRplus/sl, whole-genome
sequencing), a wide range of modern antimycobacterial
drugs (linezolid, bedaquiline, delamanid, pretomanid),
relevant, short-term drug regimens, monitoring and
prevention of adverse effects [4,8,10,11].

The new paradigm is the activation of the maximum
efforts of the entire community, including medicine,
for the control and elimination of TB. The principles of
preventing and controlling infectious diseases should
not be neglected. If one almost forgot about an infec-
tious disease, it doesn’t mean it was eliminated and
disappeared. No, it persists, but constant surveillance,
prevention, timely diagnosis, and high-quality treat-
ment can protect us against TB, an insidious disease
humanity has been battling for many centuries.

THE AIM

The paper analyzed the incidence of ototoxic responses
to anti-TB drugs and treatment outcomes in patients with
MDR-TB depending on the chosen treatment regimen. A
case report of ineffective treatment with the transition
from curative to palliative care in a patient who devel-
oped pronounced ototoxic changes is presented. The
ability to completely eliminate ototoxic changes and
minimize other side effects of antimycobacterial therapy,
provided that short-term therapy regimens are used.

MATERIALS AND METHODS

An analysis of 374 reports on adverse reactions, med-
ical records and electronic database of the register of
patients treated at a communal non-profit enterprise
“Ivano-Frankivsk Regional Phthisiopulmonology Center
of Ivano-Frankivsk Regional Council”between 2017-2019
and 2020-2022 was made. The division into groups took
place according to the frequency of episodes of treatment
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for tuberculosis. The first group is the primary treatment
case, the second group is the repeated treatment case.
TB was microbiologically verified in all the patients.
According to the order of Ministry of Health of Ukraine
(MoH) No.420 dated September 14,2014 “Unified Clinical
Protocol of Primary, Secondary (Specialized), and Tertiary
(Highly Specialized) Medical Care Tuberculosis” and the
order of the MoH No. 530 dated February 25, 2020 and
its edition No. 2161 dated October 6, 2021 “On Approval
of Healthcare Standards in Tuberculosis’, all the patients
underwent mandatory laboratory, instrumental (X-ray,
computed tomography, spirometry, fibrobronchoscopy,
lung ultrasound, abdominal ultrasound, audiometry),
molecular genetic (Xpert® MTB/RIF® Ultra, Xpert® MTB/
XDR, GenoType® MTBDRplus/sl) examinations, sputum
sample cytology, and phenotyping (BACTEC system,
solid Lowenstein-Jensen medium) [11]. Adverse effects
were monitored during treatment and according to the
scheme developed on the basis of patient categories:
peripheral neuropathy (PN) was graded using the scale
for subjective PN assessment; audiometry was applied to
identify impaired hearing; the corrected QT interval was
determined; visual acuity and color vision were measured
by the Ishihara color test; serum levels of bilirubin, alanine
aminotransferase (ALT), aspartate aminotransferase (AST)
as indicators of hepatotoxicity and creatinine clearance
levels as markers of nephrotoxicity were measured;
complete blood count (CBC) was done to check for mye-
losuppression [8,10]. The data obtained were statistically
processed using the Microsoft Excel package of statistical
functions. The significance of the difference was deter-
mined by the Fisher’s F-test for parametric data. A test
statistic is about the ratio of sample variances.

RESULTS

An analysis of reports on adverse events during 2017-
2019 showed that among 193 documented cases, 55
(28.5%) adverse effects followed treatment of drug-sen-
sitive TB and 138 (71.5%) side effects developed in
MDR-TB. The treatment regimen for MDR-TB included
pyrazinamide (Z), levofloxacin (Lfx), aminoglycosides
- kanamycin (Km) and capreomycin (Cp), ethionamide
(Eto) or protionamide (Pt), cycloserine (CS), para-ami-
nosalicylic acid (PAS) for 20 months, with the 8-month
intensive phase involving once-daily intramuscular in-
jections of aminoglycosides. During MDR-TB treatment,
there were 29 (21.0%) cases of ototoxicity, including
SHL, hearing loss, and its coexistence with vestibular
disorders (dizziness, balance problems, unsteady gait).
The rate of onset, the intensity of manifestations, and
the effect on treatment outcomes depended on the
number of treatment episodes (Table I).



OTOTOXICITY OF ANTIMYCOBACTERIAL THERAPY: MANIFESTATIONS, MECHANISMS OF MANAGEMENT...

Table . Treatment efficacy in patients with ototoxic manifestations who received anti-tuberculosis drugs during 2017-2019, %

Treatment efficacy

Treatment episode |,

Treatment episodell, Fisher's exact test, p

n=10 n=19
Treatment interruption 4 (40.0) 15(78.9) =0,051
Treatment failure 2(20.0) 7 (36.8) =0,431
Longer treatment duration 5(50.0) 13 (68.4) =0,432
Treatment success 8(80.0) 7 (36.8) =0,05
Hearing abnormality 5(50.0) 12 (63.2) =0,69
Palliative treatment 0(0.0) 5(13.7) =0,13

Table I1. Treatment efficacy in patients with ototoxic manifestations who received anti-tuberculosis drugs during 2020-2022, %

Treatment efficacy

Treatment episode I,

Treatment episode I,

n=2 n=2
Treatment interruption 0 0
Treatment failure 0 0
Longer treatment duration 1(50,0) 2 (100)
Treatment success 2(100) 2(100)
Hearing abnormality 0 1(50,0)
Palliative treatment 0 0

Fig. 1. Chest X-ray on hospital admission

With equal distributions of two samples according
to Fisher’s exact test, it can be seen that a statistically
significant break in treatment is most often found in pa-
tients who had a repeated episode of treatment, which
is confirmed by the reliability of the value p=0.051, more
effective treatment according to the cured status was
in patients with the first episode of treatment, shows

Fig. 2. Chest X-ray four months after starting TB treatment

reliability value p=0.05. According to other criteria of
treatment effectiveness, such as failure, prolongation of
treatment duration, hearing loss, palliative treatment,
the same frequency of manifestation was observed
both in the first and in the second episodes of treatment
with the reliability of the value of the Fisher test, re-
spectively p=0.431, p=0.432, p=0.69, p=0.13.To correct
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ototoxicity manifestation and prevent its progression,
detoxification therapy, adenosine-triphosphoric acid
(ATP), B vitamins, hepatoprotectors were adminis-
tered. Vascular agents (cavinton, nootropil) were not
used as they enhance the toxic effect of anti-TB drugs
in the intensive phase of therapy. However, despite
all the efforts made to control adverse effects, at the
end of the first episode of MDR-TB treatment, 50% of
convalescents reported hearing impairment, with the
treatment success rate of 80.0%. No statistic reflects
an individual case; hence we present a case report
of pronounced toxicity when the patient refused TB
treatment. A 35-year-old musician M. was admitted to
inpatient treatment. The patient presented with cough-
ing up white mucus, subfebrile temperature of 37.5
°C, general fatigue, weight loss, dyspnea on exertion.
CBC: hemoglobin (Hbg) - 116 g/I, red blood cells (RBC)
- 3.1 x 10"%/I, white blood cells (WBC) - 12.6 x 10%I;
band neutrophils - 7%, segmented neutrophils — 65%,
monocytes — 10%; lymphocytes — 12%; eosinophils - 6
%; erythrocyte sedimentation rate (ESR) — 28 mm/hr.
Chest X-ray confirmed disseminated destructive TB
(Fig 1). Recurrent MDR-TB was diagnosed: resistance |
(isoniazid, rifampicin, ethambutol), resistance Il (-). The
following treatment regimen was created: 8 Z Lfx Km
Eto Cs PAS /12 Z Lfx Eto Cs PAS.

During the first month of treatment, dizziness and
hearing loss were observed. According to audiometry
findings (mild SHL) and after ENT consultation, B vita-
mins, specifically B, B, B,,, at a dose of 2.0 ml every
other day, 1 ml of 1% ATP solution intramuscularly for
10 days, and Heptral (1 capsule twice a day) were added
to the treatment regimen. The treatment received did
not normalize hearing loss. A one-week interruption
of TB treatment and detoxification were suggested.
Upon returning to the treatment regimen, hearing loss
worsened - moderate SHL according to audiometry
findings. The patient refused Kminjections. The efficacy
of further TB therapy reduced and three weeks after the
termination of Km injections, intoxication symptomes,
including fever up to 38.6°C, general fatigue, dyspnea
on exertion developed. CBC: Hbg - 115 g/I, RBC - 3.1 %
10'%/I, WBC - 13.6 x 10°%/I; band neutrophils — 7%,
segmented neutrophils — 67%, monocytes - 10%;
lymphocytes — 10%; eosinophils — 6%; ESR — 34 mm/hr;
controlled chest X-ray was negative (Fig 2).

A decision on returning to the treatment regimen with
Km was made. The patient agreed to change therapy.
However, within the first month of returning to the stan-
dard TB treatment regimen, hearing loss worsened again.
Despite the improvement of the general condition, the
patient signed refusal of treatment form, was transferred
to the category of palliate care, and left for another region.
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The discovery of new antimycobacterial agents
(linezolid, delamanid, bedaquiline, pretomanid) al-
lowed for shortening treatment duration, modifying
the regimens, and improving treatment efficacy up to
90.0%. Aminoglycosides are used only in cases when
there is a need for an individualized treatment plan.
Such approach significantly reduced the incidence of
ototoxicity. Thus, during 2020-2022, 181 reports on
adverse effects were documented: 139 (76.8%) adverse
events were reported by patients receiving MDR-TB
treatment and only four (2.9%) patients developed
ototoxicity (individualized therapy with Km).

In patients with manifestations of ototoxicity, prolon-
gation of the duration of treatment was noted during
repeated treatment in 2 (100.0%) patients, a clinically
significant decrease in hearing was observed in 1
(50.0%) patient during a repeated treatment episode.

These cases were successfully corrected by replacing
the preparation by another agent from Group C. The
11-month modified short-term treatment regimen
including bedaquiline (for 6 months), levofloxacin,
clofazimine, ethionamide, ethambutol, isoniazid (high
dose), pyrazinamide + levofloxacin, clofazimine, eth-
ambutol, and pyrazinamide for 5 months produced no
ototoxic effects.

DISCUSSION

TB is a very ‘stubborn’ disease which remains one of
the most dangerous infectious killers worldwide. An
understanding of mutual responsibility of the society
and the need to make every effort possible to control
the disease encourage constant progress in the devel-
opment and improvement of both diagnostic methods
and treatment regimens.

The main challenge is effective therapy which results
in treatment success without any side effects being
barriers in TB treatment and leading to unfavorable
outcomes. Some adverse effects develop slowly, and
the patient seems to adapt to changes, believing that
they are the consequences of TB and that they will go
away with recovery. Unfortunately, the outcomes are
unfavorable as having a disability does not mean a per-
son has good health. In some cases, however, serious
adverse event develops, which progresses and results
in patient’s refusal of TB treatment [7,13].

Authors Ignat'eva V.I., Martsyniuk T.M. (2018) pay spe-
cial attention to the negative effects of polychemother-
apy on the central and peripheral nervous system. At
the same time, special importance is attached to drugs
of the group of aminoglycosides, which cause damage
to the vestibule-cochlear nerve. It is noted that during
the main course of chemotherapy in patients with MDR
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TB of the lungs, medication complications occur, which
are manifested by the «hearing loss» syndrome, namely:
acute sensorineural deafness, bilateral eustachianitis, and
drug-induced encephalopathy. Accordingly, there is a
need to use additional methods of differential diagnosis:
echoencephalography and audiometry. This makes the
course of tuberculosis treatment more expensive and
not always available on time [7]. Complaints related to
hearing loss, as a rule, appear already at the stage of
deep and irreversible damage to the cochlear nerve.
This leads to deterioration of treatment results. The
data obtained by us are comparable to the data of the
above-mentioned authors. Moreover, among patients
treated between 2017 and 2019, break in treatment is
most often found in patients who had a repeated episode
of treatment, which is confirmed by the reliability of the
value p=0.051, more effective treatment according to
the cured status was in patients with the first episode
of treatment, shows reliability value p=0.05. Modern
antimycobacterial agents and new, modified, short-term
treatment regimens eliminate a lot of side effects leading
to a deterioration in the patients’ condition, treatment
termination, and transfer to the category of palliative care
[1,8,10]. The analysis of data on the efficacy of treatment
and the incidence of ototoxicity as a side effect during the
observed periods found that during 2017-2019, adverse
events were significantly more common as compared
to 2020-2022 - 21.0% and 2.9%, respectively. Among
the cohort of patients with manifestations of ototoxic-
ity in the period 2020-2022, only a prolongation of the
treatment period was observed, which did not lead to
palliative treatment. Also, in only one patient from the
group of repeated episodes of therapy hearing loss was
observed.

Among patients receiving the individualized treat-
ment regimen, who periodically underwent detoxifi-
cation and pathogenetic therapy due to adverse effect
development, the high percentage of cases with longer
treatment duration was noted.
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ABSTRACT

The aim: to investigate the morphometric characteristics of placentas in women with comorbidity of preeclampsia and obesity compared to women with
physiological body weight, and to assess the efficacy of the prophylactic therapy course developed to prevent the occurrence of preeclampsia in pregnant
women with obesity.

Materials and methods: 25 biopsy samples of placental tissue were taken from women between 37 and 40 weeks of gestation with a physiological body
weight and with class Il obesity. The women were divided into five groups of five women in each: the 1% group included women with physiological body
weight without obstetric and somatic pathology; the 2™ group involved women with physiological body weight, whose pregnancy was complicated with
preeclampsia; the 3" group was made up of women with class Il obesity whose pregnancy was complicated with preeclampsia; the 4 group consisted of
women with class Il obesity, who received the special prophylactic therapy course, and the 5 group included women with class Il obesity, who did not receive
the prophylactic therapy course.

Results: The analysis of morphometric parameters of placenta samples taken from women with preeclampsia and obesity demonstrates a number of com-
pensatory and adaptive changes in placenta under hypoxic conditions, and the most important of them include a significant decrease in the number and the
mean diameter of the terminal villi, the reduction of volume of villious tree, an increase in the diameter of the capillaries of terminal villi. The morphometric
parameters and histological structure in placenta samples from women with obesity, who received the special the prophylactic therapy course, as well as in
placenta samples of the control group were similar to the gestational normative values.

Conclusions: The morphometric investigation of placenta samples taken from women with comorbidity of preeclampsia and obesity has shown a significant
decrease in the mean diameter of the terminal villi and an increase in the diameter of the capillaries of these terminal villi when compared with a group of
women with preeclampsia and physiological body weight. The study has also demonstrated the distortion of the percentage ratio of the volume of the intervil-
lous space and the ratio of medium-calibre villi. The combination of these changes indicates a lack of adaptive capabilities in the placenta during preeclampsia

under increasing hypoxic condition.

KEY WORDS: preeclampsia, pregnancy, placenta, obesity, prophylactic therapy course

INTRODUCTION

The incidence of obesity and overweight among
pregnant women is continuing to climb from year to
year. The number of pregnant women with obesity in
economically developed countries reaches 16-38% and
is constantly increasing [1]. Obesity seriously impacts
on the demographic situation contributing to infertility
and morbidity rate since the complex of hormonal and
metabolic disorders inherent in this condition often
appears as the pathogenetic basis of the reproductive
health deterioration in women and as a risk factor of
both maternal and neonatal morbidity and mortality
[2]. Among the complications compromised by obesity
that lead to maternal mortality is preeclampsia (PE), a

Wiad Lek. 2023;76(12):2593-2600

common and multisystem disorder. However, despite
decades of intensive research, data on the PE aetiology,
and in particular, in comorbidities, are still limited. The
common mechanisms underlying the development of
obesity and PE comorbidity and its progression include
oxidative stress, systemic inflammatory response syn-
drome, and placental circulation disorders [3]. These
disorders cause morpho-functional disturbances in the
components of the mother-placenta-foetus system.
Chronic feto-placental insufficiency is associated with
various obstetric disorders and almost always leads
not only to PE, but also to delayed foetal growth and
premature birth [4]. Therefore, the investigation of
adaptive and pathological changes in the structure
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of the placenta may be particularly beneficial in ex-
plaining the causes underlying the PE development
under concomitant obesity, as well as in evaluating the
efficacy of agents with antioxidant, anti-inflammatory,
and angioprotective properties that improve hemomi-
crocirculation and prevent the PE occurrence.

THE AIM

The aim of the study is to investigate the morphometric
characteristics of placentas in women with comorbid-
ity of preeclampsia and obesity compared to women
having a physiological body weight, and to assess the
efficacy of the prophylactic therapy course developed
to prevent the occurrence of preeclampsia in pregnant
women with obesity.

MATERIALS AND METHODS

For study, 25 biopsy samples of placental tissue were
taken from women between 37 and 40 weeks of gesta-
tion with a physiological body weight (BMI-18.5-24.9
kg/m?) and with class Il obesity (BMI - 35 - 40 kg/m?),
whose course of pregnancy was complicated with the
PE development. The women were divided into five
groups of five women in each: the 1%t group included
women with physiological body weight without ob-
stetric and somatic pathology; the 2" group involved
women with physiological body weight, whose preg-
nancy was complicated with mild PE; the 3 group
was made up of women with class Il obesity whose
pregnancy was complicated with mild PE; the 4" group
consisted of women with class Il obesity, who received
a prophylactic therapy course (PTC) we developed for
the purpose to prevent PE; and the 5" group included
women with class Il obesity, who did not receive PTC.
The main criteria for inclusion in the study were: sponta-
neous or induced pregnancy, singleton pregnancy, mild
PE, timely delivery. Exclusion criteria were: severe PE, se-
vere extragenital pathology, premature birth, multiple
pregnancy, in vitro fertilization, antenatal and intranatal
fetal death, manual separation of the placenta.

Since pregnant women with obesity are at risk of
the PE occurrence, their pregnancy was under spe-
cial medical supervision in accordance to the clinical
guideline for obstetric care “Hypertensive disorders
during pregnancy, childbirth and the postpartum
period” (Order of the Ministry of Health of Ukraine No.
151, 01.24.2022). In addition to the recommendations
regulated by this order, pregnant women with obesity
received the PTC, which we specifically developed. It in-
cluded a combination of L-arginine and semi-synthetic
diosmin taken according to the following scheme over
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12-16,22-26,and 32 - 36 weeks of gestation. Per oral
dose of diosmin, which is produced in the form of tables,
was 600 mg per day. L-arginine produced as syrup was
taken in a dose of 5 ml three times a day.

For morphometric study, biopsy samples sized
2.0x1.5%1.0 cm were excised from the central, paracen-
tral, and marginal areas of the maternal part of the
placenta and then were fixed in a 10% neutral formalin
solution. Following the fixation and dehydration with
increasing concentrations of ethanol, biopsies were
embedded in paraffin blocks. Histological sections cut
by a standard microtome at 5 pm thickness were stained
with hematoxylin and eosin. The sections were analyzed
using an Olympus BX 41 light microscope (Japan) with a
digital camera and a set of licensed programs. To obtain
stereometric data, we applied the planimetric method
and the point count by placing a grid with a 3 pm grat-
icular division at magnification 400x. We carried out
morphometric study to evaluate the following parame-
ters in the terminal chorionic villi sized up to 80 um: the
diameter of the terminal villi; diameter of capillaries of
terminal villi; the thickness of the syncytiotrophoblast
(STB); the volume fraction of the main components of
the placenta including stem villi, medium-calibre villi,
terminal villi, and intervillous space.

Conducted prospective clinical and statistical analysis
of pregnancy and childbirth histories (form No. 096/0)
and medical records of newborns (form No. 097/0) ap-
proved by the Order of the Ministry of Health of Ukraine
«On Amendments to Primary Registration Forms and
Instructions for Their Filling», No. 29, 01.21.2016.

The statistical analysis of the findings obtained
was performed by the “MedStat” program using the
methods of descriptive statistics, calculating the mean
sample values (M) and the error of the mean value (m),
qualitative indicators given as frequencies and their
percentage ratios. The Mann-Whitney U-test was used
to assess intergroup differences. Differences at p<0.05
were considered as statistically significant for analysis.

RESULTS

The morphometric analysis of histological prepara-
tions of placental samples taken from the women with
physiological body weight and with class Il obesity
whose pregnancy was complicated by the mild PE de-
velopment reveals the deviation in the parameters of
the test groups from the respective parameters of the
control group (Table ).

The mean diameter of the terminal placental villiin the
women with PE and class Il obesity was significantly lower
compared with the indicators in the group of women
with PE and physiological body weight (32.66+1.22 pm
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Table I. Comparative characteristics of the main morphometric parameters of the terminal placental villi in the studied groups

. Women with Women with PE Women with Women with class Women ‘."'th class
Morphometric . . . A . I obesity, who
arameters, Lm physiological and physiological PE and class Il Il obesity, who did not received
P 'K body weight, n=5 body weight, n=5 obesity, n=5 received PTC, n=5 PTC, n=5
Mean d of terminal villi 53,75+2,39 36,52£1,16 3266x1,22 53,66+0,11 48,44x0,37
P, P, P P, Ps
Mead d of capillaries 11,94+0,35 14,44+0,21 15,43+0,21 12,42+0,15 13,9+0,04
P, p, P b, Ps Ps
STB thickness 5,96:£0,76 5,53+0,41 5'°§i§’25 6,03+0,58 63 7;*1 05
2,73 6

Note:

p, — reliability when comparing the indicators between the 1% and 2" groups, p<0.05;
p, — reliability when comparing the indicators between the 1% and 3" groups, p<0.05;
p, — reliability when comparing the indicators between the 5 and 3 groups, p<0.05;
p, — reliability when comparing the indicators between the 2 and 3 groups, p<0.05;
p,— reliability when comparing the indicators between the 1 and 4" groups, p<0.05;

p, — reliability when comparing the indicators between the 4" and 5" groups, p<0.05.

Fig. 1. Placenta biopsy samples taken from women with class Il obesity A) who did not receive PTC; B) taken from women who received PTC.
The thickness of the syncytiotrophoblast of the terminal villi. Hematoxylin and eosin staining; magnification: x400.

vs. 36.52+1.16 um, respectively, p,<0,01). A significant
decrease of this indicator was observed in the placental
samples taken from women with PE and physiological
body weight compared with the group of placental
biopsies taken from women with physiological body
weight and normal course of pregnancy (36.52+1.16
um vs. 53.75+2.39 um, p,<0.01). The same tendency
was observed when comparing the mean diameter of
terminal villi between the placentas of women with PE
and class Il obesity and the group of women with class I
obesity, whose pregnancy was not complicated by the PE
course (32.66+1.22 umvs. 48.44+0.37 um, p,<0.01). There
was a significant decline in the mean diameter of the
terminal villi of placentas from women with concomitant
class Il obesity when compared with the indicators of

the control group (48.44+0.37 um vs. 53.75+2.39 um,
p,<0.01) (Fig. 1). Which indirectly testifies to the connec-
tion of a number of pathological changes and deviations
of morphometric parameters in placentas from women
with moderate preeclampsia and women with obesity,
which in turn proves the fact that preeclampsia is man-
ifested by obesity and the feasibility and advantages of
prescribing PTC to pregnant women with accompanying
obesity for the purpose of prevention of PE.

At the same time, the capillaries of terminal villi in
placenta samples taken from women with PE and class I
obesity had a larger diameter than in the group of wom-
en with PE and physiological body weight (15.43+0.21
um vs. 14.44+0.21 um, p,<0.01). An increase in the di-
ameter of the capillaries of terminal villi was also found
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[a]

Placentas of women with
physiological body weight without
obstetric and somatic diseases

17,1244.84

4,97 13,76

62,95£2,91

(o]

Placentas of women with class Il
obesity and PE

' 17 £6,77

54,32+5,94

16,3244,75

2,3510,29

[e]

Placentas of women with class Il
obesity who did not receive the
complex of therapeutic and
preventive measures

17,9247,67
20,1%3,29 Szl

2,62 0,29

59,7218,4

Placentas of women with physiclogical

20,143,45

2,6210,36

2,3510,83

body weight and PE

17,92+46

59,7247,13

Placentas of women with class Il
obesity after receiving the complex
of therapeutic and preventive
measures

176,91
16,32¢5,38

Fig. 2. Comparative
characteristics of the
relative volume of the
main placental com-
ponents in the studied
groups A) Placentas
of women with phys-
iological body weight
without obstetric and
somatic diseases; B)
Placentas of women
with physiological body
weight and PE ; () Pla-
centas of women with
class Il obesity and PE;
D) Placentas of women
with class Il obesity
afterreceiving the com-
plex of therapeutic and
preventive measures;
E) Placentas of women
with class Il obesity
who did not receive
the complex of thera-
peutic and preventive
measures.

64,3244,51

Stem villi (%)

Medium-caliber villi (%)

Terminal villi (%)

Intervillous space (%)

in placenta samples from women with PE and physio-
logical body weight, compared to the placenta samples
from women of the control group (14.44+£0.21 pm vs.
11.94+0.35 um, p,<0.01). There was a similar pattern
found when comparing the indicators between the 3rd
group and the 5th group (15.43+0.21 umvs. 13.9+0.04
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um, p,<0.01). An increase in the diameter of the cap-
illaries of the placental terminal villi is seen in women
with class Il obesity compared to the control group
(13.9£0.04 um vs. 11.94+0.35 um, p,<0.01) (Table ).
The mean thickness of STB was slightly greater in the
placenta samples from women with PE and physiologi-
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cal body weight compared with the indicators in the
group of women with PE and class Il obesity (5.53+0.41
pm vs. 5.06+0.25 pum, respectively, p>0, 05). When
comparing the indicators of the mean thickness of STB
between the group of women with PE and physiological
body weight and the indicators of the control group, we
observed a tendency to their decline, but no significant
difference was determined (5.53+0.41 um vs. 5.96+0.76
pm, respectively, p>0.05). A significant decrease of this
indicator was revealed in the group of women with
PE and class Il obesity compared to the indicators in
the group of women with class Il obesity (5.06+0.25
um vs. 6.37£1.0 um, respectively, p,<0.01). A smaller
thickness of STB was found in the placentas of women
in the control group than in the placentas of women
with Il degree obesity (5.96+0.76 pm vs. 6.37+1.0 um,
respectively, p,<0.02).

The morphological study of the volume fraction of
the main placenta components demonstrates that the
volume of stem villiin placentas makes up 12.42+6.67%
in women with comorbidity of PE and class Il obesity,
17.0+ 4.6% in women with PE and physiological body
weight; this indicator in the reaches 17.92+7.67% in
group of women with class Il obesity and 15.45+4.8%
in the control group. The percentage of medium-calibre
villi in the placentas of women with comorbidity of PE
and class Il obesity is 71.3245.94%, and 59.72+7.13%
in women with physiological body weight, whose
pregnancy was complicated by the PE. The percent-
age of medium-calibre villi in the placentas of women
with class Il obesity is 59.72+8.4%, and in women with
a physiological body weight and a normal course of
pregnancy is 62.95+2.91%. The volume of placental
terminal villi makes up 2.62+0.29% in women with the
comorbidity of PE and obesity, 2.35+0.36% in women
with PE and physiological body weight, 2.62 £0.29% in
women with class Il obesity; this indicator in the con-
trol group is 4.97+3.76%. The indicators of the relative
volume of the intervillous space are significantly lower
in the placentas in the groups of women with PE and
concomitant obesity and in women with PE and phys-
iological body weight (16.32+4.75% and 20.1+3.45%,
respectively, p<0.05); in the placenta samples of wom-
en with class Il obesity, this indicator is at the level of
20.1£3.29%, and in the placentas of the control group
it equals to 17.12+4.84% (Fig. 2).

Having analyzed the findings of the morphometric
study of placenta samples from women with class Il
obesity, who received PTC, we can suggest that they
are comparable to the control group and approaching
the normal gestational parameters (Fig. 2).

The mean diameter of the terminal placental villi
from women with class Il obesity, who received PTC is

53.66+0.11 um that is higher than in the placentas of
women who did not receive PTC (53.66+0.11 um vs. 48
,44+0.37 um, respectively p<0.01). The diameter of the
placental capillaries in women who took the course of
PE prevention is 12.42+0.15 pm that is similar to the
respective indicators in the control group. The mean
thickness of STB is smaller in women who received
PTC compared to that in women who did not receive
PTC during the pregnancy (6.03+0.58 um vs. 6.37+1.05
pm, respectively p>0.05) (Table I). The morphometric
study of the volume fraction of the main components
of the placenta demonstrated that the volume of stem
placental villi in women with class Il obesity, who re-
ceived PTC, makes up 12.92+6.91%. The percentage of
medium-calibre villi in the placentas of women who
took PE prevention is 66.1£4.51%, and the volume of
terminal villi in this group is 2.84+0.83%. The indicator
of the volume fraction of the intervillous space in
the placentas of women who received PTC equals to
18.27+5.88% (Fig. 2).

Thus, the terminal placental villiin women with class
[l obesity and normal body weight, whose pregnancy
was complicated by the mild PE development differ
from those in women with physiological body weight
and a normal course of pregnancy by a number of
morphometric parameters including the diameter of
the villi and their capillaries, STB thickness, changes
in the parameters of the volume fraction of the main
components of the placenta. It is worth to point out
the morphometric placenta indicators of women with
class Il obesity, who received PTC during pregnancy,
approach to the normal gestational parameters and
can be comparable with the indicators of women with
a physiological body weight and a normal course of
pregnancy. The placentas from women with obesity
who took PTC during the pregnancy have been found
to show minor deviations of morphometric indicators
and moderately expressed compensatory and adap-
tive reactions that correspond to normal gestational
indicators. This proves the efficacy and feasibility of
prescribing PTC to pregnant women with obesity in
order to prevent the PE development.

DISCUSSION

In mild PE, premature placental aging accompanied
with pronounced involutive-dystrophic processes can
develop as opposed to the placental development
during normal pregnancy that leads to fibrinoid necro-
sis and sclerosis of terminal villi with the subsequent
occurrence of local ischemic infarctions of the placenta
tissue [5]. Disorders of the normal histological structure
of the placenta resulted from defective (delayed or early
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maturation) maturation of chorionic villi are especially
pronounced when PE develops in women with obesity.

A number of morphological changes detected in
the placenta samples taken from women with mild
PE demonstrate the impaired villi development and
growth with an increasing angiogenic pattern, a de-
crease in the size of terminal villi, a reduced volume
of the villous tree, which includes stem, intermediate
and terminal villi. These changes are caused by the
development of uteroplacental hypoxia and, as a con-
sequence, malperfusion of the intervillous space [6].
Similar changes most likely cause lower indicators of
placenta mass in pregnant women with obesity [7].
Since the main cause for the reduction in uteroplacental
blood circulation in early-onset PE is considered to be
the slowing down of the second wave of trophoblast
invasion following 16 weeks of gestation, it is the in-
complete invasion of cytotrophoblast into the uterine
tissue that leads to incomplete transformation of the
spiral arteries and a decreased inflow of maternal
blood to the placenta with the further development
of uteroplacental hypoxia [8]. Under pre-placental and
utero-placental hypoxia, the extensive angiogenesis
with vascular branching needed to increase the area
for gas exchange of the villous tree is seen. The activa-
tion of pro-angiogenic factors is considered the main
mechanism that triggers compensation processes in
the villous tree of the placenta during hypoxia. Vascu-
lar endothelial growth factor (VEGF), placental growth
factor (PIGF) and their receptors (VEGFR-1 and VEGFR-2)
play the exceptionally important role in the formation of
fetoplacental angiogenesis. Their balanced interaction
determines the processes of vascularisation in villi in
the early stages of pregnancy and the final formation
of their capillary network, therefore, the development
of either early-onset or late-onset PE is accompanied by
a different degree of expression of angiogenic growth
factors [9, 10]. The use of PTC we developed enables
us to act on the term of PE manifestation that can be
explained by both the PTC constituent components
and the scheme of its medication regimen. According
to our recommendations, the 1*PTC course lasts from
the 12th to the 16th week of gestation as the process
of interstitial cytotrophoblast invasion begins from the
16th to the 18th week of gestation. Impairment of this
process is subsequently accompanied by the destruc-
tion of the elastomuscular components of vessels and
their replacement with fibrinoid that results in dete-
rioration of contractility of the placental vessels [11].
Therefore, the use of semi-synthetic diosmin, which
has capillary protective, anti-edematous, anti-fibrino-
lytic, and anti-inflammatory effects, can prevent these
adverse processes. And given the fact that the devel-
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opment of early-onset and late-onset PE is manifested
with different expression of angiogenic growth factors,
the use L-arginine, which is able to reduce the concen-
tration of antiangiogenic growth factors and promote
angiogenesis, which is essential for increasing the area
of gas exchange of the villous tree, seems to be quite
appropriate [12-15]. Hence, the balanced interaction
of the medicines promotes the processes of vasculari-
sation of the villi in the early stages of pregnancy and
the final formation of their capillary network and thus
helps to prevent early-onset PE.

The following alterations including a decrease in
the diameter of the terminal villi and an increase in
the diameter of their capillaries, an increase in the STB
thickness, a reduction of the volume fraction of the
stem and terminal villi, a growth in the percentage
ratio of medium-calibre villi and a decrease in the
volume fraction of the intervillous space indicate a
deteriorating placental circulation and a decrease in
the intervillous perfusion that initiates the develop-
ment of adaptation and compensation processes. A
significant deviation of the morphometric parameters
of the terminal villi from the control level suggests the
fact of insufficiency of compensatory and adaptive re-
actions in the placenta during mild PE under increasing
hypoxic conditions. Hypovascularisation (reduction in
the number of vessels and their mean diameter), the
STBthinning, increase in syncytiocapillary membranes,
impairment of the differentiation of the vascular-stro-
mal component in the villous chorion and increased
fibrin deposition in the epithelium of these villi along
with hypofunction of the terminal villi have also been
revealed by other scientists in cases of delayed fetal
growth, and in cases complicated with PE that evidenc-
es the failure of compensatory changes at the stage
of chronic placental insufficiency [16]. Thinning of the
cellular trophoblast of the chorion we found in the
groups of women with mild PE is in good agreement
with the reports of other scientists and can be found
in other pathological conditions, besides anaemia [17].
The positive changes we obtained after applying PTC
in the percentage ratio of the volume fraction of the
main components of the placenta support previous
findings in the literature that point out a significant
growth in the area of capillaries of terminal villi and
syncytiocapillary membranes in the placentas of wom-
en who received L- arginine aspartate [18].

The analysis of the morphometric parameters of the
small-calibre arteries of the placenta in anaemia demon-
strates an increase in the outer diameter of these vessels
that evidenced a pronounced decrease in the permeability
of small-calibre vessels, which are under greater functional
stress compared to larger arteries and are the first and
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more pronounced to be affected in various pathological
conditions [19]. These authors confirm the damage to a
significant number of endotheliocytes that leads to their
dysfunction, a decrease in the synthesis of nitric oxide
(NO), blockade of NO synthase, activation of NO degra-
dation processes that is accompanied by spasm and nar-
rowing of blood vessels. The latter worsens blood supply
to organs, maintains and intensifies hypoxia, which is
complicated by oedema, dystrophy, necrobiosis of tissues
and cells (under significant damage to endotheliocytes,
the degree of morphological changes in the placenta is
more pronounced) that yetagain proves the need touse a
combination of an NO donor and an angioprotector, which
are the constituent agents of PTC we propose.

CONCLUSIONS

The morphometric investigation of placenta samples taken
from women with comorbidity of mild preeclampsia and
obesity has shown a significant decrease in the mean diam-
eter of the terminal villi (32,66£1,22 pm vs. 36,52+1,16 um,
p<0,01) and an increase in the diameter of the capillaries of
these villi (15,43+0,21 um vs. 14,44+0,21 um, p<0,01) when
compared with a group of women with preeclampsia and

REFERENCES

physiological body weight.The study has also demonstrated
the distortion of the percentage ratio of the volume of the
intervillous space (16,32+4,75%and 20,1+3,45%, respective-
ly) and the ratio of medium-calibre villi (64,32+5,94% and
59,72+7,13%, respectively). The combination of these chang-
es indicates a lack of adaptive capabilities in the placenta
during preeclampsia under increasing hypoxic condition.
The prophylactic therapy course, which combines
L-arginine aspartate and semi-synthetic diosmin to
reduce the occurrence of preeclampsia and other
complications during pregnancy than may develop as
a consequences of placental dysfunction under obesity,
has been proven to reduce the structural, functional,
and dystrophic changes of the placenta and bring the
respective indicators in proximity to the normal values.

PROSPECTS FOR FURTHER INVESTIGATION
The easy of use, accessibility, and convincing positive
results of the described method of pharmacological cor-
rection enables us to recommend this PTC for enhanc-
ing the effectiveness of the PE prevention in pregnant
women with obesity thus preventing the incidence of
obstetric and prenatal complications.

1. Bray GA, Kim KK, Wilding JPH. World Obesity Federation. Obesity: a chronic relapsing progressive disease process. A position statement
of the World Obesity Federation. Obes Rev. 2017;18(7):715-723. doi: 10.1111/0br.12551.

2. Zelinka-Khobzey MM, Tarasenko KV. Severity of endothelial dysfunction manifestations in response to therapeutic and prophylactic complex
aimed at preventing preeclampsia in women with concomitant obesity. Medicni perspektivi. 2022;27(2):125-130. doi:10.26641/2307-

0404.2022.2.260286.

3. Chiarello DI, Abad C, Rojas D et al. Oxidative stress: Normal pregnancy versus preeclampsia. Biochim Biophys Acta Mol Basis Dis.

2020;1866(2):165354. doi: 10.1016/j.bbadis.2018.12.005.

4. Michalczyk M, Celewicz A, Celewicz M et al. The Role of Inflammation in the Pathogenesis of Preeclampsia. Mediators Inflamm.

2020;2020:3864941. doi: 10.1155/2020/3864941.

5. Vangrieken P, Vanterpool SF, van Schooten FJ et al. Histological villous maturation in placentas of complicated pregnancies. Histol

Histopathol. 2020;35(8):849-862. doi: 10.14670/HH-18-205.

6. Sankar KD, Bhanu PS, Ramalingam K et al. Histomorphological and morphometrical changes of placental terminal villi of normotensive
and preeclamptic mothers. Anat Cell Biol. 2013;46(4):285-90. doi: 10.5115/ach.2013.46.4.285.

7. Zelinka-Khobzey MM, Tarasenko KV. Histomorfolohichni osoblyvosti platsent u zhinok iz ozhyrinniam ta preeklampsiieiu
[Histomorphological characteristics of the placenta in women with obesity and preeclampsia]. Ukrayins'kyy zhurnal medytsyny, biolohiyi
ta sportu. 2021; 6(3)(31):85-95. doi: 10.26693/jmbs06.03.085. (in Ukrainian).

8. Park JY, Mani S, Clair G et al. A microphysiological model of human trophoblast invasion during implantation. Nat Commun.

2022;13(1):1252. doi: 10.1038/541467-022-28663-4.

9. Rana S, Burke SD, Karumanchi SA. Imbalances in circulating angiogenic factors in the pathophysiology of preeclampsia and related
disorders. Am J Obstet Gynecol. 2022;226(25):1019-1034. doi: 10.1016/j.aj0g.2020.10.022.
10. Zelinka-Khobzey MM, Tarasenko KV, Mamontova TV. Assessment of endothelial dysfunction in pregnant women with obesity and
preeclampsia. Wiad Lek. 2021;74(8):1905-1909. doi: 10.36740/WLek202108122.
11. Pique-Regi R, Romero R, Tarca AL et al. Single cell transcriptional signatures of the human placenta in term and preterm parturition.

Elife. 2019;8:252004. doi: 10.7554/eLife.52004.

12. Chen X, Miao M, Zhou M et al. Poly-L-arginine promotes asthma angiogenesis through induction of FGFBP1 in airway epithelial cells via

2599



Marta M. Zelinka-Khobzey et al.

13.

14.

15.

16.

17.

18.

19.

activation of the mTORC1-STAT3 pathway. Cell Death Dis. 2021;12(8):761. doi: 10.1038/541419-021-04055-2.

Goto E. Effects of prenatal oral L-arginine on birth outcomes: a meta-analysis. Sci Rep. 2021;11(1):22748. doi: 10.1038/541598-021-
02182-6.

Salsoso R, Mate A, Toledo F et al. Insulin requires A2B adenosine receptors to modulate the L-arginine/nitric oxide signalling in the
human fetoplacental vascular endothelium from late-onset preeclampsia. Biochim Biophys Acta Mol Basis Dis. 2021;1867(1):165993.
doi: 10.1016/j.bbadis.2020.165993.

Frolova NO, Tezikov YuV, Lipatov IS. Obgruntuvannia vyboru anhioprotektora diosminu yak profilaktychnoho ahenta preeklampsii [Rationale
for choosing the angioprotector diosmin as a prophylactic agent for preeclampsia]. Reproductive health of a woman. 2021;1:40-43. doi:
10.30841/2708-8731.1.2021.229710. (in Ukrainian)

Berezhna VA, Gromova AM, Mamontova TV et al. Morfometrychnyy analiz platsenty ta polyaryzatsiyi m1/m2 makrofahiv pry vyznachenni
zatrymky rostu ploda. [Morphometric analysis of placental and m1/m2 macrophages polarization in the detection of fetal growth
restriction]. Svit medytsyny ta biolohiyi. 2021;1(75):12-17. doi: 10.26724/2079-8334-2021-1-75-12-17. (in Ukrainian).

Sherstiuk SO, Zats 0S, Sherstiuk LL et al. Inmunohistochemical and morphometric characteristics of chorionic trophoblast and decidual
cells of fetal membranes in case of ante-intranatal fetal death. Wiad Lek. 2021;74(10):2368-2373. doi: 10.36740/WLek202110102.
Heryak SN, Kutsenko AV, Kutsenko VV. Osoblyvosti zmin u platsenti pid vplyvom kompleksnoi terapii z vkliuchenniam L-arhininu aspartatu
v zhinok iz metabolichnym syndromom [Peculiarities of the placental changes under the influence of adjuvant therapy with the inclusion
of L-arginine aspartate in women with metabolic syndrome]. Taurian medical and biological journal. 2012; 15(58):51-55. http://dspace.
nbuv.gov.ua/handle/123456789/56383 [date access 15.02.2023] (in Ukrainian)

Hnatiuk MS, Pokhodun KA, Tatarchuk LV. Morfometrychna otsinka osoblyvostei remodeliuvannia arterii platsenty pry zalizodefitsytnii
anemii vahitnykh [Morphometric evaluation of placenta arteries remodeling features at iron deficiency anemia in pregnant women].
Aktual'ni problemy pediatriyi, akusherstva ta hinekolohiyi. 2018;1:62-65. doi: 10.11603/24116-4944.2018.1.8801. (in Ukrainian)

ORCID and contributionship:

Marta M. Zelinka-Khobzey:0000-0002-8350-2529 #&P
Kostiantyn V. Tarasenko:0000-0002-7410-4107F
Leonid A. Nesterenko: 0000-0001-7417-92324¢

Ivan I. Starchenko: 0000-0002-6666-1448*5¢

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

CORRESPONDING AUTHOR
Kostiantyn V. Tarasenko

Poltava State Medical University

23 Shevchenka St., 36011 Poltava, Ukraine
e-mail: tarasenko.konstantin50@gmail.com

Received: 19.02.2023
Accepted: 10.10.2023

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

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

2600



© Aluna Publishing

Wiadomosci Lekarskie Medical Advances, VOLUME LXXVI, ISSUE 12, DECEMBER 2023

ORIGINAL ARTICLE

ONE-STAGE PROSTATECTOMY ACCOMPANIED BY
HERNIOPLASTY TO IMPROVE QUALITY-OF-LIFE OUTCOMES
OF PATIENTS WITH COMBINED SURGICAL PATHOLOGIES

DOI: 10.36740/WLek202312108

Victor I. Gorovyi, Volodymyr 0. Shaprynskyi, lhor V. Baralo, Oleh M. Kapshuk, Vasylysa G. Suleimanova,

Ihor I. Dovgan, Valentyn R. Taheiev

VINNYTSIA NATIONAL PIROGOV MEMORIAL MEDICAL UNIVERSITY, VINNYTSIA, UKRAINE

ABSTRACT

The aim: To evaluate whether simultaneous inguinal hernioplasty during prostatectomy confers benefits on quality-of-life outcomes.

Materials and methods: 152 patients with prostatic adenoma were observed. The general group included 32 (21%) patients with prostatic adenoma and
hernia inguinalis, who underwent one-stage prostatectomy accompanied with hernioplasty. 120 (79%) persons of comparison group underwent a prostatectomy
only. The average age of the comparison group was 68.0+7.0 years, the general group - 67.1+6.9 years; the average prostate volume was 94.4+42.3 cm? and
91.2+32.6 cm? respectively. Hernia inguinalis was in 32 patients of the general group, in 4 of them - on both sides (36 cases totally).

Results: The average time of retropubic prostatectomy in both groups was the same, and simultaneous hernioplasty took 35.0+17.4 minutes. The frequency
of early and late bleeding after prostatectomies in the general group was 6.25% (2 cases) and 7.5% (9 cases) in the comparison group. No deaths were noted
in two groups. The quality-of-life outcomes after the one-stage prostatectomy accompanied with hernioplasty in 6 and 12 months were statistically better

than before these operations.

Conclusions: Performing one-stage prostatectomy accompanied with hernioplasty does not worsen the immediate and long-term results of operation, instead
it helps to eliminate two diseases at the same time from one surgical approach.

KEY WORDS: benign prostatic hyperplasia, inguinal hernia, prostatectomy, hernia repair, prostatectomy complications

INTRODUCTION

The possibility of simultaneous inguinal hernioplasty
during prostatectomy for prostaticadenoma and hernia
inguinalis is a topical issue in both urology and abdom-
inal surgery [1 - 3]. In the domestic literature, there are
no data on performing simultaneous hernioplasty at
the same time as prostatectomy, as well as the results of
such type operations. It must be clear that simultaneous
hernioplasty is better performed during one-time retro-
pubic prostatectomy (rather than transvesical), when the
bladder is not dissected and drained with suprapubic
drainage, which significantly reduces the risk of retro-
pubic and retroinguinal spaces infection. Unfortunately,
open prostatectomies with retropubic access in Ukraine
are performed in single clinics, and therefore there are
no results of simultaneous inguinal hernioplasty.

THE AIM
The aim of the research is to evaluate whether simul-
taneous inguinal hernioplasty during prostatectomy

Wiad Lek. 2023;76(12):2601-2606

for prostatic adenoma and hernia inguinalis confers
benefits on quality-of-life outcomes.

MATERIALS AND METHODS

This study was conducted at Vinnytsya National Pirogov
Memorial Medical University, Vinnytsya, Ukraine, from
January 2016 to January 2021. The research included
152 patients with prostatic adenoma who were oper-
ated on in the urological department of the Vinnytsia
Regional Clinical Hospital named after M. I. Pirogov
Before entering the patient in the study protocol, a
written voluntary agreement to participate in this study
was obtained in accordance with the WMA Declaration
of Helsinki — Ethical Principles for Medical Research
Involving Human Subjects. The study protocol was
approved by the Local Ethics Committee (LEC) of the
Vinnytsya National Pirogov Memorial Medical Universi-
ty, protocol N28 dated 10/17/2019. All patients provided
written informed consent. The general group included
32 (21%) patients who suffered from prostaticadenoma
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and hernia inguinalis, who underwent one-moment
retropubic prostatectomy accompanied with simul-
taneous pre-peritoneal inguinal hernioplasty. The
number of members in the comparison group was 120
(79%) persons with prostatic adenoma who underwent
a single retropubic prostatectomy only. The average
age of the comparison group patients was 68.0+7.0
years, the general group - 67.1+6.9 years; the average
prostate volume was 94.4+42.3 cm®and 91.2+32.6 cm?
respectively. Urinary retention (acute or chronic) was
the reason of urgent admission to the hospital in 44
(36.7%) patients of the comparison group and 4 (12.5%)
of the general group. Hernia inguinalis was diagnosed
in 32 patients of the general group, in 4 of them - on
both sides (36 inguinal hernias totally). The distribution
of patients in the general group by type and degree
of inguinal hernia according to the EHS classification
(2009) [4] is presented in Table I.

The obtained quantitative data were calculated by the
variational statistics method using standard Microsoft
Excel software packages on a personal computer with
the calculation of the arithmetic mean M, the mean error
of the mean m and the root mean square deviation ¢,
the Student’s t-test and the difference between the data
were considered reliable at a significance level of p<0.05.

RESULTS

The average time of retropubic prostatectomy and
simultaneous hernioplasty in general and comparison
group is presented in Table Il. The average time of
retropubic prostatectomy in general and comparison
groups was the same, and simultaneous hernioplasty
took on an average 35.0+17.4 minutes.

Intraoperative acute bleeding was observed in two
patients (1.7%) from 120 of the comparison group, who
lost 1.2 and 1.5 liters of blood. There was no intraop-
erative bleeding from the prostate bed in the general
group. Intraoperative blood loss was determined by the
gravimetric method [5, 6]. There were no patientsin the
general or comparison group who required reoperation
dueto early or late bleeding. The frequency of early and
late bleeding after retropubic prostatectomies, which
required blood transfusion, in the general group was
6.25% (2 cases) and 7.5% (9 cases) in the comparison
group.

Postoperative complications were divided into early
and late [5, 7, 8]. Early (immediate) postoperative com-
plications mean complications after prostatectomy
during inpatient treatment, late complications after
discharge from the hospital (ambulatory period of
supervision). The nature of early urological complica-
tions after one-stage retropubic prostatectomies in
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two groups is presented in Table Ill. The neurological
complications are illustrated in Table IV.

The most frequent complications after prostatectomy,
including epididymitis (funiculitis), wound suppuration,
chronic pyelonephritis exacerbation, pubic bones oste-
itis were not observed in both groups. No deaths were
noted after the operations in two groups.

Classification of urological complications according
to Clavien-Dindo after retropubic prostatectomy in
patients of the general and comparison groups is pre-
sented in Table V.

As can be seen from Table V, postoperative compli-
cations occurred in every third patient of both groups.
The majority of complications were presented in the |
degree of Clavien-Dindo’s classification. The average
postoperative bed-day in patients of general group was
9.5+1.7; in comparison group - 9.8+2.9.

DISCUSSION

To unify and systematize postoperative complications,
surgeons R.A. Clavien et al. in 1992 proposed a new
classification which was improved by D. Dindo et al. in
2004. It became world-famous and also began to be
widely used after urological operations [5]. The Cla-
vien-Dindo’s classification takes into account not only
the quantitative assessment of postoperative compli-
cations, butalso the qualitative ones depending on the
degree of complication severity. It can offer the type
and volume of medical measures aimed at eliminating
these complications. The Clavien-Dindo’s classification
determines the quantitative and qualitative assessment
of postoperative complications within 90 days after
surgery. Because it was recommended for use by the
European Association of Urologists (EAU) and urological
associations of other countries. Classification of post-
operative complications according to Clavien-Dindo
allows a better (more detailed) characterization of each
complication and the volume of medical or repeated
surgical care (under local or general anesthesia); com-
pare and statistically evaluate urological and neurolog-
ical complications of different urological clinics; more
precisely determine the sequence of multimodal treat-
ment; preliminarily change the provision of assistance
to avoid or reduce complications; establish criteria for
the assistance quality.

Thus, the average duration of retropubic prostatec-
tomy in patients of the both groups was the same,
like the postoperative bed-day. Despite the longer
duration of the one-stage prostatectomy accompa-
nied with hernioplasty, the frequency of postoperative
complications was comparable in general and com-
parison groups. Long-term results of the one-stage
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Table 1. Distribution of patients in the general group by type and degree of inguinal hernia according to the EHS (2009) classification

Degree of inguinal hernia

Number of patients

Type of inguinal hernia

1 2 3 Absolute %
Hernias of the lateral
inguinal fossa 1(L1T) 14 (L2) 7 (L3) 19 59,4
(oblique or L) n=22
Hernias of the medial
inguinal fossa 1(M1) 7 (M2) 6 (M3) 13 40,6
(direct or M) n=14
Total: 36 2 21 13 32 100

Table Il. The average duration of retropubic prostatectomy and simultaneous hernioplasty in the general group of patients and in the comparison group

Average duration of surgical intervention

Type of surgical intervention

General group (minutes)

Comparison group (minutes)

One-moment retropubic prostatectomy

82,8+25,6

80,1x17,4

Simultaneous hernioplasty

35,0+17,4 -

Table Ill. Early urological complications after retropubic prostatectomy in the general group of patients and in the comparison group

Patients after retropubic prostatectomy

Early urological complications

General group (n=32)

Comparison group (n=120)

Bleeding

- early 2 (6,25%) 8 (6,7%)
- late - 1(0,8%)
- early and late together 2 (6,25%) 9 (7,5%)
Excretion of urine through a suprapubic wound - 1(0,8%)
Hyperthermia after removal of urethral drains 1(3,1%) 7 (5,8%)
Stress incontinence 1(3,1%) 2(1,7%)
Acute urine retention - 1(0,8%)
Long-lasting (up to 10 days.) serous leakage 1(3,1%) )
from the retropubic space
Paravesical hematoma - 1 (0,8%)
Wicket swelling 1(3,1%) -
Total 6 (18,75%) 21(17,5%)

Table IV. Early neurological complications after retropubic prostatectomy in the general group of patients and in the comparison group

Patients after retropubic prostatectomy

Early neurological complications

General group (n=32)

Comparison group (n=120)

Thromboembolism of minor branches of the

pulmonary artery ) 2 (1.7%)

Hypertensive crisis 1(3,1%) 2(1,7%)

Acute coronary syndrome - 1(0,8%)

Acute psychosis - 1(0,8%)

Stomach dyskinesia with pain syndrome - 2 (1,7%)
Pneumonia 1(3,1%) -

Gouty arthritis exacerbation of the knee joint - 1(0,8%)

Total 2 (6,25%) 9(7,5%)

prostatectomy accompanied with hernioplasty were
studied by repeated outpatient examinationin 1, 3, 6,
and 12 months after surgery. Bladder stones, bladder
neck and urethra strictures were not discovered in the

patients. One patient with stress urinary incontinence
was treated conservatively (Nexetin 40 mg twice a day
in combination with Kegel’s exercises to strengthen
the pelvic floor muscles) for 2 months, after which he
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Table V. (lassification of urological complications after retropubic prostatectomy according to Clavien-Dindo and their treatment in patients of general

and comparison groups

Complications (number of
patients in absolute values
and percentages) in the
comparison group (n=120)

Degree of
complication

Complications (number of
patients in absolute values
and percentages) in the
general group (n=32)

Treatment of complications

Hyperthermia after removal
of urethral drainage (7 - 5.8%)

Hyperthermia after removal
of urethral drainage (1 - 3.1%)

Foley Catheter Reinsertion, Antibacterial,
Antipyretic, Anti-Inflammatory Therapy

Urine excretion through the
suprapubic wound (1 - 0.8%)

Repeated installation of the Foley catheter,
antibacterial therapy

Acute urinary retention
(1-0.8%)

Repeated installation of the Foley catheter,
antibacterial therapy

Prolonged (up to 10 days)
serous leakage from the
retropubic space - 3.1%)

Dressings using local antiseptic solutions

Paravesical hematoma
(1-0.8%)

Dressings using local antiseptic solutions

Wicket swelling (1 - 3.1%)

Anti-edematous, anti-inflammatory,
antibacterial and pain-relieving therapy

Stress urinary incontinence
«d» (2-1.7%)

Stress urinary incontinence
«d» (1-3.1%)

Kegel exercises, duloxetine

Hypertensive crisis (2 - 1.7%)

Hypertensive crisis (1 - 3.1%)

Hypotensive therapy

Gastric dyskinesia with pain
syndrome (2 - 1.7%)

Fibrogastroduodenoscopy, spasmolytic, with
painless therapy

Pneumonia (1 - 3.1%)

Antibacterial, anti-inflammatory, antipyretic,
detoxification, broncholytic therapy

Acute psychosis (1-1.71%)

Antipsychotic drugs

Exacerbation of gouty
arthritis of the knee joint
(1-1.7%)

Anti-inflammatory, antipyretic, antibacterial
therapy

Early and late bleeding from
the prostate bed (9 - 7.5%)

Early and late bleeding from
the prostate bed (2 - 6.25%)

Hemostatic therapy, blood transfusion

Postoperative anemia

Postoperative anemia

Blood transfusion

(4-3.3%) (1-3.1%)
lla - - -
b - - -
Postopera('zi)\/_esro\ /Z/)potension Postopegt_i\:z?{)zf tension Treatment in the intensive care unit
Va Acute cciqo?grg(;;/ndrome - Treatment in the intensive care unit
Thromboembolism ofminor
branches of the pulmonary - Treatment in the intensive care unit
artery (2 - 1.7%)
IVb - - -
Vi - - -
Total 40 (33,3%) 11 (34,2%)

achieved complete urinary continence. In 3, 6, and 12
months after the operation, he completely retained
urine during physical exertion (lifting heavy objects),
coughing, sneezing, and brisk walking.

Long-term results of simultaneous hernioplasty and pa-
tients'quality of life were evaluated using the questionnaire
of the European Society of Herniologists (EHS) - EuraHS -
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QoL (European Registry of Abdominal Wall Hernias) [8]. To
evaluate the long-term results of simultaneous pre-perito-
neal inguinal hernioplasty, the EuraHS - QoL quality of life
questionnaire is the most convenient. The SF - 36 Health
Survey and its short form, the SF - 12, are not specific to
concurrent operations as they assess general physical func-
tioning, role functioning, body pain, general health, vitality,
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Table VI. Evaluation of the quality of life after simultaneous pre-peritoneal hernioplasty of inguinal hernias

Type of urinary After 6 months after the Condition 12 months after
: . Symptoms before surgery . . .
incontinence operation surgery (urodynamic monitoring)
The total score of the EuraHS
questionnaire - Quality of Life 64,8+5,7 34,5+5,1* 33,1+4,4*

scale

Note. * - p<0.05 compared with the preoperative indicator

social functioning, emotional state, and mental health. And
such a severe surgical intervention as a prostatectomy can
affect all domains of questionnaires. The next CCS (Caroli-
nas Comfort Scale), which is popular among herniologists,
assesses the impact of a mesh implant (sensation of the
mesh, pain, restriction of various movements) on the pa-
tient’s quality of life after surgery [9]. The evaluation of the
pain symptom after simultaneous hernioplasty using the
ASS questionnaire (ASS-visual analog school) is also not
specific, since the patient underwent prostatectomy and
the pain syndrome may be caused by urological surgery.
The EuraHS - QoL questionnaire allows patient to assess the
pain syndrome no earlier than 3 months after surgery [8].
In patients after retropubic prostatectomy, reparative
processes in the area of operation and possible postoper-
ative complications (strictures of the bladder neck or ure-
thra, bladder stones) occur precisely in the period up to 3-6
months [5], and therefore, in the absence of complications
after retropubic prostatectomy, pain syndrome after it is
advisable to evaluate the placement of the mesh implant
no earlier than 6 months after the simultaneous operation.
We conducted a survey of patients after simultaneous
hernioplasty using the EuraHS - QoL questionnaire in 6
and 12 months after simultaneous hernioplasty. Ukrainian
herniologists also use the EuraHS - QoL questionnaire to
determine the quality-of-life outcomes after hernioplasty
[10, 11]. This questionnaire consists of 3 domains: 1) pain
in the area of the hernia; 2) limitation of movements due
to pain or discomfortin the area of the hernia; 3) cosmetic
discomfort (discomfort due to the appearance of the ab-
domen and hernia areas). There are a total of 9 questionsin
the questionnaire, each of which is evaluated on a 10-point
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ABSTRACT

The aim: To determine the anatomical and biomechanical significance of the static stabilizers of the acromioclavicular joint by conducting numerical modeling
using the finite element method and experimental investigation

Materials and methods: To ensure the study, modeling of the deformation processes of the clavicle and scapula systems with various combinations of ligament
damage was conducted. The COMPAS-3D software package was used to build the simulation model, which allowed obtaining models that are closest to reality.
To verify the results of the numerical modeling, corresponding studies of the mechanical characteristics and determination of the stiffness of the investigated
systems were carried out using the upgraded TIRAtest-2151 testing stand

Results: The stiffest system is the system in which all ligaments are intact, and the sequence of decreasing stiffness of the system is presented in the following
order: damage to lig. trapezoideum; lig. conoideum; lig. claviculo-acoacromiale inferior; lig. claviculo-acoacromiale superior; the coracoclavicular ligament
complex; the acromioclavicular ligament complex

Conclusions: Static stabilizers in general, and their components in particular, are characterized by significant anatomical and functional features. The natural
stabilization of the acromioclavicular joint is provided by their synergistic interaction, which is the basis for the development and implementation of surgical
interventions, the scope of which includes the restoration of both ligament complexes. The loss of stiffness in the «clavicle-scapula» system is significantly
more pronounced when lig. acromioclaviculare superior and inferior are damaged (8.5 N/mm) than when lig. conoideum and lig. trapezoideum are damaged
(11.6 N/mm)

KEY WORDS: Acromioclavicular joint, static stabilizers, biomechanical

INTRODUCTION

Acromial end of the clavicle dislocations (AEC) make up
from 6.8% to 26.1% of all dislocations, and rank third
after shoulder and forearm dislocations. In the context
of acute traumatic injuries affecting the shoulder girdle
region, itis noteworthy that the incidence of AEC dislo-
cations exceeds 12%. These injuries are more common
in working-age men (30 to 40 years old) and athletes
who engage in contact sports [1].

The acromioclavicular joint (ACJ) possesses six
degrees of freedom in the anterior-posterior and su-
perior-inferior planes. The rotational range of motion
is approximately 45°, with vertical motion up to 15°,
sagittal motion up to 19°, and frontal motion up to 29°.
The proper anatomical relationship between the flat
and small joint ends of the clavicle and the acromion
process of the scapula, as well as the primary stabiliza-
tion of the joint during movement, is ensured through
the dynamic and static stabilizers. Crucial anatomical

Wiad Lek. 2023;76(12):2607-2613

structures that contribute to the static stabilization of
the joint include the joint capsule, acromioclavicular
and coracoclavicular ligaments [2].

An examination of the relevant literature reveals an
ongoing debate spanning nearly a century regarding
the primary stabilizer of the acromioclavicular joint
(ACJ), which is commonly referred to as the “key” com-
ponent in this regard. At present, two primary positions
have been established: (1) the claviculo-acromial liga-
ment serves as the primary stabilizing structure, and (2)
the coracoclavicular ligament assumes the dominant
role in joint stabilization.

The aforementioned debate has paved the way for
a multitude of surgical approaches to the restoration
of damaged ligamentous complexes, with over 150
methods currently proposed. The sheer volume of
suggested techniques was intended to promote an
individualized approach to the treatment of AEC dis-
locations. Nevertheless, the lack of clear indications
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for their employment has compromised this direction.

The use of different surgical techniques for treating
AEC dislocations allows for an average of final outcome
measures, among which negative results account for 9
to 12%. The relatively high rate of unsatisfactory out-
comes is due to several main factors, such as horizontal
instability of the AEC, loss of congruency within the
joint, heterotopic ossification, and post-traumatic ACJ
osteoarthritis [3].

Given the current challenges and inconsistencies in
treating ACJ dislocations, further research, improve-
ment, and development of novel treatment approaches
are objectively warranted.

THE AIM

To determine the anatomical and biomechanical signif-
icance of the static stabilizers of the acromioclavicular

s

R W
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[ —
....4 Tapen

Fig. 2. Investigated system

joint by conducting numerical modeling using the finite
element method and experimental investigation.

MATERIALS AND METHODS

The feasibility of determining and comparing the stiffness
of the clavicle-scapula connection systems depending on
the combination of damaged ligaments investigated by
this method is justified due to the fact that conducting
in-vivo experimental studies to determine the stiffness of
such systems is not always possible due to their complex-
ity, ethical considerations, and labor-intensive nature. It is
also important to consider that the characteristics of the
ligamentous apparatus depend on the time since death.

In order to facilitate the investigation, comput-
er-based simulations of the deformation processes of
the clavicle (C) and scapula (S) systems with varying
damage combinations were conducted.

The software package KOMPAS-3D was utilized to
construct an accurate simulation model of C and S,
taking into consideration their anatomical peculiarities.
Subsequently, the presented models of the clavicle and
scapula were incorporated into a final model, taking
into account the actual experimental studies’ method
of fixation and loading (Fig 1a, b).

We made a numerical simulation of the deforma-
tion process of the C and S systems with different
combinations of damaged ligaments, using the Ansys
Workbench numerical package and the static struc-
tural module. The investigated system with all intact
ligaments is presented in Fig 2.

Table 1. Stiffness of systems with different combinations of damaged ligaments, obtained through numerical modeling.

Case a b

c d e f g

Stiffness, N/mm

19.5 15.1

16 13 14.8 85 11.6

Note: a - intact ligamentous apparatus; b - damage to lig. conoideum; ¢ - damage to lig. trapezoideum; d - damage to lig. claviculo-acromiale superior;
e - damage to lig. claviculo-acromiale inferior; f - damage to the acromioclavicular ligament complex; g - damage to the coracoclavicular ligament complex.
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In the analysis, the clavicle (C) and scapula (S) were
treated as rigid bodies with infinite stiffness, which
simplified the computations. This assumption was
based on the observation that the stiffness of Cand S
is significantly greater than that of the ligaments, and,
therefore, the impact of the ligaments on the system’s
behavior could be neglected under relatively low loads.

Medical rubber bands were used as ligaments in the
experimental investigations. This material was selected
due to the Neo-Hookean model, which is based on the
stress-strain curve obtained from experimental research
(Fig 3). This material is highly elastic and appropriate for
use as ligaments in the investigated system.

To verify the results of numerical modeling, rele-
vant investigations of mechanical characteristics and
determination of the stiffness of the studied systems

were conducted, using the modernized testing stand
TIRAtest-2151.

The boundary conditions were selected according
to real experimental studies, so that the lower part of
S was rigidly fixed, similar to fixing the sample to the
frame of the testing machine. Displacements of 5, 10,
and 12 mm were applied to part Cin the correspond-
ing plane, according to the load applied during the
experiment.

RESULTS

The model of the static ASJ stabilizers and the numer-
ical simulation results, with the relationship between
applied force and displacement under standard condi-
tions are presented in Fig 4.
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Numerical modeling was carried out for the present-
ed research system to obtain displacement distribu-
tion fields with different combinations of damaged
connections.

The model of static stabilizers of the ACJ and the results
of the dependence of the applied force on the displace-
ment in the case of damage to the ligamentum conoide-
um are presented in Fig 5.

The model of the static stabilizers of the AC joint and
the dependence of the applied force on displacement
with ligamentum trapezoideum damage is shownin Fig 6.

The model of the static stabilizers of the ACJ and the
relationship between the applied force and displacement
under damage to the lig. claviculo-acoacromiale superior
is presented in Fig 7.

The model of static stabilizers of the ACJ and the relation-
ship between the applied force and displacement under
damage to the ligament claviculo-acromiale inferior is
presented in Fig 8.

The model and the relationship between the applied
force and displacement under complete damage of the
acromioclavicular ligament complex are presented in Fig 9.

Model and relationship between the applied force and
displacement under complete damage of the clavicular
coracoid ligament complex is shown in Fig 10.

Considering the presented results and obtained depen-
dencies, the stiffness values for the respective systems are
presented in the form of Table I.

Based on the results presented in Table |, it can be
concluded that the stiffest system is the system in case
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(a), where all igaments are intact. The decreasing order
of system stiffness is as follows: a, ¢, b, e, d, g, f.

Therefore, the results indicate that the loss of stiffness
in the “clavicle-scapula” system is significantly more
pronounced in case of damage to the ligaments lig.
acromioclaviculare superior and inferior (8.5 N/mm)
compared to lig. conoideum and lig. trapezoideum
damage (11.6 N/mm).

DISCUSSION

An examination of the relevant literature reveals an on-
going debate spanning nearly a century regarding the
main stabilizer of the AC joint: is it the coracoclavicular
ligament (CCL) or the acromioclavicular ligament (CAL)?

Volkovich N.M. (1928), as well as Buason and Ader
(1930), were among the first to conduct experimental
research on cadavers to determine the role of the ACJ
ligamentous complex in maintaining congruity. When
the CAL was severed, the researchers noted vertical
instability, whereas when the CCL was incised, there
was a significant displacement of the clavicle relative
to the acromial process of the scapula (greater than
2 cm). The results led to the conclusion that isolated
CAL damage leads to subluxation, while combined
damage involving both CAL and CCL results in ACJ
dislocation [4, 5].

D. Muscolo conducted an experiment on cadavers
where he damaged ligaments and conducted radio-
graphic studies to assess the relationship in the ACJ.
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He observed only minor congruity disturbance on the
radiograph with loading after severing the CCL, whereas
cutting the CAL resulted in a dislocation. This led him to
conclude that the CAL plays a leading role in stabilizing
the ACJ [6].

R. Urist (1963) and M. Rosenorn and V. Pedersen (1974)
also found that severing the CCL does not cause dislo-
cation of the ACJ [7].

On the other hand, an opposing view highlights the
crucial role of the coracoclavicular complex.

K.Dohn (1956) found that the strength of CAL is 36-46
kgf, whereas CCL exceeds 80 kgf, and its restoration is
an essential component in stabilizing the ACJ [8].

Other researchers have also emphasized the signif-
icance of the coracoclavicular ligament in ACJ stabili-
zation [9].

The desire to determine the primary ligamentous
complex responsible for stabilizing the ACJ not only
serves as the basis for an ongoing debate, but also
forms the groundwork for the developmentand imple-
mentation of surgical techniques aimed at restoring
the ACJ ligamentous apparatus. Two approaches are
currently used for this purpose: restoration of the CC
ligament complex [10-12], or the CA ligament complex
[13,14].

Anatomical and biomechanical research continues to
deepen our understanding of these structures.

Nakazawa detailed the morphology of the ac-
romioclavicular ligament, specifically its bipartite
arrangement, through histological and anatomical
studies. In addition, a clear structural advantage of the
superoposterior bundle (SPB) over the less consistent
anteroinferior bundle (AIB) was also found. The SPB is
a well-defined capsular thickening that is consistently
present in all samples at a 30° orientation. Its attach-
ments originate from the upper, posterior, and lower
portions of the clavicle [15].

Ausberto Velasquez Garcia et al. conducted thorough
research on the functional role of these components
and concluded that although the two bundles of the
ACJ ligament function in a complementary mode to
maintain the kinematics, the AIB plays the primary role
in joint constraint throughout the shoulder motion
examined. Furthermore, the SPB appears to help avoid
excessive anterior and superior translation, particularly
during horizontal adduction [16].

Modern anatomical studies have revealed a unique
orientation of the CAL portions, the attachments of the
lig. conoideum and lig. trapezoideum on the procesus
coracoideus and C, indicating their diverse function.
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However, these structures only provide natural stabili-
zation of the ACJ through their combined action [17].

Practice confirms this important concept. An anatomical
reconstruction of the CCL demonstrates better primary
stability similar to native ligaments compared to non-an-
atomical reconstruction. However, in 42% of cases, per-
sistent dynamic posterior instability, which is considered
as a postoperative deficit of the ACL, was detected [18-20].

Further clinical and anatomo-biomechanical studies
indicate that isolated restoration of the acromioclavic-
ular or coracoclavicular ligament complex does not
provide complete stability of the ACJ and demonstrate
the necessity of ligament reconstruction of both loca-
tions [21,22].
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ABSTRACT

The aim: of research s to test effectiveness of thyme on patients with high blood pressure and comparing between blood pressure of patients who took thyme
and patients who did not among different ages.

Materials and methods: This study concerning patients with high blood pressure, (3/2022 to 3/2023). Collecting data was depend on interviewed patients
directly to get information. A questionnaire paper includes several questions. Interview included convincing patients to take thyme for 15 days to know how
could thyme effect on their blood pressure and over different patients.

Results: A significant difference in distribution between male and female within control and treated groups. A significant difference between all age groups
when compared control and treated group, and decrease in systolic blood pressure when patients taking own drug plus thyme compared with patients taking
own drug alone, but non-significant decrease in systolic blood pressure when compared with control group, a non-significant decrease in systolic blood pressure
in patients taking own drug when compared with control group. A significant decrease in diastolic blood pressure when patients taking own drug plus thyme
in comparison with patients taking own drug alone, but non-significant reduction in diastolic blood pressure when compared with group which considered
control, non-significant decrease in diastolic blood pressure in patients taking own drug when compared with control group.

Conclusions: Thyme herbs induce normalization hypertension and keeps blood pressure in usual range. The available clinical trial data provide evidence for

the safe utilization of herbal preparations containing Thyme in the treatment of hypertension.

KEY WORDS: hypertension, thyme, carvacrol, rosmarinic, herb

INTRODUCTION

Hypertension is characterized by the presence of consis-
tently elevated blood pressure in the systemic arteries.
Blood pressure (BP) is frequently quantified as the ratio
between systolic pressure and diastolic blood pressure
(the pressure during relaxation of the heart). The term
hypertension, referred to a systolic blood pressure (SBP)
greater than 140 mmHg or a diastolic blood pressure
(DBP) greater than 90 mmHg, is a significant and escalat-
ing health concern on a global scale [1]. Cardiovascular
disease is highly prevalent among individuals aged 60
years or older, with nearly two-thirds of this popula-
tion being affected by this condition [2]. According to
estimates, uncontrolled hypertension is attributed to
approximately 7.5 million global fatalities annually [3].
In the United States, this condition alone incurs health-
care expenditures, medication costs, and productivity
losses amounting to over 47 billion dollars [4, 5].
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The term “essential hypertension”is used to describe
the condition in approximately 95% of hypertensive
patients, where elevated blood pressure is a conse-
quence of intricate interactions between various envi-
ronmental and genetic factors. Conversely, about 5%
of patients experience hypertension due to identifiable
specific causes, referred to as secondary hypertension
[6]. Lifestyle modifications for hypertension encom-
pass various strategies, such as weight reduction for
patients who are obese or overweight, embracing
the Dietary Approaches to Stop Hypertension (DASH)
eating plan, limiting dietary sodium intake to an ideal
target of 1.5 grams per day (equivalent to 3.8 grams of
sodium chloride), engaging in regular aerobic physical
activity, practicing moderation in alcohol consumption
(limiting intake to two or fewer drinks per day), and dis-
continuing smoking. For the majority of patients with
prehypertension, lifestyle modification is considered to
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Fig. 1. Thyme plant.

be an adequate approach. However, for hypertensive
patients who also have further cardiovascular risk fac-
tors or damage to the target organ, lifestyle changes
alone are not enough [7]. Several studies have demon-
strated that thyme exhibits a positive impact on the
reduction of blood pressure. The selection of an initial
drug is obtained by blood pressure level elevation and
the available of compelling indications for specific med-
ications. The selection of pharmaceutical agents for the
treatment of hypertension (HTN) is influenced by sever-
al factors, including but not restricted to age, presence
of comorbidities, ethnicity, and pregnancy status. The
primary medication classes consist of calcium channel
blockers (CCBs), angiotensin-converting enzyme (ACE)
inhibitors, angiotensin Il receptor blockers (ARBs), and
thiazide diuretics, which have been identified as appro-
priate first-line treatment choices [8].

THYME

Thyme, a fragrant perennial evergreen herb, is classified
under the genus Thymus within the Lamiaceae family
(Fig. 1). It is characterized by its production of petite
flowers that can range in color from white to lilac or
pink. The existence of more than 350 thyme species
can be attributed primarily to their high propensity for
hybridization. Thyme is widely recognized for its abun-
dant array of therapeutic advantages. Thyme has been
historically utilized for its therapeutic properties, with its
leaves, flowers, and oil being employed in the treatment
of diverse diseases and ailments. Thyme possesses both

antiseptic and antimicrobial properties, rendering it a
highly efficacious remedy for treating colds, coughs,
and various respiratory ailments. Thyme is known to
exhibit antibacterial properties, making it a common
ingredient in facial cleansers and anti-acne creams.
Thyme possesses a bioactive compound that exhibits
potential in reducing blood pressure levels. Thyme, akin
to other herbal remedies, exhibits a limited number
of adverse effects. Thyme possesses bioactive constit-
uents, namely thymol and carvacrol, which have the
potential to induce irritation of the mucous membranes
in individuals exhibiting sensitivity. There is a lack of
established empirical evidence regarding the safety
of this herb for pregnant and breastfeeding women,
as well as a dearth of contraindications. Nevertheless,
due to thyme’s historical use as a traditional method to
stimulate menstruation, there exists a potential risk of
miscarriage for pregnant women [9].

THE AIM

The aim of this research is to test effectiveness of thyme
on patients with high blood pressure and comparing
between blood pressure of patients who took thyme
and patients who did not among different ages.

MATERIALS AND METHODS

This study concerned patients with high blood
pressure, and it was conducted during the period
from November 2022 to March 2023, during which

2615



Qayssar Joudah Fadheel, Rusul Ahmed Mohammed

70% -
60% -
50% -
T 40% -
S
m Male Q 30% -
HFemale 20% -
10% -
0% -
1 2
Gender Fig. 2. Gender distribution among study popula-
tion (* - significant difference).
70% -
60% -
50% -
T 40% -
g
S 30% -
*
20% -
10% -
0% -
30-50y 51-70 y 71-90y
Age Fig. 3. Age distribution among study population
(* - significant difference).
70% -
*
60% -
50% -
T 40%
ﬂé * *
S 30% -
*
20% -
10% -
0%
50-70 kg 71-90 kg 91-110 kg 111-130 kg
Weight Fig. 4. Weight distribution among study popula-
tion (* - significant difference).

we did a field research over people with high blood
pressure that we know, and who include people from
our family and friends, and also people we have a
relationship with them, so there was no need to go
To the Hospital to look for patients, because we had
to follow up the patients closely and measure the
extent of their blood pressure changes to obtain the
better result.

2616

INCLUSION CRITERIA
Included patients with high blood pressure who con-
trolled this high by taking various antihypertensive drugs.

EXCLUSION CRITERIA
Patients who have high blood pressure and do
not take any medication to control it and control
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it through diet and physical activity only, patients
who did not complete the treatment and did not
keep in touch with us, and patients who refused to
take thyme.

SAMPLING

This clinical trial includes 30 patients with hypertension,
15 patients of them taking thyme to test its effect on
lowering hypertension and the other 15 didn't take
thyme using as control group patients to compare
between their results.

COLLECTION OF DATA

The method of data collection was depended on in-
terviewed patients directly (personal) to get several
information about them. A questionnaire paper using
for this direct interview and the paper include several
questions about (patients age, marital status, their level
of education, job, place of residency, duration of hyper-
tension and their diet and life style and the medication
that taken by them). This direct interview also included
convincing patients to take thyme for 15 days to know
how could the thyme effect on their blood pressure and
over different patients.
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STATISTICAL ANALYSIS

The statistical analysis was conducted using SPSS 16.0.
Consultation was sought from a statistical expert for the test
employed. The study involved comparing the differences
between each pair using paired-sample analysis. The applica-
tion of the student’s t-test was facilitated through the utiliza-
tion of Microsoft Office Excel 2010. A P-value below 0.05 was
deemed to be statistically significant in all conducted tests.

RESULTS

EFFECT OF GENDER DISTRIBUTION AMONG
STUDY POPULATION

2618

The present study reveals a significant difference in dis-
tribution between male and female within the control
group and within treated group, but non-significant
differences between control and treated group as
shown in (Fig. 2).

EFFECT OF AGE DISTRIBUTION AMONG
STUDY POPULATION

The current findings show a significant difference be-
tween age (30-50 years) as compared with age (51-70
years) but non-significant differences between age
(30-50years) as compared with age (71-90 years), in ad-
dition to that there was a significant difference between
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age (51-70 years) as compared with age (71-90 years)
within the control group, also there was a significant
difference between age (30-50 years, 51-70 years, 71-
90 years) within treated group. There was a significant
difference between all age groups when compared
control and treated group (Fig. 3).

EFFECT OF WEIGHT DISTRIBUTION AMONG
STUDY POPULATION

The current study reported that there was a significant
difference between weight (71-90 kg) as compared
with weight (50-70 kg, 91-110 kg, 111-130 kg), also

significant differences between weight (50-70 kg) as
compared with weight (111-130kg), but non-significant
differences between weight (91-110 kg) as compared
with weight (111-130 kg) within the control group.
There were non-significant differences between weight
(91-110kg) as compared with weight (111-130 kg), but
significant differences between weight (91-110kg, 111-
130 kg) as compared with weight (50-70 kg, 71-90 kg), in
addition to those non-significant differences between
weight (50-70 kg) as compared with weight (71-90
kg) within the treated group. There was a significant
difference between all weight groups when compared
control and treated groups (Fig. 4).
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EFFECT OF MARITAL STATUS DISTRIBUTION
AMONG STUDY POPULATION

The present study shows a significant difference be-
tween married and single population within control
and treated groups, also there was a significant differ-
ence between married and single population between
control and treated groups (Fig. 5).

EFFECT OF LEVEL OF EDUCATION
DISTRIBUTION AMONG STUDY
POPULATION

The current study reported that the there was a signifi-
cant difference between primary, secondary, academic,
and uneducated population within control and treated
groups. There were non-significant differences between
primary level of education when compared control
group with treated group, but significant differences
between secondary, academic, and uneducated pop-
ulation when compared control group with treated
group (Fig. 6).

EFFECT JOB DISTRIBUTION AMONG STUDY
POPULATION

The findings of study show a significant difference
between employee, not employee, and retired within
control group. Also, there was significant differences
between retired as compared with employee and not
employee but non-significant differences between em-
ployee and not employee within treated group. There
was a significant difference between not employee
and retired but non-significant differences between
employee when compare of the control and treated
groups (Fig. 7).

EFFECT ECONOMIC STATUS DISTRIBUTION
AMONG STUDY POPULATION

The current study shows that there was a significant
difference between moderate economic status as
compared with poor and rich within both control and
treated groups, but non-significant differences between
poor, rich, and moderate economic status when com-
pare of the control and treated groups (Fig. 8).

EFFECT PLACE OF RESIDENCY
DISTRIBUTION AMONG STUDY
POPULATION

The findings of present study reported a significant
difference between rural and urban distribution of
study population within control and treated groups,
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also a significant difference when compared control
and treated groups (Fig. 9).

EFFECT SMOKING STATUS DISTRIBUTION
AMONG STUDY POPULATION

The findings of present study recorded a significant
difference between smoking and non-smoking popu-
lation within control and treated groups and between
control group as compared with treated group (Fig. 10).

EFFECT OF PHYSICAL ACTIVITY

STATUS DISTRIBUTION AMONG STUDY
P3OPULATION

The results of present study show a significant differ-
ence between physically active and non-physically
active population within control and treated groups
and between control group as compared with treated
group (Fig. 11).

EFFECT OF TREATMENT ON SYSTOLIC
BLOOD PRESSURE

The findings of present study reveal a significant reduc-
tion in systolic blood pressure when patients taking
own drug plus thyme in comparison with patients
taking own drug alone as in figure 12.

EFFECT OF TREATMENT ON DIASTOLIC
BLOOD PRESSURE

The current study shows a significant reduction in di-
astolic blood pressure when patients taking own drug
plus thyme in comparison with patients taking own
drug alone (Fig. 13).

DISCUSSION

In the present study of 30 hypertension patient partici-
pants aged 35 years and older, the results confirm that
asignificant decrease in blood pressure in patients who
took thyme plus to their own medication comparing to
patients taking own medications only, Thyme contains
powerful compounds, rosmarinic acid is one such com-
pound, rosmarinic acid is a natural compound that has
vasorelaxant effect. Rosmarinic acid has been found
to exhibit efficacy in the reduction of blood pressure.
Currently, the management of blood pressure involves a
combination of medical interventions and the adoption
of a health-conscious lifestyle. Nevertheless, scholarly
research indicates that alternative treatment modalities
are frequently employed in conjunction with conven-
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tional medical interventions [10]. The present study
reveals a significant difference in distribution between
male and female within the control group and within
treated group, but non-significant differences between
control and treated group (Fig. 2). This result is in con-
sistency with the result of study [11, 12], which stated
that in China, where prevalence of hypertension is ob-
served to be higher among women compared to men,
with rates of 51.9% and 42.5% respectively. Similarly,
the rates of treatment and control of hypertension are
also higher among women, with percentages of 46.6%
and 35.6% respectively. Furthermore, when consider-
ing the usage of antihypertensive drugs, there is no
significant difference in the control rates between men
and women, both at 37.0% and 38.0% respectively. The
dataindicates that the prevalence of hypertension was
found to be higher in men compared to women, with
rates of 24.5% and 21.9% respectively.

The Renin-Angiotensin System (RAS) is widely rec-
ognized as a pivotal mechanism underlying gender
disparities in the development and regulation of hyper-
tension. Furthermore, it is acknowledged that sex hor-
mones exert a significant influence on blood pressure
(BP) regulation. Multiple studies have demonstrated
that both endogenous and exogenous estrogens
have the capacity to decrease blood pressure levels
in postmenopausal women who have hypertension
[13-15]. There was a significant difference between age
(30-50 years, 51-70 years, 71-90 years) within treated
group. There was a significant difference between all
age groups when compared control and treated group
(Fig. 3). This result is in consistency with the result of
the study [16], which states that the general popula-
tion that systolic and diastolic blood pressure increase
with age and that systolic blood pressure continues to
increase after the seventh decade, The decline in plasma
renin levels with advancing age has been previously
documented in both individuals with normal blood
pressure and those with hypertension. In the current
study, it was observed that there was a significant in-
crease in plasma norepinephrine levels with advancing
age. However, it is important to note that this finding
may only partially reflect the expected age-related rise
in plasma norepinephrine levels, as previously reported
[17]. There was a significant differences between all
weight groups when compared control and treated
groups as shown in (Fig. 4). This findings is in similarity
to the findings of the study [18], which reported that
the association between weight and hypertension has
been found in most populations, hypertension evalua-
tion clinic screening of more than 1 million persons, the
frequency of hypertension in self-reported overweight
persons was two to three times higher than that in per-

sons of average and below-average weightindividuals,
who are overweight or obese experience an increase
in vascular resistance due to the presence of excess fat.
This, in turn, necessitates the heart to exert additional
effortin order to effectively circulate blood throughout
the body. Engaging in this additional activity imposes
additional cardiovascular burden and leads to elevated
blood pressure levels. The present study shows a signifi-
cant difference between married and single population
within control and treated groups (Fig. 5). This result is
in consistency with the result of the study [19], research
studies have indicated that unmarried males exhibit
a greater susceptibility to hypertension compared to
their married counterparts. Conversely, unmarried
females tend to display a reduced risk of hypertension
in comparison to married females.

Consequently, it can be inferred that an individual’s
marital status is associated with variations in their
health status, particularly in relation to hypertension.
The precise mechanisms that contribute to the impact
of marital status on hypertension remain incompletely
comprehended. Prior research has put forth various
hypotheses to account for the impact of marital status,
encompassing psychopathological factors, neuroen-
docrine pathways, health behaviors (such as physical
activity, diet, and adherence), biological mediators, and
immune pathways. There exists a suggestion that mar-
ried men experience enhanced sleep quality, reduced
stress levels, improved mood, and adopt healthier
dietary habits in comparison to their never-married
counterparts [20, 21]. The current study reported that
the there was a significant difference between prima-
ry, secondary, academic, and uneducated population
within control and treated groups. There were non-sig-
nificant differences between primary level of education
when compared control group with treated group as
shown in (Fig. 6). This result is similar to that of this study
[22]. The findings indicate that individuals who have
completed middle school education or higher have
a reduced likelihood of developing hypertension and
are more successful in managing their blood pressure
compared to those with elementary school education
or below. Individuals who have completed elementary
school education or have a lower level of education may
exhibit a higher likelihood of engaging in unhealthy life-
style behaviors, such as consuming an imbalanced diet
or having insufficient physical activity. These behaviors
have been linked to the development of hypertension.
Furthermore, it has been observed that individuals
diagnosed with hypertension who have received an
elementary school education or lower may exhibit
suboptimal adherence to prescribed antihypertensive
medications [23]. The findings of study show a signifi-
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cant difference between employee, not employee, and
retired within control group (Fig. 7).

The finding of this study was supported by study
[24], which states that found a significant association
between hypertension awareness and occupational
status. The current study show a significant differenc-
es between moderate economic status as compared
with poor and rich within both control and treated
groups, but non-significant differences between poor,
rich, and moderate economic status when compared
control and treated groups as shown in (Fig. 8). This
result is in consistency with the result of the study
[25], which shown that lower economic status there
is a consistent correlation between this factor and
elevated blood pressure levels in the majority of re-
search conducted in developed nations. The strength
of this inverse gradient is observed to be greater and
more consistently present in women as compared to
men. There was a notable decrease in systolic blood
pressure among patients who were administered both
their own drug and thyme, as opposed to those who
received only their own drug. However, this decrease
was not statistically significant when compared to the
control group. Additionally, there was an observed lack
of statistical significance in the reduction of systolic
blood pressure among patients who were adminis-
tered the experimental drug, in comparison to the con-
trol group, as depicted in (Fig. 12). The present study’s
findings were corroborated by a previous study [26],
which reported that the administration of rosmarinic
acid resulted in a reduction of systolic blood pressure
(SBP) specifically in hypertensive rats. This suggests
that the observed effects of rosmarinic acid are limited
to situations where the renin-angiotensin-aldosterone
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ABSTRACT

The aim: The objective of the research was to study the indicators of oxidative modification of proteins (OMP) and the activity of matrix metalloproteinase-9
(MMP-9) in patients with paranoid schizophrenia depending on the disease duration.

Materials and methods: 320 patients were included in the examination. 20 patients were with “Primary psychotic episode” (Comparison Group) and 300
patients were diagnosed with “Paranoid schizophrenia” (Experimental Group): 60 of them have suffered from this disease for a duration from 3 to 5 years
(Subgroup 1); 60 patients have suffered for a period from 6 to 10 years (Subgroup II); 60 individuals — from 11 to 15 years (Subgroup IIl); 60 patients have
suffered for a duration from 16 to 20 years (Subgroup IV); 60 patients — from 21 years and longer (Subgroup V).

Results: The presented data showed that the levels of OMP indicators in Subgroup | constituted 0.826+0.046 conventional units at a wavelength of 356 nm;
0.864+0.051 conventional units at a wavelength of 370 nm; 0.444+0.019 conventional units at a wavelength of 430 nm; 0.176+0.007 conventional units
at a wavelength of 530 nm, which is 1.99; 1.6; 1.13 and 1.43 times higher than in the Comparison Group. The content of OMP products was higher by 2.24;
1.74;1.17,and 1.43 times in Subgroup 1, respectively, by 2.4; 1.80; 1.36 and 1.46 times in Subgroup Ill, respectively; by 2.5; 1.9; 1.4; 1.6 times in Subgroup 1V,
respectively; by 2.5;2.02; 1.54; 1.7 times in Subgroup V, respectively. The conducted correlation analysis indicated a direct correlation between OMP indicators
and the disease duration. The concentration of MMP-9 in the patients of the Comparison Group was equal to 892.84+87.80 pg/ml, which was 11.2% less
compared to the Experimental Subgroup |, where this indicator was 992.84+67.50 pg/ml. MMP-9 constituted 1092.53247.20 pg/ml on average in the patients
of Subgroup I, which was 22.36% higher than in the Comparison Group. This indicator was 1702.84+37.60 pg/mlin Subgroup I1l, which was 90.7% higher than
inthe Comparison Group. It constituted 1492.84+47.29 pg/mlin Subgroup IV, which was 67.2% higher than in the Comparison Group; and 2037.21+57.80 pg/
mlin Subgroup V, which was more than two times higher than in the Comparison Group (p<0.05). The conducted correlation analysis showed a direct relation
between MMP-9 expression and the increase in OMP indicators. This relation was more significant between MMP-9 and OMP products of a neutral nature. The
correlation strength between MMP-9 and OMP products of a basic nature was somewhat less significant.

Conclusions: According to the results of the conducted analysis, the examined patients had the signs of decompensation of reactive-adaptive biomolecular
mechanisms which activated radical reactions with the subsequent accumulation of oxidation products.

KEY WORDS: oxidative modification of proteins, reactive oxygen species, matrix metalloproteinase-9, paranoid schizophrenia, disease duration, oxidative stress

Wiad Lek. 2023;76(12):2625-2631

INTRODUCTION

According to scientific data, proteins are the main
components of most biological systems and make
up about 70% of the dry mass of cells and tissues.
As a result, it is natural that the proteins sustain the
most damage. Certainly, the degree of these damag-
es and especially their biological significance can be
very diverse and depend on many factors affecting
the body [1, 2]. Therefore, it is not surprising that
it is proteins of cell membranes that are primarily
exposed to reactive oxygen species (ROS) under the

conditions of oxidative stress (OS) causing cell lysis
and depolymerization. It has been scientifically proven
that some processes of protein oxidative modification
contribute to the loss of protein function, cleavage
or aggregation, and some lead to proteotoxicity and
disruption of cellular homeostasis [3]. It is important
to note that similar modification processes are the
initial reaction of the cell to a change in its function-
ing conditions. It should be noted that products of
oxidative modification of proteins (OMP) are quite
stable by their nature. As a target for specific neutral
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and alkaline proteases action, they are practically not
recoverable and, therefore, become a trigger for many
pathological processes and OS early marker. In addi-
tion, proteins are a natural source of free radicals. In
the process of their modification, primary amino acid
radicals are formed that can interact with neighboring
amino acid residues. Almost all amino acid residues of
proteins are capable of oxidation leading to changes
in their functions. As a result, proteins begin to lose
their natural structure and biological properties, such
as metabolic or regenerative ones.

Intensification of the processes of proteins peroxi-
dation depletes antioxidants reserves in the body. In
particular, sulfo- and aminohydroxyl groups of amino
acids are subject to peroxidation. In relation to the
products of protein destruction, they accumulate in
the research material in the form of aldehyde- and
keto-derivatives of dinitrophenylhydrazones. Accord-
ing to the researchers, oxygen-dependent protein
oxidation is an early indicator of damage to organs and
tissues, so OMP indicators should be under continuous
laboratory control.

More and more available data on schizophrenia
pathogenesis focus on neuroinflammatory process-
es. Lu Y and co-authors report that the expression
of matrix metalloproteinases has a close correlation
with OS, namely the degree of its manifestation de-
termining the relevance of studying the interaction
of the state of the prooxidative-antioxidant system
and the expression of matrix metalloproteinases in
patients with schizophrenia [4]. In particular, matrix
metalloproteinase-9 (MMP-9) cleaves various proteins
of the extracellular matrix, significantly contributing
to numerous physiological and pathological processes
[5]. This extracellular protease is actively involved in
the regulation of synaptic plasticity [6]. Its partici-
pation in the processes of neurons morphology and
their transmission of signals has been scientifically
confirmed [7]. Recent studies have confirmed that ROS
produced during OS affect the expression of MMP-9,
the increase of which increases the risk of cognitive
impairment in case of schizophrenia [8]. In addition,
according to Dickerson, F et al., people with higher
levels of MMP-9 have significantly higher chances of
developing schizophrenia [9, 10].

THE AIM

The objective of the research was to study the indicators

of oxidative modification of proteins (OMP) and the

activity of matrix metalloproteinase-9 in patients with

paranoid schizophrenia tracing the peculiarities of t
heir dynamics depending on the disease duration.
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MATERIALS AND METHODS

The study was conducted at the premises of Mu-
nicipal Non-profit Enterprise “Prykarpattia Regional
Clinical Center for Mental Health of Ivano-Frankivsk
Regional Council” (MNE PRCCMHIFRC) and “Pohonia
Psychoneurological Care Home” The study included
320 patients: 20 patients with “Primary psychotic ep-
isode” (Comparison Group) and 300 patients with a
diagnosis of “Paranoid schizophrenia” (Experimental
Group): 60 of them have suffered from this disease for
a duration from 3 to 5 years (Subgroup | ); 60 patients
have suffered for a period from 6 to 10 years (Subgroup
1); 60 individuals — from 11 to 15 years (Subgroup ll);
60 patients have suffered for a duration from 16 to 20
years (Subgroup IV); 60 patients - from 21 years and
longer (Subgroup V). The main criteria for inclusion
in the Study Group were as follows: the presence of
a “Paranoid schizophrenia” diagnosis and individual
consent of the patient. Symptoms of schizophrenia
were assessed using the Positive and Negative Syn-
drome Scale (PANSS). Cases of schizophrenia with the
comorbidities of substance-related disorders or mental
retardation were excluded. Spectrophotometric anal-
ysis of carbonyl groups formed during the interaction
of 2,4-dinitrophenylhydrazine (2,4-DNPH) with oxidized
amino acid residues of proteins was used to study the
intensity of OMP. Determination of the optical density
of aldehyde- and ketone-containing dinitrophenyl-
hydrazines was conducted on a spectrophotometer
SPECORD M 40 (Germany) of a neutral nature at the
wavelength of 356 and 370 nm, and the basic nature
at the wavelength of 430 and 530 nm. The content of
MMP-9 in the blood plasma of all examined patients
was determined by the enzyme immunoassay method
by means of “Immuno Chem-2100, Microplate Reader”
device using the laboratory kit“The RayBiotech Human
MMP-9 Enzyme Immunoassay Kit” (USA) and was ex-
pressed in pg/ml. All examinations were conducted af-
ter the patients signed the informed consent, the terms
of which were approved by the Bioethics Commission
of the Ivano-Frankivsk National Medical University.
The research was conducted according to the “Rules
of Ethical Principles of Conducting Scientific Research
with Human Participation”approved by the Declaration
of Helsinki (1964-2013) and the ethical and moral and
legal norms of the order of the Ministry of Health of
Ukraine N2 281, November 1, 2000.

Statistical processing of the obtained results was con-
ducted using “STATISTICA 7.0." program (StatSoft, Inc.)
and the package of statistical functions of “Microsoft
Excel, 2016" program. The reliabilty of the obtained
results was confirmed based on the calculation of the
Student’s coefficient. Correlation analysis was per-
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Table I. The content of the products of proteins oxidative modification in the blood serum of the examined patients

Groups

Products of a neutral nature (Mxp)

Products of a basic nature (M+p)

356 nm.,

aldehyde derivatives

370 nm.,

keto derivatives

430 nm.,

aldehyde derivatives

530 nm., keto
derivatives

Subgroup |, (n=60) 0.826:£0.046* 0.864:£0.051% 0.444+0.019* 0.176+0.007*

Experimental  Subgroup I, (n=60) 0.93140.045% 0.94620.067* 0.461+0,024* 0.177+0.005%

Group, n=300 ¢ 1 b Il (n=60) 0.99620.043* 0.981+0.068* 0.532+0,025% 0.180+0.006*
(conventional

units) Subgroup IV, (n=60) 1.034+0.042* 1.030+0.065* 0.551£0,023* 0.198+0.007*

Subgroup V, (n=60) 1.048+0.041* 1.100+0.058* 0.606:£0,023* 0.209:£0.008*

Comparison Group, n=20 (conventional units) 0.414+0.032 0.543+0.031 0.391+0,087 0.123+0.043

Note: * — (p<0.05) the data are reliable between the Comparison subgroup and the studied one

formed using the Spearman method (rank method).
Arithmetic mean (M), standard error (+m) was used to
describe quantitative characteristics.

RESULTS

The results of the statistical analysis of the obtained
data are presented in Table I.

The presented data showed that the levels of OMP
indicators in Subgroup | constituted 0.826+0.046 con-
ventional units at a wavelength of 356 nm; 0.864+0.051
conventional units at a wavelength of 370 nm;
0.444+0.019 conventional units at a wavelength of 430
nm; 0.176+0.007 conventional units at a wavelength
of 530 nm, which was 1.99; 1.6; 1.13 and 1.43 times
higher than in the Comparison Group. The content of
OMP products was higher by 2.24; 1.74; 1.17 and 1.43
times in Subgroup Il, by 2.4; 1.80; 1.36 and 1.46 times
respectively in Subgroup Ill, by 2.5; 1.9; 1.4; 1.6 times in
Subgroup IV, by 2.5;2.02; 1.54; 1.7 times in Subgroup V.

The comparative characteristic of the optical density
ratio of aldehyde- and ketone-containing dinitro-
phenylhydrazines in the examined patients is shown
graphically in Figure 1. Here, the ratio of the values in
all studied groups is clearly presented in the form of
pie charts.

The dynamics of OMP indicators in the examined
patients depending on the main disease duration is
presented in Figure 2. According to the presented
data, the OMP indicators determined by aldehyde- and
keto-derivatives of a neutral and basic nature were
significantly higher in the Experimental Group than
in the Comparison Group and had an upward trend
depending on the disease duration.

The conducted correlation analysis showed that there
was a direct correlation between OMP indicators and
the disease duration: OPM-356/ duration of the disease
was strong (r=+0.82; p<0.05); OMP-370/ disease dura-
tion was strong (r=+0.86; p<0.05); OMP-430/duration

of the disease was average (r=+0.44; p<0.05); OMP-530/
duration of the disease was weak (r=+0.17; p<0.05).

The results of the study of MMP-9 level in the serum
of the examined patients are shown in Figure 3.

According to the presented data, the concentration of
MMP-9in the patients of the Comparison Group was equal
to 892.84+87.80 pg/ml, which was 11.2% less compared
to the Experimental Subgroup |, where this indicator con-
stituted 992.84+ 67.50 pg/ml. MMP-9 was 1092.53+47.20
pg/ml on average in the patients of Subgroup II, which
was 22.36% higher than in the Comparison Group. It
constituted 1702.84+37.60 pg/ml in Subgroup Ill, which
was 90.7% higher than in the Comparison Group, and
1492.84+47.29 pg/ml in Subgroup IV, which was 67.2%
higher than in the Comparison Group, and 2037.21+57.80
pg/ml in Subgroup IV, which was more than two times
higher than in the Comparison Group (p<0.05).

The conducted correlation analysis showed a direct
relation between the expression of MMP-9 and the
growth of OMP indicators. This relation was more sig-
nificant between MMP-9 and neutral OPM products:
OMP-356/MMP-9 - strong (r=+0.78, p<0.05); OMP-370/
MMP-9 - strong (r=+0.71, p<0.05). The strength of the
correlation between MMP-9 and OMP products of a
basic nature was somewhat less pronounced: OMP-430/
MMP-9 - medium (r=+0.57, p<0.05); OMP-530/MMP-9
- medium (r=+0.43, p<0.05).

DISCUSSION

Today’s attention focused on the OMP features and
the expression of MMP-9 in patients with schizophre-
nia, particularly its paranoid form. Unfortunately, as it
stands today, there is no single concept of this disease
pathogenesis, the underlying complex genetic archi-
tecture remains elusive complicating significantly the
development of pathogenetic treatment methods, and
the mechanisms of its development and progression
remain debatable [11].
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Fig. 1. Ratio of indicators of the optical density of aldehyde- and ketone-containing dinitrophenylhydrazines in the examined patients.
Note: * — (p<0.05) the data are reliable between the studied subgroups of Experimental Group and Comparison Group.

Our previous studies established that paranoid
schizophrenia was manifested in animbalance of BDNF
and MMP-9 expression that can affect the processes
of neurogenesis and synaptic plasticity. According
to the PANNS scale, this affects emotions, thinking
processes, cognition, causes a loss of interest to social
and environmental phenomena, contributes to the
deterioration of memory, so they can be considered as
diagnostic markers of such pathology [12]. We found
that BDNF expression significantly decreased and the
expression of MMP-9 increased with an increase in the
duration of the studied pathology, and the therapeutic
approach of such patients should take these changes
into account [13,14].

According to the presented data, the OMP indicators de-
termined by aldehyde-and keto-derivatives of a neutraland
basic nature were significantly higher in the Experimental
Group than in the Comparison Group and had an upward
trend depending on the disease duration. The conducted
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correlation analysis showed that there was a direct cor-
relation between OMP indicators and the disease duration
The results of the study of the level of MMP-9 in the
serum of the examined patients reflect its tendency to
increase depending on the duration of the underlying
disease. The conducted correlation analysis showed a
direct relation between the expression of MMP-9 and
the growth of OMP indicators. This relation was more
significant between MMP-9 and neutral OPM products
The complex dynamics of redox regulation mecha-
nisms and their modulation in case of schizophrenia are
evidenced by separate scientific works [15]. Currently,
there are scarce data that acquaint us with the features
of OMP and MMP-9 expression in case of schizophrenia,
and there are no data that would reflect the dynamics of
this indicator among the specified category of patients,
taking into account the duration of their disease. All
of the above mentioned confirms the relevance and
importance of further research in this direction.
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duration of the disease Fig. 2. Dynamics of indi-
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2000
1500
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Subgroup IV Subgroup Il in the blood serum of the
examined patients
Note: * — (p<0.05) the
1702.84+37.60 data are reliable between
the study subgroups of
Subgroup 111 Experimental Group and
Comparison Group.
CONCLUSIONS Statistical analysis also confirmed a positive correlation

Thus, according to the results of the conducted analysis,
the examined patients had the signs of decompensa-
tion of reactive-adaptive biomolecular mechanisms
which activated radical reactions with the subsequent
accumulation of oxidation products having a toxic
effect. This was evidenced by the accumulation of
aldehyde and ketone derivatives in blood serum,
which were positively correlated with MMP-9 activity.

between OMP indicators and the duration of the main
disease course.

Prospects for further research are to monitor the dy-
namics of OMP indicators and MMP-9 activity and their
mutual influence on the features of pathopsychological
symptoms (according to the analysis of the PANSS scale)
in the patients with paranoid schizophrenia depending
on the duration of their disease.
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ABSTRACT

The aim: To study pro- and antioxidant systems indicators in rats with chemically induced colon carcinogenesis on the background of the reishi mushrooms
dry extract use.

Materials and methods: The study was performed on 120 white male rats. Chronic oncogenic intoxication was modeled by administering 1,2-dimethyl-
hydrazine (DMH) hydrochloride for 30 weeks (1 time per week). A dry extract from the reishi mushrooms was administered intragastrically daily at a dose of
100 mg/kg of the animal’s body weight. Blood and liver samples were taken for research monthly. The state of the pro- and antioxidant systems was studied
by the content of oxidative modification of proteins products, superoxide dismutase and catalase activity, contents of reduced glutathione and ceruloplasmin.
Results: An increase in the activity of free radical oxidation processes after DMH-induced colon carcinogenesis in rats is evidenced by a decrease in the super-
oxide dismutase activity, catalase activity, content of reduced glutathione, an increase in the content of ceruloplasmin and products of oxidative modification
of proteins in the blood serum and liver of animals. The effectiveness of the dry extract of reishi mushrooms and its positive effect on the state of pro- and
antioxidant systems was experimentally proved.

Conclusions: The use of the dry extract of reishi mushrooms under conditions of DMH-induced colon carcinogenesis in rats led to normalization of the anti-

oxidant protection system state and the reduction of oxidative stress.

KEY WORDS: colorectal cancer, dry extract, oxidative stress, reishi mushroom, dimethylhydrazine

INTRODUCTION

Oncological diseases are one of the main causes of
mortality worldwide. It is known about cancer that it
is not one disease, but at least 200 - and each of them
has its own symptoms, methods of diagnosis and treat-
ment. For many years, cancer has been one of the main
components of non-infectious morbidity, disability and
mortality of the population in the world, which lead to
significant losses of the labor and life potential of soci-
ety [1, 2]. The onco-epidemiological situation in Ukraine
is characterized by high morbidity. Over the past 10
years, the number of cancer patients has increased by
25%.The dynamics of the morbidity and mortality rates
of the population of Ukraine over the past 10 years, the
characteristics of oncology service, indicate the need
to improve all aspects of the anti-cancer fight [3, 4].

The nomenclature of natural drugs with an oncopro-
tective effect on the pharmaceutical market of Ukraine
is insufficient, therefore the search for appropriate raw
materials and the creation of new medicinal products
based on them is urgent [1, 5, 6].
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Reishi mushrooms have a lot of useful properties
and are widely used in oriental medicine as drugs
that have antibacterial, antiviral, anti-inflammatory,
anti-allergenic, antioxidant and anti-tumor effects.
Reishi mushrooms are usually used as oncoprotectors
together with shiitake and maitake mushrooms. They
have been proven to have a beneficial effect on the
cardiovascular system, the ability to thin the blood,
reduce the blood clotting rate and blood sugar level,
expand the coronary vessels of the heart, prevent the
development of coronary heart disease, thrombophle-
bitis and heart attacks, effectiveness in hypertension,
arrhythmias, tachycardia, gastritis, ulcers stomach and
duodenum, hemorrhoids, diseases of the thyroid gland
and liver, respiratory and mental diseases, epilepsy
[1, 7, 8]. The advantage of using reishi mushrooms as
oncoprotectors is their easy assimilation by the human
body, the possibility of long-term use without the risk
of side effects, the mildness and reliability of the phar-
macological action [9, 10].
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THE AIM

The aim of our research was to study pro- and antioxi-
dant systems indicators in rats with chemically induced
colon carcinogenesis on the background of the reishi
mushrooms dry extract use.

MATERIALS AND METHODS

Experiments were performed on white outbred male
rats weighing 190-210 g, which were kept on the stan-
dard ration of the vivarium of I. Horbachevsky Ternopil
National Medical University. All studies were conducted
in compliance with Good Laboratory Practice (GLP)
and bioethics in accordance with the “European Con-
vention for the Protection of Vertebrate Animals Used
for Experimental and Other Scientific Purposes” [11].
The study was approved by the Ethical Committee of
I. Horbachevsky Ternopil National Medical University
(Excerpts from the protocol N°70, from 01.08.2022).

Experimental study design comprised three groups:
1st — control (C); 2nd — animals affected by 1,2-dimeth-
ylhydrazine hydrochloride, control pathology (CP); 3rd
- rats affected by 1,2-dimethylhydrazine hydrochloride,
treated with a reishi mushrooms dry extract (RMDE).
RMDE was administered intragastrically daily at a dose
of 100 mg/kg of animal body weight during 30 weeks
of the experiment. Dose 100 mg/kg in our previous
studies, was found to be conditionally therapeutic for
this extract [1]. 1,2-DMH was injected subcutaneously
into the interscapular area at a dose of 7.2 mg/kg once
a week for 30 weeks, according to the rat’s body weight.
Animals, which were injected subcutaneously with
saline every week, were the control for experimental
group of rats. There were 8 animals in the control
group, which were euthanized after the first month of
the experiment. The 2nd and 3rd groups included 56
animals each. 8 animals from each group were eutha-
nized monthly. [1, 3, 12]

Liver homogenate and blood serum were tested
monthly after animal euthanasia. The state of pro-ox-
idant system in blood serum and animal liver homog-
enates were evaluated by the content of oxidative
modification of proteins (OMP) of neutral and alkaline
character. The state of antioxidant system was evaluated
by the superoxide dismutase (SOD) and catalase (CAT)
activity, by the content of ceruloplasmin (CPL) and
reduced glutathione (GSH) [13].

Statistical analysis of the data was performed using
STATISTICA 13 (TIBCO Software Inc., 2018). For all indi-
ces, the arithmetic mean of the sample (M), lower and
upper quartile were calculated. Taking into account the
non-normality of the data distribution, non-parametric
criteria were used to determine the reliable difference

between independent and dependent indicators. The
reliability of the difference between the values between
the independent quantitative values was determined
by the Mann-Whitney test. The difference between
the values was considered probable at p<0.05 [14]. A
significant difference between dependent indicators
determined by euthanasia of experimental animals at
different time points of the experiment was determined
on the basis of the Friedman test.

The hypothesis of this study was the assumption of
the presence of antioxidant and oncoprotective effects
of reishi mushroom extract. This hypothesis is scientif-
ic, because it can be denied in the absence of reliable
changes in the indicators of antioxidant protection in
rats with induced carcinogenesis. To model the latter,
the malignant effect of DMH on the colon of experi-
mental animals was used, the effectiveness of which
was assessed by the severity of oxidative stress.

RESULTS

The prooxidant-antioxidant status of animals with
DMH-induced carcinogenesis was assessed in blood
serum and liver homogenate by the content of oxidative
modification of proteins products, activity of superox-
ide dismutase and catalase.

The development of oxidative stress after the in-
troduction of 1,2-DMH is evidenced by the increase
in the content of products of oxidative modification
of proteins in the blood serum and liver of animals.
This can be explained by an excess of free radicals and
active forms of oxygen, which were formed due to the
negative impact of the toxicant.

When studying the parameters of OMP, it was es-
tablished that in the blood serum and liver of rats
with simulated carcinogenesis, there was a probable
(p<0.05) increase in the content of neutral (370 nm)
and basic (430 nm) 2,4-dinitrophenylhydrazones (2,4-
DNPH), starting from the 2nd month of the experiment
(table I, 11).

The content of neutral 2,4-DNPH increased by 1.9
times in the blood serum and by 1.5 times in the liver
of the affected rats compared to the control on the 3rd
month of the study. On the 5th and 7th month (fig 1)
of the experiment, an increase of this indicator by 3.3
and 4.0 times was noted in the blood serum and by 2.3
and 2.9 times in the liver of animals with a simulated
tumor process.

As can be seen from the table |, the content of 2,4-
DNPH of a neutral nature was probably lower both in
the serum and in the liver of animals that were injected
with 1,2-DMH on the background of the use of RMDE
compared to the control pathology.
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Table I. Content of neutral 2,4-DNPH (picmol/g protein) in blood serum and liver of rats with DMH-induced colon carcinogenesis, and after the application
of reishi mushroom extract (n=120).

Index/Group of animals

r\:;z::: C cp CP+RMDE
Serum Liver Serum#*** Liver*** Serum*** Liver***
1 month 0,023 0,052 0,025 0,059 0,024 0,051
0,019;0029  |0,044;0,059) 10,019; 0,031| 10,051; 0,065 10,019; 0,028| 10,043; 0,060|
2 month 0,023 0,052 0,035% 0,065* 0,029 0,062
0,019;0,029]  [0,044; 0,059 10,030; 0,039 10,060; 0,071| 10,024; 0,034 10,057; 0,067|
3 month 0,023 0,052 0,043* 0,079* 0,033** 0,068**
0,019;0029  |0,044; 0,059 10,036; 0,049 10,072; 0,085 10,031;0,037| 10,061;0,075|
4 month 0,023 0,052 0,056* 0,102% 0,037** 0,079%*
0,019;0,029]  [0,044; 0,059 |0,050; 0,067| 10,096; 0,108 10,029; 0,047| 10,073; 0,084
5 month 0,023 0,052 0,075* 0,120* 0,041% 0,083*
0,019;0,029]  [0,044; 0,059 10,068; 0,079 10,105; 0,133 10,037; 0,046| 10,072; 0,093
6 month 0,023 0,052 0,083* 0,135* 0,042% 0,095%*
0,019;0,029]  [0,044; 0,059 10,076; 0,088 10,126;0,147| 10,037; 0,046| |0,084; 0,105
7 month 0,023 0,052 0,092* 0,153* 0,044 0,097
0,019;0,029]  [0,044; 0,059 10,079; 0,103 10,141;0,167| 10,039; 0,049 10,089; 0,106

Note. Here and in the following tables * - probable changes between the index of control and dimethylhydrazine-affected animals, ** - probable changes
between the index of dimethylhydrazine-affected and extract-treated animals. *** - probable difference in parameter values in dynamics.

Table II. Content of basic 2,4-DNPH (pcmol/g protein) in blood serum and liver of rats with DMH-induced colon carcinogenesis and after application of
reishi mushroom extract (n=120).

Index/Group of animals

Period of

Affection c cp CP+RMDE
Serum Liver Serum*** Liver*** Serum*** Liver***
1 month 0,015 0,036 0,018 0,040 0,016 0,041
10,013;0,017| 10,033;0,041| 0,015;0,021| 10,034; 0,046 10,014; 0,020| |0,038; 0,046
2 month 0,015 0,036 0,023* 0,045* 0,021 0,037%*
10,013;0,017| 10,033; 0,041| 10,018; 0,027| 10,039; 0,051 10,018; 0,025 10,031; 0,041|
3 month 0,015 0,036 0,033 0,056 0,025 0,040%
10,013;0,017| 10,033;0,041| 10,026; 0,041| 10,050; 0,062 10,022; 0,028 10,037; 0,044
4 month 0,015 0,036 0,047* 0,075* 0,031%* 0,045%*
10,013;0,017| 10,033; 0,041| 10,045; 0,051 10,071; 0,081 10,025; 0,038 |0,040; 0,049
5 month 0,015 0,036 0,060* 0,094* 0,035%* 0,052**
10,013;0,017| 10,033;0,041| |0,056; 0,067 10,088; 0,100| 10,033; 0,039 |0,046; 0,057|
6 month 0,015 0,036 0,093* 0,122% 0,041%* 0,064**
10,013;0,017| 10,033;0,041| |0,085; 0,100 10,119;0,129| 10,036; 0,047| |0,056; 0,076
7 month 0,015 0,036 0,107* 0,144* 0,048%* 0,070%*
10,013;0,017| 10,033; 0,041 10,098; 0,114] 10,142;0,151| 10,042; 0,055 10,061; 0,081|

When studying the content of 2,4-DNPH of a basic
nature, a probable increase by 1.5 and 1.3 times was
noted already on the 2nd month of the experiment in
the blood serum and liver of rats with DMD pathology
compared to animals of control group. On the 7th
month, thisindicator increased by 7.1 times in the blood
serum and by 4.0 times in the liver of rats with a sim-
ulated tumor process compared to the control (fig 1).

Under the influence of RMDE, the content of 2,4-
DNPH of the main character was probably lower in the
blood serum and liver of rats throughout the experi-
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ment in comparison with the group of animals to which
no correction was applied.

Changes in antioxidant system of the rat body after
the introduction of the toxicant are evidenced by a
significant decrease in SOD activity in the blood serum
and liver of animals relative to the control, which can
be caused by anincrease in concentration of hydrogen
peroxide and accumulation of compounds that affect
the degree of enzyme recovery (table Ill).

The introduction of a dry extract from reishi mushrooms
into the affected body led to a probable increase of SOD
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Table Ill. Superoxide dismutase activity in blood serum and liver (mcat/q protein) of rats with DMH-induced colon carcinogenesis and after the use of

reishi mushroom extract (n=120).

Index/Group of animals

r\:;:::: c cp CP+RMDE
Serum Liver Serum*** Liver*** Serum*** Liver ***
1 month 60,81 45,96 58,72 47,46 59,06 44,87
|55,94; 65,44  |42,77; 49,18 |55,81; 61,66| |43,68; 50,94 |55,50; 63,81] |41,21; 48,80]
2 month 6081 45,96 56,47 45,04 59,11 43,75
|55,94; 65,44  |42,77;49,18) 52,90; 59,13 42,73; 49,10 57,41; 60,48 |40,16; 47,04]
3 month 60,81 45,96 53,06 40,03 58,23 42,51
|55,94; 65,44] |42,77; 49,18| |49,10; 56,00 |38,08; 42,30] |56,08; 58,86| |40,51; 44,46
4 month 6081 45,96 47,46* 35,75* 55,22+ 40,19
|55,94; 65,44]  |42,77;49,18) |44,19; 51,87| 32,47; 38,73 |54,12; 56,55 38,85; 42,85
5 month 60,81 45,96 41,66* 32,56* 53,84%* 38,90%*
|55,94; 65,44|  |42,77;49,18) 36,90; 46,38 30,92; 35,08 51,31; 55,72 38,08; 40,95
6 month 60,81 45,96 38,22* 27,99* 50,01%* 37,88**
|55,94; 65,44  |42,77;49,18) 33,21; 41,87 |24,86; 32,13 |48,34; 53,20 34,74; 40,48
7 month 60,81 45,96 31,86* 24,56* 48,47% 36,65**
|55,94; 65,44  |42,77;49,18) 28,30; 36,83 20,00; 28,97 |45,89; 49,82 34,09; 38,65

Table IV. Catalase activity in blood serum (mcat/l) and liver (mcat/kg) of rats with DMH-induced colon carcinogenesis and after application of reishi

mushroom extract (n=120).

Index/Group of animals

Period of

Affection c cp CP+RMDE
Serum Liver Serum#*** Liver*** Serum*** Liver***
1 month 3,79 5,93 3,46 587 3,95%* 6,04
13,47;4,10| |5,50; 6,32 [3.21; 3,80| |5,53;6,18] [3.81;4,22| |5,88; 6,25|
2 month 3,79 5,93 3,22 5,66 3,72 5,88
3,47;4,10| |5,50; 6,32 |2,78;3,67| |5,36; 5,90| |3,48; 3,97 |5,66; 6,00
3 month 3,79 5,93 3,07*% 4,75* 3,64%* 5,46%*%
|3,47;4,10| |5,50; 6,32 [3,01;3,21] |4,36; 5,09]| [3,47;3,91| |5,10; 5,70]|
4 month 3,79 5,93 2,68*% 4,07* 3,44%* 5,29%%
3,47;4,10| |5,50; 6,32| 2,39; 2,97 3,87; 4,30 3,30; 3,67 |5,11;5,64|
5 month 3,79 5,93 2,23* 3,80* 3,29%* 5,12%*
3,47; 4,10 |5,50; 6,32| [1,97; 2,49 |3,58; 4,09 3,23; 3,53 |4,85; 5,39
6 month 3,79 5,93 1,99% 3,15% 3,21%% 4,99%*
3,47;4,10| |5,50; 6,32 [1,80;2,21] 3,02; 3,38 [3,00; 3,44| |4,78; 5,23
7 month 3,79 5,93 1,74* 2,77* 2,98%* 4,69%*
3,47; 4,10 |5,50; 6,32| [1,50; 1,87 2,52;3,07 2,80; 3,16 |4,58; 4,86

activity in the blood serum already on the 3rd month of the
experimentby 1.1 times compared to the control patholo-
gy.When investigating the effect of RMDE on SOD activity
in the liver of animals with DMH-induced carcinogenesis,
it was established that a probable increase in the activity
of the enzyme by 1.2 times relative to the affected rats
occurred on the 5th month of the experiment.

White rats’ affection with a carcinogen caused a de-
crease in catalase activity in the blood serum and liver
of animals (table IV). Due to insufficient CAT activity,
hydrogen peroxide accumulates, which leads to the
appearance of lipid hydroperoxides and oxidative
modification of proteins.

The activity of the enzyme in blood serum decreased by
19%, in the 5th month this indicator decreased by 41%, in
the 7th month - by 54% compared to the control on the
3rd month after the injury. Catalase activity in the liver of
rats under the influence of DMH decreased by 20%, 36%,
and 53% on the 3rd, 5th, and 7th months of the study,
respectively, relative to animals of control group (figure 2).

A positive trend was observed after the correction
with RMDE with regard to catalase activity, which
already was probably by 1.2 times higher in blood
serum and by 1.1 times higher in the liver of animals
compared to the control pathology on the 3rd month
of the experiment (table IV).

2635



Iryna Herasymets et al.

Table V. Content of CPL (mg/1) in the blood serum of rats with DMH-induced colon carcinogenesis and after application of reishi mushroom extract (n=120).

Index/Group of animals

Period of Affection
c P CP+RMDE ***
1 month 3,46 335 3,63
[3.22; 3,80| 3.12; 3,64] 13,19; 3,80|
2 month 346 4,10 3,79
13,22;3,80] 13,18;5,24| 13,36; 4,03
3 month 3,46 4,59* 3,95
[3.22; 3,80| 13.73; 5,24 13,42; 4,40|
4 month 346 5,50% 4,18%*
,22; 3, 5,28;5,71 ,85; 4,57
3,22; 3,80 28 3,8
5 month 346 6,04* 4,32%%
[3,22; 3,80| |5,65; 6,44 3.97; 4,92
6 month 3,46 7,14* 4,70%*
[3.22; 3,80| 16,69; 7,69 14,25; 5,07
7 month 3,46 7,90* 4,80%*
[3.22; 3,80| 17,56; 8,25 14,57; 4,98|

Table VI. GSH content (mmol/g protein) in serum and liver of rats with DMH-induced colon carcinogenesis and after application of reishi mushroom

extract (n=120).

Index/Group of animals

Period of Affection C CcpP CP+RMDE
Serum Liver Serum*** Liver*** Serum*** Liver ***
1 month 1,33 1,94 1,30 2,01 1,37 1,96
[1.28; 1,39 [1,89;2,01| [1,21; 1,39 [1,88;2,19 [1.26; 1,46 [1,87; 2,06|
2 month 1,33 1,94 1,20% 1,89 1,31 1,90
[1,28; 1,39 [1,89;2,01| [1,13;1,27] [1,79; 2,05] [1,26; 1,39 [1,81; 2,00
3 month 1,33 1,94 1,06* 1,61* 1,24*%* 1,86%*
[1.28; 1,39 [1,89;2,01| |0,98; 1,15] [1,43;1,75]| [1.17;1,29| [1,80; 1,94]
4 month 1,33 1,94 0,91* 1,42*% 1,17%* 1,79%*
[1,28;1,39| [1,89;2,01| |0,83; 1,02 [1,36; 1,46| [1,09; 1,24] [1,69; 1,88|
5 month 1,33 1,94 0,74* 1,28% 1,09** 1,72%*
[1,28;1,39| [1,89;2,01| |0,64; 0,82 [1,19; 1,35 [0,99; 1,18] [1,58; 1,87
6 month 1,33 1,94 0,60* 1,09* 1,03%* 1,67%*
[1,28; 1,39 [1,89;2,01| |0,52;0,67| [0,93;1,27| [0,91; 1,09 [1,59;1,76|
7 month 1,33 1,94 0,52* 0,95* 0,97** 1,57%*
[1,28;1,39| [1,89;2,01| |0,44;0,61| |0,84; 1,10 |0,89; 1,08| [1,45;1,71]

It was noted a probable increase in the activity of the
enzyme by 1.8 times in blood serum and by 1.7 times in
the liver of rats relative to animals with DMH-induced
carcinogenesis on the 7th month of the research.

The next stage of our research was to study the
content of CPL in the blood serum of rats affected by
DMH and after correction with RMDE (fig 3). CPL has
pronounced oxidative activity, it limits the release
of iron reserves, activates the oxidation of ascor-
bic acid, norepinephrine, serotonin and sulfhydryl
compounds, inactivates reactive oxygen species,
preventing the peroxidation of lipids in the cell
membrane, can modulate the function of endothe-
lial nitric oxide synthase, regulating NO-dependent
relaxation vessels.
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As can be seen from the data in table V, the content
of CPL in the blood serum of animals after exposure to
a toxic agent increased significantly (p < 0.05) starting
from the 3rd month of the experiment compared to the
group of control animals. The use of RMDE in a dose of
100 mg/kg of animals body weight showed a positive
effect on the content of this enzyme, probably reducing
it by the 4th month of the study.

Reduced glutathione (GSH) belongs to endogenous
water-soluble antioxidants, is a cofactor and substrate
of the enzymatic antioxidant system, and has a direct
neutralizing effect on free radicals.

A probable (p < 0.05) decrease in the content of GSH
in the blood serum of rats was noted from the 2nd
month of the experiment by 1.1 times, respectively,
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compared to the control group (table VI). By the end of
the experiment, this indicator decreased by 2.6 times
relative to C. A similar tendency was observed in the
liver of animals with DMH pathology. Administration of
SEGR to animals under the conditions of DMH-induced
carcinogenesis led to a probable increase in the content
of GSHin the blood serum and liver of rats as early as the

3rd month of the experiment. By the end of the study,
the content of GSH in the blood serum and liver of the
affected rats, which were injected with the studied ex-
tract, increased by 87% and 65%, respectively, relative
to the control pathology.

To confirm the detected changes in biochemical in-
dicators and the development of colorectal cancer in
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animals, we conducted a histopathological study. The
development of DMH-induced colon carcinogenesis in
white rats was confirmed histologically. The results of
this research are covered in scientific publications [5, 7].

DISCUSSION

The process of oncopathology development is accom-
panied by a change in the redox balance and distur-
bances in the antioxidant defense system. The study
of the state of the pro- and antioxidant system in the
model of DMH-induced carcinogenesis in rats showed
a probable increase in the content of OMP products
in the blood serum and liver of animals relative to the
control. This indicates the development of a patholog-
ical process in the affected body. Oxygen-dependent
oxidation of proteins is an early indicator of damage
to organs and tissues, and the processes of oxidative
modification of proteins in all pathological conditions
must be under continuous laboratory control [15-18].

Catalase and superoxide dismutase are the main compo-
nents of the enzyme link of the body’s antioxidant defense.
SOD regulates the conversion of highly reactive superox-
ide anion into less active hydrogen peroxide. Catalase, in
turn, inactivates the product of SOD reaction with water
and molecular oxygen. As a result of the work of these
enzymes, the formation of the hydroxyl radical, which is
the most active oxidant, is sharply reduced [15, 19].

In the conditions of DMH-induced carcinogenesis,
the activity of SOD, which is a key enzyme of antiradical
protection, and CAT, which has a significant effect on
the intracellular concentration of reduced glutathione
and plays a decisive role in neutralizing free radicals,
was investigated [12].

It has been experimentally proven that long-term
administration of 1,2-DMH leads to an imbalance in
the functioning of the antioxidant defense system of
the blood and liver of rats, which is manifested by a
decrease in SOD and CAT activities, an increase in the
content of CP and a decrease in the content of GSH. A
decrease in catalase and superoxide dismutase activi-
ties in blood serum and liver of experimental rats may
indicate 1,2-DMH induction of oxidative stress. This is
alsoindicated by a change in the content of GSH and CP
in the blood serum and liver of affected animals, which
are one of the markers of the intensity of lipid perox-
idation and the development of oxidative stress [19].

Analyzing the dynamics of changes in the activity of
the studied enzymes and the content of OMP products
in the blood serum and liver homogenate of affected
rats, which were injected with RMDE for 7 months, it
was established that there was a probable increase in
the activity of antioxidant protection enzymes and a
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decrease in the content of OMP products in all studied
tissues of the affected animals. Thus, the effective influ-
ence of RMDE on the pro-oxidant-antioxidant state of
the liver and blood of rats with a simulated oncological
process was proven [20, 21].

In the future, itis planned to study the effect of reishi
mushroom extract on the activity of glutathione perox-
idase and glutathione reductase in DMH-induced colon
carcinogenesis. The antioxidant effect of reishi will be
investigated on models of other pathologies, which are
accompanied by the activation of oxidative processes.

CONCLUSIONS

The obtained results of the study allow us to state that
the lesion of rats with 1,2-DMH leads to the activation
of free radical oxidation processes and a compensatory
decrease in the activity of the studied enzymes with
the subsequent depression of antioxidant protection.
This is evidenced by an increase in the content of 2,4-
DNPH and CPL, a decrease in SOD and catalase activity,
adecreasein the content of GSH in the blood serum and
liver of animals with a simulated tumor process. Thus, by
the end of the experiment, the following changes were
observed after the introduction of 1,2-DMH: the content
of neutral and basic 2,4-DNPH probably increased by 4.0
and 7.1 times, respectively, in blood serum and by 2.9
and 4.0 oncein the liver of affected animals; the activity
of SOD and CAT decreased by 1.9 and 2.2 times in blood
serum and by 1.9 and 2.1 times in the liver of animals
with DMD pathology; the content of CP and reduced
glutathione in blood serum decreased by 2.3 and 2.6
times compared to the control group. This indicates the
feasibility of DMH using to model oncogenesis in rats.

The introduction of RMDE for the correction of simu-
lated pathology showed an effective positive influence
on the normalization of the studied indicators, caused a
gradual stimulation of the antioxidant defense system
and a decrease in the content of OMP products in the
body during experimental carcinogenesis. Thus, on the
7th month of the study, the content of neutral and basic
2,4-DNPH probably decreased under the influence of
reishi extract by 2.1 and 2.2 times, respectively, in blood
serum and by 1.6 and 2.1 times in the liver of animals .
The activity of SOD and CAT increased by 1.5- and 1.7-
fold, respectively, in the serum and liver of rats treated
with RMDE, relative to affected animals. This is probably
a consequence of the antioxidant and oncoprotective
effect of the studied pharmacological drug, which can
be a reasonable basis for further study of RMDE. The
revealed probable positive dynamics of antioxidant
protection indicators allows to confirm the assumption
about the effectiveness of reishi extract.
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ABSTRACT

The aim: To pave the way and exemplify sample size calculation to studies with complex data structures describing equilibrium.

Materials and methods: Try is probated to apply ad-hoc power analysis to structural equation modeling (SEM) of equilibrium. As example we use theoretical
structural equation system that describes equilibrium of price, quality and comfort of health services developed by Dranove D., Satterthwaite M. (1992). We
show the way of transition from theoretical balance models to SEM that can be processed with common statistical tools. SEM is prerogative for such transition
as demonstrated in the paper. We introduced some new ideas to support transition. We use Satorra & Sarris (1985) method of ad-hoc power analysis to SEM.
Results: The sample size to support error types 1and 2 at arbitrary accepted levels 0.05 and 0.2 is 400 at least to test the influence of equilibrium price (p*)
on equilibrium quality (q*). 600 sample size is needed to check for the influence of equilibrium price (p*) on equilibrium comfort (c*). Sample size of 600 is
required to test hypothesis on informational noise about quality influences equilibrium value of quality.

Conclusions: It's new ground that we are tentatively exploring in paper concerning SEM of equilibrium. The main challenge as we see it is the transition from
theoretical balance models to SEM that can be processed with common statistical tools. SEM is prerogative for such transition as demonstrated in the paper.

KEY WORDS: SEM, equilibrium, Power Analysis, Health Services Efficiency

INTRODUCTION

Sample size calculus is important to put a credit to
p-value of effect. Take for example historical Trombo-
embolism Data. This case- control data first consid-
ered by Worcester J. (1971) [1]. The data cross-classify
thromboembolism and control patients by two risk
factors: oral contraceptive user and smoking. Data are
regularly used to compare count data estimators, and
in subsequent model choice studies, such as Spiegel-
halter and Smith (1982) [2], Pettit and Young (1990) [3],
Congdon P. (2005) [4], Ocheredko O (2019) [5].Under
the potentially informative priors used, the Bayes factor
estimate was B,, = 23.8, quite strongly in favour of the
smaller model with single interaction effect contracep-
tive*thromboembolism which in all tested estimators
proved to be significant. The question is should we put
a credit to these findings given the original sample
size of 1747 To resolve the issue we have to do power
analysis. This example is simple to get on but what if
we have complex data structure with some variables
unobservable or measured with error? What if records
are structurally related (e. g., evince nesting, spatial or
temporal correlation patterns)? The pick of the bunch
is structural equation modeling (SEM) that usually

Wiad Lek. 2023;76(12):2641-2647

applied to complex data that support simultaneous or
consequential testing of multiple hypotheses. Particular
difficulties are imposed by modeling equilibrium pro-
cesses. Challenges arise at the stage of transition from
theoretical structural equations that define equilibrium
process (momentum or dynamic) to operational SEM
formulation.

There are two general branches of power analysis, ad-
hoc and post-hoc. Ad-hoc power analysis uses expert
opinion on parameters comprised by statistical test,
for example expected difference of two indexes and its
sample error for 2 independent samples t-test. Post-hoc
counterpart relies both on expert opinion and prelimi-
nary data. Actually data can be fed from accomplished
study to check the relevancy of p-values.

Structural equations sometimes are substantiated
by theoretical equations, which is the common case
in health econometric applications. The obstacle to
overcome is that theoretical equations may include
unobservable variables, like survival skills, patient’s
utilities, satisfaction, et al. In our test case theoretical
econometric equations of Dranove D., Satterthwaite M.
include demand elasticities, as well as equilibrium val-
ues that are either unknown or unobservable or both.
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It's very important to transform such theoretical equa-
tions into practical structure supported by statistical
data. That's why we cover such transformation briefly,
following with sample size calculation on resultant
structural equation model.

Overall this paper focuses on power/ sample size issue
that is important to support complex data describing
equilibrium and in that it blazes the trail.

THE AIM

The aim of the study was to pave the way and exemplify
sample size calculation to studies with complex data
structures describing equilibrium.

MATERIALS AND METHODS

These includes explaining of (i) theoretical structural
equations used in example, (ii) conversion of theoretical
structural equations to structural equation model, (iii)
power analysis technique.

Theoretical structural equations used in example
are derived based on profit maximizing behavior of
provider who seeks for profit maximizing levels of three
attributes: price (p), quality of services (ql), and comfort
(cm). Demand is function of these, i.e., q(p,ql,cm), de-
creasing in price and increasing in gl and cm. The total
cost are function of demand g, as well as gl and cm, so
that C(qg, gl, cm)=qg+(a+b-ql+ce.cm) + F with a+b-ql+c.cm
is constant marginal cost of production and F is fixed
costs. So, the profit is the function of p, gl, and cm:

Profit = p-g- (p,ql,cm) - C(q(p,gl,cm), gql, cm) =
q(p,al,cm)(p - bgl - c.cm) - F

By taking first derivatives by attributes p, gl, cm and solv-
ing for their optimal (equilibrium) values given attributes
elasticities of demand (% n{,.nZ,) we can conceptualize
theoretical model in system of three simultaneous equa-
tions derived by Dranove D, Satterthwaite M. (1992) [6]:

. ang (a+b*ql*+c*cm*)ng
P =1+n§+ngl+n§m= 1+nd
ql* = M = P Mo
b(1+ng+ngl+ngm) b ni
m® = M _ P N

c(1+ng+nzl+ngm) cmnl

Theoretical equations can't directly be put to practicalities
(e.g., statistical regression or power analyses) because they
include elasticities of demand (0% n;.nZ,) that are unavail-
able ad hocas well as equilibrium values of price, (p*), quality
(gl*), and comfort (cm*) of services which are not directly
available and that can only be elucidated by appropriately
built model frame.
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CONVERSION OF THEORETICAL
STRUCTURAL EQUATIONS TO THE
STRUCTURAL EQUATION MODEL

First of all we defined non-measurable variables with the
related observables. In terms of SEM non-measurable
variables are latent factors. Observables are measurable
variables used to define latent factors by loadings. Latter
are essentially regression coefficients so that latent factor
regressed on related observables and so defined by them.
For instance, quality of hospital services (F2) is latent factor
defined by hospital length of stay, surgery complications
risks, quality of personnel, etc. The other latent factors are
comfort of hospital services (F3), and information noise (F1).
Presence of F1 is a trick to render elasticities effects for F1
greatly influences all three of them (n¢,n?,,n%,). There are
no demand elasticity coefficients per se among associations.
Their influence on equilibrium values of attributes is trace-
able through associations of F1 with price, F2, and F3. Given
their key role in equilibrium related hypotheses formulation
correspondent arrows rendered in red in Fig.1. Equilibrium
values are substituted with observed values of attributes. It
is sensible for theoretical demand and realized demand for
surgeries almost coincide. Would we had have arrived at sig-
nificant regression effects of F1 on price (b11in Fig.1), quality
of hospital services (z1), and comfort (z2) we would conclude
that observed values of attributes are not so far from the
equilibrium and so we have efficient production of health
services. Supportive to theoretical equilibrium equations of
Dranove D, Satterthwaite M. are regression effects of price
on quality of hospital services (b31) and comfort (b31) that
are colored green.

We use standard graph presentation of SEM (Fig.1).
Latent factors are encircled and named with begin-
ning letter “F", observable variables are beveled with
rectangles, single-headed arrows denote directional
associations, while two-headed indicate variances and
covariative associations. Names of factor loadings in
graphical presentation usually start with “f”. Numbers
assigned to arrows infer the magnitude and direction of
associations. Graphical SEM model as depicted in Fig.1 is
produced in special SEM tools environment accessible
through https://webpower.psychstat.org/wiki/ with
details given by authors [7].

Values of model’s parameters (i.e., variances, cova-
riance, regression coefficients, factor loadings) are re-
trieved from published sources. These and practicalities
of conversion of given theoretical structural equations to
the structural equation model is delivered at lengthin [8].

POWER ANALYSIS TECHNIQUE
Having defined SEM in graphical form like that described
by Fig.1 is enough to proceed to power calculus. Given
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Fig.1. SEM model graph

SEM complexity and possible parameters dependency
introduced by latent factors power routine should be based
on statistical test that incorporate covariance matrix of
parameters or technically speaking Hessian. These should
be produced by routine.The commonly used under circum-
stances is likelihood ratio test. The pick of the bunch is the

one based on chi-square test implemented with Satorra &
Sarris (1985) method [9]. In brief let S denote an unbiased
sample covariance matrix and 6 let denote parametersina
SEM model. Let X be the covariance matrix defined by the
modAeI with parameters o. FromASEM theory, statistic

W =(n=1)log|=(®)|+tr(52(8) ™ H)~log|S|-p
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full.model <-'

fl =~ start(@.2)*age + start(@.2)*t_ill +start(0.8)*srg +
start(0.2)*educ +start(@.8)*occup

age ~~ start(6)*age

t_ill~~start(2)*t_ill

cost~~start(4)*cost

cost ~ start(0.6)*f1 + start(@.7)*insur
insur ~ start(@.2)*f1l +start(@.4)*age +start(@.5)*occup

t_stay ~~ start(@.6)*t_stay
t_surg ~~ start(@.4)*t_surg
c_surg ~~ start(1.@)*c_surg

start(-0.7)*c_anesth + start(0.5)*f0
f2 ~ start(@.3)*insur + start(l.4)*cost + start(0.7)*fl
expert ~~ start(8)*expert

f@ =~ start(@.7)*expert + start(0.7)*pos + start(@.?)*caﬂ

f3 ~ start(0.2)*cost + start(0.2)*f1
f2 ~~ start(0.7)*f3

f2 =~ start(@.1)*t_stay + start(-0.1)*t_surg +start(-0.7)*c_surg +

3 =~ start(-0.1)*t_stay + start(-0.1)*t_surg +start(-0.7)*c_surg +
start(-0.7)*c_anesth + start(-0.1)*defect + start(-0.6)*compl + start(@.7)*ward

Fig. 2. Model description in SEM language (R)

L= o __
¥u g5
' i &£
o _|
| =
= I I | I I I I
200 400 [=TE ] Bid Jliil 200

Sampla iz
hypathesis: p* influences g

18

400 B30 B0 1000

Sampla siza
Fypothasis: p* influsnces o

Povaes
&
Pranr
02 04 06 OB
|

Gz

Fig.3. Power curves to test 4 hypotheses:

| | | I | | |
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400 500 800 000

Sample siza
hypothasis: k* influences o*

equilibrium price (p*) influences equilibrium
quality (q*) and comfort (c*), informational
noise about quality and comfort influence q*
and c* respectively

follows a chi-squared distribution with degrees of
freedom d asymptotically. The purpose is to test the
hypothesis that H :0=6 vs H,:6 =6 .Under H , we have
P(x*,>c,)=awhere c_is the critical value under the chi-
squared distribution with degrees of freedom d. Under
H,,W" follows asymptotically a non-central chi-squared
distribution with the non-centrality parameter A. The
statistical power is defined as Power = P (W > calH,).

Satorra & Sarris (1985) showed that A can be approx-
imated by

A=(n-1) Iog|ZR|+trZZ Iog|Z|—p]

where Z and Z are defined underH and H, respec-
tively. With this, one can define an effect size mdepen-
dent of sample size as 6 = M/(n — 1). The effect size is
defined as the difference between two SEM models, a
full model MF and a reduced model MR. The full model

1
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(correct population model) includes all the parameters
in the population (Fig.1) and the reduced model is
nested within the full model by setting certain rela-
tionship to be null (H, hypothesis). An easy way to get
the effect size is to fit the reduced modelto X through
SEM software with a predefined sample size n to getthe
chi-squared statistics A. In depth technicalities of the
approachare giveninYuanK.-H.,Zhang Z., Zhao.[10]

We have checked four hypotheses, each H, hypothesis
is described in SEM language first two concern price
influence quality (F2) and comfort (F3). For these H,
hypotheses are represented by removal from full model
arrows defined coefficients b21 and b31 that formu-
lates reduced models 1 and 2 (Fig. 1). Third and fourth
hypotheses check for informational noise consequence
onF2andF3, so that H hypotheses are represented by
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removal from full model arrows defined coefficients z1
and z2 (reduced models 3 and 4).

We used R package WebPower to do calculus. Function
sem() is used to calculate covariance matrix, sem.effect.
size() produces effect size, wp.sem.chisq() works out
power reckoning, plot() method for class ‘webpower’
is used to plot the power curves.

RESULTS

We don’t show covariance matrix for lack of space but
calculusis reproducible given model description of full
model (Fig. 2)

Code is standard for SEM and having Fig.1 is easy
to read for it describes the graphical model. Values in
parentheses following start keyword are those dis-
played by graph. Effect sizes estimates play key role in
power analysis. They are evaluated by sem.effect.size()
functions with two arguments which are full model,
obtained by code of Fig.2 and reduced model obtained
with the same code but with tested parameters put with
zeroes, i.e., start(0)*parameter_name.

So, we retrieve effect sizes for four hypotheses by code:

effectres1 <- sem.effect.size(full. nodel, reduced.model1)
effect.res2 <- sem.effect.size(full.model, reduced.model2)
effect.res3 <- sem.effect.size(full.model, reduced.model3)
effect.res4 <- sem.effect.size(full. nodel, reduced.model4)

Finally, we build power curve objects based on effect
sizes with the help of function wp.sem.chisq() with ar-
guments indicating range of sample sizes to study (n),
degrees of freedom of the chi-squared test (df) and effect
size (effect) both calculated by sem.effect.size() functions.

pwr.curvel <- wp.sem.chisq(n=seq(100, 1000, 50),
df=effect.res15$df, effect=effect.res1$delta, pow-
er=NULL)

pwr.curve2 <- wp.sem.chisq(n=seq(100, 1000, 50),
df=effect.res2$df, effect=effect.res2$delta, pow-
er=NULL)

pwr.curve3 <- wp.sem.chisq(n=seq(100, 1000, 50),
df=effect.res3$df, effect=effect.res3$delta, pow-
er=NULL)

pwr.curve4 <- wp.sem.chisq(n=seq(100, 1000, 50),
df=effect.res4$df, effect=effect.res4$delta, pow-
er=NULL)

plot() method is used to plot the power curves, e.g.,
plot(pwr.curvel) to plot power curve for the first hy-
pothesis.

Produced with plot() method power curves are
demonstrated in Fig. 3.

Power curve shows relationship between sample size
and power. Power value shows how reliable is p-value.
Say, power 0.9 safeguards 90% reliability, so that p-val-

ue is not incidental, that is only 10% to the chance for
p-value to exceed the given. Power curves are built
for p-value 0.05 as regular. We follow the suit. Usually
sample size is telling enough given power higher 0.8.
Power curves are ascending with gradual leveling off
at larger sample sizes.

From the power curves of the case we judge the
sample size to support error types 1 and 2 at arbitrary
accepted levels 0.05 and 0.2 is 400 at least to test the in-
fluence of equilibrium price (p*) on equilibrium quality
(9*).600 sample size is needed to check for the influence
of equilibrium price (p*) on equilibrium comfort (c*).
Sample size of 600 is required to test hypothesis on in-
formational noise about quality influences equilibrium
value of quality. The most required is sample size to test
fourth hypothesis on informational noise about comfort
influences equilibrium value of comfort, reaching 1000.

DISCUSSION

The complete absence of power analyses for SEM of
equilibrium is explained in part by the culprits of transi-
tion from theoretical balance models to SEM that can be
processed with common statistical tools. SEM is prerog-
ative for such transition as demonstrated in the paper.
Dynamic equilibrium can be presumably rendered by
state models, changing point models, antedependence
models, etc. Whatever base formulation is considered
next step is necessity to wrap it into SEM because as
often as not equilibrium implies contemporaneous or
lagged congruous move of many variables, each move
described by partial derivate. So instead of single we
have set of structurally related theoretical equations to
pass on to SEM. We demonstrated how we can manage
transition with example. Without doubt each case is
different but some common tricks are there to use. The-
oretical notions like patients’ preferences, propensities,
idiosyncrasy in response to treatment can be rendered
with latent factors which are manageable within SEM.
Other constituents of theoretical equation system
describing equilibrium can be settled with additional
beacons that greatly influence given constituents, like
factor 1 in example unfortunately of latent nature
but in other cases observable. This is our first try in
the matter so experience is lacking, but hopefully the
growing number of researches that can be enforced
by theory with equilibrium support will yield further
advancements, may be quite different from suggested
in the paper. As for now, some recommendation to
power analysis for SEM of equilibrium can be tentatively
suggested as discussion points.

First of all, ad-hoc power analysis confided to partic-
ular structure (Fig.1) with no lee-way. Information on
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parameters fed from other studies or expert opinions.
The actual study data may not comply with ad-hoc val-
ues compromising derived sample size. Is it advisable to
reassess sample size in the process of data collection? At
least it is a possibility. Such power analysis is well known
as ad-hoc. The new flexible approach is suggested by
Ocheredko O. (2019) [5] that can be used to refine
sample size estimates. It is implemented in R package
Itable for categorical complex data and supports power
analysis for simultaneous and consequential hypothe-
ses testing.

Second, all four hypotheses should be tested jointly
as ingrained in the same structure. The discussion
point is what software is better for a purpose. Besides
WebPower, other R packages can be used with even
greater flexibility for ad-hoc power analysis for related
tests, lavaan and nimble are paragon.

Third, given practicalities of data collection we may be
unable to collect so many as power analysis suggests.
Itis usual situation that prompts to combine data with
other sources or future data augmentation. Both op-
tions bring deduction closer to final. The point is that
post-hoc power size calculus usually requires larger
sample size. Therefore, ex post power evaluations of
p-values are less optimistic, what was demonstrated in
[5] and in manual to R package /table with examples.
It undermines deductions and findings of the accom-
plished study.

We also experience some uncertainty with Satorra &
Sarris method. Caution is advisable for it compares two
covariance matrices given main and zero hypotheses
but it doesn't discriminate SEM structures. Several zero
hypotheses with different SEM structures may resultin
very similar resultant matrices (discriminants/traces).
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ABSTRACT

The aim: To create a three-dimensional simulation mechanical-mathematical model of the hiomechanical system “Orthodontic appliance-maxilla’, to study
peculiarities of the stress-strained state of the maxilla.

Materials and methods: A simulation model of the biomechanical system“Orthodontic appliance-maxilla”was created using computed tomography (CBCT)
data. Mathematical modeling was used to determine the stress-strain state of the simulation model.

Results: The patterns of changes in the stress state were determined and the values of deformation displacements in the structural elements of the biome-
chanical system “Orthodontic appliance-maxilla” were determined under a force stress of the orthodontic device with an amplitude of 50 N.

Conclusions: Simulation computer modeling of the stress-strain state of the “Orthodontic appliance-maxilla” system showed that activation of the kinematic
mechanism of the appliance with a force of 50 N causes the emergence of a complex stress-strain state of bones. When the orthodontic appliance is activated,
there is an asymmetry in the distribution of stresses by Mises between the right and left sides both for the appliance itself and for the maxillary bone tissue.

KEY WORDS: system “Orthodontic appliance-maxilla’, distribution of stresses

INTRODUCTION

The development of a pathological occlusion is facil-
itated by numerous etiological factors, which affect
the child’s craniofacial development [1, 2]. Defects in
jaw development, in particular, largely determine the
occlusion and the condition of the dentition. According
to statistical data, 400-500 children in Ukraine are born
each year with various types of congenital CLP [3-5],
among which almost 94% of cases have dentognathic
deformations [3, 5-9]. The variety of clinical manifesta-
tions of malocclusion in children with congenital CLP
contributes to the development and implementation of
new methods of their diagnostics and treatment [9, 10].

Orthodontics is a branch of dentistry, which is deeply
connected with engineering and biomechanics[11].1n
recent decades, scientists thoroughly studied the pe-
culiarities of the mechanical interaction of orthodontic
devices and biological tissues using the methods of
mechanical and mathematical modeling. For example,
they investigated the issues of the shape of dental
arches during orthognathic occlusion [12], mechanical
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and mathematical modeling of the process of ortho-
dontic treatment of dentognathic deformations using
pre-orthodontic trainers [13], the process of treatment
of dental arch defects [14], tooth rotations [15], open
occlusion [16], etc. Other studies include investigations
of orthodontic forces in devices in the treatment of
mesial occlusion [17] and sagittal anomalies of occlu-
sion [18]. The effect of the forces applied to the tooth
during orthodontic treatment after 3D scanning of the
oral cavity was evaluated on geometric models [19].
The works of scientists outline a number of problems
of computer modeling of biomechanical systems based
on CBCT data [20, 21], analysis of a simulated three-di-
mensional model of the system “Bone tissue-dental
implant-suprastructure”[22], biomechanical interaction
in fixed partial prostheses [23], simulated computer
modeling in maxillofacial surgery [24, 25], a study was
conducted on the development of three-dimensional
(3D) modeling of finite-elements for predicting tooth
movement in the treatment of occlusal deformities
[26] and diastema [27], three-dimensional monitoring
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Fig. 1. Imitation model of the maxilla in a child with
congenital unilateral CLP

Fig. 2. A sample of a removable orthodontic appliance
used in the orthodontic treatment of a patient with a
mixed dentition period with congenital unilateral CLP

Fig. 3. 3D simulation model of the orthodonticappliance

of root movement during orthodontic treatment was  of studies on biomechanical systems in orthodontics,
described [28]. A mathematical model was developed there are no studies of the stress-strain state of the
for assessing the intensity of the force on elements of  maxilla in children with congenital CLP during ortho-
the bracket system [10]. Despite such a large number  dontic treatment.
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Fig. 4. Imitation model of the maxilla in a child with
congenital unilateral CLP with an attached orthodontic
device

Fig. 5. Discrete model of an orthodontic appliance

Fig. 6. Discrete model of the maxilla of a child with
congenital unilateral CLP with an attached orthodontic
device

THE AIM of a patient in the mixed dentition period with congenital
Tocreate a three-dimensional simulation mechanical-math-  unilateral CLP, to study peculiarities of the stress-strained
ematical model of the biomechanical system“Orthodontic  state of the maxilla under the action of static loads caused
appliance-maxilla”in the course of orthodontic treatment by the activation of the orthodontic appliance.
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Table I. Models of materials of the biomechanical system

Structural elements

Yung’s module, E, MPa

Poisson’s ratio,v  Strength limit

Cortical layer of maxillary bones 12650 0,25 120
Cancellous layer of maxillary bones 470 0,27 8

Metal retainers (clasps) 200000 0,3 640

Base of the orthodontic appliance 2500 0,3 80

Table 11. Maximum equivalent by Mises stresses in the elements of the system “Orthodontic appliance-maxilla’, permissible stresses and safety factors

for the case of a quasi-static load

Structural elements of the o, . equivalent o, strength limit, [o], permissible
biomechanical system stresses, MPa MPa stresses, MPa LG s
Maxillary bones 10.3 120 80.0 7.8
Orthodontic appliance 5.8 80 533 9.2
Metal retainers (clasps) 1.3 640 426.7 252.8
MATERIALS AND METHODS the semi-automatic mode of ANSYS 12.1 [30] using

The biomechanical behavior of the maxilla of a patient with
unilateral CLP during orthodontic treatment was studied
in a model experiment using the finite-element method.
During the experiment, a simulation computer model of
the stress-strain state of the”Orthodontic appliance-maxilla”
system was created under static load conditions.

A three-dimensional virtual model of midface bones
was built in the Mimics Medical 25.0 (Materialise, Bel-
gium) based on CBCT data of the skull of patient P,
6.5 years old (mixed dentition period) with congenital
unilateral through CLP at the stage before eliminating
the residual defect of the hard palate.

CBCT data presented as a series of DICOM files were
imported into Mimics software for further segmenta-
tion, during which cortical and cancellous layers of the
maxilla were identified [24]. Separation of these biome-
chanically heterogeneous volumes of the maxilla was
performed according to the radiological density of the
corresponding biological structures (Fig. 1).

Digital data for the spatial geometry of a typical
medical device consisting of a base, a kinematic mech-
anism (orthodontic screw) and metal retainers (clasps)
presented in STL format were used as a model of the
appliance (Fig. 2). At the same time, the simulation
model was represented by two fragments of the base
of the appliance connected in the area of the screw
and supporting external retainers of different spatial
configuration (Fig. 3).

The surface models created using Boolean operations
were combined into multi-component assemblies and
imported into Ansys 12.1 software (Fig. 4).

For each element of the model, volumes and a
finite-element mesh were created followed by the
assignment of the corresponding material properties.
The discretization of all structural elements of the
simulation model of the appliance was carried out in

10-nodal pyramidal finite-elements (FE) SOLID187 with
731865 nodes (Fig. 5).

Adiscrete model of the maxilla of a child with congen-
ital unilateral CLP with an attached orthodontic device
was built with the maximum size of finite-elements (FE)
no more than 1.5 mm, which had 1281 160 CE Solid 187
with 731 865 nodes (Fig. 6, 7).

The basic mechanical properties of the bone, plastic
and steel elements of the appliance were set accord-
ing to results of experimental studies and available
technical standards [24]. The base of the orthodontic
appliance was assigned with properties correspond-
ing to the material — plastic for the prosthesis bases.
To simplify calculations, all materials were considered
homogeneous, linearly elastic and isotropic.

The mechanical properties of structural elements of
the simulation model are given in Table | [29].

To determine the kinematic boundary conditions, the
model of midface bones was rigidly fixed blocking all
types of linear and angular movements. Clasps of the
orthodontic device were attached to the correspond-
ing teeth of the maxilla using a rigid type of contact
connection.

Calculated force vectors with an amplitude of 50 N
were used to model the axial movements of parts of
the appliance from 360° angular movements, which
corresponded to one rotation of the screw. They served
as initial values for determining the force loads of the
corresponding surfaces in the developed calculation
scheme for contacting deformable bodies of the maxilla
and clasps of the orthodontic device (Fig. 8).

The total strain of the system was determined (the
maximum movement of the nodes during deforma-
tion), the maximum values of the main and equivalent
stresses, as well as the patterns of the distribution of
stresses and strains (demonstrated in the form of color
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Fig. 7. Visualization of a discrete model of the
maxilla of a child with congenital unilateral
CLP with an attached orthodontic device

Fig. 8. Calculation scheme of the maxilla with
an attached orthodontic device

Fig. 9. Fields of displacement in mm of the
maxilla (a) and the orthodontic device (b)
under a force load, P=50 N

gradients or vector graphics for the cortical, cancellous
layer of the bone and appliance). The strength and re-
liability of the “Appliance-bone” system was evaluated
by the maximum value of the equivalent stresses in
the structural elements and bone tissue of the maxilla
by comparing them with the maximum permissible
values for different types of material known from the
literature.
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RESULTS

The results of the numerical experiment are represent-
ed by fields of displacement (in mm) of the maxilla
(Fig. 9 a) and the orthodontic device (Fig. 9 b) under
a force load, P=50 N, by the fields of equivalent by
Mises stresses of the maxilla (Fig. 10 a - ¢) and the
orthodontic device (Fig. 10 d) at the specified level
of force loads and the direction of movement of the
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Fig. 10. Fields of equivalent by Mises
stresses of the maxilla (a - ¢) and the
orthodontic device (d) under a force load,
P=50N

Fig. 11. The direction of displacement of
the model nodes under the given condi-
tions of the force load (a, b)

nodes of the model under the specified conditions of
the force load (Fig. 11 a, b).

Analysis of the obtained data determined the mag-
nitudes of the deformation displacements of structural
elements of the biomechanical system for the given am-
plitude of the force load of the orthodontic appliance,
which have the greatest clinical importance.

The “Orthodontic appliance-maxilla” system was in a
complex stress-strained state, which implied the presence
of stretching, compression, bending and torsional deforma-
tions.The maxilla underwent expansion, most pronounced
in the area of the alveolar process in the cleft zone. For ex-
ample, along the anterior edge of the cleft, the maximum
displacements q__ were 0.053 mm. On the other hand, in
the posterior part of the cleft, they did not exceed 0.037
mm. On the edges of the surface of parts of the appliance
with ascrew, g, was in the range from 0.039 mm to 0.059
mm. The non-homogeneity of the deformations of the or-
thodontic apparatus itself was caused by the constructive
location of the screw relative to the base of the device. In
addition, the degree of deformation directly depended on
the spatial location of the device on the maxilla.

Force loads were transmitted from the orthodontic
appliance through the teeth to which it was attached
on the maxilla tissue, while the extreme values of
equivalent by Mises stresses in its cortical layer reached
S ;s; = 10.3 MPa. The equivalent by Mises stresses in
the orthodontic wire turned out to be quite small; their
values were in the range from 0.28 MPa to 1.3 MPa.

Atthe same time, stress distribution in the bone tissue
was not uniform: the maximum gradients of equivalent
stresses were observed in the area of the osseous na-
sal septum, horizontal plates of the palatine bone, in
the vicinity of the pterygoid-maxillary junction, in the
area of the zygomatic-alveolar process and the frontal
process of maxilla. Through the system of vertical and
horizontal counterforces of the midface, stresses from
the orthodontic appliance were redistributed and trans-
ferred to the structures of the cranial base and vault.

The greatest stresses (from 5 to 10.3 MPa) were ob-
served in the area of the osseous nasal septum and the
posterior third of the hard palate. Tensile forces capable
of stimulating appositional bone growth prevailed in
these zones. On the other hand, the naso-frontal and

2653



Valerii V. Filonenko et al.

zygomatic-alveolar counterforces underwent predomi-
nant bending and displacement, and the value of equiv-
alent by Mises stresses in the zones of their maximum
concentration ranged from 1.5 to 3.5 MPa. At the same
time, asymmetry in the distribution of stresses, which
were 18-24% higher around the small fragment of the
maxilla, was observed.

The stress distribution in the base of the orthodontic
appliance was uneven; the areas around the screw took
the greatest loads. The maximum gradients of equiv-
alent by Mises stresses were observed at a distance of
one third of the width of the appliance, whereS ;.
values in these zones ranged from 0.73 MPa to 0.79 MPa,
while their maximum values reached 5.8 MPa.

An approximate estimate of the strength and
permissible values for this type of force loads in the
elements of the biomechanical system “Orthodontic
appliance-maxilla”was calculated (Table Il). Permissible
stresses for materials are given with a safety factor of 1.5.

The analysis showed that the safety factor n>1 was
established for all structural elements of the studied
biomechanical system. The bearing capacity of this
biomechanical system under a force load with an ampli-
tude of 50 N is determined by the strength of maxillary
bones with a safety factor of n=7.8, which corresponds
to a 360° rotation of the kinematic mechanism rod and
an axial movement of 1 mm.

DISCUSSION

In view of account the data on the prevalence of con-
genital CLP [3-5] and the percentage of dentognathic
deformations with a variety of clinical manifestations
[3,5-9], itis important to develop and implement new
methods of their diagnosis and treatment. The study of
the features of the biomechanical behavior of systems
thatinclude the orthodontic structure and the maxillo-
facial apparatus in experimental and theoretical studies
to determine the rigidity of orthodontic devices is the
basis of high-quality complex rehabilitation of patients
with congenital defects.

Experimental and theoretical studies are based on
mechanical and mathematical modeling of the stages
of orthodontic treatment of dentognathic deformations
[9, 10, 12-19]. The analysis of the interaction of parts of
biomechanical systems, the study of the stress-strain
state of the dentognathic apparatus, the study of points
of resistance during orthodontic treatment, the issue
of the process of treating defects of the dentition in
children, tooth rotations, open bite are fully covered
in modern scientific literature [10, 20-28]. Ukrainian
and foreign scientists have covered the issue of the
expansion of the upper jaw [13-18, 31]. However, the

2654

mentioned studies covered the spectrum of the stress-
strain state of the dentognathic apparatus without
congenital malformations. Taking into account the
anatomic-topographical and functional features of
the unfused upper jaw [3, 5, 8], the data can't be fully
interpreted in children with congenital CLP.

Taking into account the specifics of dentognathic
deformations in this category of patients, the question
of the regularity of changes in the stress-strain state and
the determination of the magnitude of deformation
displacements in the structural elements of the biome-
chanical system“Orthodontic appliance-maxilla” under
the force stress of the orthodontic device is modern
and relevant.

Since scientific sources do not pay attention to this
issue, the results of numerical experiments conducted
for the first time in children with congenital defects of
the maxillofacial area can be used to prognostication
the treatment strategy using an orthodontic device of
a certain configuration. Verification of the distribution
of force response values of orthodontic devices in the
process of their deformation allows obtaining new data
on the magnitude of external loads on the jawbones.

Prospects for further research should be aimed at
determining the radiological density of bone tissues of
the maxillofacial area in children with congenital CLP in
defined resistance zones, where the stress distribution
is not uniform.

CONCLUSIONS

According to results of simulation computer modeling
of the stress-strain state of the “Orthodontic appli-
ance-maxilla” system, the activation of the kinematic
mechanism of the device with a force of 50 N causes
the emergence of a complex stress-strain state of the
midface bones, which include stretching, compression,
bending and torsional deformations. The largest dis-
placements of the model nodes are observed on the
alveolar process of the maxilla in the anterior part of the
cleft, which are 30% larger than in the posterior part.

Equivalent by Mises stresses in the maxillary bone tissue
are unevenly distributed. Their maximum gradients were
observed in the area of the osseous nasal septum and the
posterior third of the hard palate (5-10.3 MPa), the frontal
process of maxilla, the zygomatic-alveolar crest’, and the
pterygoid-maxillary junction (1.5 to 3.5 MPa).

When the orthodontic appliance is activated, there is an
asymmetry in the distribution of stresses between the right
and left sides both for the appliance itself and for the maxil-
lary bone tissue (maximum stresses were 18-24% higheron
the small fragment than on the large one), which was due
to the structural arrangement of the kinematic mechanism
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relative to the base of the device and the peculiaritiesofthe  matic mechanism rod, the stresses in the base of the
spatial location of the device on the maxilla. device and bone tissue do not exceed the maximum

When the appliance is activated with a force of 50 permissible values. The safety factor n is 9.2 for the
N, which corresponds to a 360° rotation of the kine-  device and 7.8 for the bone tissue.
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ABSTRACT

The aim: To determine whether Tilianin (TIL) may have Nephroprotective effects on bilateral renal IRl in rats by analyzing kidney function biomarkers Uand Cr,
inflammatory cytokines like TNF aand IL-1p, antioxidant marker total anti-oxidant Capacity (TAC), anti-apoptotic markers caspase-3, and histopathological scores.
Materials and methods: 20 rats divided into even 4 groups as: Sham group: Rats underwent median laparotomies without having their ischemia induced.
Control group: Rats had bilateral renal ischemia for 30 minutes, followed by 2 hours of reperfusion. Vehicle group: 30 minutes prior to the onset of ischemia,
rats were given a pretreatment of corn oil and DMSO. Tilianin treated group: Rats administered Tilianin 5 mg/kg for 30 min prior to ischemia induction, then IRI.
Results: The study found that the serum levels of TNF, IL-1, caspase-3, urea and creatinine, as well as TNF and creatinine in the Tilianin group were significantly
lower than those of the control and vehicle groups. On the other hand, it revealed that TAC levels are remarkably higher in the Tilianin group than they are in
the control and vehicle groups.

Conclusions: This study concluded thatTilianin have a Nephroprotective effect via multiple impacts as anti-inflammatory, anti-apoptotic, and anti-oxidant agents.

KEY WORDS: Tilianin, renal ischemia reperfusion injury, male rat model

INTRODUCTION

A temporary decrease in blood flow that carrying oxy-
gen to the renal then followed by reperfusion, referred
to a renal ischemia reperfusion injury (IRl). During IRI,
kidney tissue injury promotes excess production of
reactive oxygen species (ROS), which induces oxidative
stress. During reperfusion time, restoration of blood flow
generates even greater generation of ROS that ends up
with apoptosis and cell death [1]. A clinical state known
as acute kidney injury (AKI), which is marked by fast renal
failure and high mortality rates, is developed as a result
of IRlinvolving renal tissues. Renal IRl pathology involves
a number of pathogenic processes, including the gen-
eration of reactive oxygen species and the activation of
various inflammatory mediators such adhesion mole-
cules and a number of cytokines [2]. When compared
to other organs, there are several notable differences in
the hemodynamics and oxygenation of the kidneys. 20
percent of the cardiac output is delivered to the kidneys,
but while 100 percent of this reaches the cortex, only 15
percent reaches the medulla [3]. Unquestionably, the
inflammatory response plays a significant role in the
etiology of IRIl. Numerous experimental studies have

Wiad Lek. 2023;76(12):2657-2667

demonstrated that inhibiting inflammatory responses
lowers renal IRl while maintaining renal function [4]. It
has been demonstrated in numerous organs that the mi-
crovascular and parenchymal tissue damage that results
from ischemia and reperfusion is predominantly caused
by reactive oxygen-free radicals. As a result of a reduction
in the synthesis of antioxidant enzymes, post-ischemic
reperfused tissue has more damage caused by free rad-
icals [5]. A cytokine called tumor necrosis factor alpha
(TNF a) has pleiotropic effects on several cell types. TNF-a
has been identified as a critical regulator of inflammatory
reactions and is known to have a part in the genesis of
a number of inflammatory and autoimmune diseases
[6]. Additionally, it induces the production of additional
cytokines since IL-13, a key proinflammatory cytokine,
has a variety of purposes in various organs and diseases
[7]. Despite being multifaceted, IRl pathophysiology
involves inflammation and oxidative stress. During the
ischemia phase, a lack of oxygen and nutrients results
in the accumulation of hypoxanthine, and induction
of pro-inflammatory cytokines. The reperfusion phase
causes a rise in iNOS and NOXs in endothelial cells, and
the influx of neutrophils [8].
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One of the primary signs of oxidative stress is
malondialdehyde (MDA), which is formed upon break-
ing down of lipid peroxyl radicals. The only reliable
method for determining an organism’s antioxidant
capability is through TAC measurement [9]. A decrease
in kidney tissue TAC levels was noted during renal IRI
[10]. Apoptosis is the process through which a cell
ceases to divide and develop in favor of an action that
finally results in the cell’s controlled death without dis-
charging its contents into the immediate environment
[11]. Apoptosis occurs as a result of excessive reactive
oxygen species (ROS) generation that causes oxidative
stress, which in turn triggers lipid peroxidation and
ultimately results in cell death during the process of
renal ischemia reperfusion damage [12]. When a cell
undergoes apoptosis, caspase-3, the final caspasesin
the cascade, is activated by both internal and extrinsic
mechanisms [13]. Caspase-3 has been extensively
examined among the several caspases proteins, and
it has been suggested that it plays a major factor in
renal dysfunction [14]. A protein kinase signalling
molecule called extracellular signal-regulated kinase
(ERK) belongs to the MAPK family along with p38
MAPKs, extracellular signal-regulated kinase 5 (ERK5),
and c-Jun N-terminal kinases (JNKs). The phosphoryla-
tion processes that trigger these enzymes, which are a
component of the mitochondrial route for apoptosis,
amplify and send signals from the cell membrane to
the nucleus. Growing data suggests that the MAPK
protein family is essential for ROS-mediated apoptosis
[15]. Among the three recognized MAPK signalling
pathways, ERK-associated intracellular signal trans-
duction pathways are considered as traditional MAPK
pathways. Activation of the P38MAPK and ERK1/2
signal transduction pathways is known to regulate
cell growth and differentiation, but accumulating
evidence suggests that these pathways also play a
role in cell death [16]. Animmediate early gene called
transcription factor-early growth response-1 (EGR1) is
involved in the processes of growth, differentiation,
apoptosis, and wound healing [17]. EGR1 was found
in the proximal tubule of kidney disease patients and
was activated by hypoxic stimuli. EGR1 silencing could
improve diabetic kidney disease and prevent renal
fibrosis and inflammation [18].

Tilianin, also known as acacetin-7-glucoside, is
an active flavonoid glycoside that is obtained from
several medicinal plants, most notably Dracocepha-
lum moldavica. 1t was highlighted for a wide range
of biological activities, including anti-diabetic
characteristics [19], anti-inflammatory, antioxidant,
and anti-depressant effects, Cardioprotection [20,
21], and neuroprotection. Tilianin suppresses cell
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death through the mitochondrial route, making it a
potential therapeutic treatment for ischemia reperfu-
sion-induced AKI. Thisimpactis achieved by reducing
ERK pathway activation and downregulating EGR1
expression [18].

THE AIM

The aim of this research is to determine whether Tilianin
(TIL) may have nephroprotective effects on bilateral
renal IRl in rats by analyzing kidney function biomarkers
U and Cr, inflammatory cytokines like TNF a and IL-13,
antioxidant marker total anti-oxidant capacity (TAC),
anti-apoptotic markers caspase-3, and histopatholog-
ical scores.

MATERIALS AND METHODS

ANIMAL PREPARATION, TREATMENT, AND
SACRIFICE

Adult Spragge-Dawley rats were used in this study
weighing between 200 and 350 g at ages 20 to 24
weeks. They were acquired from the Ministry of Health/
Center of Control and Pharmaceutical Research/Bagh-
dad and housed in the animal home at the Animal Re-
sources Center/College of Sciences/University of Kufa.
The rats were fed a normal diet made up of food and
tap water. All rats were included in the study once the
Institutional Animal Care and Use Committee (IACUC)
at the University of Kufa gave its consent.

STUDY DESIGN

Therats were randomly separated into an even 4 groups

(each group had five rats) for the case control study’s

case study design:

« Sham group: Rats experienced median laparotomy
for around 2 hours and 30 minutes, but with no
ischemia induction;

« Control group: Rats experienced bilateral renal isch-
emia for 30 min, then initiate reperfusion through
restoring renal blood flow for 2 hours [22];

+ Vehicle group: Rats administered intraperitoneal
injection of mixture of corn oil and DMSO (Medche-
mexpress/USA) 30 min before ischemia induction.
Then rats experienced 30 min bilateral renal isch-
emia and 2 hours’ reperfusion [22];

« Tilianin treated group: Total of five rats administered
intraperitoneal injection of Tilianin 5 mg/kg [23]
30 min [24] before ischemia induction. Then after
receiving anesthesia, the rats experienced 30 min
bilateral renal ischemia and 2 hours'reperfusion [22].
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EXPERIMENTAL STUDY MODEL

Before the experiment, rats must be weighed, for
which 100 mg/kg ketamine and 10 mg/kg xylazine
are injected intraperitoneally to provide anesthesia.
After the rats were fixed with stickers, their chest and
abdominal hair were shaved, and the full sedation
were ensured. Through a midline laparotomy incision,
the intestine was withdrawn, exposing the abdomen
and both renal pedicles. The renal pedicles were
isolated for the bilateral ischemia model by securing
non-trauma micro vascular clamps around the renal
arteries and veins [25]. After a few minutes, the color
of the kidneys changes from red to dark purple, and
light stains start to develop on the surface, indicating
that blood flow is being blocked. The pedicles were
released from the clamps after 30 minutes, allowing
renal blood flow to be restored, and the dark purple
color of the kidneys changed to pale red [31], sig-
naling the start of the two-hour reperfusion phase
[25]. The kidney was repositioned and the abdominal
cavity incision was stitched with three interrupted
sutures. Then euthanasia is performed by deep
anesthesia. Finally, blood and tissue samples were
gathered for the study. It has been demonstrated
that ischemia lasting more than 20 minutes causes
kidney injury [27].

PREPARATION OF TILIANIN

The pure powder of Tilianin was purchased from
Medchemexpress, USA Company. Molecular Formula:
C3,H2040. Chemical name: acacetin-7-O-p-D-glucopyra-
noside. CAS Number: 4291-60-5. Purity: > 98% (HPLC).
Physical description: solubility is more than 2.08 mg/
mL (4.66 mM). Administer 2.403 ml/kg intraperitoneally,
prepared by dissolving 2.08 mg of Tilianin in a mixture
of 10% DMSO and 90% corn oil according to instruc-
tions leaflet of manufactured company and prepared
immediately before use (Med Chem Express company
instructions). The dose of drug that was used is 5mg/
kg of rat weight intraperitoneally [23].

PREPARATION SAMPLES OF BLOOD FOR
DETERMINING OF KIDNEY FUNCTION
PARAMETERS

After two hours of reperfusion, the surgery was com-
pleted, and blood was immediately drawn from each
rat’s heart (3.5-5 ml). The blood sample was placed in a
gel tube that had been pre-labeled and left untreated
for 30 minutes at a temperature of 37°C. The serum
required for determining urea and creatinine was then

produced by centrifuging each gel tube at 3000 rpm
for 10 minutes [28].

PREPARATION OF TISSUE FOR
MEASUREMENT OF TNF-A, IL1-B, AND
CASPASES 3 BY ELISA, AND MEASUREMENT
OF TOTAL ANTI-OXIDANT CAPACITY BY
COLORIMETRIC METHOD

At the end of reperfusion period, the left kidney was
removed and rinsed with ice-cold isotonic solution 0.9%
to eliminate any blood clots before being divided into
two parts. One part undergo homogenization with a
high intensity ultrasonic liquid processor in a percent
of 1:10 (w/v) phosphate buffered saline that contain
1% Triton X-100 and a protease inhibitor cocktail. Then
the homogenate undergo centrifugation at 14000 rpm
for 20 min at a temperature 4°C [29]. Thereafter, the
supernatant is collected for determination of TNF-q,
IL1-B, and Caspase3 by ELIZA technique as well as TAC
measurement through colorimetric method.

SAMPLING OF TISSUE FOR HISTOPATHOLOGY
ANALYSIS AND GRADING THE SCORE DAMAGE
The remaining left renal tissue was fixed in 10% forma-
lin, dehydrated in a series of alcohols, cleaned in xylene,
and then embedded in paraffin to create the paraffin
block. Once fixation was complete, a score evaluation
utilizing light microscopy was done by a researcher who
was unaware of the experimental treatment groups.
Renal tubule injury is indicated by tubular epithelial
swelling, brush boundary loss, vacuolar degeneration,
and cast formation [30]. A magnification of X100 and
X400 was used to determine renal damage. The per-
centage of renal tubular damage was calculated from
the score of histological alterations in the kidney tissue
segment:

Score 0, represents normal;

Score 1, represent < 25% of damage tubules;

Score 2, represent 26%-50% of damage tubules;
Score 3, represent 51% -75% of damage tubules;
Score 4, represent 76% -100% of damage tubules [31].

STATISTICAL ANALYSIS

According to GraphPad Prism version 7, the experi-
mental results were statistically analyzed using Tukey
multiple comparisons. A one-way analysis of variance
(ANOVA) was used to determine the significance of
group differences. P value < 0.01 was regarded as sta-
tistically significant. The values were given as mean +
standard errors of the mean (SEM).
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size of five. For statistical analysis, a one-way
0 r ANOVA with Tukey multiple comparisons was
Sham ControlVehicle TIL .
used. Control & Vehicle groups vs. Sham group.
p-value < 0.07; TIL group vs. Control & Vehicle
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£ Fig. 2. Mean serum creatinine (mg/dI) level
205 of the 4 groups after collecting all samples.
3 The data are presented as mean = SEM, with
a sample size of five. For statistical analysis,
a one-way ANOVA with Tukey multiple com-
0.0 r parisons was used. Control & Vehicle groups
Biraw ‘Conprol Mefucla  TIL vs. Sham group. P value < 0.01; TIL group
vs. Control & Vehicle groups: p-value < 0.01;
TIL: Tilianin.
RESULTS Mean serum U and Cr level as it shown in figure 1 and

Effects of IRl and Tilianin on kidney function parameters
(blood urea nitrogen and serum creatinine)

The results of the current study showed that serum
levels of urea (U) and creatinine (Cr) were significantly
elevated (p < 0.01) in the control and vehicle groups
compared to the sham group. However, there was no
significant (p = 0.01) difference between the control and
vehicle groups when compared. However, when com-
pared to the levels in the control and vehicle groups, the
Tilianin-treated group demonstrated a substantial (p <
0.01) decrease in serum levels of urea and creatinine.
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figure 2, respectively.

EFFECTS OF IRI AND TILIANIN ON

INFLAMMATORY MARKERS TNF-A AND IL1-B
The results of the current study showed that renal tissue
levels of Tumor Necrosis Factor (TNF-a) and Interluk-
ine-1P (IL1-B) were significantly elevated (p < 0.01) in
the control and vehicle groups compared to the sham
group. However, there was no significant (p > 0.01) dif-
ference between the control and vehicle groups when
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a sample size of five. For statistical analysis,
a one-way ANOVA with Tukey multiple com-
o- Sham Control Vehicle TIL parisons was used. Control & Vehicle groups
vs. Sham group. p-value < 0.01; TIL group
vs. Control & Vehicle groups: p-value < 0.01;
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o size of five. For statistical analysis, a one-way
Sham Control Vehicle  TIL ANOVA with Tukey multiple comparisons was
used. Control & Vehicle groups vs. Sham group.
p-value < 0.01; TIL group vs. Control & Vehicle
groups: p-value < 0.01; TIL: Tilianin.

compared. However, when compared to the levels in
the control and vehicle groups, the Tilianin-treated
group demonstrated a substantial (p < 0.01) decrease
in renal tissue levels of TNF-a, and IL1-B. Mean tissue
TNF-a and IL1-( level are shown in figure 3 and figure
4 respectively.

EFFECTS OF IRI AND TILIANIN ON
APOPTOTIC MARKER (CASPASE-3)
Theresults of the current study showed that renal tissue lev-
el of caspase-3 were significantly elevated (p < 0.01) in the

control and vehicle groups compared to the sham group.
However, there was no significant (p > 0.01) difference
between the control and vehicle groups when compared.
However, when compared to the levels in the control and
vehicle groups, the Tilianin-treated group demonstrated
a substantial (p < 0.01) decrease in renal tissue levels of
caspase-3. Mean tissue caspases 3 level (Fig. 5).

EFFECTS OF IRI AND TILIANIN ON TAC
The results of the current study showed that renal
tissue level of total anti-oxidant capacity (TAC) were
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2 groups after collecting all samples. The data
are presented as mean + SEM, with a sample
size of five. For statistical analysis, a one-way
0- ANOVA with Tukey multiple comparisons was
Sham Control Vehicle TIL .
used. Control & Vehicle groups vs. Sham group.
p-value < 0.01; TIL group vs. Control & Vehicle
groups: p-value < 0.01; TIL: Tilianin.

significantly reduced (p <0.01) in the control and vehicle
groups compared to the sham group. However, there
was no significant (p >0.01) difference between the
control and vehicle groups when compared. However,
when compared to the levels in the control and vehi-
cle groups, the Tilianin-treated group demonstrated a
substantial (p <0.01) increase in renal tissue levels of
TAC. Mean tissue TAC level (Fig. 6).

HISTOPATHOLOGICAL EXAMINATION
The damage score and the histology results are dis-
played in figure 7 and figure 8 at the end of the study.
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The kidney tissue cross section from the sham group
displayed a normal renal structure, glomerulus, and
kidney tubules (Fig. 8A). As it shown, the renal tissue
cross section from the control group (Fig. 8B), on the
other hand, showed aberrant renal structure and
severe kidney damage, with the renal tubules being
damaged to an extent of 80% and showing enhanced
eosinophilia, vacuolated epithelium, and Eosinophilic
cast; interpreted in high severity score (severity score
mean=4). The kidney tissue of the vehicle group was
cross-sectioned, revealing injured kidney structure and
severe renal injury (damage of about 80%), including
renal tubules dilatation, loss of the brush border, in-
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Fig. 7. Severity score mean of histopatho-
logical kidney tissue of the 4 groups after
collecting all samples. The data are presented
asmean + SEM, with a sample size of five. For
statistical analysis, a one-way ANOVA with
Tukey multiple comparisons was used. Control
& Vehicle groups vs. Sham group. p-value <
0.01; TIL group vs. Control & Vehicle groups:
p-value < 0.01; TIL: Tilianin.

creased cytoplasmic eosinophilia, vascular congestion,
and hemorrhage (figure 8C). The kidney tissue cross sec-
tion of the TIL-treated group showed mild to moderate
kidney structural alterations, with damage impacting
35% of the renal tubules (Fig. 8D).

DISCUSSION

The structural and functional alterations take place in
response to restoration of blood flow after an ischemia

R g PSR
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"’l‘_ "?}" 1T

Fig. 8. Renal tissues undergo staining with
hematoxylin and eosin A. Sham group. A cross
section of left kidney showed normal histolo-
gy. 400x. B. Control group. Cellular swelling
and cytoplasmic eosinophilia, vacuolated
epithelium, and Eosinophilic cast. 100x. C.
Vehicle group cellular swelling and cytoplas-
mic eosinophilia (red arrow). 400. D. Tilianin
treated group. A cross section of left kidney
revealed score 2. The renal ischemic changes
with damage affecting 35% of renal tubules,
including cellular swelling and cytoplasmic
eosinophilia (red arrows) and presence of
normal renal tubules (blue arrow). 400.

period is referred as “ischemia reperfusion injury” (IRI).
In addition to the negative effects of ischemia, resto-
ration of blood flow can also have harmful impacts on
the tissue, such as necrosis of irreparably damaged
cells, apparent cell swelling, and uneven restoration of
blood flow [1]. Acute kidney injury (AKI) brought on by
renal ischemia-reperfusion injury (IRl) is still a significant
disorder that is accompanied by an unacceptable high
morbidity rate. This leads to extended hospitalization,
major renal disease, and occasionally even death [4].
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The current experimental study showed that following
ischemia reperfusion injury, urea and creatinine serum
levels were elevated significantly (p < 0.01) in both
the control and vehicle groups compared to the sham
group. These results agreed with other studies. In a rat
model research using IRI, blood levels of urea and cre-
atinine were significantly elevated in the control group
due to renal tubule injury after a 45-minute ischemia
period and a 24-hour reperfusion period [32]. Anoth-
er study that compared the control group to a sham
group likewise found that blood urea and creatinine
levels were higher in the control group. This increase
in serum nitrogenous waste products, including urea
and creatinine, was explained by reduction in oxygen
and nutrient availability [33]. Tilianin pretreated group
showed significant (p < 0.01) reduction in serum urea
and creatinine levels as compared with their levels in
control and vehicle groups. This research demonstrates
that TIL protects parameters of kidney function after
development of renal IRI in a rat model (urea and cre-
atinine). This finding agreed with other studies. One
trial involving the renoprotective impact of Tilianin in
diabetic rats revealed a significant drop in blood levels
of urea and creatinine, which was attributed to the
anti-oxidative and anti-inflammatory properties of TIL
and led to an improvement in the diabetic rats’ renal
functioning. The NrF2/Keap1 signaling pathway is the
mechanism via which TIL exerts its antioxidant effects
[34]. This experimental study found that the control
and vehicle groups’ mean severity scores for a portion
of the left kidney were significantly (p< 0.01) higher
than the score for the sham group. Cellular edema,
cytoplasmic eosinophilia, the disappearance of brush
borders, desquamation of epithelial cells, formation of
castsin tubularlumens, vascular congestion, interstitial
inflammation and bleeding are some of these histolog-
ical alterations. These results had been consistent with
those of other studies. According to one of these inves-
tigations, the ischemia reperfusion injury can result in
epithelial cell vacuolization, tubule casting, tubule dila-
tation, and loss of brush border [35]. Other studies have
demonstrated renal histological deformation due to
ischemia reperfusion damage, including cell desquama-
tion, congestion, necrosis, and apoptosis. Another study
found that bilateral IRI could significantly damage the
renal tubules, reduce the number of normal renal cells,
and increase gene expression that causes macrophage
accumulation, which in turn affects cell proliferation,
leukocyte migration to the site of injury, suppresses
cellular immunity, and ultimately activates the inflam-
matory response that results in additional renal damage
[36]. Tilianin pretreated group showed a remarkable (P
< 0.01) reduction in renal damage severity compared
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to both control and vehicle groups. The score severity
mean for the vehicle and control groups indicated se-
vere kidney damage, but the score severity mean for
the group receiving Tilianin treatment suggested mild
to moderate damage. Our findings in settlement with
other studies. One experimental investigation that eval-
uated Tilianin renoprotective impact after giving it to
diabetic rats, showed improvement in glomerular and
tubular damage. The fact that TIL improved the renal
functions of diabetic rats in the results shows that it has
anti-oxidative and anti-inflammatory properties [34].
A different experimental study suggested that Tilianin
enhances kidney function following the generation
of ischemia-reperfusion damage causes AKI in mice.
The tubular damage score dropped to around the half
of what was seen in the IRl group after TIL injection,
indicating thatTilianin protects kidney function in vivo
by suppressing the ERK/EGR1 signalling pathway [18].
This study discovered that after ischemia reperfusion
damage, both the control and vehicle groups’levels of
TNF-a and IL-13 were considerably (p < 0.01) higher
than those of the sham group. The findings supported
those of other studies. According to the study, renal
ischemia for 45 minutes followed by reperfusion for 6 or
24 hours induced structural and functional damage to
the kidneys, as well as systemic and renal inflammation,
which is shown by arise in TNF-a levels in injured tissue
[371. As for IL-1B3, several studies revealed a significant
elevationinits level in both control and vehicle groups
as compared to sham group.

The development of renal IRI is significantly influ-
enced by the inflammatory response. During the in-
flammatory process, there is a marked accumulation
of neutrophils, and inflammatory factors, chemokines,
and adhesion molecules produced as a result of the
inflammatory response can further activate neutro-
phils. Chemotaxis then causes them to infiltrate and
aggregate, which exacerbates renal injury [38]. Tilianin
pretreated group showed aremarkable (p< 0.01) reduc-
tion in the level of inflammatory mediators (TNFq, and
IL-1B) in kidney ischemic tissues as compared with the
levels of those inflammatory cytokines in both control
and vehicle groups. This result indicates that Tilianin
has an anti-inflammatory effect on kidney tissues that
underwent ischemia and then had their blood flow
restored. Our findings agreed with other experimental
studies. According to one study, Tilianin significantly
reduced of the gene expression of TNF-q, suggesting
that the main cause of its anti-inflammatory actions was
the downregulation of the TNF-a/NF-KB pathways [39].
According to a study, pretreatment with Tilianin dramat-
ically reduced the production of the pro-inflammatory
mediators IL-1 and TNF-a in a dose-dependent way.
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These findings suggested that Tilianin might reduce
inflammation. Additionally, this research showed that
Tilianin has an anti-inflammatory effect via inhibiting
the MAPK/ERK signaling pathway [40]. The current ex-
perimental study found that after IRI, that the levels of
total antioxidant capacity (TAC) in renal tissues in both
the control and vehicle groups significantly decreased
(p< 0.01) compared to the sham group. In comparison
to normal tissues, injured kidney tissues (control and
vehicle groups) exhibit this downregulation that is ex-
plained by an increase in oxidative stress and ROS (sham
group). Other studies have endorsed our conclusion.
According to one study, reoxygenation of the ischemic
kidney causes the creation of ROS, which in turn causes
the activation of cytokines and chemokines, which is
what causes the large fall in TAC tissue level after IRI.
After IR, the antioxidant defense system deteriorates,
and the amount of MDA, a byproduct of lipid peroxi-
dation, increases while antioxidant levels decrease. All
of these processes result in cell apoptosis [41]. In com-
parison to the control and vehicle groups, the Tilianin
pretreatment group had a significant (p<0.01) increase
of TAC expression while a reduction in oxidative stress
and the production of free radicals in injured kidney
tissues. This suggests that Tilianin has an anti-oxidative
effect on damaged renal tissues brought on by ischemia
and reperfusion. The effect of Tilianin on total antiox-
idant capacity in rat or mouse models has not been
studied previously. One study, however, examined the
cardio-protective action of TIL in a rat model of cardiac
ischemia and reperfusion injury and examined the an-
ti-oxidative effect of TIL by assessing malondialdehyde
(MDA), an oxidative stress marker, and superoxide
dismutase (SOD), an antioxidant enzyme. The outcome
confirmed the antioxidant effect of tilianin, showing
that it decreased MDA levels and increased SOD ac-
tivity [20]. The Nrf2 signaling pathway, amplification
of Nrf2-regulated genes, and several cytoprotective
enzymes, particularly HO-1, are the mechanisms that
underlie the enhancement of SOD and the down-reg-
ulation of MDA. The activation of the HO-1 enzyme
was confirmed to protect cells from oxidative-induced
damage [34]. The current experimental investigation
showed that following IRI, the levels of caspase-3 in the
renal tissues were considerably higher in the control
and vehicle groups (p < 0.01) than in the sham group.
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ABSTRACT

The aim: To conduct a morphometric analysis of the features of the remodeling of vessels of the hemomicrocirculatory channel of the testicles under the
action of aluminum chloride on the body.

Materials and methods: The testicles of 52 white male Wistar rats were morphologically studied, which were divided into two groups: intact and animals
injected with aluminum chloride at a dose of 100 mg/kg.

Results: The long-term effect of aluminum chloride on the body led to pronounced changes in the quantitative morphological indicators of the vessels of
the hemomicrocirculatory channel of the testes compared to the control ones. The diameter of arterioles of the left testicle decreased by 18.4%, precapillary
arterioles by 19.1%, hemocapillaries by 10.1%. The diameter of the postcapillary venules of the left testicle increased by 26.3%, the venules by 26.4%, and
the density of microvessels decreased by 30.0%, which indicated the deterioration of its blood supply. The degree of remodeling of microvessels in the right
testis was less pronounced. The diameter of arterioles of the right testicle decreased by 17.1%, precapillary arterioles by 18.4 %, and hemocapillaris by 9.1%.
The diameter of the postcapillary venules of the right testicle increased by 25.5%, the venules by 27.0%, and the density of microvessels decreased by 25.8%.
Conclusions: Long-term action (during the month) of aluminum chloride on the body leads to pronounced remodeling of the vessels of the hemomicrocirculatory
channel of the testicles, which is characterized by a pronounced narrowing of its supply (arterioles, precapillary arterioles), exchange (hemocapillaries) links.

KEY WORDS: morphometry, testicles, hemomicrocirculatory channel, aluminum chloride

INTRODUCTION

Today, there is an increase in the artificial load on the
environment, because of which the amount of chemi-
cals and their metabolites, which can negatively affect
the organs and systems of the body and worsen the
course of various pathologies, is increasing. It is known
that aluminum and its compounds have a toxic effect
on living organisms due to their accumulation in or-
gans and tissues, which is accompanied by a violation
of normal metabolic processes and the development
of pathology. Inorganic metal salts, which include
aluminum chloride, are particularly harmful to living
organisms [1].

This substance is widely used by man in various
spheres of his activity: oil, as a catalyst, cosmetics indus-
try for the production of antiperspirants and deodor-
ants, and medicine. The reproductive system in men
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is very sensitive to the influence of exogenous factors
and can be complicated by azoospermia (absence of
spermatozoa in the ejaculate) [2, 3]. In recent decades,
indicators of men’s reproductive and sexual health have
been decreasing in many countries of the world, butin
Ukraine, they have a rapid and extremely negative trend
[3]. Modern researchers emphasize the underestimation
of the negative impact of environmental factors on the
generative function in men.

Itis also known that functional and structural changes
in the vessels of the hemomicrocirculatory channel are
the first early signs of the effects of negative factors of
endogenous and exogenous origin on the body [4],
which clearly occur under the conditions of increased
formation of reactive oxygen species with a concomi-
tant deficiency of antioxidant protection [5-8]. Against
the background of age-related pathobiochemical
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changes, asthenodepressive syndrome, memory and
sleep disorders develop, and efficiency is reduced.
Age-related androgen deficiency is manifested not
only by sexual dysfunction, but also associated with
age-related diseases (obesity, diabetes, coronary heart
disease, osteoporosis, etc.), which exacerbate dysfunc-
tion of the male reproductive system [9-11].

Thus, in the process of spermatogenesis an import-
ant place belongs to the interaction of many factors,
first — hormonal, as well as nervous, immune, genetic,
which are based on subitle, still little studied molecular
mechanisms of regulation. The vessels of the hemomi-
crocirculatory channel, where transcapillary exchange
takes place, play animportant role in the trophic supply
of cells and tissues and in the pathomorphogenesis of
theirinjuries. It should be noted that the features of the
remodeling of the hemomicrocirculatory channel of the
testes during the action of aluminum chloride on the
body have not been sufficiently studied.

THE AIM

To carry out a morphometric analysis of the features of
the remodeling of vessels of the hemomicrocirculatory
channel of the testicles under the action of aluminum
chloride on the body.

MATERIALS AND METHODS

The testes of 52 sexually mature white male Wistar
rats, which were divided into two groups, were studied
using a complex of morphological methods. The 1st
group (intact) included 26 animals that were in normal
vivarium conditions, the 2nd - 26 rats that were injected
intraperitoneally with aluminum chloride at a dose of
100 mg/kg [12]. The experimental animals were euth-
anized one month after the start of the experiment.
The hemomicrocirculatory channel of the testes was
studied by filling their vessels with a carcass-gelatin
mixture, which was injected through the abdominal
aorta. 3-4 hours after filling the bloodstream of the
testicles with the indicated mixture, they were col-
lected and fixed in a 10% neutral formalin solution for
2 weeks. Sections with a thickness of 30-40 um were
made on a freezing microtome, which were dehydrat-
ed in ethyl alcohol, clarified in methyl ether of salicylic
acid and placed in polystyrene. Examination of micro-
preparations was performed on a Nicon Eclipse CI-E
microscope. Microscopy of microscopic images was
performed using a Sigeta M3CMOS 14000 camcorder
and Toup View software on a personal computer. [13].
The diameters of arterioles (DA), precapillary arteri-
oles (PA), hemocapillaries, postcapillary venules (PV),

venules (V) and microvessel density (MD) per 1 mm? of
the tissues of the left (LT) and right testicles (RT) were
determined morphometrically [4]. Quantitative indica-
tors were processed statistically. The processing of the
obtained results was carried out in the department of
systematic statistical research of I. Horbachevsky Terno-
pil National Medical University the STATISTIKA software
package.The difference between the compared values
was determined by the Student and Mann-Whitney
test. Conducting experiments and euthanasia of ex-
perimental animals was carried out in compliance with
the “General Ethical Principles of Animal Experiments”
adopted by the First National Congress on Bioethics
(Kyiv, 2001), in accordance with the “European Con-
vention for the Protection of Vertebrate Animals Used
for Research and Other Scientific Purposes” as well as
the Law of Ukraine “On the Protection of Animals from
Cruelty” (dated February 21, 2006).

RESULTS

A comprehensive analysis of the data (Table I) estab-
lished that long-term exposure to aluminum chloride
led to pronounced changes in the quantitative mor-
phological indicators of blood vessels of the hemo-
microcirculatory channel compared to control ones.
Thus, the diameter of the arterioles of the left testicle in
simulated experimental conditions with a pronounced
statistically significant difference (p<0.001) decreased
from (18.20+0.30) um to (14.85+0.24) um, by 18 4%.

The diameter of the precapillary arterioles of the spec-
ified testicle also changed similarly. Thus, the diameter
of the precapillary arterioles of the intact left testicle
was equal to (10.8240.12) um, and in the 2nd group of
observations - (8.75+0.12) um.The given morphometric
parameters were statistically significantly (p<0.001)
different from each other. At the same time, the last
quantitative morphological indicator was lower than
the similar control by 19.1%.

The lumen of the hemocapillaries of the left testicle
in the studied conditions of the experiment also de-
creased by 10.1% with a high degree of statistically
significant difference (p<0.001).

Quantitative morphological analysis established
that the venous vessels of the hemomicrocirculatory
channel of the left testicle expanded when aluminum
chloride was applied to the body of experimental an-
imals. Thus, in the simulated experimental conditions,
the diameter of the post-capillary venules of the left tes-
ticle of the animals increased statistically significantly
(p<0.001) by 26.3%, and the venules increased by 26.4%
(p<0.001). At the same time, the density of microvessels
per unit tissue area of the examined organ significantly
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Fig. 1. Destructive processes in the vessel wall
desquamation of endotheliocytes, narrowing
of the lumen of the vessels of a laboratory sex-
ually mature white male rat under the action
of aluminum chloride on the body.

decreased by almost 30.0% (p<0.001), which indicated
the deterioration of its blood supply [2, 4].

The structural rearrangement of the vessels of the he-
momicrocirculatory channel of the right testicle during
the action of aluminum chloride on the body of ex-
perimental animals turned out to be similar to the one
described above. It is worth noting that the analysis of
the investigated morphometric parameters established
that the degree of remodeling of the microvessels of
the hemomicrocirculatory channel in the left and right
testicles turned out to be different. Thus, the diameter of
the arterioles of the right testicle in the simulated condi-
tions of the experiment with a pronounced statistically
significant difference (p<0.001) decreased by 17.1%
compared to the similar control indicator, the diameter
of the precapillary arterioles - by 18.4% (p<0.001), and
hemocapillaries - by 9.1% (p<0.001).

Venous vessels of the hemomicrocirculatory channel
(capillary venules and venules) expanded under the
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Fig. 2. Full-blooded vein, destructive process-
esinits wall, desquamation of spermatogenic
epithelium in tortuous seminiferous tubules

influence of aluminum chloride. Thus, the diameter of
the postcapillary venules of the right testicle increased
by 25.5%, and the diameter of the venules increased by
27.0% (p<0.001) with a high degree of statistically sig-
nificant difference (p<0.001). The density of microves-
sels under these experimental conditions decreased
from (3836.8+30.3) to (2846.9+22.1), so it is by 25.8%
(p<0.001).

DISCUSSION

Man-made loads with aluminum compounds are
accompanied by hemodynamic disorders, which are
manifested to one degree or another by pronounced
testicular ischemia. [1, 6, 7]. The cells of the spermato-
genic epithelium show the greatest sensitivity to hypox-
ia. According to most authors [1, 3, 6, 7] violations of
spermatogenesis are directly dependent on circulatory
disorders and are irreversible.
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Table I. Morphometric characteristics of the hemomicrocirculatory channel of the test animals (M+m)

Group of animals

Indicator

1st group (intact) 2nd group
Left testicle

diameters of arterioles, um 18.20+0.30 14.85+0.24***

precapillary arterioles, pm 10.82+0.12 8.7510.12%**

hemocapillaries, pm 6.12+0.09 5.50+0.09%**
postcapillary venules, um 12.58+0.15 15.90+0,15%**
venules, um 26.57+0.30 33.60+0.30%**
microvessel density 3843.3+28.2 2690.5+21.3***

Right testicle

diameters of arterioles, um 18.22+0.30 15.10£0.27***
precapillary arterioles, pm 10.85+0.12 8.85+0.09%**
hemocapillaries, pm 6.12+0.09 5.56+0.06%**
postcapillary venules, um 12.54+0.15 15.75£0.12%**
venules, um 26.53%+0.30 33.70£0.27***
microvessel density 3836.8+30.3 2846.9+23.1***

*4%_n 0,001

The predominance of expansion of venous microves-
sels of the hemomicrocirculatory channel, venous full
blood was complicated by hypoxia, in which oxygen
transport to cells is disrupted, energy synthesis decreas-
esintracellular ATP decreases, functional-metabolicand
trophic disturbances occur, which significantly affects
the vital activity of testicular structures. The latter is
confirmed by the presence of dystrophy, necrobiosis
of cells and tissues of the examined organ, infiltrative
and sclerotic processes [1, 6].

The leading in of aluminum chloride into the body
of sexually mature male laboratory rats leads to
complex general biological processes that arise and
develop in the organs and systems of the body during
its adaptation to a new level of life [6, 9]. It should be
noted that detailed and objective knowledge of com-
pensatory-adaptive processes in cotyledons needs its
own solution.

The obtained morphometric indicators of the studied
vessels indicate that the influence of aluminum chloride
leads to a pronounced structural rearrangement of the
vessels of the hemomicrocirculatory channel of the
testes. At the same time, it should also be noted that
the microvessels of the supply and exchange links are
narrowed, and those of the outlet part of the hemo-
microcirculatory channel are significantly expanded.
Pronounced expansion of post-capillary venules and
venules led to venous congestion and stasis, which
cause edema, plasmarrhagia in the vascular walls and
perivasal stroma, which supported and intensified the
state of hypoxia and deterioration of cell and tissue
trophism. The latter contributed to the increase in ede-

ma and were complicated by dystrophic, necrobiotic
changes in cells and tissues. Damage to endothelio-
cytesled to a decrease in the production of nitric oxide,
an increase in the synthesis of endothelin-1, which
increased vasospasm. The specified hemomicrocircu-
latory changes were accompanied by deterioration of
blood rheology, increased permeability of the walls
of microvessels, plasmarrhagia not only of their walls,
but also of the paravasal stroma with blood proteins.
At the same time, perivasal swelling, saturation of the
surrounding stroma with proteins and blood-forming
elements, hypoxia, defibrillation, disorganization and
dissociation of fibrous structures, significant dete-
rioration of the diffusion of nutrients and oxygen,
which was complicated by dystrophic and necrobiotic
changes of stromal structures, vascular endotheliocytes
and spermatogenic epithelium, fibroplastic activity,
polymerization and saturation of collagen fibrils with
glycosaminoglycans [4, 6, 9].

During histological examination of micro-prepa-
rations, an increase in the lumens of mainly venous
vessels of the testicles, especially post-capillary venules
and venules, which are dilated, filled with blood, with
foci of stasis, thrombosis, diapedesis, paravasal hem-
orrhages, was revealed. Hemocapillaries are mostly
narrowed, spasmodic. The wall of arterioles is thick-
ened, their lumen is narrowed, some endotheliocytes
are dystrophically and necrobiotically altered and
desquamated. In individual arterioles, the following
were observed: destruction of membranes, structural
changes of myocytes, phenomena of myoelastofibrosis,
which are presented in Fig 1.
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In the lumen of the venules, formed elements of the
blood, mainly erythrocytes, were found, the shape of
which was elongated oval. Edema was observed in the
cytoplasm of endotheliocytes. Cytolemma of endothe-
liocytes of uneven thickness and contours. This structure
formed protrusions of various shapes and sizes, as well as
microvilliin the lumen of microvessels. The cytolemma of
endotheliocytes also formed recesses in their cytoplasm.

Pronounced venous congestion was complicated
by hypoxia, which led to dystrophic and necrobiotic
changes in endotheliocytes, vascular myocytes, sper-
matogenic epitheliocytes, stromal structures, infiltra-
tion and sclerosis (Fig 2).

The contours of the walls of venous vessels are
unclear, thickened. Swollen and sclerosed cells alter-
nate, their contours are tortuous, twisted, the lumens
are deformed. Endotheliocytes of venous vessels are
increased in size with the phenomena of edema, dys-
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ABSTRACT

The aim: To determine the peculiarities of the response of pulmonary ventilation to hypoxia in elderly people with impaired glucose tolerance

Materials and methods: Forty-three elderly people were examined, including 20 patients with impaired glucose tolerance and 23 healthy individuals with
preserved glucose tolerance. Fasting plasma glucose and insulin concentrations were determined, and the HOMA-IR insulin resistance index was calculated.
Under conditions of normoxia and during a dosed hypoxic test (12% oxygen, duration 20 min), blood saturation and lung ventilation parameters were monitored.
Results: Under conditions of normoxia, the indicators of lung ventilation function did not differ between the groups of elderly people with impaired and
preserved glucose tolerance. Under conditions of hypoxia, elderly people with impaired glucose tolerance had a less significant increase in ventilation, despite
the development of more severe arterial hypoxemia. This leads to a decrease in the ventilatory response to hypoxia in case of impaired carbohydrate metabolism.
Conclusions: In people with impaired glucose tolerance, a less significant ventilatory response to hypoxia is combined with more pronounced insulin resistance.

KEY WORDS: impaired glucose tolerance, aging, hypoxia, ventilation, insulin resistance

INTRODUCTION

Disorders of glucose homeostasis are an important
medical and social problem in the world. This is pri-
marily due to their high prevalence, development of
complications and economic losses. Thus, in 2015,
there were about 415 million people in the world with
disorders of glucose homeostasis (elevated fasting
blood glucose level, impaired glucose tolerance), and
according to the forecast, their number will increase
to 642 million in 2040 [1]. Today, disorders of glucose
homeostasis are considered an important risk factor for
the development of cardiovascular disease and type 2
diabetes mellitus [2]. Epidemiological studies show that
within a year, 3.6% to 8.7% of people with dysglycemia
become patients with type 2 diabetes mellitus [3]. This
gives grounds to consider impaired glucose homeosta-
sis as anintermediate stage before the development of
diabetes, i.e., as prediabetes [4].

Previous studies have shown a significant increase
in the prevalence of glucose homeostasis disorders in
older age: from 8.8% in men and 11% in middle-aged
women to 24.3% in men and 34.7% in women over 85
years of age [5]. This indicates a link between age and
carbohydrate metabolism disorders.
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The causes of carbohydrate metabolism disorders
in aging may include poor nutrition, reduced physical
activity, decreased muscle mass, decreased insulin
secretion, and the development of insulin resistance
[6]. According to researchers, insulin resistance (IR) is
the most important cause of impaired carbohydrate
tolerance in the elderly [6].

Hypoxia plays an important role in glucose homeosta-
sis disorders and in the development of diabetes com-
plications [7]. Hypoxia controls the activation of HIF-1q,
a hypoxia-inducible transcription factor, and through it
VEGF, a vascular endothelial growth factor [8]. In the pres-
ence of elevated glucose concentrations, cells and tissues
are exposed to elevated levels of glycation end products
that inhibit HIF-1a function [7]. This leads to increased
degradation of HIF-1a under conditions of hypoxia and
hyperglycemia [7]. The consequence is a decrease in the
adaptive capacity of cells and their survival [7, 8]. Tissue
hypoxia also promotes the activation of proinflammatory
cytokines, which can cause the onset and progression of
carbohydrate tolerance disorders [9].

On the other hand, hypoxia and hypoxic shifts are the
cause or characteristic feature of age-related decline in
the body’s functional capacity and adaptive capacity [10].
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With aging, oxygen supply to tissues and oxygen tension
in tissues decrease [11]. Studies have also shown that the
body’s resistance to hypoxia decreases with aging [11, 12].

Among the mechanisms of adaptation to hypoxia,
the respiratory system plays a key role, as it responds
most quickly to the development of arterial hypoxemia.
Under conditions of oxygen deficiency, lung ventilation
increases and bronchial patency increases [12].

At the same time, changes in pulmonary ventilation
under hypoxia in elderly people with impaired glucose
tolerance (IGT) remain unclear.

THE AIM

The aim of our study was to determine the peculiarities
of the response of pulmonary ventilation to hypoxia in
elderly people with impaired glucose tolerance (IGT).

MATERIALS AND METHODS

The study was conducted in accordance with ethical
guidelines. Participation in the study was voluntary, all
subjects received detailed information about the study
and signed an informed consent. The study procedures,
patient information, and the informed consent form
were approved by the Ethics Committee of the Clinical
Sector of the Dmitry F. Chebotarev Institute of Geron-
tology of the National Academy of Medical Sciences of
Ukraine (Protocol 9 of June 11, 2013).

We examined 20 people aged 60-74 years with IGT,
which was diagnosed on the basis of the results of an
oral standard glucose tolerance test (OGTT) [2]. The
criterion for IGT was a glycemic level of 7,8 to 11,1
mmol*I" after 2 hours of OGTT. As a control group,
23 practically healthy people aged 60-74 years with
preserved glucose tolerance (PGT) were examined, in
whom the plasma glucose level after 2 hours of OGTT
was less than 7.8 mmol*|".

The index of insulin resistance (HOMA-IR - Homeo-
stasis Model Assessment for Insulin Resistance) was
calculated by the formula:

HOMA-IR = fasting plasma glucose * fasting plasma
insulin / 22,5.

The glucose concentration was determined by the
glucose oxidase method on a BTS-330 analyzer using
Glucose reagents (Bio LATEST Lachema Diagnostica,
Germany), and the plasma insulin concentration was
determined by an enzyme-linked immunosorbent
assay using a DRG Insulin ELISA kit (DRG Instruments
GmbH, Germany).

A dosed hypoxic test was performed in a sitting
position no earlier than 2 hours after breakfast using
a standard certified gas mixture containing 12 % ox-

ygen and 88 % nitrogen. The duration of the test was
20 minutes. During the hypoxic test, blood saturation
(SpO,) was recorded using the “UM-300" monitor (UTAS,
Ukraine), respiratory volume (VT) and respiratory rate
(F) using the “Hypotron”apparatus (Scientific Research
Institute “APRODOS” of National technical university
of Ukraine “Igor Sikorsky Kyiv Polytechnic Institute’,
Ukraine). SpO, and pulmonary ventilation were record-
ed under normoxia conditions (before the hypoxic test
for 5 minutes), then during the hypoxic test and for
5 minutes after the hypoxic test. The degree of SpO,
decrease during the hypoxic test reflects the body’s
ability to withstand hypoxic exposure, i.e., character-
izes resistance to hypoxia [13]. It is worth noting that
inhalation of a hypoxic gas mixture containing 12 %
oxygen for 20 minutes is completely safe for humans,
as evidenced by the widespread use of hypoxic tests in
both healthy and sick people [14].

The obtained data were processed by the methods
of variational statistics using the computer program
“Statistica 7.0 for Windows". The studied indicators had
adistribution close to normal. Average values of indica-
tors (M), their errors (m) were calculated. Differences in
the average values of the indicators in the groups were
evaluated according to the Student’s test. Pearson'’s
correlation analysis was performed. The critical level
of statistical significance was 0.05.

RESULTS

Under conditions of normoxia, the indicators of lung
ventilatory function did not differ between groups of
elderly people with IGT and PGT (table I).

In response to dosed hypoxia, ventilation rates in-
creased in both patients with PGT and patients with
IGT (table ).

At the same time, certain differences in the response
of pulmonary ventilation to dosed hypoxia in elderly
people with PGT and those with IGT were found. In
subjects with IGT under hypoxia, the increase in VT
and, accordingly, VE was less than in subjects with
PGT, despite the development of more severe arterial
hypoxemia. As a result, under hypoxia, the ratio AVE/
ASpO2, which characterizes the ventilatory response to
hypoxia, decreased to a lesser extent in patients with
IGT than in patients with PGT (table I).

The insufficient ventilatory response to hypoxia in
elderly people with IGT is likely to be one of the factors
in reducing their resistance to hypoxia.

In the study of the relationship between ventilation
response to hypoxia and the insulin resistance index,
the following was found. In patients with IGT, changes
in minute ventilatory volume (AVE) during hypoxia
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Table . Indicators of ventilation function of lungs in elderly people with IGT and PGT, M £ m

Indicator Group with PGT Group with IGT
VT in normoxia, | 0,61+0,02 0,59+0,03
VT in hypoxia, | 0,69 £ 0,03 0,63+0,03
AVT, | 0,08 £ 0,007 0,04 £0,007*
F in normoxia, min-1 13,10+0,23 13,01 £0,25
F in hypoxia, min-1 14,32+0,15 14,71 £0,15
AF, min-1 1,22 +0,09 1,70 £ 0,07
VE in normoxia, I*min-1 7,99 +0,26 7,68 +0,22
VE in hypoxia, I*min-1 9,88 +0,28 9,27 £0,30
AVE, [*min-1 1,89+ 0,08 1,59 £ 0,06*
SpO2 in normoxia, % 95,74%0,15 95,50+0,17
Sp02 in hypoxia, % 80,74+ 0,16 78,13 £0,14*
ASpO2, % -15,00 £ 0,14 -17,37£0,11*
AVE/ASpO2 -0,126 £ 0,003 -0,092 + 0,005*

Notes: all shifts are significant, p < 0.05; * - differences are significant compared with the indicators of elderly people with VT, p < 0.05; VT - respiratory
volume, F - respiratory rate, VE - minute respiratory volume, A - shift in hypoxia

correlated with the HOMA-IR index of insulin resistance
(r=-0,37, p=0,0012). The regression analysis showed
aninverse linear relationship between these parameters.

The analysis also revealed an inverse correlation
(r=-0.36, p=0,0019) between VE shifts during hypoxia,
on the one hand, and changes in glucose levels after
2 hours of OGTT, on the other hand, in patients with IGT.

DISCUSSION
The question arises: why do elderly people with IGT

have a reduced ventilatory response to hypoxia? It is
known that up to 70% of circulating blood glucose is
consumed by the brain [15]. Our previous studies have
shown that hypoxia reduces blood glucose levels, espe-
cially in people with IGT [16]. In order to compensate for
the energy supply of the brain under hypoxia, glucose
transport to the brain is activated. Thus, the level of
the insulin-independent glucose transporter GLUT-3
increases [17]. At the same time, it is known that in IR,
cellslose the ability to respond to the metabolic activity
ofinsulin and insulin-mediated processes in the brain, in
particularin the hypothalamus, hippocampus and cere-
bral cortex [18]. Under conditions of oxygen deficiency,
despite increased glucose transport, defective insulin
signaling leads to a shortage of energy substrates in
brain neurons. In IR, the importance of activation of
free radical processes in the brain during hypoxia also
increases. This can contribute to an excessive increase
in the level of membrane lysophospholipids, which
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leads to a violation of the functional activity of mito-
chondria and a decrease in the synthesis of macroergic
compounds [19].

The described processes reduce the energy supply of
the brain and form a different pattern of the activity of
the neurons of the respiratory center. This can lead to
a delayed and insufficient response to hypoxia of the
respiratory center neurons in elderly people with IGT.

On the other hand, the mechanisms of ventilation
regulation, its response to hypoxia, and carbohydrate
metabolism may interact [20]. Therefore, it is possible
that functional insufficiency of ventilation regulation
contributes to carbohydrate metabolism disorders. In
turn, disorders of carbohydrate metabolism, which, in
particular, develop in elderly people with IGT, negatively
affect metabolism and can cause changes in the sen-
sitivity of central and peripheral chemoreceptors. This
leads to a decrease in the sensitivity of the chemoreflex
mechanism of compensation for arterial hypoxemia. As
a result of these complex mechanisms, the respiratory
center’s response to hypoxia in elderly people with IGT
is reduced.

RESPIRATORY RESPONSE TO HYPOXIA AND
INSULIN RESISTANCE

It is known that a constant oxygen tension in tissues is
essential for optimal cellular metabolism. The activation
of ventilation under the influence of hypoxic stress is
aimed at compensating for oxygen deficiency to meet
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the body’s metabolic needs. The activity of metabolic
processes, in particular, carbohydrate metabolism
under hypoxia, directly depends on the adequacy of
the body’s compensatory reactions. It is hypoxia, that
is, the inability to meet the oxygen needs of the body,
that leads to the development of pathological changes
in carbohydrate metabolism. However, the relationship
between changes in pulmonary ventilation to hypoxia
and insulin resistance in elderly people with IGT is still
unclear.

These data suggest the existence of a cause-and-ef-
fect relationship between IGT and insufficient response
of lung ventilation to hypoxia in the elderly. The identi-
fied dependencies do not allow us to determine what is
the cause and what is the effect. However, they show an
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ABSTRACT

The aim: This paper is an analytical and descriptive study of the use of the Activity Based Costing (ABC) system in mental healthcare institutions for the allo-
cation of overhead costs of auxiliary units that provide non-medical services. The realistic estimates obtained using this costing system will help improve the
allocation of resources, especially in the conditions of increased number of patients, and to control overhead costs, ensuring the reduction of non-productive
expenses, increasing the efficiency and effectiveness of the mental health and psychosocial support institution.

Materials and methods: The study describes and uses ABC as a system and method for calculating inpatient care costs in 2022. The cost of medical services
will be calculated as the sum of direct and overhead costs. Overhead costs into inpatient care consist of medical support units overhead costs and non-medical
support units overhead costs. Overhead costs in non-medical support units were allocated to the cost of services within the cost centers:hospital departments
that specialize in the treatment of specific mental health conditions. Expert opinion regarding the alignment of the cost allocation base with the factors identified
for the allocation of each group of overhead costs in the mental health and psychosocial support facility was taken into account .

Results: Calculations showed the impracticality of using a single tariff for psychiatric care medical services for adults and children in inpatient conditions,
since there are cost centers, namely, clinical departments of health care institutions, which consume a larger amount of resources. In particular, these are the
departments providing the treatment of psychotic disorders caused by taking psychoactive substances, as well as schizophrenic, organic disorders, including
symptomatic, mental disorders). Accordingly, the tariff for such medical services should be higher.

Conclusions: ABCis applicable in mental health care institutions and can help to efficiently cost processes, and thereby overcome a key challenge: to overesti-
mation or underestimation of costs into a medical services. Cost assignment through ABC generated more accurate cost estimates, which suggests that model
of cost calculation ABC is more able to address complexity in mental health care institutions.

ABC should be gradually incorporated into an estimated approach to costing leads, to progressively bring reliable cost-accounting practices to mental health
care institutions

KEY WORDS: activity-based costing, inpatient care costs, cost centers, cost driver, cost management system of mental health care in Ukraine

INTRODUCTION

The war in Ukraine has largely contributed to the in-
tensive growth of the number of people who will likely
have problems with mental health. According to global
estimates, the experience of military conflict is the cause
of mental health problems in 20% of the population [1].
A sociological research shows that in the conditions of
the active phase of the military conflict, at least 50%
of the population of Ukraine experiences a potentially
traumatic experience [2]. Internally displaced persons,
military personnel, veterans and their family members
as well as those who have experienced the loss of a
family member as a result of hostilities constitute the
largest share. The most common mental problems and

Wiad Lek. 2023;76(12):2679-2686

disorders currently recorded in Ukraine include long-
term stress, depressive disorder, anxiety disorder, and
post-traumatic stress disorder [3-5].

Despite the significantincrease in the number of people
in need of mental health care, the functioning of mental
health and psychosocial support institutions in Ukraine
and their funding have remained the same. In particular,
despite the transition to the Strategic Procurement Con-
cept [6] according to which the tariff for medical services
has been formed, mental health care and psychosocial
support institutions are still under estimated funding.
Thatis, institutions develop an approximate plan of needs
based on the expenses of the previous year, adjust them
according to the changes in prices and volumes of activ-
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ity, without any comprehensive analysis of the activities
of their institution. Therefore, the funds are not always
used efficiently and are often insufficient to cover the
expenses of the reporting period. This process, despite
its time-consuming nature, does not provide any op-
portunity to clearly calculate the cost of medical services
received by patients and to manage the funds of health
care institutions, avoiding unproductive costs.

The dominantfactorin avoiding unproductive expenses,
in particular, when calculating costs in mental health care
institutions, is the use of innovative approaches to the
formation of management systems. These approaches
are aimed not only at the additional attraction of budget
funding in connection with the increase in the number of
services provided, but also at the creation of new cost-op-
timizing approaches to management.

The cost management system of mental health careand
psychosocial support institutions in Ukraine in the face of
the growing number of patients is of decisive importance.
It should be aimed at the correct and accurate calculation
of the cost of the provided service. Due to the specificity
of mixed funding of health care facilities, it is impossible
to calculate the cost of both the medical service and the
finished case of patient treatment.

The use of an estimated approach to costing leads to
overestimation or underestimation of costs due to the
inability to reconcile the bases of cost distribution with the
factors that determine them. Activity Based Costing (ABC)
is a costing system that helps calculate the actual costs as-
sociated with the provision of health services and connect
them to the resources they consume [8-9]. Italso contributes
to determining priorities in cost management, providing
more detailed information about activity costs, which, as a
rule, leads to the elimination of unproductive costs.

THE AIM

Accurate calculation of the cost of services is very
important for reducing expenses. Thus, using the po-
tential of the ABC system, this study aims at calculating
the costs of responsibility centers for inpatient care in
the allocation of overhead costs of auxiliary units that
provide non-medical services, using the example of the
«Regional Clinical Psychiatric Hospital No. 3» Communal
Non-Profit Enterprise of the Kharkiv Regional Council
(hereinafter - <Regional Clinical Psychiatric Hospital No.
3» KRC CNE).

MATERIALS AND METHODS

This study is an analytical-descriptive research con-
ducted through studying of open-access financial
documents of “Regional Clinical Psychiatric Hospital
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No. 3”KRC CNE.

The study of the cost of services was conducted using
the ABC method based on financial information for
2022. The ABC estimates costs using activities as the
basis for calculations.

The steps of data analysis (using ABC) in this study
divided into three major: (1) using the primary data to
determination of the types of Activities of the Hospital’s
Responsibility Centers; (2) classifying of the Activity
of Responsibility Centers; (3) Identifying the over-
head costs into inpatient care, which accumulated in
non-medical units and the allocation of overhead costs
of non-medical units to the medical services.

RESULTS

Calculation according to ABC costing was carried out
in several stages described below.

1. DETERMINATION OF THE TYPES
OF ACTIVITIES OF THE HOSPITAL'S
RESPONSIBILITY CENTERS
The ABC process begins with the development of a
map of the activities of the mental health and psycho-
social support institution and the division of provided
services into:
« basic medical and diagnostic services directly related
to the diagnostic and treatment process;
«non-medical services: public, administrative, and
support services that ensure the functioning of the
hospital, but are not related to the main services to
patients.
The list of the main services provided by the core units
of the health care institution was determined in accor-
dance with the Program of Medical Guarantees (PMG),
«Inpatient Psychiatric Care». Based on the classification
of core and non-core units, one can distinguish the
main responsibility centers that perform certain types
of medical activities. It simplifies the process of allo-
cating overhead costs accumulated by non-core units
of the hospital.

On the example of the “Regional Clinical Psychiatric
Hospital No. 3" KRC CNE, we identified three units of the
functioning of the mental health care and psychosocial
support institution. Within the scope of meeting the
need for obtaining basic services, the following are
highlighted (Fig. 2):

(1) major cost centers: hospital departments that
specialize in the treatment of specific mental health
conditions; (2) auxiliary medical units that offer ad-
ditional services for the diagnosis, treatment, and
prevention of mental health disorders and provide for
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MAJOR SERVICES

Cost center <

Auxiliary medical units

| Cost center 1 with psychiatric pathology

Medical and diagnostic department for epilepsy patients y

| Cost center 2 |E>‘ Emergency psychiatry center

| Cost center 3 ||:>‘ Psychiatric care center for children

| Cost center 4 ‘d) Psychiatric department of primary psychotic episode
| Cost center 5 ‘¢ Outpatient department of forensic psychiatric examination '
‘ Cost center 6,7 |[> Psychiatric department for war veterans

| Cost center 8 ‘ E> Psychotuberculosis department

’ Cost center 9 |© Somatopsychiatric department

Laboratories

Units for conducting instrumental and
equipment diagnostics

Operating units and intensive care units

___________________________________________

| Units that provide transport services

Units for the maintenance of medical equipment

Units that perform administrative and management
functions

| Units that provide laundrv services |

| Units that provide security services |

Unit that provides cleaning of premises and territories

| Units providing meals ‘

‘ ADMINISTRATIVE SERVICES

Fig.1. Defining Activity Centers in «Regional Clinical Psychiatric Hospital No. 3» KRC CNE.

the activities of responsibility centers; (3) auxiliary units
that offer non-medical services, namely, administrative
and maintenance services.

2. ANALYSIS OF THE ACTIVITY OF
RESPONSIBILITY CENTERS

At this stage, all costs accumulated by the cost center
of basic services are divided into direct costs, which are
directly related to the cost of the medical service, and
overhead costs.

Direct costs that can be obtained from the hospital’s
data systems should include only the labor costs of
the treating physician and the cost of medicine if it is
included in the Medical Guarantee Program.

All other costs incurred by the healthcare facility will
be overhead costs and therefore need to be allocated
using a cost driver (allocation factor) to be included in
the cost of the healthcare service.

In accordance with the cost items, the cost driver is
calculated for each item of indirect costs for each re-
sponsibility center. A cost driver is a numerical multiplier
that characterizes the proportion of the allocation of
certain costs to one or another responsibility center.
Cost drivers determine the cost of each service in the
responsibility center.

The allocation of medical overhead costs within the
main clinical departments can be performed by the

direct allocation method (VBC method), where the cost
driver is the number of patients who received medical
services during the reporting period. These costs will
include salaries of junior medical staff, depreciation
costs of medical equipment and devices used in the
department, etc.

3. ALLOCATION OF COSTS IN AUXILIARY
AND ADMINISTRATIVE SERVICE CENTERS

As for overhead costs outside the responsibility centers
(costs of auxiliary medical units and administrative
service units), we can use the ABC method to further
transfer the costs formed in these units to the cost of
the final medical service, which is formed in the respon-
sibility center.

According to the ABC method, indirect costs Zi are
allocated to the service Kn on the basis of cost driver
D. That is, all overhead costs formed in administrative
units should be allocated by combining the cost factor
(A) and cost driver (D). That is, we assume that for the
provision of a certain medical service K, there are n
indirect types of activities that accumulate aggregate
costs Z (i=1,..n) at the end of a period of time. That is,
when planning for the next reporting year, the hospital
management determines the total costs for each cost
item, which must be included in the cost of the medical
service in the future (Tables I-Il).
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Table I. Overhead Display Matrix by Responsibility Centers

Indirect cost item

Amount of overhead costs

m
7 im
2 Z,

Z3m
n z

Table I1. Accounting data of the “Regional Clinical Psychiatric Hospital No. 3” KRC CNE regarding the amount of overhead costs

Indirect cost item

Amount of overhead costs, in 000, USD

Costs of non-medical raw materials and basic materials 314
Expenses for food for the patients 300
Fuel costs 1
Electricity costs 150
Sanitation costs 153
Heat supply costs 606
Administrative expenses 225

Table I11. Matrix of Cost Factors

Responsibility centers

Cost factor
1 2 3 m
Z'A1 A1'| A12 A13 A1m
zAZ A 21 A 22 A23 A2m
zAn A ni A n2 A n3 Anm
Table IV. The results of the agreement of experts’ opinions on the selection of the cost factor for the group of overhead costs
Indirect cost item Cost factor item Concord.ance Pearsor: S test, Appropriateness
coefficient X
Costs of non-medical materials Planned number of patients 0,644 15.45 >7.81473 +
Expenses for food for the patients Planned number of bed-days 0,7 16.8 >7.81473
Fuel costs Planned number of 031 7.41<7.81473 -
hospitalized patients
Electricity costs Area of the premises 0,64 15.38 > 7.81473 +
Current repair costs Area of the premises 0,64 15.38>7.81473 +
Heat supply costs Area of the premises 0,64 15.38 > 7.81473 +
Administrative expenses Planned number of bed-days 0.794 19.05=>7.81473 +

Thereis also a cost factor, which is the basis combined
with overhead costs, and the amount of overhead costs
may depend on the value of the cost factor (Table Il).

The complete collection of data used in ABCis almost
impossible in some cases. In costing processes, collect-
ing data for cost drivers is the most time-consuming
and expensive step, especially when there are many
activities and corresponding cost drivers. In the med-
ical sector, this process is less labor-intensive than in
manufacturing, since the most significant cost factor
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for treatment and diagnostic services is the number
of patients.

Since there is currently no clearly formalized evidence
of the impact of a certain cost factor on the value of
indirect costs in the scientific literature, we will use the
judgment of 8 expert managers of medical institutions
within the scope of this study. When asking for expert
evaluations to calculate the dependencies between the
cost factor and the value of the hospital’s indirect costs,
we faced the problem of their consistency. We obtained a
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Table V. Matrix of cost factors for «Regional Clinical Psychiatric Hospital No. 3» KRC CNE

Cost factor values
Indirect cost item Cost factor item cos::::tor
1 2 3 4 5 6 7 8 9
Costs of non- Planned number of 3024 30 700 200 400 350 420 320 252 352
medical materials patients
Expenses fo.r food Planned number of 345 33 51 53 30 2 45 43 6 2
for the patients bed-days
Fuel costs Planned number of 3024 30 700 200 400 350 420 320 252 352
hospitalized patients
Electricity costs Area of the premises 2627 137 480 220 475 242 348 225 198 302
Current repair costs  Area of the premises 2627 137 480 220 475 242 348 225 198 302
Heat supply costs Area of the premises 2627 137 480 220 475 242 348 225 198 302
Administrative Planned number of 345 33 51 53 30 2 45 3 26 2

expenses

bed-days

Table VI. Calculation of cost drivers for each factor, the «Regional Clinical Psychiatric Hospital No. 3» KRC CNE

Indirect cost item Indirect cost sum, Cost factor item Cost factor Cost driver
uUsD sum value
Costs of non-medical raw 314108,1 Planned number of patients 3024 103,87
materials and basic materials
Expenses for food for the 300375,7 Planned number of bed-days 345 870,65
patients
Fuel costs 11243,24 Planned number of hospitalized patients 3024 3,72
Electricity costs 149991,9 Area of the premises 2627 57,10
Sanitation costs 153097,3 Area of the premises 2627 58,28
Heat supply costs 606132,4 Area of the premises 2627 230,73
Administrative expenses 225400 Planned number of bed-days 345 653,33

comprehensive assessment of the consistency of experts’
opinions using the concordance coefficient (general con-
cordance coefficient). The results (Table IV) summarize
the agreement of experts’opinions regarding the use of
the cost factor for the distribution of overhead costs of a
mental health care and psychosocial support institution.
Matrix of cost factors for «Regional Clinical Psychiatric
Hospital No. 3» KRC CNE is presented in Table V.

The cost drivers for each cost factor will be calculated
according to the formula

d =Zn/An

With a cost driver for each group of overhead costs,
we can make the allocation of overhead costs by re-
sponsibility centers and calculate the cost per group
of medical services provided in each responsibility
center (Table VI).

With determined value of the cost factor for each cost
center and the value of the cost driver for the group of
overheads, it is possible to allocate costs by responsi-
bility centers using the method of direct distribution
(Tables VII-VIII).

That s, the largest share of indirect non-medical costs is
accumulated by the Emergency Psychiatry Center: 18%.

Calculations showed that in the “Regional Clinical Psy-
chiatric Hospital No. 3”KRC CNE, different responsibility
centers accumulate different amounts of overhead costs,
if we consider them through the prism of the cost factor,
which was determined by selected experts in the medical
field. Thus, 18% of the total annual overhead costs of the
mental health care facility “Regional Clinical Psychiatric
Hospital No. 3" KRC CNE should be allocated to medical
services provided by the Emergency Psychiatry Center.

On analyzing the total number of patients treated by
this facility in 2022, we can conclude that about 40% of the
overhead costs were incurred for the treatment of patients
with mental disorders caused by the use of psychoactive
substances, and about 30%-for the treatment of patients with
schizophrenia, schizotypal and delusional disorders (Table IX).

Thus, itis illogical to set a single tariff (in 2022, it was
approximately $330 USD) [6] for one treated case for all
diagnoses treated in a mental health institution.

DISCUSSION

The existing system of reimbursement of costs for the pro-
vision of medical services determines a single tariff for the
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Table VII. Determining the cost of service within the responsibility center

Responsibility centers

Indirect cost item Indirect cost sum

1 2 3 m
1 Z SA Xd, YA Xd, YA Xd, SA xd,
2 . YA xd, YA xd, YA xd, SA _xd,
5 YA xd, YA xd, YA xd, YA xd,
n Z YA xd, YA xd, YA xd, YA Xd,
Cost of service S, S, S, S,
Table VIIL. The cost of services within the responsibility centers of the “Regional Clinical ~ Psychiatric Hospital No. 3" KRC CNE
. The cost of a service within the responsibility centers, 000 USD
1 2 3 4 5 6 7 8 9
Costs of non-medical materials 3,1 72,7 20,8 41,5 36,4 43,6 33,2 26,2 36,6
Expenses for food for the patients 28,7 44.4 46,1 26,1 19,2 39,2 37,4 40,0 19,2
Fuel costs 0,1 2,6 0,7 1.5 1.3 1,6 1,2 0,9 1.3
Electricity costs 7,8 27,4 12,6 27,1 13,8 19,9 12,8 11,3 17,2
Current repair costs 8,0 28,0 12,8 27,7 14,1 20,3 13,1 11,5 17,6
Heat supply costs 31,6 110,8 50,8 109,6 55,8 80,3 51,9 45,7 69,7
Administrative expenses 21,6 333 34,6 19,6 14,4 29,4 28,1 30,1 14,4
Cost 100,9 319,2 178,4 253,2 154,9 234,2 177,8 165,7 175,9
Share,% 6,0 18,0 10,0 14,0 9,0 13,0 10,0 9,0 10,0

Table IX. Distribution of costs of the Emergency Psychiatry Center by disorders of treated patients

Names of disorders

% to the total number of patients in

Total cost per medical service in

the department 000 USD

Organic, including symptomatic 16,62 53,04

Caused by psychoactive substances 37,63 120,12
Schizophrenia, schizotypal and delusional disorders 28,99 92,55
Mood disorders (affective disorders) 4,70 14,99
Neurotic, stress-related and somatoform disorders 5,27 16,82
Syndromes of beha.vioral disorders a§sociated with 017 0,54

physiological disorders and physical factors

Mature personality and behavior disorders in adults 1,04 333
Mental retardation 5,58 17,80

provision of inpatient medical care in mental health care
institutions. This hinders the creation of a reliable model
of cost management in hospitals, since, as the results of
our study show, the costs of treating some disorders are
overstated, and on the contrary, understated for others.

The analysis of theoretical perspectives showed that
scientists consider the ABC costing system an alter-
native to the traditional costing system [8-11] and a
tool for cost analysis and control in the patient care
chain[13-14]. One of the disadvantages of this system
is that it is time-consuming [15]. However, in health
care institutions that consume a significant amount of
budgetary resources, its benefits override the costs of
its implementation[12-13].
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The results of the calculations showed that the calcu-
lation of the cost of a separate medical service, that is,
the treatment of a certain disorder, can be carried outin
several stages. At the first stage, one should determine
the centers of formation of costs of the main activity.
These are the units of the hospital within which med-
ical services are provided. At the second stage, direct
costs can be calculated within the cost center for each
patient based on the hospital’s existing data base. We
suggest that only the salary of the attending physician
and the costs of medicines provided under the Medical
Guarantee Program, are included in the direct costs.
All other costs are overhead costs and need to be ap-
portioned. Those overheads that arise within the cost
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center should be allocated to the number of treated
patients, and overheads that arise in administrative and
service units should be allocated using the ABC system.

CONCLUSIONS

The ABC provides inpatient psychiatric care with a tool
to estimate the cost of treatment for each category of
patients. This information is especially important for
setting tariffs for psychiatric care and monitoring the
use of resources for patient treatment. However, in
order to get a complete overview of costs for different
categories of patients, it is necessary to understand
where costs are generated and what factors influence
the amount of overhead non-medical costs throughout
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ABSTRACT

The aim: The aim of the study is to determine the risk factors associated with cervical cancer.

Materials and methods: 195 participants took part in the study, including 100 cases and 95 healthy people; participation was voluntary. The association of
risk factors with cervical cancer was tested using the chi-square test and odds ratio. The use of these methods has been agreed with the ethics commission of
the Poltava State Medical University and meets the requirements of the Declaration of Helsinki.

Results: Women who live in the village were 64.6% less likely to get sick than those who live in the city, those who assessed their financial situation as unsat-
isfactory 2.1 times more often have a chance of CC. Childless women are 2.4 times more likely to get sick than those who have children.

Condlusions: Various groups of contextual risk factors for cervical cancer have been established. The main ones are behavioral factors related to the diet and diet;
socio-economic factors and medical factors. It was also established that the place of residence of women influences the probability of the occurrence of RSM.

KEY WORDS: oncogynecology, visual forms of cancer, risk factors, organization of medical care

INTRODUCTION

Cervical cancer is the leading type of cancer among
women both in Ukraine and in the global community.
During the last decades, in the general structure of on-
cological diseases, cervical cancer remains among the
five most common oncological diseases, ranks second
position after breast canceramong malignant neoplasms
of the female reproductive system and ranks fourth in
the prevalence of canceramong women aged 18-29[1].

Cervical cancerranks seventh among the most common
types of cancer among women in the WHO European
Region, and its share in the structure of the total cancer
incidence is about 3.8%. About 300,000 women die from
cervical cancer every year. It is relatively rare in high-in-
come countries where screening programs are widely
implemented and operating [2].

About 500,000 new cases of cervical cancer are regis-
tered and 300,000 women die from this disease annually.
The increase in the frequency of CC among women of
childbearing age is an extremely acute problem, since
this contingent of patients represents not only a repro-
ductively significant part of the population, but also a
socially active group [3].

According to the Center for Medical Statistics of the Min-
istry of Health of Ukraine, in 2020, 12,948 cases of cancer

Wiad Lek. 2023;76(12):2687-2693

of the female genital organs were registered in Ukraine,
of which 3,319 were cervical cancer.

In 2020, WHO presented the Global Strategy to Accelerate
Cervical Cancer Elimination. Through the introduction of
vaccination, screening and timely treatment, it is expected
to reduce the incidence by 40% by the middle of the century.

In Ukraine, 1 out of 3 cases of cervical cancer is diagnosed
in the neglected stages of the disease, which means that
itis no longer possible to save patients even with the use
of the most advanced treatment methods.

Therefore, conducting new studies aimed at obtaining
results about the medical and social risk factors for the
development of CC and their in-depth scientific analysis
is a solution to the current problem related to women'’s
reproductive health [4].

THE AIM

The aim of the study is to determine the risk factors
associated with cervical cancer.

MATERIALS AND METHODS

The research was conducted using a quantitative meth-
od. A case-control study design was used to evaluate
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Table I. Socio-demographic profile of women

The number of women with CC

Changeable

n=100

Number of healthy women

2
n=95 x2(df), Mean = standard

abs (%) abs (%) p deviation
Age
Up to 30 years 2(2,0) 18(18,9)
31-40 10(10,0) 24 (25,3)
41-50 24 (24,0) 27 (28,4) 358
51-60 40 (40,0) 18(18,9) <0,001
61-70 20(20,0) 6(6,3)
71 and older 4 (4,0) 2(2,1)
Education
Average 13 (13,0) 48 (50,5)
Higher 62 (62,0) 22(23,2) <g,9(;(())1
Medium special 25 (25,0) 25(26,3)
Place of residence
Rural resident 46 (46,0) 84 (88,4) 39,4
City resident 54 (54,0) 11(11,6) <0,001
Employment 48,4+12,5
Does not work 59(59,0) 53(55,8) 0,2
Working 41 (41,0) 42(44,2) 0.6
Working conditions
Light 15 (15,0) 28 (29,5)
Average 73(73,0) 49 (51,6) 0,90'(7)8
Heavy 12(12,0) 18(18,9)
Financial position
Less than 5000 59 (59,0 41 (43,2)
5000-10 000 19.(19,0) 8 (8.4) 19,1
11 000- 15 000 3(3,0) 1(1,1) <0001
More than 15,000 19(19,0) 45 (47,3)
Assessment of financial position
Unsatisfactory 68 (68,0) 48 (50,5) 6,1
Satisfactory 32(32,0) 47 (49,5) 0,014

risk factors.Women who came for an oncological exam-
ination to a gynecologist at the Poltava Regional Clinical
Hospital were asked to fill out a questionnaire that took
into account the risk factors for cervical cancer. The
target population consisted of women aged from 20
(min=20) to 85 (max = 85) years. 195 participants took
part in the study, including 100 cases and 95 healthy
people; participation was voluntary. The inclusion
criteria for the cases were women with a diagnosis of
cervical cancer. The criteria for inclusion in the control
group were women who had not been diagnosed
with any cancer and who corresponded to the group
of cases by age.

Data were collected using a questionnaire, which was
divided into blocks: demographic, economic, behavior-
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al, history of reproductive health, heredity and relation
to preventive examinations.

Data entry and statistical analysis were performed
using R Statistics.

Data were analyzed using descriptive statistics, i.e.
mean, median, mode and standard deviation. Baseline
categorical and continuous variables were compared
between groups using the chi-square test with Yate’s cor-
rection.The association of risk factors with cervical cancer
was tested using the chi-square test and odds ratio. As
for eating behavior, consumption of products 1-2 times a
week was considered infrequent, and 3 or more - regular
consumption. Risk factors that significantly increase the
likelihood of cervical cancer have been analyzed. p <0.05
was considered statistically significant.
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20%  40%

W 2 times per week

e

60%

0 3 times and more per week

80%

Fig.1. Frequency of food consumption.

RESULTS

Cervical cancer is a cancer caused by an infectious dis-
ease [6]. In particular, two types of HPV, HPV 16 and 18,
account for approximately 70% of cervical cancer cases
[7]. Despite the fact that HPV-infection is an obligatory
cause in the etiology of cervical cancer, HPV-infection
aloneis not a sufficient cause of the occurrence of cases
[8]. Several epidemiological studies have shown the
role of various demographic, sexual and reproductive
factors in the development of HPV infection in cervical
carcinoma [9 - 14].

Despite declining trends in the incidence and mortali-
ty of cervical cancer, it remains a serious health problem
[15,16]. Therefore, conducting new studies aimed at
obtaining results on the medical and social risk factors
for the development of cervical cancer (CC) and their
in-depth scientific analysis is a solution to the current
problem related to the reproductive health of women.

Table I shows that the average age of the respondents
of the two groupsis 48.4+12.5 years. A significant major-
ity of the participants had a higher education, average
working conditions, a minimum income of UAH 5,000,
were residents of rural areas and assessed their financial
situation as unsatisfactory.

Table Il shows the results of the odds ratio assessment.
We analyzed prognostic factors, such as socio-demo-
graphic, physical development, behavioral, use of med-
ical services, concomitant diseases, heredity.

Socio-demographic factors. Women who have as-
sessed their financial situation as unsatisfactory and
those who are childless are more likely to get CC. In
women living in rural areas, there was significant asso-
ciation with CC (p<0.001), but the odds ratio was less
than one.

Physical development. In women with increased BMI,
the risk of cercical cancer probably increased by 2 times.

Behavioral factors. The odds ratio was higher in wom-
en who did not adhere to the diet.

Use of medical services. Women who did not visit
prophylactic examinations regularly and those who
had a history of abortions had a higher chance of de-
veloping CC.

Associated diseases. Among concomitant diseases,
inflammatory processes of the genital organs served
as arisk for the development of an oncological process
in the uterus.

Heredity was important only when one of the relatives
had CCand increased the risk of developing the disease
by as much as 80 times.

Cervical cancer has a high mortality rate among
women and worsens their lives. Identifying the most
important factors of cancer is the most important task
of the prevention strategy and can even help in early di-
agnosis. Among the factors that cannot be overlooked
is the influence of diet. Therefore, the next step of the
study was to examine the behavioral factors related to
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Table I. Associations between risk factors and cervical cancer

The number of Number of healthy

ey, women with CC women Odds ratio )
9 (n=100) (n=95) (D1 95%) X P
abs (%) abs (%)
Socio-demographic factors
Place of residence: village (n = 130) 46 (35,4) 84 (64,6) 0112
. 394 <0,001
Place of residence: city (n = 65) 54 (83,1) 11(16,9) (0.53-0,23)
Do you work: yes (n=112) 59 (52,7) 53 (47,3) 1.140
! 0,2 0,379
Do you work: no (n=83) 41 (49,4) 42 (50,6) (0,65-2,01)
Higher Education (n=144) 74 (51,4) 70 (48,6) 1,016
! 0,003 0,545
Secondary education (n=51) 26 (51,0) 25 (49,0) (0,54-1,93)
The financial position is unsatisfactory (n=116) 68 (56,8) 48 (41,4) 2,081 61 0010
The financial position is satisfactory (n=79) 32(40,5) 47 (59,5) (1,16-3,72) ' '
There are no children (n=35) 24 (68,6) 11(31,4) 2411
! 51 0,018
There are children (n=160) 76 (47,5) 84 (52,5) (1,11-5,25)
Physical development
Increased BMI 70 (58,8) 49 (41,2) 219
! 6,9 0,006
BMI is within normal limits (19-24) 30(39,5) 46 (60,5) (1,20-3,90)
Behavioral factors
Diet: no (n=152) 73 (48,0) 79 (52,0) 0548
. 2,9 0,062
Diet: yes (n=43) 27 (62,8) 16 (37,2) (0,27-1,10)
Food regime: no (n=65) 43 (66,2) 22 (33,8)
J 2,503 8,6 0,003
Food regime: yes (n=130) 57 (43,8) 73 (56,2) (1,35-4,65)
Smokes (n=39) 22 (56,4) 17 (43,6) 1294
! 0,5 0,296
Does not smoke (n=156) 78 (50) 78 (50) (0,64-2,62)
Use of medical services
Pro view: no (n=98) 62 (63,3) 36 (36,7) 2674
. 11,3 0,001
Pro view: yes (n=97) 38(39,2) 59 (60,8) (1,50-4,77)
There was an abortion (n=123) 81 (65,9) 42 (34,1) 5380
/ 28,3 <0,001
There were no abortions (n=72) 19 (26,4) 53 (73,6) (2,83-10,23)
She used oral contraceptives (n=24) 14 (58,3) 10 (41,7) 1,384 05 0302
She did not use oral contraceptives (n=171) 86 (50,3) 85 (49,7) (0,58-3,29) ! !
Associated diseases
Inflammatory processes of genital organs: yes 99 (70,7) 41(293)
(n=140) 130,390
750  <0,001
Inflammatory processes of genital organs: no (17,45-174,35)
1(1,8) 54(98,2)
(n=55)
Endocrine diseases: no (n=172) 88(51,2) 84 (48,8) 0960
J 0,008 0,553
Endocrine diseases: yes (n=23) 12(52,2) 11 (47,8) (0,40-2,30)
Heredity
Did any of your relatives suffer from CC: yes 46(97,9) 12
(n=47) 80,074
Did f the relati ffer from CC (10,74-97,15) 238 <0001
id any of the relatives suffer from CC: no 54(36,5) 94 (63,5) ) ,
(n=148)
Did any of your relatives suffer from breast
cancer: yes 0(0,0) 4 (100) 5099
(n=4) ’
Did any of the relatives suffer from b (181244 A
id any of the relatives suffer from breast 100 (52,4) 91 (47.6)

cancer: no (n=191)
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Table llI. Associations between eating habits and cervical cancer

The number of

Number of healthy

Questionnaire questions women with CC women Odds ratio )
9 (n=100) (n=095) (D1 95%) X P
abs (%) abs (%)
Fish consumption: does not 86 (56,2) 67 (43.8)
consume or once a week (n = 153) 2567
E—— — (1.25.526) 6,902 0,007
ating fish: two to three times or 1433.3) 28 (48,7) 1272,
more (n =42)
Meat: three or more 69 (69,0) 22(232)
(n=48) 73 41,135 <0,001
Meat: up to two times (3,90-13,90) ' '
(h = 147) 31(31,0) 73(76,8)
Vegetables: rarely 26 (54.2) 22 (45.8)
(n =48) 1,166
Vegetables: oft (0,61-2.24) 0212 038
egetables: often ,01-2,
(h = 147) 74 (50,3) 73 (49,7)
Fruits: rarely 86 (81.1) 20 (18.9)
(n=106) 23,036
Fruits: oft (10,88-48,76) 82,830 <0,001
ruits: often ,88-48,
(n = 89) 14 (15,7) 75 (84,3)
Dairy products: rarely 2,236
(n=125) 73(584) 52(41,6) (1.23-2.07) 7,062 0,006

nutrition that affect cervical cancer. Figure 1 shows that
most women eat vegetables three times a week and
fish - almost half a week or less.

As showninTable Ill, those who do not often consume
fish, fruits, and dairy products, butinstead often consume
meat products, have a greater chance of developing CC.

DISCUSSION

The conducted study showed that an unsatisfacto-
ry financial situation, childlessness, increased BMI,
non-compliance with the diet, abortions and inflamma-
tory processes of the genital organs in the anamnesis,
irregular prophylactic examinations, heredity for CC
increased the chances of its occurrence.
Unsatisfactory financial status was shown as a risk fac-
torfor PCMin the study by Shield TS et al., and in addition,
such risk factors as low level of education and genital
infection were found in this study. In our questionnaire, it
was not specified exactly which inflammatory processes
of the genital organs were present in women, and it can
be concluded that inflammation of both infectious and
non-infectious genesis are risk factors for CC[14,17].
Irregular preventive examinations indicate women's
ignorance of the need to undergo them, which was con-
sistent with the study conducted by Tebeu PM at al. on the
relationship to CCand awareness of it. The fact that women
from rural areas had a lower chance of developing RSM
may also indicate low early detection, untimely diagnosis
due, on the one hand, to lack of awareness of the need

for preventive examinations, and on the other hand, due
to lower accessibility to medical care in the village. In ad-
dition, if a woman has probable signs of CC, she may not
go to a health care facility for many reasons, such as inac-
tivity, poor socioeconomic status, lack of transportation,
financial problems, etc. [18]. An increased BMI was one of
the risk factors for CC. In a meta-analysis by Poorolajal J
et al, it was shown that overweight is not associated with
an increased risk of cervical cancer, but obesity is weakly
associated with an increased risk of cervical cancer [19].

Analysis of food behavior outlined that the con-
sumption of meat more than 3 times a week, fruit and
dairy products - twice or less a week, and neglecting
the consumption of fish are risk factors for CC. A study
conducted by Barchitta et al. shows that a high intake of
red and processed meat, sauces, chips and snacks with
alow intake of olive oil in a Western diet was associated
with a higher risk of HPV. In contrast, a Mediterranean
diet consisting of vegetables, legumes, fruits and nuts,
cereals, fish and a high ratio of unsaturated lipids to
saturated lipids had a lower risk of CC [20, 21].

Thus, the identified risk factors will later become fac-
tors for justifying the need to develop a model for early
detection and prevention of cervical cancer.

CONCLUSIONS

As a result of the research, various groups of factors
that increase the risk of cervical cancer in women were
established, namely:
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. Factors related to the diet. Women who consumed an

insufficientamount of fruit, neglected the consump-

mographic factors, such as the absence of children, a
history of abortion, hereditary predisposition (that s,

. Socio-economic factors, such as a low level of edu-

. At the same time, it was established that medico-de-

tion of fish and dairy products, and preferred meatin
their diet - had a greater chance of developing PCM.

the presence of this oncological disease in a woman'’s
relatives) increased the chances of PCM.
It should be noted separately that the place of residence
affects the probability of cervical cancer. According to the
results of the survey, women living in rural areas had a low-
er chance of developing PCM, and this is most likely due
to low awareness and seeking medical help by women.

cation, lack of awareness about early detection of
cervical cancer, unsatisfactory financial situation of
women increased the risk of cervical cancer.
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ABSTRACT

The aim: The purpose of the article is to analyze the ways of solving the problem of revision hip joint replacement. The article discusses the methods of
treatment using a custom triflange acetabular component.

Materials and methods: The analysis of 37 literary sources includes a discussion of the features of the use of individual triflange acetabular components and
errors in revision hip arthroplasty, which are associated with various factors.

Conclusions: A review of studies devoted to the use of custom triflange acetabular components confirms the effectiveness in the early postoperative period
in the treatment of critical acetabular defects and pelvic ring discontinuity. The CTAC use is particularly relevant in case of the pelvic ring disintegration, as it
provides for the appropriate endoprosthesis adaptation with the healthy bone, as well as for the bone defects plastics and recovery of the hip joint biome-
chanics. So, the use of individual constructions is indicated for the patients with significant bone mass loss, where augment adaptation and adjustment is
impossible. This method is used more often when there is no other alternative. Research results showed a trend that special three-flange components of the
acetabulum have better long-term results compared to traditional standard components for large bone defects. Improving production and increasing the
number of CTACs should reduce their cost. In summary, the custom triflange acetabulum components provide a personalized secure fit that can reduce the
risk of complications and improve patient outcomes. In summary, the triple-flange acetabulum components provide a personalized secure fit that can reduce

the risk of complications and improve patient outcomes.

KEY WORDS: total hip replacement, custom triflange acetabular component, hip arthroplasty, hip replacement complications

INTRODUCTION

Finding the effective surgical treatment method of
the hip joint injuries and diseases represents a key
challenge of modern traumatology and orthopedics.
Numerous authors support the idea that the best and
often the only possible treatment method for such
patients is the pelvis joint endoprosthetics [1]. Accord-
ing to Learmonth . et al., this operation is “the most
successful operation of the 20™ century”. This surgical
intervention provides for the restored joint function,
improved life quality and, regarding the working-age
patients group, is helpful for resuming the working
activity of the last [1-5].

The operation is done to patients of almost any age
group, ranging from the teenagers to elderly people [2].
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According to the WHO, by 2050, diseases of bones and
joint will be observed in 25% of the world population
[1]. Nowadays, over 1.5mlIn hip joint endoprosthetic
operations are performed annually [6]. In the USA, sci-
entists predict about 572000 operations a year [7]. An
increase in the hip joint endoprosthetics percentage
directly leads to increase in the revision interventions
worldwide. Thus, in the USA the share of the hip joint
endoprosthetic operations is expected to increase by
137%, in the period of 2005-2050 [7]. The specific gravity
of such operations within the general structure of the
hip joint endoprosthetics makes up from 13 till 18% [8].

Unfortunately, not all patients are eligible for the
revision endoprosthetics after the wear or loosening of
the endoprosthesis. This is related to numerous factors:
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Revision endoprosthetics is a complicated operative
intervention which should be performed by an expe-
rienced orthopedist, and the need for such operations
significantly exceeds possibility of being operated. High
cost of the revision interventions, often postponing
operations due to low affordability of it, late patients're-
ferrals, when in early referral the problem could be elim-
inated before clinical symptoms appear —all these lead
toincrease in severe acetabulum destruction incidence,
with vast bone tissue loss and considerable acetabular
defects. This makes a significant problem for the hip
joint revision operations, making such operations most
difficult in endoprosthetic surgery [5, 9]. Some authors
state that the incidence of huge acetabular defects is
8.5 % among the revisions of the hip joint [10] and 27
% among the acetabulum revisions [11].

According to the Danish National Endoprosthetic
Center, the 3" class defects by Paprosky and the pelvic
ring disintegration are increasing by both absolute
and relative values, as well as the expenses for the to-
tal endoprosthetic revision of the hip joint. As for the
Norwegian Register, the data of acetabular defects have
remained steady for the Paprosky 3A and Paprosky 3B
defects for the last 5 years [12].

Several suggestions for the reconstruction of the
acetabulum stages 2 and 3 by Paprosky, have been de-
scribed, which include structural allographs [13,14,15],
augments and module components from trabecular
metal [16], anti-protrusion cages, and the various cup-
cage systems [17-22].

Quite often, the standard porous component con-
structions are not sufficient for the revision endopros-
thetics, which results in indications for the individual
acetabular components use (CTAC-custom triflange
acetabular component). C.C. Berasi et al. state that these
indications include: 1) history of faulty use of augments
or bands; 2) huge defects of the acetabular part with
the disintegration of the pelvic ring; 3) multiple oper-
ations on the hip joint, resulting in bone defects and
bone deficiency, which are not to be reconstructed in
other ways [23].

The CTAC use is particularly relevant in case of the
pelvicring disintegration, as it provides for the appropri-
ate endoprosthesis adaptation with the healthy bone,
as well as for the bone defects plastics and recovery of
the hip joint biomechanics [12, 24-26].

The use of the CTAC-acetabular systems is a mod-
ern technology, which has been used for the last 5
years, both in Ukraine and neighboring countries. But
this method is already introduced into the surgical
practice of numerous countries, being used for 15-20
years. During this time, practical experience regarding
surgical facilities, method effectiveness, postoperative

complications, and economic benefits of the CTAC has
been gained.

The literature review, presented in this article, is ded-
icated to the data analysis.

THE AIM

The purpose of the article is to analyze the ways of
solving the problem of revision hip joint replacement.
The article discusses the methods of treatment using
a custom triflange acetabular component.

MATERIALS AND METHODS

The analysis of 37 literary sources includes a discussion
of the features of the use of individual triflange acetab-
ular components and errors in revision hip arthroplasty,
which are associated with various factors.

REVIEW AND DISCUSSION
PECULIARITIES OF SURGICAL TECHNIQUE

The technique of the hip joint revision endoprosthetics
with the CATC is usually standard, characterized by:
more broadly exposed bones which make the acetab-
ulum, for comfort view of a defect and surfaces used for
adjustment. After the standard removal of the non-sta-
ble primary graft and clearing the bone bed from the
scars, CTAC is positioned. The place for the individual
acetabular components pubic and ischial flange is
prepared by cautious subperiosteal shedding of soft
tissues. The vascular and nervous structures must not
be damaged. The expressed bone defects need for the
bone plastics. After the CATC is positioned, it is attached,
the procedure starts with the ischial flange and needs
9-15 screws. Eccentric, lateralized and combined CATC
versions may be used to reach the required soft tissue
tension and provide for the endoprosthesis compo-
nents’ stable position.

Hourscht C. announced their results after the average
period of 4.5 years, after having performed 26 triflange
reconstructions, which included three disintegrated
pelvic ring cases (AAOS Type-IV )[27]. Two of these
three hip joints with the disintegrated pelvic ring were
characterized by loose ischial screws, with lost ischial
flange adjustment. The screws were not broken. In the
Berasi C.C. type, one patient with such faulty ischial
flange adjustment wore a stable graft for 11 years [23].

So, during the arrangement of the CTAC, special
attention is paid to the ischial flange attachment. To
prevent the screws from loosening, which may result
from the bone tissue quality deterioration, the screws
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are primarily twisted in the ischial bone, which provides
to pull the CTAC downwards and provide contact of the
flange with a bone tissue. An alternative to the screw
attachment improvement is filling the ischium bone
defect with cement before the screws are introduced.
Some authors consider the option ofimproving attach-
ment by using blocking screws [6,28, 29].

EFFECTIVENESS

Application of the CTAC has shown its high effective-
ness in early postoperative period. In studies of numer-
ous researchers, by the Harris scale, the difference in
values before the operation and in a year after it ranges
within: 36-46 till 75-80 points [30-32].

The frequency of revisions after the CTAC use re-
lated to massive defects of the acetabulum (3B type
Paprovsky), according to various authors, ranges from
7t0 13.5%. Anincrease in revisions, shown in the study
of Barlow B.T. et al. was related to the mistakes during
locating endoprosthesis (shifting the rotation center
for over 2 cm) [20, 21, 27, 29, 33-36].

Different statistical data have been revealed using
the CTAC for the pelvic ring dislocation. Thus, in the
studies by De Boer D.K. et al. and Taunton M.J. et al,,
the frequency of revisions was 30 and 35 % [22,28], in
the period (123 months and 76 months respectively)
after the operation.

A potential advantage of the CTAC is possibility of pre-
cise positioning and attachment of the endoprosthesis
acetabular component. The results of this method vary
with different researchers.

C.C. Berasi et al. have stated only 4 (14.3 %) repeated
revisions out of 28 cases of the CTAC use, in patients
with the acetabular defects type 3 B by Paprovsky,
observed during the period of 4.5 years. The repeated
revisions were caused by: two cases of periprosthesis
infection and one case of the acetabular component
loosening. Here the authors suggest, that the CTAC
used with the augments or anti-protrusion cages, for
the severe acetabular defects, with disintegrated pelvic
ring, will be more effective [23].

The authors of another analysis defined that com-
pared to the alternative treatment options (anti-pro-
trusion constructions with or without bone plastic,
trabecular metal constructions), revisions incidence
increases twice with the CTAC [34].

The scientists think that the causes of relatively high
frequency of revisions, associated with the CTAC, may
be explained as follows:

1. Surgeons use the CTAC in cases of impossible re-
construction with a simple graft, which usually is
not complicated cases.
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2. The CTAC effectiveness estimation in a long-term
perspective includes the first individual grafts
generation, in which biointegration ability of lower
than in the modern constructions, made from the
trabecular metal.

3. Using the available data, it is hard to compare the
treatment outcomes, which are connected with
non-homogenous bone defects in various studies
and theirimperfect classification. The authors suggest
estimating the treatment results of the pelvic ring
disintegration and the 3B defects in separate groups.

4. Considering that all the researchers have observed
adozen or more patients, we could assume that the
CTAC is the first experience of surgeons, and so, the
complications percentage is connected with the
introduction of new grafts and different techniques
of their adjustment [10, 35].

According to the newly published metaanalysis, the

average frequency of revisions observed with treat-

ment of the huge acetabular defects, with the CTAC

was 3.8-30.3%. The analysis includes data from 193

patients and 5 studies of the significance level IV [6,8,

28, 32], with the average of revisions, equaling 7.8 %,

and the complications percentage - 22 % during 5 years

[27,31]. Nonetheless these values increased to 30 and

35% respectively in studies older than 10 years [28, 29].

POSTOPERATIVE COMPLICATIONS

The most frequent complication which did not require
revision, according to the publications, is represented
with dislocations. The percentage of dislocations differs
between different authors, from 0 to 6.4% [27, 28, 29]
to 33 % [36]. M. Citak et al. related a large proportion
of postoperative dislocations to the hip joint repeated
operative interventions and bone tissue deficiency in
the ischiac muscle attachment region, accompanied by
muscle misbalance. [36]. The greater trochanter dislo-
cation after the periprosthesis fracture, following the
osteolysis orinjury, according to MJ. Taunton et al., may
be a risk factor for the recurrent endoprosthesis head
dislocations when using CTAC. A precise inclination
and anteversion as well as the cup design minimize the
dislocation risk after attaching the CTAC [22].

As BT. Barlow et al. suggest that extreme vertical-
ization of the endoprosthesis acetabular components
is a typical mistake in restoring the acetabulum with
segmental defects, which soon leads to the recurrent
dislocations [21]. The choice method for recurrent dis-
locations is using the head with double mobility [8],
and use of connected inlays without the acetabular
component biointegration increases risk of loosening
the acetabular construction.
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The next complication is represented with the nerve
damage, which represents the minor complications
with the incidence of 4 - 8 % [27, 29, 31, 37].

ECONOMIC JUSTIFICATION OF THE CTAC USE
Upon the review of available literature sources, the
authors have found a small portion of publications ded-
icated to the economic effectiveness of the CTAC use.
The CTACadvantages include small operation time and,
appropriately, decrease in the postoperative complica-
tions incidence.The final cost of computer tomography,
modeling and producing the CTAC, according to De
Boer D.K., may exceed the cost of operation itself. The
price of a triflange cup in 2006 was about US $ 8500.
Improved clinical results justify such a high price [28].

The CTAC price ranges from that compared to analog-
ical alternatives to the exceeding alternative methods
by 36-46%. Taunton M.J in his studies estimated the
CTAC cost, including the cup, screws, polyethylene inlay
and the production process as equal to $12500. At the
same time, the construction made from the tantalic cup,
screws, anti-protrusion cage and polyethylene inlay
costs $11250. If extra two augments from porous metal
were used, the construction cost $14 500 [29]. Wyatt
M.C. states that the cost of individual implants MOBE-
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ABSTRACT

The aim: Conducting a scientific analysis of domestic and foreign sources of information regarding modern conceptual views on the organization of dental
care for the population of Ukraine and European countries.

Materials and methods: Used methods of historical-bibliographic and systematic approach. The search for literary sources was carried out in four main
scientific databases: Scopus, PubMed, BVS, and Scielo. The review included original articles, research, and official recommendations from medical associations.
Conclusions: Scientific analysis confirmed the expediency of reforming the dental service and substantiated the need to improve dental care as well as the

dental care management system to increase medical, social, and economic efficiency.

KEY WORDS: health care, reform, dental facilities per capita, dentists per capita, availability of dental care

INTRODUCTION

One of the components of the health care system in
Ukraine is dental care, the main mission of which is to
preserve and restore the dental health of the population
and improve the quality of life. Modern conditions for
the organization of dental care require fundamentally
new approaches to ensuring the quality of services.
Given this, the process of reforming the medical indus-
try affected the dental field as well. Prevention imple-
mented within national strategies is a real mechanism
for solving global problems related to dental diseases
and their risk factors. European and world experience
shows that, first of all, it is necessary to rebuild sanitary
and educational activities on the model of economically
developed countries. Using the example of some Euro-
pean countries, let us try to highlight some conceptual
directions of the organization of dental care for the
population.

THE AIM

Conducting a scientific analysis of domestic and foreign
sources of information regarding modern conceptual
views on the organization of dental care for the popu-
lation of Ukraine and European countries.

2700

Wiad Lek. 2023;76(12):2700-2705

MATERIALS AND METHODS

Used methods of historical-bibliographic and systemat-
ic approach. The search for literary sources was carried
out in four main scientific databases: Scopus, PubMed,
BVS, and Scielo. The review included original articles,
research, and official recommendations from medical
associations.

REVIEW AND DISCUSSION

During three decades, the political vector of the
state’s development, economy, and Ukrainian society
changed. The main basis for the development of the
health care system of the population of Ukraine is the
implementation of the main provisions of the Consti-
tution and laws of Ukraine regarding the provision of
affordable qualified medical care to every citizen of
Ukraine.The last ten years were characterized by radical
processes of healthcare transformation, the introduc-
tion of new mechanisms of funding and management
of the industry, capable of providing medical care for all
citizens of Ukraine at the level of developed European
states and patient-oriented [1-4]

Significant changes also took place in the dental field.
The dynamic development of dentistry, innovative
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technologies, and their implementation in practical
health care [5], on the one hand, the increase in patient
requirements for the aesthetic component of dental
services focused on high-value technologies, on the
other hand, all this led to a situation where the state
was unable to fully finance the dental industry.

Analyzing the scientific sources of European coun-
tries, it can be stated that the global practice of pro-
viding dental care to the population is developing at
an active pace in the direction of attracting patients
to pay for dental services. In most European countries,
national systems of dental care consist of three com-
ponents: private, public, and insurance. In the econom-
ically developed countries of the world, there are two
models of health insurance: Bismarck and Beveridge.
Compulsory insurance programs of 28 countries of
the world include the provision of dental services in
various volumes, mainly preventive and treatment of
uncomplicated caries [6-8]

In the countries of Western Europe, quality assurance
standards developed following ISO 9001 and 9002 [9]
began to be widely implemented in health care. In
the developed countries of the world, dental service
consumes approximately 6-8% or more of all financial
resources of the health care system (in Ukraine, less
than 2%). Dental care in Western countries is largely
based on preventive work. Dental care is associated
with large financial costs.

The system of medical care in European countries
should be considered considering the social char-
acteristics, the economic policy of the state, and
entrepreneurship in the largest countries of Western
Europe - Germany, France, Italy, as well as Sweden and
Switzerland. The specificity of the European model as
a whole lies in the fact that post-war European capi-
talism managed to transform its political, economic,
and social institutions in the direction of creating a
socially oriented, economically efficient version of
a mixed economy. The most important principle of
the European model is «<democratic evolutionism» - a
gradual, step-by-step solution to problems arising in
the process of global changes, based on negotiations
and consensus.

At the end of the last century, there were reforms in
dentistry in the Netherlands, Great Britain, Germany,
and Sweden, which were aimed at introducing ele-
ments of market relations into the interaction between
subjects of public health care [10].

This ideology also played an important role in re-
forming dentistry in Spain, Italy, Israel, Finland, Nor-
way, and New Zealand [6,9, 11, 12]. The essence of the
proposed new principles for the organization of public
financing of the health care system was reduced to

three key provisions: separation of functions of buyers
and producers of medical services; competition of pro-
ducers; buyer competition. In the late 1980s, standards
were developed that are now used in the certification
of quality assurance systems. Quality assurance, under
ISO 9001 and 9002 standards, should ensure appro-
priate trust between the manufacturer of goods and
services and the client [9, 13]. Since the mid-1990s,
this system has been widely implemented in medi-
cine and health care in Western European countries.
The development of national health care and medical
insurance programs in various European countries is
dialectically interconnected with the political, social,
and economic conditions that have developed in these
countries [9, 14, 15]. Programs differ in the main sourc-
es of funding and forms of ownership (state, public,
private), insurance conditions, the list and volume
of medical services provided within the limits of this
program, organizational forms of their provision, and
other parameters. Management of funds is controlled
by state structures. The difference between the for-
mation of budgetary and social insurance funds lies
in their target orientation. Insurance funds are aimed
at a certain circle of people who participate in the
insurance program. As a result, contributions come
from three main sources: the state, entrepreneurs, and
workers (these contributions go directly to healthcare
needs and are used purposefully) [9]. The targeted
nature of funding allows for a more flexible response
to changing public needs by making appropriate ad-
justments to the targeted health insurance taxation
system. Another advantage of the health insurance
system is the decentralization of financial manage-
ment, which contributes to the strengthening of the
local healthcare resource base [11].

In European countries, approximately 6-8% of the
national budget of the health care system is currently
spent on dental care, and a total of about 420,000 den-
tists and at least as many auxiliary medical personnel
work in dental services. The main features of European
dentistry include the availability of dental services and
the quality of services, the integration of dental and
general health care services, the rational basis of den-
tal care, the use of the team method of work in dental
services, high-tech dental office equipment and its use,
sociological research and prevention among the pop-
ulation. However, the differences in the availability of
medical care, the levels of coverage of the population
by medical insurance, the conditions for the provision of
medical services, and the types of insurance programs
are quite significant. Thus, compulsory insurance pro-
grams in 28 countries of the world (Germany, England,
Italy, Belgium, the United States of America, Holland,
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Finland, Denmark, etc.) include in various volumes the
provision of dental services, mainly preventive and
treatment of uncomplicated caries [9, 16-18].

Dentistry in Germany is among the best in the world
and is one of the most developed areas of medical care
in the country. Dentistry in Germany is characterized by
anindividual approach to the patient and the use of the
latest achievements of technical and scientific progress
[19], which attracts patients from many countries. Com-
prehensive consultations, accurate diagnosis, effective
prevention and treatment of dental diseases, aesthetic
dentistry, dental implants, and prosthetics - dentistry in
Germany provides all types of dental services. German
dentistry pays special attention to issues of prevention
and preservation of dental health from an early age [6,
20]. In Germany, there are two systems of health insur-
ance: mandatory and private (voluntary), respectively,
there are two lists of dental services with estimated indi-
cators of labor intensity and cost. The list of compulsory
health insurance is contained in the Tariff Agreement
(Bewertungsmasstab fuer die vertragsaerztlichen Leis-
tungen). The general list of dental services, which are
paid from the personal funds of citizens or voluntary
insurance, is given in the Regulations on tariffs for
dentists (Gebuehrenordnung fuer Zahnaerzte - GOZ).
Today, at the expense of compulsory health insurance
(OMS), German hospital funds, a full spectrum of den-
tal orthopedic care. The list includes 31 positions on
prosthetics (notincluding other dental manipulations,
for example, examination methods, control measures,
anesthesia, periodontal examination, etc.) [6].

The main methods used in treatment in a German
dental clinic are:

» stomatological prevention of diseases of the oral
cavity;

* cosmetic dentistry;

» prosthetics (including the use of implants);

* use of bone tissue augmentation methods;

* computer three-dimensional radiography.

Germany, a country with traditionally strong state pow-

er, started developing and implementing public-private

partnership projects relatively late. Only since 2002, the

public-private partnership market has been actively

developing there, providing increased efficiency in

the use of budget funds, and allowing the creation of

new objects of social, economic, environmental, and

informational infrastructure.

Dentistry in Italy, as a professional specialization,
exists within one of the general divisions of medicine.
This explains the absence of a separate dental service in
the country. According to statistics, out of 48 thousand
doctors in this country, approximately 10 thousand
specialists provide full-time dental care. In addition to
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them, about 2 thousand dentists work part-time. The
professional training of doctors in this specialization
consists in completing 3-year courses after receiving a
diploma in a general medical specialty. This is a man-
datory condition for practicing dentists who have valid
contracts in hospitals and other medical institutions
belonging to the social security structure. The provision
of dental care in Italy is mainly carried out on a paid
basis at non-subsidized rates. From the funds of social
insurance funds, patients are reimbursed:
* 1/3 of the cost of medical services for tooth ex-
traction and caries treatment;
* 1/3 of the cost of dental filling medical services;
* 1/4 of the cost of dental prosthetics.
In the north of Italy, which is considered to be a more
economically developed region of the country, the
supply of dentists is higher than the national average.
This is explained by the fact that in the center and north
of the country, there is a much larger number of large
cities with a population of 1 million or more. The phe-
nomenon of economic development also determines
higher tariffs for dental services, which are on average
20% higher in the north than in the south of the country.
The first Italian experience of attracting private capital
to provide services in the social sphere dates to 1923,
when the first law on concessions was issued, and in
the field of health care, the first projects started in 1998.
Already in 1999, several projects were introduced to
attract private investment in health care with the help
of public-private partnerships for approximately 6
billion euros. This allowed Italy to take 3rd place in the
world in terms of investment in health care after Great
Britain and Canada [21]. In Italy, about 50 public-private
partnership projects for large hospitals and homes for
the elderly have already been signed or are in the prepa-
ratory stage. 30 of them refer to the creation of medical
centers with 600 beds or more for a total of 3.5 billion
euros [21]. Following Italian legislation, which does not
conflict with EU legislation, public-private partnerships
can be implemented in three forms:
1) concessions within the framework of a publicinitia-
tive;
2) concessions within the framework of the private
sector initiative;
3) concessions for service contracts that do notinclude
large objects.
In Switzerland, the dental care system is similar to the
German one. ltincludes health funds, voluntary health
insurance, accident, and disability insurance. Hospital
funds, in various cases determined by law, bear full or
partial costs of providing dental orthopedic care. The
public-private partnership in Switzerland has a clearly
expressed focus - the satisfaction of the state interest
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[22]. For certain categories of the population, the costs
of necessary dental treatment are compensated (par-
tially or completely) by social insurance. In Switzerland,
in Basel, drinking water is fluoridated and pediatricians
prescribe sodium fluoride tablets to children according
to indications [22]. In France, industrial enterprises,
municipalities, social security organizations, and various
mutual funds (for example, funds organized by students
or civil servants) have private or public dispensaries [9].
A patient insured in the social insurance system can
choose a dentist and type of treatment. In addition to
social security contributions, the French themselves pay
30% of the dentist’s fee. Fees paid to dentists provide
regular and comprehensive care to the entire popula-
tion; groups that need special attention are not high-
lighted. The benefits for the private and public sectors
from the use of the specified public-private partnership
mechanisms are as follows:

« forthe private sector: receiving a guaranteed income
during the entire duration of the project for the
provision of services ordered by the state, as well
as expanding the boundaries of its activity;

« forthe public sector:improvement of the «price-qual-
ity» ratio of the project implementation, compared
to the traditional way of its implementation by the
state (through a state order), as well as a reduction
of the fiscal burden on the state budget due to the
distribution of payments (if they are foreseen) for the
implementation of the project to the private sector
for a long period.

In France, public-private partnership projects are also

successfully used in the practice of building health-

care facilities. Thus, the project of the clinical center

«Sud-Francillen» was transferred to a large construction

and concession group in France. The contract was con-

cluded as a result of a competitive struggle, during which

Elgafé won the contract over its main competitors - other

French companies, thanks to the existing experience of

participating in the implementation of public-private

partnership projects in France. The agreement on the
creation of the project and the construction of the clinical
center «Sud-Francillen» is an example that contributes to
the partnership process as a whole. In Europe, as a result
of joint activities, in the course of long discussions, the
basis of the model was developed, which is called the
system of balanced indicators. The approach to the man-
agement of dental organizations involves the selection
of at least two fundamental problems: improvement of
dental care itself; improvement of the dental care man-

agement system [23].

The improvement of dental care is inextricably linked
with the introduction of new dental medical technol-
ogies, the improvement of professional training of the

medical staff of dental organizations, and the improve-
ment of the quality of dental care, controlled through
the system of standards in dentistry.

Improving the management system of dental care for
the population relates to the introduction of advanced
management technologies capable of providing the
necessary information for analyzing the activities of
a dental organization in four main aspects: «medical
care», «personnel», «patients» and «finances». The
choice of management decision is related to the choice
of innovative medical technologies that meet medical,
economic, and social criteria.

Investment models of joint participation of the state
and the private sector in the field of health care have
different forms. In some countries, the main emphasis
is on investments in the creation of new infrastructure
facilities, and in others - on improving the efficiency of
existing ones [24-26].

From all the variety of public-private partnership
models that exist in the world, the following main
ones can be singled out [27]. Franchising - a private
company enters a contract with a state or municipal
customer for the management and operation of an
existing healthcare facility. The private partner invests
in the equipment of the health care facility, its equip-
ment, and vehicles, ensuring the return on the invested
investment and obtaining profit due to the efficient
operation of the facilities [28-29].

No state in Europe fully provides the population with
high-quality and modern dental care at the expense
of the budget and is not able to allocate the necessary
funds for modern dental equipment, technologies,
and materials for the treatment (prevention) of dental
diseases in the population.

The main features of European dental care include the
availability and quality of dental care, the integration
of dental and general health care services, the use of
a team method of work in dental institutions, high-
tech equipment in dental offices, and preventive work
among the population. In the European dental service,
two fundamental problems are highlighted: improve-
ment of dental care itself as well as of the management
system of dental care. The improvement of the actual
dental medical care is developing along the path of
state support of the dental care system; availability of
several sources of funding for dental care; observance
of human rights in the health care system; responsibility
of the state (in any form) for dental assistance to socially
vulnerable sections of the population. In conclusion,
it can be stated that the global practice of providing
dental care to the population has the experience of
attracting patients to pay for dental services and a
rich arsenal of organizational, economic, and legal
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mechanisms for planning, regulating, and managing
the activities of subjects of the dental services market.
The essence of the above is reduced to the improve-
ment of the dental care management system and, in
our opinion, consists of a reasonable combination of
administrative and professional management of the
dental care organization.

CONCLUSIONS

The conducted scientific analysis of normative docu-
ments and domestic and foreign sources confirmed
the expediency of reforming the dental service and
substantiated the need to improve dental care and im-
prove the dental care management system to increase
medical, social, and economic efficiency.
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ABSTRACT

The article analyzes and systematizes international documents and research results, which reveal the experience of implementing the best practices in mental
health into the educational process of training pharmacists at various levels of education. Available foreign educational programs were analyzed in terms of
their form and content. According to the results of the research, it was found out that the practice of professional training of pharmacists on mental health
issues is quite widespread at the world level and is presented in various scientific publications. The results of their analysis also indicate different forms of

training process organization.
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INTRODUCTION

According to WHO's world statistics (2023), mental and
neurological manifestations account for 13% of the
burden of disease and have a negative impact on the
economy, increasing unemployment and health care
costs. During conflicts, wars, and pandemics, the need
for mental health care increases [1]. Consequently,
there is a great demand for mental health services for
the population of Ukraine related to the consequences
of the COVID-19 pandemic and the war. According to
statistical data of monitoring companies, about 70%
[2] of the population of Ukraine has a mental health
disorder, which requires a solution through the devel-
opment of a sustainable system of mental health care
to“bridge the gaps”[3] and provide access to medical/
pharmaceutical care to the population in accordance
with the Sustainable Development Goals. The issue of
implementing the best foreign experience in providing
pharmaceutical assistance in the field of selling medi-
cal products to patients with mental health disorders
in the educational process of training pharmacists
at various levels of education in connection with the
expansion of the Roles of Good Pharmacy Practice is
obtaining relevance. The need to create a professional
environment for pharmacy pharmacists in the context
of building a mental health care system is obvious. Thus,
the implementation of the best world practices in the
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domestic system of training pharmacists capable of
providing pharmaceutical assistance at the appropriate
level using modern approaches will allow maximizing
of the professional potential and prevention of compli-
cations of diseases in a timely manner. Therefore, the
organization of training of pharmacists in mental health
issues is relevant at the time in all countries, especially
in Ukraine.

MATERIALS AND METHODS

Scientific publications, international documents, web-
sites of international organizations and of associations
of pharmacists, official websites of educational institu-
tions, educational portals and training centers, were
used to achieve the goal of the research. Methods of sys-
tematization, analysis and generalization were applied.

REVIEW AND DISCUSSION

The results of the analysis of official international
documents and scientific works showed that the orga-
nization of training of pharmacists to provide pharma-
ceutical care for the mental health of the population is
relevant in many countries of the world, i.e.: Australia
[4], the USA [5], Great Britain and Ireland [6], Canada [7],
New Zealand [8], Granada [8], Sweden [9], Brazil [10] etc.
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Results of analysis of publications in scientometric
databases Web of Science, PubMed, Elsevier, etc. to find
out the state of readiness of pharmacists to provide
pharmaceutical assistance to the population on mental
health issues, testify to the high interest of foreign sci-
entists in the implementation of mental health issues
in the training programs of pharmaceutical personnel
at various levels of education, i.e.: bachelor’s, master’s,
continuous professional development. Thus, in the sci-
entific works of Australian scientists El-Den, S., Moles, R.,
Choong, H. J., & O'Reilly, C. (2020), the positive impact of
the American MHFA mental health education program
for students of various specialties was investigated [11].
Scholars pay special attention to the specialized MHFA
mental health program for students of pharmaceutical
faculties, which has been implemented in 25 countries
around the world. The MHFA program is included into
the mandatory, after which the assessment of mental
health knowledge, willingness to help, the degree of
stigmatization and the application of skills in practical
activities is carried out. At the same time, scientists em-
phasize that for the objectivity of assessing the acquired
knowledge and skills of students, assessment based on
competencies should be used [12].

English scientists H.C. Gorton, J. Strawbridge, H. Mac-
farlane (2023) came to the same conclusion. According
to the survey data among students of pharmaceutical
faculties, it was found that the students understand the
importance of psychiatric care and agree with the need
to expand the role of pharmacists in the Good Pharmacy
Practice regarding the provision of patient-oriented
care. Based on these data, the scientists reached a
unanimous opinion regarding the use of a complex
(integrated) approach to the formation of knowledge
and skills in mental health care [13].

A systematic review of the implementation of educa-
tional programs on mental health issues in the system of
master’s degree training and postgraduate education,
conducted in accordance with all the requirements of
the Cochrane community by researchers Carmen Cre-
spo-Gonzalez, Sarah Dineen-Griffin, John Rae, Rodney
A. Hill (2022) from Australia is of scientific interest to
us. Scientists have proven that the quality of acquired
skills and the confidence of pharmacists and pharmacy
students in providing first aid for mental health posi-
tively influenced the further pharmaceutical practice of
providing such services to patients. Australian scientists
investigated the quality of knowledge and skills ac-
quired by pharmacists and students of pharmaceutical
faculties after completing training in mental health
educational programs. The result of the clinical study
was the proven effectiveness of educational programs
on the mental health of the population in the long

term at the pre-diploma and post-diploma levels of
education [14].

A review of the scientific literature conducted by
scientists Mohammed Kanan Alshammari, Nawaf M.
Alotaibi, Suroor Nasser Al Suroor from Saudi Arabia re-
quires special attention [15]. Scientists divided the roles
of pharmacists in mental health care into conventional,
extended and advanced pharmaceutical services. Their
conventional services include high-quality use of MPs
in medical institutions, pharmaceutical support for
prescriptions (explaining to the patient the methods
and features of MP’s application, etc.). The scientists
included the following services of pharmacists for
mental health care as extended: management of the
range of MP’s in the patient’s home first-aid kit, joint
prescribing of medicines by a doctor and a pharmacist
(Australia); medical products use review services, spe-
cialized teams, which include pharmacy employees,
primary and secondary care physicians, solving prob-
lems related to MP’s use (Great Britain); management
of drug therapy, application of clinical telemedicine
(USA); drug review services (New Zealand). Scientists
also draw attention to the problems faced by pharmacy
employees, in particular: lack of time, low awareness of
patients regarding the possibility of depression screen-
ing in general practice pharmacies. The problems of
implementing first aid by pharmacists are important,
which consist in patient education and adaptation of
protocols for pharmacists to provide primary care in
mental health issues [15].

Equally important are the issues of confidentiality
of patient data and support from pharmacy owners
regarding patients’ mental health. The low level of
knowledge of pharmacists regarding mental health
issues requires the adjustment of educational programs
and appropriate didactic approaches on the part of
teachers. Researchers from Saudi Arabia argue that
educational programs should adapt to education about
the pharmacological properties of antipsychotic MPs,
which are based on the principles of evidence-based
medicine, as well as to focus on reducing the stigma
of mental health and developing communication skills
[15].

Ukrainian scientists L. Hala [16], Ja. Hrynkiv[17], O. Za-
liska [18], H. Panfilova [19] paid considerable attention
toissues related to the organization of pharmaceutical
care in accordance with the requirements of Good
Pharmacy Practice. The question of potential stressful
factors in the practice of pharmacists was studied by V.
Tolochko, I. Mishchenko, who paid considerable atten-
tion to the psychological training of pharmacists [20].
However, the problem of training pharmacists in mental
health issues was not given appropriate attention.
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Table . Professional and educational and training programs in mental health (developed by the N.Bilousova)

Mental health as a component of master’s programs
« 25 countries of the world (universities of Belgium, Great Britain, USA, Australia)

Educational and
training programs

Postgraduate training programs (PhD) - postgraduate studies with a certificate/diploma
« Ability to work in the field of mental health policy, public health, scientific research
Great Britain, Australia, USA

Mental health as a clinical pharmacy course module
- mental health is represented by separate modules in clinical pharmacy programs
« Bulgaria, Poland, Romania, Belgium, Estonia, Lithuania, the Netherlands, Jordan, Israel, Saudi Arabia

Classical
universities

Professional and educational programs

Educational
portals

Specialization of pharmacists in psychiatry followed by pharmacist-psychiatrist certification (2 years)
- training of pharmacists for consulting activities in pharmacies and providing pharmaceutical first aid
+ USA, Australia, Great Britain

Pharmacist
communities

Continuous professional development courses for pharmacists (Australia, USA, Great Britain, Bulgaria, Poland,
Czech Republic, Romania, Belgium, Netherlands, Jordan, Saudi Arabia)
+ Short-term courses (20 minutes - 2 hours)
« Short-term training programs (8-12 hours) with three qualification levels

o o
£ £ Online courses at pre/post diploma levels for a wide range of participants

-% -% - public organizations, associations of pharmacists) on mental health

= s » + USA, Great Britain, Australia, Belgium, Ukraine

T w» T £

52 &8

= g 9 Mental Health Instructor Courses followed by certification after completion of the Mental Health First Aid
-g © .E s Program

= = « USA, Australia, Great Britain, Ukraine

v v

-u.i: -IE Introductory programs on mental health issues

- EU countries, USA, Australia, Great Britain, Ukraine

Considering the stated topic of the research, it should
be noted that the consequences of the COVID-19 pan-
demic, the bloody war in Ukraine, and the European
integration processes make significant adjustments to
the organization of professional training of pharmacists.
In this context, the question of transformation of the
mental health care system of Ukraine in relation to the
program of actions to overcome the gaps in the field of
mental health care (mhGAP) [3] is in the center of the
WHO’s attention [21].

In the developed recommendations of the WHO, in
view of the transformational processes taking place in
the health care system in Ukraine, attention is focused
on the creation of high-quality educational medical
and pharmaceutical programs for the training of phar-
macists [22]; increasing the number of practical train-
ing of pharmaceutical personnel on a modular basis;
professional regulation in the field of health care [23].
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Supported by WHO, the International Pharmaceutical
Federation FIP in the global call to action on pharma-
ceutical education emphasizes the transformation of
the training of “a flexible and adaptable pharmaceu-
tical workforce to maximize the application of their
knowledge, skills, attitudes, behaviors and abilities as
part of a multidisciplinary health care team”. Particular
attention is paid to identifying new areas of compe-
tence development, digital health and patient safety,
improving interdisciplinary, interprofessional education
and collaboration with key parties concerned [24].

In the same context, Resolution CM/Res(2020)3 of the
Committee of Ministers of the European Commission on
the provision of pharmaceutical care in the interests of
patients and health care services is of scientific interest
to us [25]. Thus, the document emphasizes interpro-
fessional relationships between pharmacists, patients,
primary care physicians and nurses in order to ensure
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Table II. Comparative characteristics of educational programs for different users (developed by the N. Bilousova)

Mental health programs
(for a wide range of participants)

Mental health programs (for pharmacists)

panic attacks;
suicidal thoughts and behavior;

diagnosis and classification of mental disorders (panic attacks; suicidal thoughts and behavior;
non-suicidal self-harm; psychosis; use of psychoactive substances; severe consequences of
alcohol or other drug use; depression; anxiety; stress; traumatic events; post-traumatic stress
disorders; severe psychotic states; aggressive behaviour; dementia and geriatric disorders; HIV
and depression; adolescent mental health; schizophrenia; dementia; eating disorders; learning
disabilities; perinatal mental health, etc.);

non-suicidal damage;
acute psychosis (hallucinations;
overdose or withdrawal from
alcohol or narcotic MPs); reactions
to traumatic events;
mental health problems;
an action plan for providing
primary care in the field of mental
health;
depression;
anxiety;
mental health crises (panic attacks,
people after traumatic events,
people with aggressive behavior)

key concepts and terminology;

the latest methods of treatment of mental disorders based on evidence medicine;
evidence-based pharmacological and psychological therapy;

secondary psychiatric services;

the effectiveness of taking drugs for the treatment of long-term mental disorders;
repeated monitoring of patients in the short-term;

forensic medical examination;
management of stressful situations;

additional support for mental health and well-being;
bullying and conflicts at the workplace;
increasing stability in the pharmacy team;
advice on the use of fluoxetine and peculiarities of the use of clozepine;
improvement of adherence to treatment of patients with depression;

mental well-being of patients;

training of patients and other individuals;

sexual harassment in pharmaceutical practice;
providing leadership in the health care system and public policy on improving the health of

people with mental illness

effective and safe use of MPs. Therefore, to solve this
issue, it is proposed to build such a health care system,
where pharmacists and primary care doctors will act
as a single link and solve part of the pharmaceutical
care issues in order to implement all the clinical skills
acquired in the training process. In turn, for the purpose
of control, quality indicators of the provision of phar-
maceutical care have been developed [26].

Our attention is drawn to a practicum for pharmacists
on providing psychological first aid and psychosocial
support to diverse populations, developed by Cory P.
Coffee (2023) of the Ohio State University College of
Pharmacy with the support of the Ohio State Pharma-
cists Association (USA). According to his recommenda-
tions, population groups are divided according to vari-
ous states of well-being proposed by the International
Pharmaceutical Federation (Fig. 1). The researcher pro-
poses to introduce protocols for providing assistance to
patients in the field of mental health, developed on the
basis of evidence-based medicine. Cory P. Coffee pays
special attention to the role of pharmacists in providing
psychosocial support and psychological assistance for
various mental health conditions [27].

Therefore, foreign programs on mental health issues
for a wide range of users, including pharmacists, de-
veloped on the basis of competencies, have proven
effectiveness in the long-term perspective of formal
and informal education (master’s educational and pro-
fessional programs, thematic improvement courses for

pharmacists, professional seminars, trainings, etc.) [29].

This approach is important in the provision of phar-
maceutical patient-oriented care in the field of selling
MPs for the prevention and treatment of patients
with mental health disorders at the levels of mental
well-being, mild and moderate distress and mental
health disorders. We analyzed available mental health
educational programs and online resources aimed at
raising awareness of this issue. Based on the results
of the research, eight different most common areas
of professional educational and training programs for
training pharmacists in mental health issues with the
use of modern educational technologies, have been
identified (Table I).

The American MHFA distance course [30] is of specific
scientific interest. The course lasts 8 hours and is in-
tended for a wide range of participants. The pharmacist
course curriculum provides an in-depth study of mental
health issues and includes the following primary care
modules: depression and mood disorders; anxiety
disorders; panic attacks; traumatic events; psychosis;
disorders related to the use of psychoactive substances;
severe mental conditions.

An Australian blended (online/offline) mental health
primary care course has developed a competency
framework for pharmacists to acquire upon completion
of the course. The course curriculum provides an in-
depth study of mental health issues for pharmacists and
includes four three-hour sessions with presentations,
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Mental well-

bei Mild stress
eing

Moderate
stress

State of mental
health

Fig. 1. States of mental health according to [28].

videos, practical sessions, group work and role-playing.
The course consists of two components: interactive
e-learning for self-study (5-7 hours); instructor-led
video conference or classroom training (2 - 2.5 hours).
The content of the training course includes the follow-
ing topics: mental health problems; an action plan for
providing primary care in the field of mental health;
depression; anxiety problems; panic attacks; psycho-
sis; serious traumatic events; problems with the use of
alcohol and narcotic MPs; severe mental conditions;
mental health crises [31].

Itis worth mentioning, that professional educational
programs for pharmacists are implemented in various
universities around the world. These include the Uni-
versity of Manchester, College of Pharmacy and Mental
Health (Great Britain) [32], which have implemented
both short courses in mental health and longer educa-
tional programs to train pharmacists in postgraduate
continuous professional development (CPD). There is
also a focus on longer-term educational programs to
integrate pharmacists into mental health to intervene
in patient care to improve medication and treatment
adherence for depressed patients [33].

It should be noted that Queen’s College (Great Britain)
[32] jointly with Birzeit University (Palestine) [34] offer
4-week training courses for pharmacists in the process
of continuous professional development in mental
health issues, developed on the basis of the National
Competence Frameworks of these countries. The inter-
vention strategies in the mental health of citizens, mental
health practice, methods of mental health research in
conditions of war and military conflicts, consultations
for patients with mental health disorders, which are
considered in the training process, are of special interest.

Our attention was drawn to the integration program
with the expansion of Roles of Pharmacists in Mental
Health offered by the University of Bradford (Great Brit-
ain). Itis developed on the basis of the National Compe-
tence Framework. The curriculum of the course involves
12 months of instructional training and includes 10
modules: assessment of instructional training needs;
work in community groups for mental health care;
mood disorders; audit and assessment of services; psy-
chosis and schizophrenia; care for the elderly; education
of patients and other persons; misuse of psychoactive
substances; complex and multiple disorders; quality
improvement and research [35].
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In our opinion, the two-year American BPS Board
Certified Psychiatric Pharmacist (BCPP) specialization
program for pharmacists in psychiatry, developed on a
competency basis, requires special attention. The pro-
gram includes training modules for developing, imple-
menting, monitoring and changing patient treatment
plans; education of patients, medical professionals and
other interested parties; providing leadership in health
care and public policy to improve the health of people
with mental illness. The main vectors of the develop-
ment of specialization of pharmacists in mental health
are person-centered care; transition of evidence into
practice and education; health policy, advocacy and
mental health practice management.

The results of a comparative analysis of various profes-
sional education and training programs for pharmacists
allow us to summarize that they include both topics from
training courses for a wide range of participants with
developed guidelines for providing first aid for the com-
munity in the field of mental health and in-depth training
on mental health, which is based on evidence (Table II).

It should be noted that distance learning is now
widely used, including for educational programs on
mental health. Online courses on mental health issues
can currently be found on the websites of universities
or pharmaceutical societies (public organizations).
Such training programs are of short duration (from
20 minutes to 2 hours) and are offered by various
professional communities and educational platforms
(for example, the community of pharmacists of Great
Britain“C+D Community”[36], Future Learn [37], MH4U
(Ukraine) [38], Prometheus (Ukraine) [39], Academy of
the National Health Service of Ukraine [40]) etc. The ed-
ucational portal Future Learn offers 4-week courses on
mental health issues for pharmacists, which are based
on the principles of evidence-based medicine, and the
Ukrainian platform of the MH4U project offers short-
term courses on mental health issues for a wide range
of users. Short-term online courses“Mental Health Self-
help for Veterans”,“Traumatic Experience and PTSD"for
psychotherapists, etc. are offered by the educational
web-site Coursera. The Academy of the National Health
Service of Ukraine (NHSU) offers an online course for
family medicine doctors “Therapy of common mental
disorders at the primary level of medical care by using
the mhGAP guidelines” with the support of WHO, the
Ministry of Health of Ukraine and the NHSU.
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Therefore, summarizing the results of the analysis
of the best global practices, we can conclude that
the practice of professional training of pharmacists in
mental health issues is quite widespread at the world
level and is presented in various scientific publications.
The results of the conducted analysis indicate differ-
ent forms of organization of this training. Therefore,
in our opinion, it is quite logical to introduce training
programs on the mental health of the population into
the practice of professional training of Ukrainian phar-
macists both at the master’s level and in the system of
continuous professional development.

CONCLUSIONS

1. The international experience of professional training
of pharmacists in mental health issues is summarized
for furtherimplementation in Ukrainian professional
and educational programs of training pharmacists
during lifelong learning.

2. It was found that foreign educational programs on
mental health issues were developed on the basis
of modular and competency-based approaches.
The most common form of education is informal
education (specialization of pharmacists in mental
health issues, thematic improvement courses for
pharmacists, professional seminars, trainings, schools
in mental health issues, etc.).

3. Foreign educational programs on mental health
issues are offered by institutions of higher educa-
tion, pharmaceutical societies, public organizations,
educational Internet portals, which indicates a high
interest of society in this issue.

4.The content analysis of available educational pro-
grams for pharmacists in terms of structure and con-
tent showed eight different, most widespread areas
of professional-educational and educational-training
programs for training pharmacists on mental health
issues using modern educational technologies.
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ABSTRACT

The aim: To review of existing approaches regarding the ratio of private and public interests in the content of the right to health care.

Materials and methods: In this paper, a systemic approach was used, which made it possible to analyze public-law and private-law interests as part of the
content of the right to health care in their systemic unity. The application of the comparative research method and the dialectical method made it possible to
investigate the dynamic relationship between public legal and private legal interests as part of the right to health care.

Conclusions: In the context of the analysis of the content of the right to health care, it was determined that private and public interests find their form in
the institutions of individual and public health. In conditions of economic stability and the absence of threats to the realization of the right to health care, the
state of realization of the right to individual health and public health can be described by the categories of «binary» or «synergy», when public health and
individual health strengthen each other one. Private and public interests in the content of the right to health care can be in a state of conflict in conditions of
limited resources. Taking into account the need to legitimately regulate the conflict between private and public interests in the content of the right to health

care, states establish legal norms, which we defined as «axiological collisions».

KEY WORDS: right to health care, public interest, private interest, health care system

INTRODUCTION

In our multifaceted world, the right to health care is
considered one of the fundamental legal values, as a
prerequisite for the existence and development of a
person, a key to the functioning of an efficient economy
and the progressive development of society as a whole.
Despite the long historical path of humanity to the rec-
ognition of this right and its consolidation in national
legal systems and acts of international law, the debate
about the content of the right to health care, its «poly-
valence» from the point of view of private and public
interests, has not lost its relevance at the present time.

As we know, since the days of Roman law, the main
criterion for distinguishing between private and public
law - legal interest — has been considered the most im-
portant «engine» of human actions, the motive for any
legally significant behavior. Currently, the division of law
into private and publicis considered one of the features of
continental European (Romano-Germanic Legal System)
law [1]; the legal systems of many civilized countries are
based on the principle of dividing law into private and
public (Germany, France, Italy, Spain, and others) [2].

A wide range of researchers have paid a lot of atten-
tion to the study of various aspects of legal interest,
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the dichotomy of public and private interests in various
doctrines and legal systems [3-7]. As should be clear by
now, the position one takes on the distinction between
private law and public law is both theoretically and
practically important [7]. From both a theoretical and
a practical point of view, it is important to trace the
connection between legal interests and the formation
of conceptual approaches to the right to health care.
After the World War Il the most important trend in the
development of national legal systems and international
law was the desire to create a global «legal infrastructure»
of human rights. The mutual process of development of
global human rights law and the implementation of the
concept of human rights in national legal systems took
place against the background of a powerful scientific dis-
course, the issues of which were related to the justification
of the universal nature of human rights against determin-
ism, the search for a certain balance of public and private
interests in determining the content of human rights.
Joseph Raz describes the specified problems regarding the
right to health care in categories «compromise between
concern for health and the pursuit of other values» [8].
Even a superficial overview of the existing multifac-
eted approaches to the concept of the right to health
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care allows us to identify a certain «conflict potential»
in the content of this right: 1) how widely we are ready
to understand the content of this right and the interests
related to it, in order to provide it with effective guar-
antees implementation; 2) how widely we are ready to
recognize the subject field of this right, realizing that
this field may overlap with other individual rights and
interests (for example, with the right to choose one’s
behavior, including the self-destructive one); 3) to what
extent we are ready to protect this individual right,
including in the situation of its conflict with certain
public interests and values, primarily with the interests
of public health.The solutions to these issues lie at the
intersection of philosophy, politics, bioethics, law in
general and legal axiology in particular.

The above mentioned determines the relevance of
right to health care research from the point of view of
the ratio of private and public interests in its content.

THE AIM

The aim is to review of existing approaches regarding
the ratio of private and public interests in the content
of the right to health care.

MATERIALS AND METHODS

In this paper, a systemic approach was used, which
made it possible to analyze public-law and private-law
interests as part of the content of the right to health care
in their systemic unity. The research process was carried
out on the basis of the principles of historicism, objec-
tivity, complexity and reasonableness, which created
a methodological basis for the analysis of the research
subject. The application of the dialectical method made
it possible to investigate the dynamic relationship be-
tween public legal and private legal interests as part
of the right to health care. In addition, the research
used such methods as an abstract logical method for
theoretical generalization and conclusions, a method
of analyzes and synthesis for the determination of the
relationship between public and private interests. The
conclusions obtained in the course of the work would
not be sufficiently substantiated without the use of the
comparative research method.

REVIEW AND DISCUSSION

The criterion of the nature of the dominant interest,
allows to distinguish public law, which protects the gen-
eral, state, publicinterests, public goods, important not
for the individual but for the society, country as a whole.
Instead, in private law, the personality interests of the

individual (persons) are dominant [9]. In the context of
the analysis of the right to health care, it is appropriate
to distinguish between individual health and public
health, which, in our opinion, are institutionalized forms
of private and public interests in the field of health care.

As we know, Constitution of the World Health Orga-
nization (WHO), signed at New York on 22 July 1946,
declares the value of the individual right to health care
(one of the fundamental rights of every human being),
as well as the value of the world legal order - «the health
of all peoples». As stated in the WHO Constitution:
«Governments have a responsibility for the health of
their peoples which can be fulfilled only by the provi-
sion of adequate health and social measures» [10]. That
implied the provision of basic preventive and curative
medical services and the provision of medicines, the
creation of the necessary system of medical institutions
located in places accessible to the people, as well as
the availability of qualified medical specialists. Thus,
the approach defined by the WHO emphasized the
associative relationship between the human right and
the obligation of the states in the field of health care.

The human right to health appears in Article 12(1) of
the 1966 International Covenant on Economic, Social
and Cultural Rights (ICESCR): The States Parties to the
present Covenant recognize the right of everyone to
the enjoyment of the highest attainable standard of
physical and mental health [11].

Attainability connotes duties being relative to the
economic, social and political circumstances of different
countries [8].Thus, the widest list of restrictions related
to the practical implementation of the individual right
to health care lies in the plane of the real capabilities
of each state to ensure the implementation of the re-
searched right. It will not be news to claim that each
sovereign state is looking for its own way of implement-
ing social policy and achieving a balance of private and
public interests. In our opinion, the amount of social
obligations guaranteed by the state in the field of health
care is directly proportional to the recognized public
interests in this field. Taking this into account, each state
also establishes certain restrictions for the exercise of
the right to health care.

For example, the Constitution of Ukraine (articles
35, 39) defines restrictions on the exercise of human
rights may be established «in accordance with the law
and only in the interests of national security and public
order, with the purpose of preventing disturbances
or crimes, protecting the health of the population, or
protecting the rights and freedoms of other persons»
[12]. It is not difficult to notice that public interests are
really «<weighty» limitations of individual rights (private
interest).
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The development of the theoretical and law enforce-
ment potential of the concept of human rights, which
took place during the second half of the 20 th century,
led to a misleading global confidence that «The in-
ternational community must treat human rights on a
global, equitable and equal basis» [13]. It was in such
a paradigm - equal access to versatile legal opportu-
nities — that scientific research of right to health care
were mostly carried out.

It seems that we are unlikely to find reliable infor-
mation about the date in historical time when the
justification and implementation of the concepts of
the individual right to health care began. «The right
to health ... is a product of the Industrial Revolution
in 19th-century Britain, in circumstances analogous to
those in less developed countries today» [14].

As we know, the individual right to health care is
relatively conditionally classified as a second gener-
ation of human rights (socio-economic and cultural
rights), which gained recognition and consolidation
during the days of socialist revolutions. Traditionally,
the theory of the division of human rights, which was
developed by the French lawyer Karel Vasak, is used to
classify human rights. The basis of this concept is the
generational approach, namely, the division of rights
into three generations [15].

Since the recognition and proclamation of the individ-
ual right to health care, many conceptual approaches
to understanding health and the content of the right to
health care have been developed. «...it is well known
that health is subject to conflicting meanings, from
narrow biomedical definitions based on the statistically
normal functioning of the human organism, through to
very broad accounts of positive well-being and human
flourishing, such as the World Health Organization’s
concept of «complete physical, mental and social
well-being» [16]. There is not a linear spectrum of con-
cepts of health. Rather, there is a plurality of accounts,
with a notable added dimension when we contrast
individual and population-level understandings [17].

It can be argued that concepts of public health are
equally multifaceted. As Encyclopedia Britannica states,
«Are view of the historical development of public
health, which began in ancient times, emphasize show
various public health concepts have evolved» [18]. It is
important to emphasize that in the scientific discourse,
the concept of «public health» is very often identified
with the concept of «population health», using these
terms as synonyms.

The field of public health is closely related to pop-
ulation health, so much so that the two terms are
sometimes used interchangeably. A key distinction:
Population health tends to focus on a narrow group,
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usually determined by geographic boundaries. Public
health often addresses larger communities, including
those determined not by geography but by race, gen-
der,immigration status, disability level, or other factors
[19]. If these definitions are causing more confusion
than clarity, take a step back and consider that «public»
and «population» are synonyms and in most cases, so
too are «public health» and «population health» [20].

Population health is a relatively new term that has not
yet been precisely defined. We propose that the defini-
tion be “the health outcomes of a group of individuals,
including the distribution of such outcomes within
the group,” and we argue that the field of population
health includes health outcomes, patterns of health
determinants, and policies and interventions that link
these two [21].

«Population health is an opportunity for health care
systems, agencies, and organizations to work together
in order to improve the health outcomes of the com-
munities they serve». «...at the core of public health lies
the principle of social justice: making sure that we are
providing people the right to be healthy and to live in
conditions that will support their health». Broadly think-
ing about it, you could say public health is about what
we're doing as a society and population health is about
what a system is doing for their community [22]. For the
purpose of our research, it is important to emphasize
that the terms «public health» and «population health»
(regardless of their substantive differences) appeal to
public interests, the carriers of which are certain com-
munities — social groups, the population of a certain
state or, even humanity as a whole.

These global public interests, the subject of which is
humanityas a whole, are based on universal values (for
example, the value of public health is universally rec-
ognized). That is, the recognition of such a large-scale
public interest is based on the presumption that this
interest corresponds to the will of the world community
and concerns every member of this community. But
can it be argued that the public interest of the highest
attainable level of health is the sum of the private in-
terests of all people?

«... the health right cannot entail a set of individual
contracts to ensure a healthy state for each person.
Instead, a societal contract is involved.The societal
commitment necessarily entails equity between groups
as a fundamental principle» [14].

This recognized fundamental principle of social
justice is constantly tested by time and law enforce-
ment practice. Arguably, the strength of the general
consensus on «highest attainable health» is maximal
precisely at the theoretical level that forms the center
of this vicious circle. The further from this center, the
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more tests stand on the way to achieving the specified
formula - such tests are related to cultural character-
istics (in contrast to the universal, impeccable value of
the right to health care), private interests, moral and
ethical choices.

In practically seeking to make health public, ethical
practice requires three important considerations to
remain in view. First, the particular public health goal re-
quires a clear ethical mandate. Second, the means used
to reach that goal needs to be justified; we cannot just
defend a policy or intervention because its outcomes
are well-intended. And finally, we must not lose sight of
the fact that our public health ethics must ultimately sit
within a wholesale public and social ethics [16].

Presumably to smooth over this immanent conflict
(between declaration and enforcement practice,
between public and private interests), a significant
number of researchers insist on the integration of «in-
dividual health» and «public health» efforts, arguing
that this is a win-win situation: «Public health needs
clinical partners, and the path to meeting this need is
through integrated training. Medicine needs the power
of population health» [23]; «Public health and medicine
approach the challenge of health and health care from
distinct, complementary perspectives» [24].

The WMA insists that public health should not be
seeninisolation, as it is intrinsically linked to individual
health, health care and medical care. The WMA advo-
cates for the development of integrated health care
systems in which both public health and individual
health can be addressed [25].

Arah OA. argues that neither individual nor popu-
lation health is identifiable or even definable without
informative contextualization within the other [26].

Researchers point to the objectively existing process
of convergence of private and public interests. «...the
dynamics of public and private interests currently show
atendency towards convergence, mutual penetration.
The interaction of public and private law reflects the
dynamic balance of the interests of political forces, the
state system, management mechanisms, the degree of
freedom and independence of citizens in the modern
world, etc.» [27]. The use of the term «binary» to denote
actions that are carried out «simultaneously in the in-
terests of the whole society and in the interests of an
individual seems to be successful» [28].

Realization of public interests is often a condition for
realization of private interests. The opposite situationis
also possible, when the realization of a private interest
leads to the realization of a public interest [29], «...any
private interest can be summed up, considered, pre-
sented as a public interest, because a separate, private
interest is very often important for the social whole.

And vice versa: publicinterest without bringing it to any
separate private interest becomes meaningless» [29].

Borrowing terminology from epidemiologic method-
ology, Arah OA. classifies the individual-versus-popula-
tion health relationship into four categories [26]:

1. Immune: individual health remains good irrespective
of the population health or context.

2. Causative: individual health is boosted in favorable
population health or context.

3. Preventive: individual health is compromised when
population health or context is unfavorable.

4. Doomed: individual health is compromised irrespec-
tive of the population health or context.

In our opinion, the dialectic of public-law and pri-

vate-law interests is manifested in the fact that they

can strengthen each other if they are synergistic (aimed

a the same goal), or weaken each other if they are in

conflict. Conflicts between public and private interests

are activated in situations of choice in conditions of

limited resources. Such resources can be all kinds of

social and individual benefits, access to which directly

or indirectly affects the real state of the realization of

the right to health care (health care facilities, qualified

doctors, medicines, medical technologies, information

on effective clinical treatment protocols etc).

Trying to substantiate the formula of coexistence
and mutual limitation of private and public interests,
we will not find universal legal norms that determine
the legitimate potential perspective of limiting public
interests by private ones. At the same time, the lim-
itation of private interests by public interests has a
systemic nature, subject to compliance with certain
legal conditions (determination of grounds, terms and
elimination of collisions). «We define norm collisions as
instances in which actors claim that two or more norms
provide conflicting orincompatible expectations about
appropriate behaviour in a specific situation» [30].

As we know, legal norm collisions serve as certain
guideposts insituations of choosing between different
legal prescriptions and eliminate legal uncertainty.
Such norm collisions are used to regulate the choice
between private and public interests. In our opinion, it
will be correct to define them as «axiological collisions».
In any case, the legislator must take responsibility for
eliminating the axiological conflict on the basis of a
certain moral choice, which is positioned for society
as fair. «A system that distributes healthcare unevenly,
on the basis of any determining factor other than ne-
cessity, raises numerous questions about how ethical
that system is. In a society where disparity in the level
of care or access to care exists, inevitably there will be
individuals who fail to receive the care for which they
desperately need» [31].
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This is exactly the situation — the impossibility of access
to medical care as a component of the individual right to
health care - which has arisen as a result of the spread of
the global pandemic for a significant number of people
in different countries of the world. Presuming that the
right to health care of an individual is the basis for real-
izing the right to health care for society as a whole, we
lived in love with the «symbol of faith» — «the claim that
all people alive today have the same human rights» [8].
Since the success of mass vaccination convinced us to
look leniently at the processes of the spread of infectious
diseases, we were sure that the epidemic well-being of
society does not threaten the rights of an individual,
which means that the rights of an individual can not in
any case be sacrificed for the common good. The global
pandemic —among otherimpacts on society — has actu-
alized the conflict between public-law and private-law
interests, the values of the individual right to health care
and public health, as old as the world itself, and forced
us to once again rethink their relationship.

CONCLUSIONS

The conceptual approach to the content of the right to
health care, recognized at the global level (UN, WHO)
and at the level of national legal systems, carries the
ambivalent potential of the value of health in its in-
dividual and social dimensions. In the context of the
analysis of the content of the right to health care, it was
determined that private and public interests find their
form in the institutions of individual and public health.
In developed countries with socially-oriented models
of health care systems, the correlation between the
recognized scope of the right to health care and the
positive obligations of the state is direct. In the con-
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ABSTRACT

The aim: To study the latest approaches to optimizing the composition and application protocols of modern adhesive systems, which are used during the
restoration of defects in hard dental tissues with restorative materials.

Materials and methods: Thirty articles published between January 1, 2020 and February 1, 2023 in the scientific databases PubMed, Scopus, and Google
Scholar were selected. The selected scientific works contained the results of laboratory studies, systematic reviews, meta-analyses of the physical and mechanical
characteristics of adhesive systems with a modified composition or application protocols different from the instructions of the manufacturing companies.
Conclusions: The most promising directions for improving adhesive systems are modifications of the composition and protocols of their use with the aim of
deactivating matrix metalloproteinases, improving the structure of the hybrid layer due to the creation of a three-dimensional mesh of collagen fibres with
optimal properties, the introduction of antimicrobial agents to slow down the growth of bacterial colonies along the line of the adhesive joint. The available
research results of modified adhesive systems are often contradictory, which determines the need to develop standardized test methods to obtain more
reliable indicators of their physical, mechanical and biological properties. In some cases, the consequences of non-compliance with the recommendations of
the manufacturing companies are a significant deterioration of the characteristics of the hybrid layer, adhesive strength, marginal fit, which, in turn, explains

the need for further search for an optimized composition and techniques for applying bonding agents to improve the prognosis of restorative treatment.

KEY WORDS: adhesive systems, adhesion to tooth dentin, restorative materials, modified composition, adhesive fixation protocols

INTRODUCTION

The adhesive ability of some dental materials to the
hard tissues of teeth is of great importance in many
fields of modern dentistry, in particular for direct pho-
tocomposite restorations, tooth splinting, fixation of
orthopaedic and orthodontic structures, etc. [1]. To
ensure a long-term and reliable connection of het-
erogeneous materials and hard tissues of the teeth,
adhesive systems (hereafter — AS) have been used fora
long time, the development and improvement of which
was determined by the desire to invent a material that
is optimal in terms of its physical, mechanical and bio-
logical characteristics, capable of solving most clinical
tasks of dentists.

The cause of a large number of complications in
restorative treatment is considered to be imperfect
adhesion of restorative materials to the dentin of teeth.
The presence of a constant flow of dental fluid in the
dentinal tubules, the activation of enzymes that destroy
the hybrid layer, the high sensitivity of the adhesive

Wiad Lek. 2023;76(12):2721-2728

preparation technique to the skills of the operator lead
to the occurrence of postoperative sensitivity, second-
ary caries, pulp inflammation and loss of retention of
restorations [2]. The introduction into clinical practice
of AS of the VIl and VIII generations significantly sim-
plified the restoration of teeth due to the reduction
of the number of stages of adhesive preparation, on
the other hand, the reliability of such restorations in
the long term of operation is considered controversial
[3]. In contrast to the latest AS, the “gold standard” in
restorative dentistry is called the V generation AS, which
are used according to the protocol of etch-and-rinse.
These ASs have gained considerable popularity due to
the proven high strength of the adhesive bond between
restorations and tooth tissues during significant periods
of observation. However, the application of such AS us-
ing the specified technique often causes postoperative
sensitivity and inflammation of the dental pulp [3].
Thus, the existing AS have certain disadvantages,
which explains the need to optimize their composition
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and application protocols. The search and implementa-
tion of improved approaches in adhesive dentistry will
increase the clinical effectiveness of direct and indirect
restorations and improve the prognosis of rehabilitation
of patients with lesions of hard dental tissues.

THE AIM

The aim is to study the latest approaches to optimizing
the composition and application protocols of modern
adhesive systems, which are used during the resto-
ration of defects in hard dental tissues with restorative
materials.

MATERIALS AND METHODS

Thirty articles published between January 1,2020 and
February 1, 2023 in the scientific databases PubMed,
Scopus and Google Scholar were selected for the pur-
pose of the study. The following keywords were used
for the search: “adhesive systems”, “adhesion to tooth
dentin’, “restorative materials”, “modified composi-
tion”, “adhesive fixation protocols”. The selected works
contained the results of laboratory studies, systematic
reviews, meta-analyses of the physical and mechanical
characteristics of AS with a modified composition or
application protocols different from the instructions

of the manufacturing companies.

REVIEW AND DISCUSSION

Several ways of increasing the strength and durability
of the adhesive bond for V and VIl generation AS are
proposed, in particular by changing their application
protocols. In a meta-analysis of 68 articles, which re-
ported on the results of laboratory studies of the mi-
crotensive strength of dentin samples of extracted teeth
with photocomposite materials fixed on their surfaces,
it was demonstrated that under identical conditions,
the indicators of the samples in which AS was applied
with the use of additional manipulations reliably exceed
the corresponding indicators of the samples made
according to the instructions of the manufacturing
companies [4]. ForV generation AS, such manipulations
were an increase in exposure time (p<0.001), the use of
electrophoresis (p<0.001), application of an additional
layer of AS (p=0.05), active application of etching gel
(p=0.02) and adhesive (p<0.001). Under the condition
of using VIl generation AS, the same additional means
also improved the adhesive strength: increased appli-
cation time (p=0.001), use of electrophoresis (p<0.001),
double application of AC (p<0.001), active application
of the etching gel (p=0.01) and adhesive (p<0.001).
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Therefore, by applying simple additional manipulations
during adhesive preparation, it is possible to increase
the strength of the bond between the photocompos-
ite and tooth dentin in laboratory conditions, which
requires further study in clinical studies.

The constant movement of dental fluid through the
dentinal tubules in the direction from the pulp to the
tooth surface causes difficulties in creating a reliable
bond between the restorative material and the dentin
during adhesive preparation and contributes to the
hydrolytic destruction of the hybrid layer. By means of
scanning electron microscopy, it was proved that the
effect ofiontophoresis on the tooth during the applica-
tion of AS causes a short pause in the simulated move-
ment of dental fluid, increasing the infiltration of AS in
the dentinal tubules, both when applying adhesives
using the total etching and self-etching techniques. The
maximum depth of the formation of adhesive strands
in the dentinal tubules for the control groups of the V
and VIl generations AS reached the level of 100 um and
8 um respectively, while the similar indicators for the
same AS with the use of iontophoresis were significantly
higher and amounted to 170 pm and 70 um [5].

In order to increase the physical and mechanical prop-
erties of AS and bring them closer to natural human
dentin, the addition of nanofiller (in particular, hydroxy-
apatite crystals) to the AS composition is proposed.
When studying indicators of microhardness and quality
of polymerization, higher values were obtained pre-
cisely in samples formed with the help of modified AS
compared to the traditional V generation AS. The paper
emphasizes the importance of fixed dimensions of the
filler (20x20x50 nm) for creating a biocompatible hybrid
layer with a high degree of its integration in dentin and,
accordingly, achieving optimal characteristics of AS [6].

Another work proved the effectiveness of using
biomimetic nanohydroxyapatite to increase the
strength of the bond between the composite and
dentin. Dentin samples of extracted teeth, the surface
of which was treated with nanohydroxyapatite, after
thermocycling demonstrated significantly (p<0.05)
higher dentin microhardness (46.44+1.86 MPa) and
the maximum strength of fixation to the restoration
material (14.414+1.87 MPa) in contrast to the same
indicators of the control group with the traditional AS
application protocol (38.51+2.37 MPa and 7.20+1.10
MPa, respectively). Similar results can be explained by
the phenomenon of remineralization of dentin due to
the formation of calcium and phosphate ion deposits,
provided by the presence of nanohydroxyapatite [7].

In a similar way, the mechanical properties of the VIl
generation AS, modified with a solution of 3-tricalcium
phosphate of different concentrations, were improved.
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In this work, higher indicators of adhesive strength were
obtained -27.75+3.15 MPa and 30.50+3.25 MPa for 5%
and 10% solutions of the doped AS, on the other hand,
the average strength value for the samples of the con-
trol group was found at the level of 24,7+3.64 MPa [8].

Reliable adhesion of restorative materials is ensured
primarily by the creation of a hybrid layer on the sur-
face of the prepared dentine, consisting of collagen
fibers impregnated with AS. During the operation of
restorations, AS gradually lose their properties due
to permanent cyclic masticatory load, the catalytic
action of dentin enzymes, saliva and bacteria, signifi-
cant temperature fluctuations. Enzymes released after
conditioning of mineralized dentin, in particular matrix
metalloproteinases-2, 8 and 9 (hereafter - MMP), acti-
vate the degradation of collagen fibres and reduce the
quality of the hybrid layer, which in turn reduces the
strength of the adhesive bond [3, 9, 10].

To limit the influence of these enzymes, it is proposed
to use high-molecular aminosaccharides, for example,
chitosan, the compounds of which reduce the activity of
MMP, create additional cross-links between collagen fi-
bres, demonstrate odontotropic properties, improve the
physical and mechanical characteristics of AS, and have
an antimicrobial effect [11, 12]. In a comparative study
of the bond strength of V and VIl generations AS, used in
accordance with the manufacturers’ recommendations
or with prior application of a 2.5% chitosan solution on
the surface of the dentin for 1 minute, it was established
that 24 hours after the restoration of hard tissue defects
of the extracted tooth samples according to the pro-
posed protocol, the maximum tensile strength values, on
average, by 5.77 MPa and 5.87 MPa exceeded the values
of the samples produced by the classical techniques of
V and VIl generations AS, respectively. After 6 months,
the sameindicators were already 9.06 MPa and 5.33 MPa
higher for similar groups of samples [11].

Greater effectiveness of chitosan is proven by the
results of a similar study of adhesive strength by the
tensile method of samples of intact (group 1) and
demineralized (group Il) dentin. Under the condition
of applying the same universal AS for both groups us-
ing the self-etching technique and after 6 months of
artificial aging, the average strength indicators were
33.39+9.92 MPa and 13.9345.34 MPa, respectively. At
the same time, in the control groups of samples, the
above-mentioned indicators were lower and amounted
to 32.20+5.85 MPa for intact substrate and 9.74+4.90
MPa for demineralized one [13].

An approach to use the positive properties of chitosan
by adding its nanoparticles directly to the AS composi-
tionis proposed in order to increase the number of ionic
bonds between the chitosan molecules themselves, AS

monomers and the collagen network of dentin, which
allows creating a strong three-dimensional structure
capable of withstanding significant mechanical loads
and the influence of the dentin enzymes [14]. It is also
possible to introduce chitosan already into the structure
of the restorative photocomposite material to obtain a
homogeneous mixture. The reliability of the marginal
adhesion of the photocomposite to the tooth tissues
was studied on the restored samples by recording the
depth of penetration of dyes at the dentin-restoration
boundary.Thus, it was found that the marginal adhesion
of the chitosan-modified photocomposite (the average
depth of dye penetration was 0.01204+0.00281 nm for
V generation AS and 0.01182+0.00311 nm for VIl gen-
eration AS) was better, than in samples where defects
were restored with the same photocomposite material
without additional components (0.01834+0.00181 nm
for V generation AS and 0.01294+0.00219 nm for VIl
generation AS). An important aspect is the non-sig-
nificant (p>0.05) differences between the indicators
of the studied and control groups of samples in which
self-etching AS was used [12].

Other MMP inhibitors include a 2% solution of ch-
lorhexidine bigluconate (CH), a 17% solution of eth-
ylenediaminetetraacetate (EDTA) and a 2% solution of
doxycycline (DO), which are also applied to the surface
of the dentin after conditioning and before applying AS
[15]. In the study of the strength of the adhesive bond
by the shear method with the use of V generation AS,
immediately after the production of the samples, the
average indicators in the studied and control groups
did not differ significantly (p>0.05). The value of the
average strength for the samples treated with CH was
21.60+5.73 MPa, with EDTA was 19.50+3.44 MPa, with
DO was 19.80+3.89 MPa, only with AS was 19.20+2.55
MPa. After 6 months of storage, the strength indicators
for all groups of samples, except for those formed with
the use of a 2% CH solution, significantly decreased, but
did not show significant differences according to the
results of statistical analysis — 21.18+5.72 MPa for the CH
group, 17.45+3.48 MPa for the EDTA group, 18.30+3.80
MPa for the DO group and 16.44+2.48 MPa for the group
of samples using only AS [15].

In a similar work, the effect of applying 2% CH (group
), 10% a-tocopherol (group Il) and 1% quartzetin (group
[1) on the strength of the adhesive bond after 24 hours
and 6 months of storage of samples similar to the
previous study was studied using a universal AS based
on the self-etching protocol. The average indicators
of adhesive strength after 24 hours also did not differ
significantly (p>0.05) and were, on average, 13.27+2.09
MPa, 14.0843.7 MPa, 13.0243.22 MPa, 15.77+2.5 MPain
control, |, Iland lll groups, respectively. At the same time,
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after 6 months of artificial aging, the same indicator
in the samples made using CH was found at the level
of 13.11+1.92 MPa, which was significantly (p<0.05)
higher than the corresponding values of the control,
[land Il groups - 11.24+2.68 MPa, 7.60+4.08 MPa and
10.12+3.56 MPa [16].

The results of a meta-analysis of 33 scientific works
performed between 2002 and 2022 are known, which
report on indicators of microtensive strength after 24
hours, 6 and 12 months of artificial aging of samples
made using various MMP inhibitors. [17]. According
to the authors’ conclusions, only the use of 0.2% CH
solution reliably increases the strength value, regardless
of the generation of AS and the term of artificial aging,
while the 2% CH solution did not significantly affect the
adhesion parameters.

The opposite approach to creating a reliable hybrid
layer is considered to be the effect on the structure of
collagen dentin fibers before applying AS. A 3% solution
of riboflavin, a 6.5% solution of proanthocyanidin, and
a 5% solution of glutaraldehyde are used for this, which
cross-link collagen fibres, increase their diameter, pre-
vent collapse, and improve resistance to the action of
enzymes, which, in turn, allows you to create a thicker
and a more organized hybrid layer [3, 10, 18]. On the
other hand, these substances prevent the movement
of collagen molecules relative to each other under
the influence of mechanical stresses arising in dentin,
thus increasing the stiffness of collagen fibres [19]. A
meta-analysis of 45 laboratory studies emphasized
the positive effect of epigallocatechin-3-gallate, car-
bodiimide, EDTA, glutaraldehyde, proanthocyanidin,
and riboflavin on adhesion strength after 12 months of
storage, regardless of the methods of their application
and pre-etching of dentin with orthophosphoric acid.
At the same time, in certain works included in the me-
ta-analysis, an immediate increase in the shear strength
indicators was registered only in those samples in which
the dentin surface was treated with proanthocyanidin,
in contrast to the control groups of samples with tradi-
tional or modified AS application protocols [19].

In another work, on the contrary, the average strength
of samples, made with a modified 3% solution of ribo-
flavin AS, was recorded at the level of 10.16+4.19 MPa
after 12 months of storage, which was lower than the
similar value of the control group - 13.58+3.86 MPa,
while the use of riboflavin in the form of a separate
aqueous solution, which was applied to the surface of
the dentin before the application of AS, made it possible
to increase the average index of adhesive strength to
14.73+6.81 MPa [10].

After treatment of the surface of demineralized
dentin with a 3% carbodiimide solution, followed by
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the application of V generation AS, an increase in the
average shear strength was recorded from 20.89+1.84
MPa in the control group of samples to 25.73+1.94 MPa
in the study group, and after 24 hours of storage from
18.6+2.64 MPa to 24.41+2.92 MPa, respectively [18].

During microtensive tests and scanning electron
microscopy of samples of extracted teeth, an increase
in tensile strength was determined in those samples
on the dentin surface of which a 0.5% (group I) or 1%
(group 1) solution of phytic acid was applied for 60
seconds before the application of universal AS [20].
Average adhesive strength indicators were 38.37+4.69
MPa (group|) and 35.214+5.41 MPa (group ), which were
significantly (p<0.05) higher than the strength value
of samples made without additional components of
adhesive preparation - 18.80+3.68 MPa. Electron mi-
crophotographs revealed the organization of a thicker
hybrid layer and deeper strands of AS in the samples
of groups | and Il, which could be explained by deeper
demineralization of dentin due to the action of phytic
acid. In addition, the application of the specified solu-
tion stimulated the formation of cross-links between
collagen fibers, prevented their collapse, which general-
ly contributed to a better integration of the monomers
of the universal AS to the surface of the dentin [20].

Using confocal laser microscopy, the ability of the
new functional monomer N-(3,4-dihydroxypheneth-
yl)methacrylamide (DMA) to simultaneously form
non-covalent bonds with type | dentin collagen fibres
and reduce MMP activity was proven [21]. In a com-
prehensive study, scientists found that applying DMA
for one minute to the dentin surface before applying
AS increased the adhesive strength and improved the
marginal fit of restorations after 10,000 thermocycles
in the range from +5°C to +55°C relative to restorations
made according to the traditional total etching pro-
tocol. Thus, the average tensile strength of samples
with DMA was 31.85+8.10 MPa, and that of samples
of the control group was 22.63+6.40 MPa. The value
of nanoleakage of restorations, calculated as a per-
centage by computer analysis of microscopy data, was
21.294+4.13% in the studied group, and 50.41+4.82% in
the control group [21]. In a meta-analysis of 7 similar
laboratory studies, higher mechanical strength, lower
solubility, and lower degree of water absorption of AS
based on methacrylamides and urushiol were proven
compared to traditional methacrylate AS immediately
after the production of samples and after 6 months of
artificial aging [22].

Zinc compounds also have a simultaneous effect on
inhibition of MMP activity and storage of collagen fibres
in dentin [23]. In addition, these compounds provide a
greater degree of remineralization of dentin along the
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line of the adhesive joint. In the experiment, the rate of
collagen degradation was significantly lower after apply-
ing a 3% aqueous solution of zinc oxide to the surface of
the dentine, and its value was almost 4 times lower than
when using a 2% solution of CH. Electron micrographs of
samples formed using the recommended protocol did not
reveal signs of porosity and leakage of the hybrid layer [23].

According to scientists, increasing of the number of
cross-links between the collagen fibres of dentin and
deactivating the MMP only prolongs the service life of
restorations, but does not ensure their reliability foralong
time, which is explained by the gradual degradation of the
hybrid layer. A more effective way to improve the quality
of the adhesive bond, according to the conclusions of a
meta-analysis of 8 articles, may be deproteinization and
destruction of dentin collagen fibres by applying sodium
hypochlorite and antioxidants after etching with ortho-
phosphoric acid followed by the application of AS [24].
This treatment of dentin leaves a rough surface with small
pits, which provides adhesion similar to that in enamel.
In the works included in the meta-analysis, an increase in
adhesive strength was demonstrated in samples made
using a solution of sodium hypochlorite in concentrations
from 5% to 10%, its exposure time from 1 to 2 minutes, V
or VIl generations AS [24].

A logical way to reduce the probability of the occur-
rence of secondary caries and, accordingly, to increase
the reliability of restorations is to add agents with anti-
microbial properties to AS [25-27]. In contact with the
surface of such an AS, the permeability of bacterial cell
membranes changes, which leads to their destruction.
On the basis of a systematic review of the scientific litera-
ture on the use of antibacterial drugs in the composition
of AS, the authors concluded that the highest efficiency
in increasing the strength of the adhesive bond and
bactericidal activity in relation to Streptococcus mutans
is provided by universal AS modified with quaternary
ammonium methacrylate [25]. In the same review, less
effective antimicrobial drugs in the structure of AS are
described, for example, 2% chlorhexidine, 6% sodium
hypochlorite, 0.01% urushiol, dimexide, bezalkonium
chloride, etc. Nevertheless, in a parallel study, no signif-
icant (p=0.087) difference was recorded in the strength
characteristics of AS with ammonium methacrylate and
conventional AS of the VIl generation. After 24 hours of
storage, these indicators were 17.5+2.5 MPaand 12.7+1.6
MPa, and after 3 months of storage in artificial saliva they
were 12.3+1.4 MPa and 14.7+2.2 MPa, respectively [26].

The introduction of cetylpyridine hydrochloride
into the AS composition allows to reduce the rate of
degradation of the adhesive layer and prevent the de-
velopment of caries around the restorations due to the
reduction of esterase activity of oral cavity bacteria [27].

In laboratory conditions, the antibacterial effect of such
AS was proven, but in a clinical study, complications in
the form of secondary caries occurred even more often
than with the use of traditional AS of the VIl generation
[3]. This can be explained by the unstable rate of release
of antibacterial agents and the gradual decrease in their
concentration due to chewing movements.

In the study of the growth rate of Streptococcus
mutans biofilms on slices of samples prepared using
AS doped with titanium dioxide nanoparticles, a stable
and long-lasting antimicrobial effect was recorded. After
12 months of sample storage, the number of relative
luminescence units (RLU) recorded by the computer
analyser was more than three times lower in the samples
with modified AS compared to the control group, i.e.
48,000 RLU and 164,000 RLU, respectively [1]. In anoth-
er work, the values of the adhesive strength of AS with
nanoparticles of titanium dioxide (group | of samples),
in comparison with the same AS without additional
components (group ll) were studied. After 3 months,
the obtained average values were 12.99+2.53 MPa and
14.87+2.02 MPa for the samples of groups | and Il, and
after 6 months of storage they were 11.37+1.89 MPa and
14.19+2.24 MPa, respectively [2]. Thus, the modification
of AS with antimicrobial nanofillers in laboratory condi-
tions significantly worsened the strength of the adhesive
bond of the samples in the short term of the study.

Addition of penicillin V to the AS composition also
enhances their antibacterial properties but does not
affect the physical and mechanical properties [28].
The maximum adhesive strength for samples made
with alloyed AS was, on average, 36.7 MPa+10.9 MPa,
and that for samples with ordinary AS was 32.2+7.9
MPa. No significant differences were found in the flex-
ural strength indicators — 21.3+1.6 MPa and 18.7+3.9
MPa, the modulus of elasticity — 492.3+98.4 MPa and
515.1+77.7 MPa, the maximum compressive strength -
65.84+11.3 MPa and 77.5+7.6 MPa, respectively, for the
studied and control groups of samples.

Nisin, a food additive used as a preservative, is con-
sidered another modifier proposed to increase the
antimicrobial activity of AS. In the study of 4 groups of
samples: the control group, where the samples were
formed using V generation AS, and 3 groups in which
nisin was added to AS in concentrations of 1%, 3%
and 5%, it was established that the number of colo-
ny-forming units (CFU) of Streptococcus mutans was,
on average, 0.51x107+0.01 CFU, 0.36x107+0.03 CFU,
0.34x107+0.02 CFU and 0.33x107+0.04 CFU, respective-
ly. At the same time, the tensile strength in the same
groupswas 38.3+2.3 MPa, 35.6+2.1 MPa, 22.3+1.0 MPa,
and 27.1+1.6 MPa [29]. Thus, increasing the concen-
tration of nisin to 3% or 5% significantly reduces the
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adhesive strength of AS, while the use of a 1% solution
provides acceptable adhesive strength and pronounced
antibacterial properties.

The creation of monomers resistant to all factors
of destruction, i.e. hydrolytic degradation, enzymatic
cleavage of organic components by esterase of bacteria,
saliva, dentin, etc., is considered a promising direc-
tion of AS development [22]. At the same time, such
monomers, included in the composition of AS, should
not reduce their physical and mechanical properties,
durability and effectiveness. Dental adhesive doped
with a 5% solution of benzyldimethyldodecylammo-
nium chloride is considered one of the examples of
such modified AS. Immediately after production, the
samples demonstrated a high degree of bacteriostatic
and bactericidal action against Streptococcus mutans,
maximum and specific tensile strength, hybrid layer
thickness, and low cytotoxicity, similar to the classic
V generation AS. However, after 10,000 thermocycles
in the temperature range from +5°C to +55°C, the
antimicrobial properties of such AS were lost, while
the physical and mechanical properties of the samples
remained unchanged [30].

CONCLUSIONS

During the restoration of defects of hard dental tissues
using adhesive technologies, complications related to
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ABSTRACT

The patient suffered from a mild form of COVID-19 and was treated on an outpatient basis. According to the family doctor’s prescription, she took Azithromycin
500 mg a day per os for 6 days, and then Ceftriaxone 1.0 g twice a day i.m. for another 6 days. Diarrhea appeared on the 10th day of treatment up to 10-15 times
a day, a month later - blood admixtures in the stool appeared. The result was negative. Data from colonoscopy and histological examination of the intestinal
mucosa and the clinical picture showed nonspecific ulcerative colitis, moderately severe. The patient started treatment with Salofalk first at a dose of 2 mg and
then 4 mg per day. Due to the insufficient clinical effect, the patient was additionally prescribed Budenofalk in a daily dose of 9 mg with a positive clinical effect.

KEY WORDS: (0VID-19, Clostridium difficile colitis, ulcerative colitis

INTRODUCTION

On February 11, 2020, the World Health Organization
gave the official name to the infection caused by the
new coronavirus (SARS-CoV-2) — COVID-19 (“coronaro-
virus disease 19”). Since then, there is daily monitoring
of the epidemiology and clinical course, as well as the
development and implementation of methods for the
prevention and treatment of this disease.

Information on COVID-19 is constantly accumulating.
SARS-CoV2 infection has been shown to mainly affect
the upper airways and respiratory tract, while it often
spreads beyond the respiratory system and can cause
damage to other organs. In particular, a number of re-
cent clinical reports indicate a significant damage to the
gastrointestinal tract caused by SARS-CoV2 infection.

CASE REPORT

In March 2021, a 62-year-old woman sought medical
advice with complaints of diarrhea 10-15 times a day
with blood and mucus in more than half of the cases.
According to the patient, she gotill on December 15,
2020. Her body temperature was 38.5 °C for 2-3 days.
There were no other signs of the disease. The family
doctor verified the diagnosis of COVID 19 by detecting
the genome of SARS-CoV-2 virus in nasopharyngeal la-
vage by reverse transcription polymerase chain reaction
(RT-PCR), performed using the HEMA test system on

Wiad Lek. 2023;76(12):2729-2732

KING FISHER DO analyzer with a sensitivity of 5 copies
per reaction. Wheezing was not heard in the lungs.
Saturation according to the outpatient examination
was 99%. The results of thoracic computed tomogra-
phy are shown in Fig 1. The following antibiotics were
prescribed: Azithromycin 500 mg per os for 6 days, then
- the same duration of treatment with Ceftriaxone 1.0
g i.m. twice a day. After 10-12 days from the onset of
the disease, diarrhea mixed with blood appeared 10-15
times a day. The patient was referred by a family doctor
to a gastroenterologist, where she was prescribed Sa-
lofalkin granules 1 sachet once a day, Linex, Normagut
1 capsule twice, Creon 25,000 IU three times a day. The
patient’s condition did not improve: bloody diarrhea
continued up to 10 times a day.

We know from the patient’s life history that in 1979
she suffered from pulmonary tuberculosis, was treated
in a dispensary and in follow-up for 10 years. No aller-
gic reactions to medication mentioned. Concomitant
diseases denied.

On examination: the patient is with a regular build,
well-nourished. Weight - 64.0 kg. Height - 162 cm. BMI
24.4 kg/m?. The skin is clean, pale pink, visible mucous
membranes are clean. Peripheral edema is absent. Mus-
culoskeletal and muscular system is normal. Upper and
lower extremities are within normal limits. Head, eyes,
ears, nose, oropharynx, neck, nervous system, lymph
nodes without objective signs of pathology. Nervous
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Fig. 1. Computed tomography of the lungs
with COVID-19

S

system is within normal limits. Evaluation of physical data
was performed in a sitting position. Body T (axillary) is
36.5 °C. The thyroid gland is not enlarged. Breathing is
clean, vesicular in the lungs. Respiratory rate — 17. Heart
tones are rhythmic, clean, loud. Blood pressure and heart
rate in a sitting position were 127/84 mm Hg.and 78 per
minute respectively. Abdomen is of normal shape, freely
involved in the act of breathing, soft, painful on palpation
in the left iliac region. Liver is at the level of the costal
arch.The kidneys are not palpable, Pasternak’s symptom
is negative, urination is not disturbed.

The laboratory and instrumental methods of ex-
amination were performed. Blood tests: HB 140 g/I,
erythrocytes 4.7x10'%/I, leukocytes 4.9x10%/1, platelets
246x10°%/1, Ht 0,41 V/V, blood formula: neutrophils
abs 2,48x10%/I1, lymphocytes 1.62x10%1, monocytes
0.59X10%1, eosinophils 0.20x10%1, basophils 0.01x10%1.
Biochemical parameters: glucose 4.8 mmol/L, protein
total 70 g/L, albumin 47 g/L, bilirubin total 7 umol/L,
ALT 22 U/I, AST 25 U/I, creatinine 64 umol/L, hsCRP 1.56
mg/L. PT 11.0s, INR 0.95, aPTT 31.0s.

Colonoscopy from 17.02.2020: examination was per-
formed to the head of blind colon with intubation of
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Fig. 2. Colonoscopy from 17.02.2020. Signs of
sigmoiditis

the terminal part of the small intestine. There is a small
amount of light content in the lumen. A formation with
a diameter of up to 3 mm was verified in the head of
blind colon; a polypectomy was performed by the cold
method and a biopsy slice was taken for histological
examination (No.1). Changes of the mucous membrane
10 cm long with submucosal hemorrhages and small
erosions were detected in the sigmoid colon at a dis-
tance of 40 cm from the anus. Biopsy slices (No.2) were
taken from this zone. Erosions with submucosal hem-
orrhages (No.3) were also detected in the rectum. No
pathology detected in the rectal ampulla. Conclusion:
polyp of the head of blind colon. Sigmoiditis.

Histological examination of biopsy slices:

No.1. A fragment of the mucous membrane of the
colon with a fragment of the proper muscle plate.
The superficial epithelium is focally desquamated.
The number of crypts in the own plate of the mucous
membrane is reduced. In part of the crypts, there are
crypts and crypt abscesses with focal destruction of
crypts, atrophy of goblet cells. Singular lymphoid
clusters with germinal centers are present in the
proper muscle plate; diffuse lymphocyte-macrophage
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infiltrate with granulocyte impurities around. Proper
muscle plate is not thickened.

No. 2. Fragments of the mucous membrane. Crypts are
unevenly distributed in the proper plate. Focal surface
erosions, crypts and crypt abscesses. The own plate of a
mucous membrane contains a diffuse lymphocyte-mac-
rophage infiltrate with admixtures of leukocytes.

No. 3. Fragments of the mucous membrane. Crypts
are unevenly located in the proper mucous plate. Focal
crypts, crypt abscesses. Focal erosions of superficial
epitheliocytes. Focal fibrosis in the proper mucous
membrane.

Conclusion: changes in the mucous membrane of the
colon, characteristic of nonspecific ulcerative colitis.

In order to rule out intestinal infection in the patient,
in particular clostridial infection, a fecal examination was
performed for STOOL CULTURE. Results: Salmonella No
Salmonellalsolated, Shigella No Shigella Isolated, Yersinia
No Yersinia Isolated, Campylobacter No Campylobacter
Isolated, E. coli 0157 No E. coli 0157 Isolated. C. difficile
Antigen/Toxin Negative for GDH Antigen and Toxin
A/B, Ova & Parasite — No pathogenic Ova or Parasites
detected. The results were negative. Calprotectin fecal
was significantly elevated in the patient—4738.29 mg/kg.

Therefore, the patient was diagnosed with: convales-
cence after Coronavirus disease, nonspecific ulcerative
colitis, high activity, moderate severity (9 points on the
Mayo Score).

Due to the ineffectiveness of previous treatment (only
1 g of Salofalk), the dose was doubled and Budenofalk
was additionally prescribed at a dose of 9 mg per day.
After 2 weeks, the patient’s condition improved: the
number of bowel movements decreased to 3-4, but
blood admixtures in the stool remained. The patient
continues to this treatment. Monitoring of the patient
has been extended. During the second visit 2 weeks
after, there was no blood in the stool and the number
of bowel movements decreased to 2 per day.

The peculiarity of this case is the onset of nonspecific
ulcerative colitis, provoked, possibly, by Coronavirus dis-
ease and/or unjustified long-term antibacterial therapy.
Reports on the development of nonspecific ulcerative
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colitis appeared in the first months of the Coronavirus
pandemic [1]. The causative agent of Coronavirus dis-
ease SARS-CoV-2 has long been detected in biopsies
of the stomach, duodenum, rectum and feces, even
whenitis nolonger foundin sputum, which proves the
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publications suggest that the COVID-19 pandemicis a
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CONCLUSIONS

Thus, we consider 2 options for a combination of non-
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1) when a patient with asymptomatic NUC has SARS-
CoV-2 infection, which leads to the manifestation of
inflammatory bowel disease; 2) when the Coronavirus
disease causes the development of NUC. The shortcom-
ing of our study was that we did not perform genetic
testing in the diagnosis of ulcerative colitis in order to
reveal which version of the development of events our
patient had.
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ABSTRACT

This study reports a 12-year-old male was referred to our institute with a mass in the right ear. The mass was rapidly growing thus needing an immediate
surgical attention. MRI revealed an exophytic, hyper vascular mass extending to the right jugular fossa and, the middle ear, and to the right acoustic meatus,
suggestive of a right glomus jugulare tumor. Angiography showed a hypervascular lesion with robust feeding from the superficial temporal artery and right
occipital artery. After surgery, the patient rapidly recover and he was discharged home on the 5% day after surgery. Three months after surgery, the lump

reappeared and grew rapidly as before.

KEY WORDS: Extraskeletal sarcoma, Ewing sarcoma, sarcoma, Intracranial invasion

INTRODUCTION
Ewing sarcoma/peripheral primitive neuroectodermal
tumor (ES/pPNET) is an undifferentiated malignant,
small, round cell tumor which rarely occurs in the skull
and meningeal tissue[1]. It accounts for 4-10% of all
primary bone cancers affecting teenagers and young
adults and rarely develops after age 30 years [2]. Ac-
cording to anatomical site of occurrence it is classified
as : (a) intraosseous (most common) (b) extraskeletal
(lesscommon) and (c) periosteal (rare) type.Intracranial
invasion of extraskeletal ES extremely rare [3].
Intracranial invasion of extraskeletal ES is often misdi-
agnosed as an atypical teratoid/rhabdoid tumor (AT/RT)
or a primary leptomeningeal medulloblastoma [2]. In
addition, because of the lack of clinical symptoms in the
early stages of cranial ES, most patients are diagnosed
in advanced stages, leading to worse outcomes [4]. In
this case report we present a case of a 12-year-old male
with intracranial invasion of extraskeletal ES.

CASE REPORT

A 12-year-old male was referred to our institute with a
mass in the right ear for 5 months prior to admission.
The progression of the mass size was rapid. He also had
persistent headache and ear pain. Clinical examination
revealed paresis of the 7th cranial nerve (House-Brack-
mann 2), bilateral papilledema and conductive hearing

Wiad Lek. 2023;76(12):2733-2737

loss of the right ear. Motor strength, sensory and reflex-
es were normal.

Radiological workup with MRI revealed an exophytic,
hyper vascular mass extending to the right jugular fossa
and, the middle ear, and to the right acoustic meatus,
suggestive of a right glomus jugulare tumor. The mass
was supplied by a branch of external carotid artery.

Angiography (Fig 3.) showed a hypervascular lesion
with robust feeding from the superficial temporal artery
and right occipital artery. Laboratory examination was
conducted, there is no abnormalities in the pre-oper-
ative lab result. Excision of the tumor was conducted,
and the patient’s recovery went well.

OPERATIVE MANAGEMENT
Intraoperatively, the tumor was found to have invaded
the dura and the cranium.The involved bone (including
the lateral sphenoid wing) and the large dural cuff were
resected. The tumor was soft and hypervascular.

The patient’s postoperative recovery went well and he was
discharged home on the 5th day after surgery. Three months
after surgery, the lump reappeared and grew rapidly.

HISTOPATHOLOGICAL EXAMINATION
Histopathological examination showed round to oval
cells arranged in lobules, separated by a thin vascular
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Fig. 1. The appearance of the mass at the first visit in the ENT outpatient clinic (a), 1 month after the first visit, the lump was increasingly visible from
outside of the ear canal (b), two months after the first visit the lump was visibly protruding from the ear canal with necrotic parts (c)

Fig. 2. MRI of the patient. T2W1 with contrast.

channel, with vesicular nuclei. Mitotic figures were ob-
served with foci of necrosis. The immunohistochemistry
positive for CD99 but negative for CD20, CD3, myosin
and glial fibrin acid proteins. The overall features are
consistent with a primary ectodermal neuroendocrine
tumor (PNET), suggesting an Ewing sarcoma in the
temporal region.

ADJUVANT TREATMENT

After the result of pathological anatomy with IHC CD99
was reported, chemoterapy immediately conducted.
The chemotherapy regimen consisted of vincris-
tine-doxorubicin-cyclophosphamide. However, before
the chemotherapy regimen is finished, the clinical
condition of the patient is deteriorating. The patient
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unfortunately passed away before receiving any radio-
therapy treatment.

Cases of the central nervous system extraosseous Ew-
ing’s sarcoma (ES) are extremely rare. Only few that have
been reported literature [5]. Jay might be the first to
describe a patient with an isolated posterior fossa mass
that histologically resembles a medulloblastoma [6].

Paulus mentioned in their study in 1991 that out
of 2500 cases of brain tumor, only 9 were sarcomas,
among which only one was reportes as ES [7]. Similarly,
Krishnamani et al. reported only 7 cases were primary
ES of the skull out of 332 cases of ES of any sites [8].
These tumors clinically present with signs of increased
intracranial pressure. Motor deficit or visual disturbanc-
es were uncommon and endocrine abnormalities can
occur depending on the tumor location.
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Pre Embolization

Post Embolization

Fig. 3. Angiography study of pre-embolization and post embolization.

MDT: Middle deep temporal; AMA: Accessory Meningeal Artery; IMA: Inferior Meningeal Artery; OA: Occipital Artery; ECA: External Carotid Artery.

Diagnosis of ES requires a histopathological examina-
tion,immunohistochemistry, and cytogenetics. The dif-
ferential diagnosis of this intracranial round cell tumors
is primitive neuroectodermal tumor (neuroblastoma),
lymphoma, rhabdomyosarcoma, and Ewing’s sarcoma.
Macroscopically, intracranial invasion of extraskeletal
ES might mimic meningioma due to its dural base and
bone-eroding manner, as presented in our case.

Radiographs may show a nonspecific soft tissue mass.
Computed tomography (CT) usually shows a soft tissue
mass with attenuation similar to that of skeletal muscle
[9]. In our patients, head CT Scan showed a rounded,
poorly-defined, heterogeneously enhancing lesion in
the right temporal region, with a mass effect and de-
struction of the right temporal bone, extending into the
scalp. Head MRl revealed a solid mass from right jugular
fossa to right external acoustic meatus, which appears
isointense on T1-weighted images, hyperintense with
prominent flow voids on T2-weighted-images. In
patient with ES, MRl imaging usually revealed a mass
with signal intensity similar to that of skeletal muscle
on T1-weighted imaging. On T2-weighted images,
the mass often demonstrates a heterogeneous inter-
mediate to hyperintense signal. Hyperintense areas
representing foci of cystic or necrotic changes can be
found. High-flow vascular channels or flow voids may
also be seen which is extremely common, although not
unique to ES [9].

Areport by Deshpande et al., described 8 similar case
with the age range of 1 to 33 years, with the median

age of 9 years. Clinical manifestation in this report also
varied greatly ranging from seizure, ptosis, weakness in
extremity, but headache, and vomiting were the most
reported complaint [10]. This is similar to our case which
described a 12 year old male with solid mass at right
jugular fossa which also complained of headache and
showed facial palsy as neurological deficit.

Huang et al., reported a case that is similar to our case.
In this report, a 19 year old patient is admitted with
a complaint of headache, vomiting, and behavioural
changes. Neurological examination is remarkable with
an exception in right pronator drift. MRl showed a large
extra-axial mass which is heterogeneously enhanced
on the left frontal convexity [10].

Another report by Jiang et al, described a 55 year old
female with a chief complaint of memory decline over
1 month with hemiparesis. In this case, MRI revealed
a large irregular mass located in the left frontal lobe
with mixed isointense-to-hypointense signals on T1-
weighted imaging, heterogenous hypointense-to-hy-
perintense signals on T2-weighted imaging, and T2
dark-fluid [7].

The exophytic part of the tumor protruding to the
outside is the most interesting pointin our finding case.
The presentation extra skeletal ES which protruding
from intracranially to the outside to the ear canal has
not been reported. It differs in presentation from other
previously reported case by Huang et al., that revealed
as a well-defined mass with dural or bony involvement,
mimicking the appearance of a meningioma [11]. An-
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Fig. 4. EWS / PNET's are characterized Immunohistochemistry revealing
strong positivity of tumour cells to the surface antigen (D99.

other study by Alan et al., reported the radiographic
finding of their patient, demonstrating a circumscribed
homogenous subcutaneous mass with no erosion of
the calvarium [9]. The presentation of cranial ES is het-
erogenous, and awareness of extra skeletal ES as one
of the differential diagnosis may aid in better manage-
ment and outcome for patient.

This case is extremely rare, describing a patient with a
rapidly progressive intracranial invasion of extraskeletal
ES. Diagnosis of glomus jugulare was assumed, and
excision of tumor was conducted with excellent early
post-operative condition. However, a rapid progression
of regrowth should alert a clinician that a malignant
mass might be the cause of this condition. Patholog-
ical examination revealed ES, an aggressive tumor of
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Fig. 5. Hematoxylin and eosin stain of typical EWS/PNET’s at 20 magnification.
Notes: Uniform small cells with round nuclei and fine chromatin are seen.
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CONCLUSIONS

Extraskeletal ES is rare tumor with nonspecific clinical
presentation and radiological features. It is locally
aggressive and requires multimodality treatment with
surgery and adjuvant chemoradiation therapy. Early
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ABSTRACT

The paper presents a clinical case of MPA in a 67-year-old woman following COVID-19, characterized by significant difficulties when working with the early
etiological verification of diagnosis. The patient presented with polyarthritis affecting the upper and lower limbs, fever, and comorbid urological pathology in
the form of urolithiasis and recurrent cystitis. This clinical presentation, hyperuricemia, azotaemia and anemia were mistakenly interpreted as chronic kidney
disease: gouty nephropathy, gouty arthritis, which masked the underlying disease for a long time delaying the timely MPA diagnosis and treatment. Given
that MPA is a multisystemic disease, it is essential to enhance awareness and knowledge of healthcare professionals of various specialties regarding AAVs and

MPA in particular, as evidenced by the online survey data during COVID-19 pandemic among doctors in 21 countries.

KEY WORDS: ANCA-associated vasculitis, microscopic polyangiitis, clinical presentation, COVID-19, novel SARS-CoV-2 infection

INTRODUCTION

Microscopic polyangiitis (MPA) is a necrotising vascu-
litis of small vessels, one of the clinical phenotypes of
a group of rare systemic diseases known as vasculitis
associated with antineutrophil cytoplasmic antibodies
(ANCA). ANCA-associated vasculitis (AAVs) encompass a
heterogeneous group of disorders characterized by se-
vere destructive systemic vasculitis of small vessels and
the development of autoantibodies against neutrophil-
ic proteins, especially myeloperoxidase (MPO-ANCA)
or proteinase 3 (PR3-ANCA). Currently available tests
for MPO-ANCA and PR3-ANCA are highly sensitive and
specific serological markers for the diagnosis of MPA
and granulomatosis with polyangiitis (GPA) [1].

The main clinical and pathological variants of AAVs
are MPA, GPA (formerly known as Wegener’s granulo-
matosis), eosinophilic granulomatosis with polyangiitis
(formerly Churg-Strauss syndrome) and single-organ
AAV (such as renal-limited AAV) [2].

MPA was officially recognised at the first International
Consensus Conference Chapel Hill Consensus Confer-
encein 1994, which introduced the term MPA, referring
to pauci-immune (i.e. minimal or absent immune de-
posits) necrotising vasculitis affecting small vessels with
or without involvement of medium-sized arteries [3].

Despite ANCA-associated vasculitis remaining a rare
autoimmune disease, the incidence and prevalence of
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AAV overall, including MPA have increased over the past
30 years [4, 5]. According to updated epidemiological
data, the average standardized incidence rate for MPA
per million was 5.04 in the 1990s, increased to 9.2 in
the 2000s [5] and continues to rise. Our own clinical
experience confirms this increase both before and after
the COVID-19 pandemic [6].

The global COVID-19 pandemic caused by the novel
coronavirus infection SARS-CoV-2 has been a major con-
cern for the global medical community in recent years. It
is known that apart from respiratory syndrome, the SARS-
CoV-2 virus causes damage to the cardiovascular system,
kidneys, joints, nervous system, etc,, significantly affecting
the clinical course of the disease and mortality. Further-
more, studies by Varga et al.indicate the presence of direct
viralinfection of endothelial cells of numerous organs and
diffuse endotheliitis in COVID-19 patients leading to wide-
spread endothelial dysfunction associated with apoptosis
[7]. Cytokine-induced endothelial inflammation and vas-
cular pathology in COVID-19 have been well described in
post-mortem biopsies and several clinical cases reporting
micro/macro thrombotic events in small, medium, large
vessels and vasculitis in multiple organs [8-10].

Furthermore, there is growing evidence that SARS-
CoV-2isanother virus which can trigger the emergence
of new or exacerbate existing autoimmune diseases in
children and adults [10-14].
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Recently, the scientific literature has been increasing-
ly reporting on a potential link between SARS-CoV-2
infection and AAVs: firstly, because lung lesions in
COVID-19 can mimic the changes observed in patients
with AAVs [14-17]; secondly, two diseases can occur
concurrently; and thirdly, COVID-19 can trigger AAV
[14-17]. The development of AAV following COVID-19
has been reported in many clinical case reports [10, 14,
16-19]. It is quite obvious, that diagnosing new cases
of AAVs in a patient with COVID-19 is a challenging
task for physicians, since some symptoms and clinical
manifestations are common to both conditions [14].

Most published reports have focused on clinical case
reports regarding the occurrence of two AAVs serolog-
ical types associated with MPO-ANCA or PR3-ANCA
without specifying the clinical phenotype of ANCA-as-
sociated vasculitis in patients who have experienced
a novel coronavirus disease. Moreover, it should be
emphasised that only a few publications specifically
address new cases of MPA development following
SARS-CoV-2 infection [8, 20-22].

Thus, the rarity of AAVs in general and MPA in par-
ticular, poorly known to a wide range of practitioners,
the increasing incidence in recent years, diverse clini-
cal manifestations of the disease and lack of specific
symptoms, similarity to other syndrome-like diseases,
the complexity of early diagnosis and management of
such patients contribute to the practical relevance of
this problem in everyday medical practice. The problem
of AAVs and MPAs is especially relevant in the period of
the novel SARS-CoV-2 coronavirus infection, given the
common anatomical areas of COVID-19 and systemic
inflammation [23].

CASE REPORT

A 67-year-old patient A. was admitted to the Nephrol-
ogy and Dialysis Centre of Poltava Regional Clinical
Hospital (PRCH) on April 22, 2022 with complaints of
general weakness, intermittent heaviness in the lumbar
region, pain in the knee, hip, elbow, shoulder and wrist
joints, as well as feet. She felt ill for about two months,
when after COVID-19 (verified by PCR) in February, she
developed pain in the lower back and above-men-
tioned joints, their swelling, pain in the chest and along
the spine, an increase in body temperature to 37.4-37.8
°C, and general weakness. The patient self-administered
NSAIDs which provided temporary relief.

At the end of February her family doctor prescribed
other NSAIDs which did not improve her condition. In
April, the joint pain intensified, and she was treated by
rheumatologist, who suspected rheumatoid arthritis.
After additional examination (X-ray of the hands and

feet, biochemical blood tests for inflammatory mark-
ers, rheumatoid factor, anti-cyclic citrullinated peptide
antibodies), the diagnosis of rheumatoid arthritis was
excluded. The diagnosis was secondary arthropathy
involving the shoulder, elbow, hip, knee, ankle joints
and Il functional disability level. When examining, ad-
ditional findings detected azotaemia (creatinine 300
pmol/l), anemia, hyperuricemia (HUA), which led to the
referral of the patient to a nephrologist at PRCH and
hospitalization to the Nephrology and Dialysis Centre.

Medical history data: patient experiences recurrent
cystitis, urolithiasis (UL) for over 3 years. She received
urological outpatient treatment, but did not undergo
biochemical blood test. She has been diagnosed with
autoimmune thyroiditis and hypothyroidism for the
past 8 years and takes replacement therapy. Physical
examination revealed tenderness on percussion over
the sternum and ribs as well as when palpating the
shoulder, elbow, hip, knee joints, and at the areas of
the rib attachments to the sternum; ankle joints were
painful on palpation, swelling of the ankle and foot
joints; the skin over them was unchanged, without
local temperature increase. Passive and active joint
movements were limited. Bp — 160/90 mmHg, pulse
rate — 80 bpm., rhythmical and satisfactory.

The patient was tested for chronic hepatitis markers
(HBV, HCV), HIV infection — the results were negative.
PCR testing for SARS-CoV-2, taken from the naso-
pharynx and oropharynx was negative. Changes in
laboratory parameters during hospitalization detected:
complete blood count (CBC) — anemia (Hb — 89-86 g/I,
erythrocytes — 2.95-2.98:10 12 /1) lymphopenia (12%),
a sharp increase in ESR (61-62 mm/h); BAC — signs of
azotaemia (creatinine 360.2-293.8 umol/l, urea 21.8-26.4
mmol/l); HUA (uric acid 557.2-395.5 umol/I), hypercho-
lesterolaemia (total cholesterol (TC) 5.26-6.3 mmol/l),
hypocalcaemia (Ca 1.23-1.24 mmol/l), hyperfibrino-
genaemia (5.2 g/l), elevated ferritin levels (208.4 ng/
ml with a normal range of 12-150 ng/ml for women),
decreased serum transferrin level — 1.51 g/l (normal
range: 1.7-4.7 mg/l).

General urinalysis (GUA) detected the signs of uri-
nary syndrome: proteinuria (0.885-1.88 g/l), erythro-
cytes — unchanged from K to 40 per ppm, leukocytes
— 8-14 per ppm. The Zimnitskyi test showed a specific
gravity 1007-1014, nocturia (daytime diuresis 620.0 ml,
and night-time diuresis 1170.0 ml). Daily proteinuria:
1.39 g/day. ECG revealed sinus rhythm and leftward
deviation of EWV, signs of left ventricular hypertrophy.

Ultrasonography of the abdominal cavity and
pancreas detected ultrasound signs: Gl, chronic cho-
lecystitis, pancreatitis, nephritis, urolithiasis of both
kidneys, cysts of both kidneys. X-ray of hands and
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feet indicated R0 signs of stage II-lll polyosteoarthritic
changes, particularly affecting the metatarsophalange-
al joint of the first toe on the left foot). FGDS revealed
duodenal-gastric reflux. The patient was examined by
related specialists, including rheumatologist, haematol-
ogist, urologist and their conclusions were included in
the clinical diagnosis. The patient refused from sternal
puncture. The clinical diagnosis determined: CKD IV
(GFR by SKD-EPI - 15 ml/min/1.73m?): secondary gouty
nephropathy in combination with pyelonephritis, latent
course; UTI: small calculiin both kidneys; arterial hyper-
tension, grade 3, very high risk; moderate severity ane-
mia of chronic patient; chronic gouty arthritis; duodenal
gastric reflux; chronic calculous cholecystitis; chronic
pancreatitis, latent course. The patient was prescribed
detoxification, antihypertensive, antihypertensive,
membrane-stabilising, anticoagulant, antioxidant,
antineoplastic therapy, as well as anti-inflammatory
and anti-anemic drugs. In early May, the patient was
discharged with slight improvement: the lumber pain
subsided and the joint pain decreased.

In the following period, the patient was regularly
monitored by rheumatologist, nephrologist, urologist,
gastroenterologist and sought medical care from oth-
er related specialists. In particular, in May, she visited
neurologist regarding myofascial pain syndrome and
dorsalgia. In May-June, she received treatment from
dermatologist for eczema-like rash on her right hand
and foot. The diagnosis was pustular psoriasis. At the
end of June, the patient was consulted by a cardiologist
for shortness of breath and chest pain. The diagnosis
was made based on the examination data, namely, met-
abolic cardiomyopathy, stage Il arterial hypertension,
grade 3, high risk; atrial fibrillation. After treatment,
the patient’s condition improved somewhat, but she
continued to experience joint and rib pain and pain
along the spine. Taking into account her complaints,
chest X-ray was performed, which revealed radiological
signs of bilateral (more left-sided) hydrothorax, left-sid-
ed upper lobe pneumonia. She was hospitalized and
treated in the therapeutic department.

In September, the patient visited neurologist again
regarding the chest pain and appearance of shooting
pain in the spine. She was diagnosed with chronic tho-
racalgia, disseminated encephalopathy with bilateral
reflex insufficiency. MRl of the spine was recommended,
which indicated signs of left-sided C-shaped scoliosis
of the thoracic spine, grade1; osteochondrosis of the
thoracic spine; B Th4 haemangioma; intracorporeal
Schmorl’s nodes; deforming spondylosis, spondylar-
throsis of the thoracic spine; bilateral hydrothorax.

In October 2022, the patient noticed a deterioration
in her health, namely, increased pain in the joints and
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their swelling, frequent night-time urination (up to 3
times), which led her to visit a nephrologist. Blood tests
showed creatinine of 350 pmol/l, urea — 15.4 mmol/I,
which made it possible to diagnose gouty nephropathy.
The patient was hospitalized at the regional nephrology
centre for further examination and treatment.

At the time of admission on November 8, 2022, the
patient complained of pain in the shoulder, elbow,
hip, knee, ankle joints, swelling in the feet and lower
legs, acute pain along the spine, general stiffness of
movements due to pain, inability to take deep breaths,
shortness of breath with minimal physical exertion
(such as dressing and getting up), periodic squeezing
pain in the heart area, increase in the body tempera-
ture up to 37.4 °C, weight loss of 12 kg over 4 months,
general weakness, occasional dizziness. Objectively:
shoulder, elbow, hip, knee, ankle joints were painful
on palpation, swelling of the ankle and foot joints was
observed. The skin over the joints showed no changes,
without local temperature elevation. Passive and ac-
tive joint movements were moderately limited. Patient
experienced pain in the bones of the hands, legs and
ribs on palpation.

The data of inpatient examination revealed anemia
(Hb — 102-98 g/I), increased ESR (54-47 mm/h), azo-
taemia (creatinine 328.7-303.7 umol/I, urea 20.7-26.9
mmol/l), HUA (uric acid 524.5 umol/l, despite taking
the drug febuxostat), hypercholesterolaemia (FPG 6.4
mmol/l), hypocalcaemia (Ca 1.21 mmol/I). A sternal
puncture was performed without deviation from the
normal range.

The urinalysis detected moderate proteinuria (0.488-
0.657 g/l), microhaematuria (unchanged erythrocytes
from 9-11 to 20-25 per day), mild leukocyturia (1-3 to
10-12 per day). Daily proteinuria was 1.09 g/day. Urine
culture for microflora showed no growth of aerobic
bacteria.

ECG: sinus rhythm, heart rate 69 beats/min. EWV de-
viated to the left, incomplete blockade of the anterior
left branch of the His bundle, signs of LV strain, paired
supraventricular extrasystole. Echocardiography de-
tected adequate contractile function of LV. The heart
cavities were not enlarged. Initial hypertrophy of the LV
myocardium with type | diastolic dysfunction, chang-
es in the aorta and aortic valve with regurgitation of
| degree, regurgitation of the MC, TC of the | degree
were noted. LVEF was 62 %. CT scan of the thoracic
cavity organs showed signs of left-sided hydrothorax,
hydropericardium, left-sided upper lobe pneumonia.
FGDS revealed erythematous gastroduodenopathy,
duodenal-gastric reflux.

Immunological blood tests dated November 16,
2022 detected myeloperoxidase (MPO), g G antibodies
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(ELISA) — 192.36 U/ml (normal < 20 U/ml); antinuclear
antibodies (ANA, IFT method) — 1:1000 (normal < 1:100);
double-stranded DNA (ds DNA), Ig G antibodies — 1.5
IU/ml (normal < 10.0 IU/ml, negative result).

Thus, the test data can be interpreted as verified
systemic ANCA (MPA+) vasculitis. The patient was ex-
amined by related specialists: rheumatologist, haema-
tologist, gastroenterologist, pulmonologist, endocrinol-
ogist, urologist, neurologist, psychiatrist, angiosurgeon.
It is worth mentioning that after discharge from the
hospital in early May, the patient visited various related
specialists a total of 20 times, and was consulted by a
psychiatrist who ruled out psychiatric pathology. The
psychiatrist’s conclusion: astheno-neurotic syndrome.

It should be noted that the diagnosis of MPA was
substantiated in accordance with the new criteria MPA
classification ACR/EULAR 2022 [24], which are now
confirmed for the use in clinical trials. These criteria
assign the highest score to MPO-ANCA (or perinuclear
ANCA, pANCA).

DISCUSSION

Systemic vasculitis, ANCA associated: microscopic
polyangiitis (MPO+), grade Ill activity, chronic course,
with kidney damage (CKD V (eGFR SKD-EPI=12 ml/
min/1.73m?): rapidly progressive glomerulonephritis,
urinary syndrome; arterial hypertension, grade lll,
very high risk); pulmonary involvement (hydrothorax,
pneumonia, pulmonary fibrosis, grade Il); cardiac in-
volvement (pericarditis, myocarditis, CHF IIA, FC IlI);
central nervous system involvement (dyscirculatory
encephalopathy with bilateral reflex pyramidal failure);
peripheral nervous system (polyneuropathy); joints
(polyarthralgia). Associated pathologies corresponded
to the previous clinical diagnosis. Prescribed pathoge-
netic treatment included pulse therapy: “Solu-Medrol”
(methylprednisolone) 250 mg IV drip No. 3, “Endoxan”
(cyclophosphamide) 400 mg IV drip 1 time in 2 weeks
(in the morning) in 200 ml of 0.9% sodium chloride
solution, and then 1 time in 3 weeks 3-4 months (de-
pending on the patient’s condition), mesna solution (for
prevention of toxic effects of cyclophosphamide on the
urinary tract): during endoxan infusion, 4 hours and 8
hours after the infusion; after “Solu-Medrol’, switch to
“Medrol”32 mg tablets per day with further dose reduc-
tion according to the regimen. Additionally, the patient
received detoxification, antihypertensive, antianemic
therapy, as well as hepatoprotectors, sorbents.

She was discharged from the hospital with significant
improvement (in the patient’s words, “born again”) to
continue outpatient treatment under the supervision
of a multidisciplinary team of specialists (family doc-

tor, nephrologist, rheumatologist, etc.). Currently, she
continues to receive pathogenetic therapy and feels
satisfactory.

Itis widely acknowledged that the novel coronavirus
disease 2019 (COVID-19) has become a global problem
since its outbreak in December 2019, as it is associated
with a great number of pathologies, affecting numerous
organs. Moreover, SARS-CoV-2 is associated with the
development of rheumatic diseases, especially small
vessel vasculitis and arthritis. Typically, the onset occurs
in several days or weeks after antigenic infection andin
patients with mild COVID-19[10, 11]. Based on the data
of the analysed literary sources in the PubMed database,
we determined that in 40% of cases AAV was diagnosed
1-6 months after COVID-19, while in 50-60% of cases,
the diseases were concurrent [17,19].

The presence of a link between COVID-19 and au-
toimmune diseases is evidenced by the international
team of scientists [13], who report that COVID-19 is
similar to autoimmune diseases in terms of clinical
manifestations, immune responses and pathogenic
mechanisms. Persistentimmune responses are involved
in the pathogenesis of both diseases [13]. Similar to
systemic autoimmune diseases, COVID-19 can man-
ifest itself with heterogeneous and systemic clinical
manifestations [13], which make it difficult to diagnose
new cases of MPA in patients experienced COVID-19.
Moreover, Thu Aung Z and others [17], in turn, empha-
sise that COVID-19 and AAVs are multisystem diseases.
It is believed that there is a causal link between both
conditions, which is supported by reports of numerous
clinical cases [8, 14, 16-22]. Therefore, physicians should
be aware of the potential spectrum of systemic and
autoimmune diseases that can be triggered by SARS-
CoV-2 infection. This will provide a timely diagnosis and
treatment initiation [10], which can save not only lives,
but also protect other organs from damage. Moreover,
COVID-19 pandemic has changed the approach of var-
ious clinicians to ANCA-related vasculitis [25]. For this
reason, it is essential to consider the importance of a
high suspicion index for AAV in people experienced
COVID-19.

A team of experts from the UK, India, Kazakhstan and
Ukraine, eight of the world’s leading research centres
developed online questionnaire with 28 questions
based on relevant global practice guidelines and AAVs
recommendations for the evaluation of the level of
knowledge and perceptions of physicians regarding
ANCA-associated vasculitis, as well as conducted online
survey during COVID-19 pandemic [25]. The report on
thisissue was published on November 21,2022, where
113 respondents from 21 countries indicated the need
for enhanced medical education, which could increase
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practitioners’ awareness and knowledge regarding
ANCA-associated vasculitis.

Itis commonly known that timely recognition, rapid
diagnosis and early initiation of active specific treat-
ment for MPA remain one of the most challenging tasks
in real clinical practice, as MPA is characterised by het-
erogeneous initial manifestations and variable clinical
presentation. Given that MPA is a systemic vasculitis, the
involvement of many organs can lead to a wide range
of signs and symptoms [26-28]. The kidneys and lungs
are the most typical organs involved in MPA. Initially
nonspecific and then heterogeneous symptoms can
mislead the diagnostic search and cause a significant
delay in adequate treatment for AAV [271].

In 2020, a group of French researchers [29] published
the data of a retrospective analysis of clinical presenta-
tion in 378 patients with MPA from the French Vasculitis
Study Group Registry. At the time of diagnosis, the
main clinical manifestations of MPA included: renal
dysfunction (74%), arthralgia (45%), skin (41%) and
lungs (40%) involvement, mononeuritis (32%), and less
frequent alveolar haemorrhage (16%), cardiomyopathy
(5%) and severe gastrointestinal signs (4%); mean serum
creatinine was 217 umol/I [29].

Thus, MPA is a multisystem disease characterised by
polymorphism nonspecific clinical signs and diverse
clinical manifestations depending on the affected
organs. It is worth noting that systemic necrotising
vasculitis are great masqueraders, and sometimes
their manifestations can often differ significantly from
the typical recognised disease patterns, and therefore,
received the descriptive name“the Great Masquerades”
[30]. It is important to note that AAVs can also present
with unusual manifestations of the disease [30], which
can vary. In addition, the variability in clinical symptoms
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