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INTRODUCTION
The Marie Skłodowska-Curie Symposia on Cancer 
Research and Care (MSCS-CRC), started in 2019 with 
the overall goal to identify the areas of collaborative 
opportunities between cancer researchers and care 
providers in the United States, Canada and Central 
and Eastern European Countries (CEEC) and eliminate 
the bariers to such collaborations8. MSCS-CRC aims to 
accelerate the development of new cancer therapies, 
advance early detection and prevention strategies, 
increase cancer awareness, and improve cancer care 
and the quality of life for patients and their families. The 
latest 4th edition of MSCS-CRC held at the Roswell Park 
Comprehensive Cancer Center (RPCCC) in Buffalo, NY, 
brought together 147 participants from the US, Cana-
da, Croatia, Czechia, Lithuania, Poland, Romania, and 
Ukraine, and included representatives of the National 
Cancer Institutes of the United States, Poland, Lithuania 
and Ukraine, members of the academic cancer researh 
institutions from the above countries and represen-
tatives from several Pharma and Biotech companies.  
Discussions involved representatives of the US Center 
for Disease Control (CDC), New York State (NYS) Empire 

State Development, and of the Translational Research 
Consortium of Cancer Centers (TRCCC), involving 13 
cancer centers from North-Eastern US and Canada.
The focus of the 4th Meeting was prevention and early 
detection of smoking- and HPV-related cancers, reduc-
ing disparities in cancer detection-, care and outcomes, 
and increasing the feasibility and reducing costs of 
high-end treatments, such as cell therapies for patients 
with advanced cancers. The discussions addressed 
the needs and arising opportunities in education and 
training, joint laboratory and clinical research projects 
in cancer prevention, early detection and treatment, 
as well as new health policy initiatives, within each of 
the individual areas of interest in each of the Sessions.

FEDERAL AND NEW YORK STATE 
SUPPORT FOR INTERNATIONAL 
PARTNERSHIPS
Mark Parascandola (National Cancer Institute [NCI], 
USA; Bethesda, MD, USA) discussed the global gaps in 
the implementation of cancer control and the research 
needs and opportunities in this area. He highlighted 

26CAROL DAVILA UNIVERSITY OF MEDICINE AND PHARMACY, BUCHAREST, ROMANIA
27ELIAS UNIVERSITY EMERGENCY HOSPITAL, BUCHAREST, ROMANIA
28VILNIUS UNIVERSITY, VILNIUS, LITHUANIA
29BOGOMOLETS NATIONAL MEDICAL UNIVERSITY, KYIV, UKRAINE
30KARMANOS CANCER INSTITUTE, DETROIT, MI, USA
31WAYNE STATE UNIVERSITY, DETROIT, MI, USA
32THE POLISH ACADEMY OF SCIENCES, WARSAW, POLAND

ABSTRACT
The Marie Skłodowska-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, new strategies for early 
detection and prevention, and improve cancer care and the quality of life for patients and their families. The 4th MSCS-CRC (September 25-27, 2024, Buffalo, 
New York) brought together 147 participants from the US, Canada, Croatia, Czechia, Lithuania, Poland, Romania and Ukraine, and involved representatives of 
the US Centers for Disease Control and Prevention (CDC), National Cancer Institute (NCI) and their counterparts from Poland, Ukraine Lithuania and other CEECs.  
They were accompanied by New York State (NYS) and local representatives of the NYS Empire State Development, and of the Translational Research Consortium 
of Cancer Centers (TRCCC), involving 13 cancer centers from the Northeastern US and Canada, as well as several Pharma and Biotech companies. The 4th Meeting 
focused on prevention and early detection of smoking- and HPV-related cancers, reducing disparities in cancer detection-, care and outcomes, and increasing 
the feasibility and reducing costs of high-end treatments, such as cell therapies for patients with advanced cancers. The second focus area were the available 
sources of funding of regional and international collaborations in these areas. The relevance of the successful model TRCC to promoting the oncology training 
and research collaborations in the CEE Countries was discussed. The 5th MSCR-CRC meeting will take place September 3-5, 2025, in Warsaw, Poland.

	 KEY WORDS: Symposium, cancer research, cancer care, international collaborations, regional collaborations
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the role of his Center (CGH, NCI, NIH)  in supporting in-
novative research to reduce the global cancer burden, 
and developing international partnerships and training 
opportunities in these areas, with the goal of reducing 
disparities in cancer related outcomes. Malgorzata (Mar-
garet) Wojtowicz (Division of Cancer Prevention (DCP), 
NCI, NIH,USA), highlighted the Cancer Prevention Clini-
cal Trials Network (CP-CTNet) within her Division, as an 
opportunity for collaborative cancer prevention clinical 
research. CP-CTNet is one of the main agent develop-
ment programs within the Division of Cancer Prevention 
(DCP), National Cancer Institute (NCI), National Institutes 
of Health (NIH). It’s goal is to conduct federally funded 
early phase cancer prevention clinical trials assessing 
the safety, tolerability, and cancer preventive potential 
of novel agents and interventions. These early-stage 
clinical studies include phase 0 (micro-dosing), phase I 
(dose-finding), and phase II (preliminary efficacy) trials 
to identify safe and effective preventive interventions 
that can subsequently move into large-scale (phase 
III) clinical investigations. The network aims are : a) to 
optimize clinical trial designs, b) to develop surrogate 

and intermediate endpoint biomarkers, c) to test novel 
imaging technologies, and d) to develop further insights 
into mechanisms of cancer prevention by agents and/or 
strategies.  Current Lead Academic Organizations (LAOs) 
of the CP-CTNet are The University of Texas MD Anderson 
Cancer Center (Houston, TX), Northwestern University 
(Chicago, IL) , University of Arizona (Tuscon, AZ), Uni-
versity of Michigan (Ann Arbor, MI), and University of 
Wisconsin (Madison, WI). The current scientific emphasis 
of studies conducted within CP-CTNet include (among 
others): a) targeting the biology of carcinogenesis (im-
munoprevention, focus on high-risk population, pilot 
studies integrating high throughput technologies to 
understand mechanisms of carcinogenesis and drug ac-
tion), b) strategies to optimize risk/benefit ratio (regional 
drug delivery e.g. topical drug application forbreast ca., 
inhaled agents forlung ca.; alternative dosing schedules 
e.g. intermittent dosing; combinations), c) re-purpos-
ing “old” drugs for cancer prevention (focus on drugs 
affecting multiple chronic diseases e.g. aspirin, NSAIDs, 
metformin), d) intermediate endpoint biomarkers as 
surrogates for cancer incidence.  Dr. Wojtowicz presented 

New York Programs Supporting Biomedical Research and Clinical Trials

§ JLABS@NYC1: Incubator program providing office and lab space, education, and access to industry 
experts and the startup community.

§ IndieBio New York3: Life science accelerator program for early-stage life science companies 
providing financial support, lab space, mentoring, and business skills.

§ Biodefense Commercialization Fund5: Grant funding program for startups and academic 
institutions developing solutions to infectious diseases.

United States Federal Programs Supporting Biomedical Research and Clinical Trials

§ Cancer Prevention and Control Clinical Trials Planning Grant Program2: Grant funding 
mechanism intended to facilitate well planned clinical trials across the cancer prevention and control 
spectrum aimed at improving prevention/ interception, cancer-related health behaviors, screening, 
early detection, healthcare delivery, management of treatment-related symptoms, supportive care, 
and the long-term outcomes of cancer survivors.

§ High-Priority Research in Tobacco Regulatory Science4: Grant funding mechanism to support 
new high-priority biomedical and behavioral research that will provide scientific data to inform the 
regulation of tobacco products to protect public health.  

§ NCI Clinical and Translational Exploratory/Developmental Studies6: Grant funding mechanism 
to support preclinical and early phase clinical research, as well as correlative studies, directly 
related to advancements in cancer treatment, diagnosis, prevention, comparative oncology, 
symptom management, or reduction of cancer disparities.

§ Bioengineering Research Grants7: Grant funding opportunity to encourage collaborations 
between life and physical sciences that apply a multidisciplinary bioengineering approach to the 
solution of a biomedical problem and integrate, optimize, validate, translate or otherwise accelerate 
the adoption of promising tools, methods, and techniques for a specific research or clinical problem 
in basic, translational or clinical science and practice.  

Figure 1: Existing Programs and Funding opportunities to Support Biomedical Research and Clinical Trials 
Available through New York State or United States Federal Mechanisms.  

Figure 1

Fig. 1. Existing Programs and Funding opportunities to Support Biomedical Research and Clinical Trials Available through New York State or United States 
Federal Mechanisms.  
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examples of currently open CP-CTNet studies, discussed 
the process flow (from submission of a trial concept 
through  study conduct/reporting/closure to making 
data/specimens available to the research community) 
and opportunities for new investigators and/or institu-
tions to join CP-CTNet.  

Three presentations described the role of the New 
York State (NYS) Empire State Development Corpo-
ration (ESD) in enhancing the Biotech operations in 
the NYS (Figure 1).  Loretta Beine (ESD, Long Island, NY, 
USA) provided and overview of the role of the ESD as 
the resource for industry attraction and retention. She 
described the ongoing complementary economic 
development assistance programs offered by ESD to 
support and attract all stage, all size life science busi-
nesses across New York state9-13. Dylan Williams (ESD, 
Albany, NY, USA) discussed the specifics role of ESD 
in advancing biotechnology, cancer research, and life 
science innovation. He highlighted the ESD-provided 
strategic financial assistance to the biotechnology and 
cancer research entities. Since 2017, ESD’s Life Science 
Initiative has been to create, attract, grow, and retain 
life science companies by leveraging New York’s aca-
demic life science assets and promoting venture capital 
investments in NYS life science companies; creation 
of accelerated paths to commercialization; and the 
development of life science entrepreneurial talent. 
ESD invests in biotechnology accelerators, academic 
research institutions, start-up commercialization as-
sistance, and entrepreneurial training. Smitha James 
(University at Buffalo [UB], Buffalo, NY, USA) discussed 
practical examples of the interactions with the ESD 
within the UB Business and Entrepreneur Partnerships. 
Supporting both mature companies and innovative 
startups, UB Business and Entrepreneur Partnerships 
help biomedical and life sciences companies establish, 
grow and succeed, providing research support, access 
to experts, wet labs, office space, shared equipment, 
funding sources and connections (Figure 1).

ONGOING PARTNERSHIPS WITHIN THE 
MSCS-CRC AND OPPORTUNITIES FOR 
EXPANSION 
Leszek Kotula (SUNY Upstate Medical University [SUNY-
UMU]; Syracuse, NY, USA), discussed his team’s expe-
rience in international collaborations developing of 
ABI1-based test for prostate cancer tumor progression 
and resistance. With his collaborators, including Pawel 
Wiechno; Elżbieta Sarnowska; Michal Mikula and Iwona 
Ługowska from the Maria Skłodowska-Curie National 
Research Institute of Oncology (MSCNRIO), and Kevin 
Lin from SUNY-UMP, Dr. Kotula evaluates the role of 

aberrant ABI1 in tumor tissue and liquid biopsy sam-
ples as a biomarker for cancer recurrence and predictor 
of sensitivity to anti-AR treatment. This project is an 
example of a sucessful joint collaboration between 
Upstate Medical University and the National Institute 
of Oncology in Warsaw. 

Kathleen Kokolus and Pawel Kalinski (RPCCC, Buffalo, 
NY, USA) described their collaborative preclinical and 
early-phase clinical research program involving Ross-
well Park Comprehensive Cancer Center (NY, USA), Uni-
versity of  Pittsburgh (PA, USA), Mt. Sinai Icahn School of 
Medicine (NY, USA), University of Virginia (VA, USA) and 
Moffitt Cancer Center (FL, USA) involving live cell-based 
vaccine (alpha-type-1-polarized dendritic cells; αDC1s), 
and combinatorial reprograming of tumor mictorenvi-
ronments (TME) to sensitize immunotgherpay-resistant 
solid tumors to PD1 inhibitors.  

Their preclinical studies show that a chemokine-mod-
ulatory regimen (CKM) combining TLR3-ligands and 
IFNα synergistically induces transient production of CTL 
attracting chemokines and suppresses Treg-attractants. 
CKM also selectively targets (NFκB-high) cancer lesions, 
but not healthy tissues, allowing its systemic application 
to abolish heterogeneity of TMEs, promote uniform CTL 
infiltration and responsiveness to immunotherapies14-20. 
The recently completed trial trial NCT03403634 con-
firmed the safety and immunologic efficacy of IV infu-
sion of IFNα2b (INTRON-A) and selective TLR3-ligand 
(rintatolimod/Ampligen)  in patients with metastatic 
triple-negative breast cancer (TNBC)21. CKM showed 
very good tolerability, average 10.3-fold increase in 
intratumoral CTL markers and preliminary signals of 
clinical activity (1 objective response, 50% survival of >4 
years), when followed by pembrolizumab. Analogous 
CTL increases were also seen on study NCT04081389 
(neoadjuvant CKM/chemotherapy in TNBC)22 and 
NCT03403634 (liver-metastatic colon cancer). Ongoing 
studies NCT04093323 (in PD1-resistant solid tumors), 
NCT02432378 (in advanced ovarian cancer)23, test the 
clinical efficacy of concomitant application of CKM with 
PD1 blockade and/or DC vaccines. Dr. Kalinski discussed 
the existing logistic-, legal-, fiscal and regulatory agree-
ments between the participatting cancer centers in the 
US and biotech partners in the US and Argentina, which 
allowed the development of the trtials and sharing of 
patient material and the imported drugs (such as or 
Bioferon as alternative to the discontinued INRON-A), 
which  can now be used to involve additional partners 
(including international) in their NCI- and DoD (US De-
partment of Defense)-funded programs, and the newly 
arisng collaborative needs expanding the results to the 
areas of acute and chronic infections, such as hepatitis, 
HIV, HPV and tuberculosis.  
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and training opportunities in clinical research in the 
format of postgraduate studies, thematic courses and 
open seminars. Dr. Fendler highlighted the joint Clinical 
Scholars Research Program involving Harvard Medical 
School and MRA launched in 2023 and planned to sup-
port 500 participants over the next 5 years.

Iwona Ługowska (MSCNRIO; Warsaw, Poland) present-
ed the insights from her pioneering work building the 
largest early-phase clinical trials program in Poland, and 
discussed some of the challenges and opportunities in 
this area. Early phase oncology trials (Phase I and early 
Phase II studies) assess the safety, tolerability, pharma-
cokinetics, and preliminary efficacy of novel anticancer 
agents. Advancement in the use of biomarker-driven 
approaches, which identify genetic mutations and 
molecular profiles specific to tumors, recently enabled 
more precise match between the individual patients 
and newly available treatment regimens, including 
immunotherapy. However, these trials face challenges 
in Poland and globally, due to the need of recruiting 
patients with specific genetic profiles. Dr. Ługowska dis-
cussed the existing ethical considerations and logistic 
challenges of such trials, whcih require advanced trial 
designs and adaptive methodologies.  She highlighted 
the need for collaboration between Poland and the USA 
as being crucial for advancing this dynamic field and 
improving patient outcomes.

Karolina Nowak (MRA; Warsaw, Poland) outlined the 
experience at the MRA in promoting collaborations 
with American partners in oncology clinical trials. 
Poland’s well-developed clinical research sector has 
been an attractive place for international sponsors. As 
the sixth highest-populated country in the European 
Union, with a total population of 37 million,  Poland has 
been a regional leader among the Central and Eastern 
European countries (CEEC). Dr. Nowak stressed the 
existence of numerous treatment-naive patient pop-
ulations available for trial participation. In 2019 alone, 
over 25,000 Polish patients gained access to novel 
experimental therapies as  trial participants. Based on 
the Clinical Trial Database run by the NCI, USA25, a total 
of 3088 clinical trials were started in Poland between 
April 1, 2019 and May 2024. Oncology represents the 
dominant area of these trials. The latest data from the 
Polish National Cancer Registry show that 1.17 million 
of Poles live with cancer, with the annual incidence of 
new cancer cases of 440 per 100,000. Since  cancer ac-
counts for over 25% of deaths in Poland and 1 in 5 Polish 
citizens  will develop cancer over their lifetimes, MRA 
recognizes the importance and urgency of innovative 
cancer research and provides research public grants 
for non-commercial clinical trials in Poland26. Cancer 
treatment projects currently remain among the most 

Iryna Tanasiichuk (Bogomolets National Medical 
University; Kyiv, Ukraine) discussed the collaborative 
development of genetically modified T cells for cancer 
treatment in Ukraine, where patients’ access to such 
therapies is curently limited. The  current bariers involve 
the high cost of the FDA approved commercial treat-
ments,  challenging technology of manufacturing and 
lack of training needed to produce and use of these cells 
is the clincal settings. Dr. Tanasiichuk discussed how 
a collaboration between her institution and Michael 
Nishimura laboratory at Loyola University of Chicago, 
help to advance the development of the production of 
genetically modified T cells and the eventual introduc-
tion of adoptive cell therapies in Ukraine.

CONDUCTING CLINICAL TRIALS IN 
POLAND: MECHANISMS OF STATE 
SUPPORT FOR INTERNATIONAL 
COLLABORATIONS AND CURRENT 
COLLABORATIVE NEEDS
Wojciech Fendler (Medical Research Agency [MRA]; 
Warsaw, Poland)24 discussed the last 5 years of the MRA 
experience in supporting the changing clinical trials 
landscape in Poland and the importance of non-com-
mercial clinical trials as a cornerstone of medical re-
search and the healthcare system (Figure 2). Dr. Fendler 
discussed how non-commercial trials provide patients 
with access to cutting-edge medical technologies and 
novel interventions  . He also discussed the importance 
of ensuring that pateints in all disease areas those with 
the greatest health burden such as oncology or cardiol-
ogy, but also the often underfunded rare diseases, have 
the opportunity to benefit from clinical research. The 
MRA, established in 2020, has the primary mission of 
increasing the number of the non-commercial clinical 
trials in Poland, to broaden the access to new thera-
peutic options for Polish patients and strengthening 
medical research. So far, the Agency has supported 248 
projects with a total of €735 million, resulting in a sixfold 
increase in the number of non-commercial clinical trials 
in Poland. The second area of MRA’s efforts is enhance-
ment of the critical clinical trials infrastructure. MRA has 
provided Polish universities, research institutes and 
hospitals with PLN 700 million (€178 million) in com-
petitively-funded MRA grants to establish 23 Clinical 
Trials Support Centers (CTSC) and 19 Regional Digital 
Medicine Centres. The MRE joined to the European 
Clinical Research Infrastructure Network (ECRIN) and 
has been actively guiding the national units towards 
the standards upheld in other EU countries. The third 
area of MRA’s activities is bolstering the human poten-
tial of our healthcare centers, by supporting education 



Pawel Kalinski et al. 

236

(95% CI: 47.5-74), respectively. This largest trial of a 
combination of targeted therapy and immunothera-
py in pretreated GIST, which showed significant and 
meaningful efficacy of this novel therapeutic approach. 
A significant subset of pts achieved long term clinical 
benefit highlighting the need for a multi-institutional 
phase III study. 

Mikhail Berezin (Washington University School of 
Medicine; St. Louis, MO, USA) discussed the  importance 
of better understanding of the acute and chronic side 
effects of cancer treatment. He presented the tran-
scriptional effects of oxaliplatin in mice models and 
use of bioinformatics to better understand how the 
interplay of systemic toxicities contributes to specific 
pathologies, and discussed the arisng opportunities for 
collaborations to develop new treatments and diagnos-
tic tools to better manage the side effects. 

Peter Forsyth and Brian Czerniecki (Moffitt Cancer 
Center & Research Institute, Tampa, FL, USA) chal-
lenged the  the notion of an incurable stage of cancer, 
by presenting the early data from an ongoing trial of 
a specialized subtype of dendritic cells (cDC1s) for pa-
tients with breast cancer who developed leptomenin-
geal disease (LMD), with a particularly poor prognosis.
Their phase I single-arm, dose escalation multicenter 
study NCT05809752 aims to establish the safety of IT 
cDC1s, and associations between clinical outcomes and 
DC-induced changes in cerebro-spinal fluid.  cDC1s are 
administered weekly intrathecallly using Omaya ports  
over 12 wks, at increasing dose levels ranging from 1 
X 106 through 5 X 107 cDC1s, until disease progression, 
dose-limiting toxicities or patient withdrawal. As of 
August 2024, 7 patients were treated [1, 2 & 10 X 106 
cDC1s] – and no DLTs were found. Preliminary data on 

frequent requests from beneficiaries seeking MRA’s 
support. In 2024 the MRA allocated $150 million for a 
call on cancer research including potential international 
projects, launching the biggest, targeted medical fund-
ing initiative, in the history of Poland. MRA developes 
new venues of collabotation with the US NCI to address 
the most pressing science-based and clinical oncolo-
gy priorities faced by Poland and USA and benefiting 
patients in both countries. The discussed programs 
include sharing the knowledge and resources avail-
able to both Agencies, and engaging research teams, 
investigators and clinicians in cross-institutional clinical 
research, to accelerate the clincial implementation of 
new strategies into clinical practice, increase the num-
ber of non-commercial cancer trials and improve their 
availability to patients. 

ARISING OPPORTUNITIES FOR 
COLLABORATIONS: TRANSLATIONAL 
AND CLINICAL RESEARCH
Piotr Rutkowski (MSCNRIO; Warsaw, Poland) presented 
the example of a phase II trial of Axitinib and Avelumab 
in patients with unresectable/metastatic gastrointesti-
nal stromal tumor (GIST) who progressed after standard 
therapy (NCT04258956). A total of 58 patients were en-
rolled, of which56 were evaluable for safety and efficacy. 
Partial response was observed in 5 (9%), stable disease 
in 34 (61%) and progressive disease in 17 patients (30%). 
In patients with partial response, the median duration 
of response was 18.5 months (95%CI, 18.3-NA). Median 
PFS and OS were 4.6 months (95%CI, 2.9-6.4) and 14.2 
months (95%CI, 9.2-26.3), respectively. The 12-month 
PFS and OS rates were 23% (95% CI: 14-37.1) and 59.3% 

Figure 2

Figure 2: Funding Opportunities from the Medical Research Agency of Poland in Support of Clinical Trials. Fig. 2. Funding Opportunities from the Medical Research Agency of Poland in Support of Clinical Trials. 
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Laboratory of Molecular Oncology at NCI, Lithuania.  His 
research exploits synthetic lethality to achieve this goal. 

OPPORTUNITIES FOR 
COLABORATIONS TO REDUCE HEALTH 
DISPARITIES AND ENHANCING 
PATIENT EXPERIENCE AND QUALITY 
OF LIFE
Mihaela Balu (University of California; Irvine, CA, USA) 
discussed latest developments in non-invasive skin 
cancer imaging using in vivo multiphoton microscopy. 
Current screening for early detection of melanoma re-
lies on the assessment of macroscopic morphological 
changes in lesions by a highly experienced board-cer-
tified dermatologist. These low-cost screening tools 
often miss microscopic morphological and functional 
changes that occur early in melanomagenesis, which 
are not detectable by these devices or the naked eye. 
High-resolution screening devices are essential for ac-
curately identifying early evolving lesions and enhanc-
ing the melanoma diagnosis beyond the capabilities of 
expert dermatologists. Multiphoton microscopy (MPM) 
is capable of generating real-time subsurface images of 
skin with histologic resolution and sensitivity based on 
endogenous molecular and chemical contrast. Dr. Balu’s 
group has recently developed the fast large area multi-
photon exoscope (FLAME), a unique imaging platform 
optimized for efficient clinical skin imaging.  FLAME rap-
idly generates macroscopic images (mm to cm-scale) 
with microscopic resolution (0.5µm) using label-free 
molecular contrast (fluorescence intensity and lifetime), 
allowing for the selective detection of melanin, imaging 
pigment-rich cells such as melanocytes and melano-
phages with high specificity, while time-resolved NADH 
fluorescence detection reports on the protein binding 
activity and metabolic heterogeneity within immune 
cells present in lesions. The presentation highlighted 
recent preliminary results of an ongoing clinical study 
aimed at evaluating the potential of MPM imaging to 
enhance early melanoma detection by using the new-
ly developed FLAME device. While the current efforts 
focus on  enhancing the accuracy of early melanoma 
diagnosis, the validated optical biomarkers may also 
help to better understand melanoma origin, monitor 
its progression and therapy response and assess other 
skin conditions.

Jonathan Bramson (McMaster University; Hamilton, 
ON, Canada) provided update on the development of 
allogeneic T cell therapies with increased patient acces-
sibility. The existing engineering methods to enhance 
the ability of cancer patients’ white blood cells to attack 
tumors are highly effective, but also very expensive due 

patient status and upcoming opportunities for collab-
orations were discussed.  

Sandro Matosevic (Purdue University, West Lafayette, 
IN, USA) presented his work on immunotherapy of 
cancer using natural killer (NK) cells, which have innate 
ability to recognize and eliminate tumor cells, but be-
come suppressed and dysfunctional in solid cancers. 
In order to overcome immune resistance of such “cold” 
tumors, Dr. Matosevic’s team employs multi-modal 
engineering strategies to target multiple suppressive 
pathways.  Targeted pathways include metabolic in-
hibition via purinergic signaling, antigen escape, and 
checkpoint-induced immunosuppression driven by 
TIGIT/CD155 to generate allogeneic, off-the-shelf im-
munotherapies based on iPSC-derived NK cells, are able 
to tackle complex mechanisms of treatment resistance 
in cancer. He discussed the functional gains of such NK 
cells with reprogrammed TIGIT-CD155 axis and CD73, 
and pharmacological approaches aimed at improving 
infiltration of NK cells into tumors via chemokines 
CXCL10 and CCL5. 

Michael Nemeth (RPCCC, Buffalo, NY, USA) discussed 
new immunotherapeutic opportunities resulting from 
metabolic reprogramming of the TME. He focused on 
myeloid-derived suppressor cell (MDSC) as a barrier to 
effective treatment of metastatic TNBC. During infec-
tions, MDSCs constitute a small and transient popula-
tion which resets the immune system after pathogen 
elimination. However, in cancer, MDSCs expand their 
numbers and become persistent, resulting in the sup-
pression of anti-cancer immune responses. Dr. Nemeth’s 
lab  developed a new strategy to target the MDSCs by 
re-purposing a compound called brequinar (BRQ) that 
is currently being tested in clinical trials of acute my-
eloid leukemia (or AML). The combination of BRQ and 
an immune checkpoint inhibitor (ICI) agent, anti-PD-1, 
suppressed tumor growth in mouse models of TNBC. 
BRQ is currently being tested in patients with AML, and 
Dr. Nemeth is seeking new collaborations to translate 
his latest research in TNBC patients.

Waldemar Priebe (University of Texas MD Anderson 
Cancer Center [MD Anderson]; Houston, TX, USA) dis-
cussed Annamycin (ANN), a novel topoisomerase II 
poison and analog of doxorubicin (DOX) formulated 
in liposomes (L-ANN). He presented data on increased 
penetration and accumulation of ANN in lungs and liver, 
which was correlated with high antitumor activity against 
primary and metastatic cancers. He highlighted needs for 
international collaborative research to advance clinical 
evaluation of ANN and develop new drugs.   

Kęstutis Sužiedėlis (NCI, Lithuania and Vilnius Universi-
ty; Vilnius, Lithuania) presented ongoing projects aim-
ing to develop more efficient cancer radiotherapy in the 
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Ekaterina (Katia) Noyes (University at Buffalo; Buffalo, 
NY, USA) disussed the benefits of using new data sci-
ence methodologies for cancer prognostication and 
outcomes research. While cancer treatment plans and 
prognoses have been traditionally predicted by tumor 
characteristics at diagnosis, Dr. Noyes and her team 
incorporate the effect of socioeconomic and environ-
mental factors (i.e., literacy, education, employment, 
environment, access to treatment, obesity and weight 
loss etc.) on survival, recurrence and probability of 
developing metastases. They postulated that cancer pa-
tients’ survival and metastasis risk are affected by their 
residential area deprivation index (ADI) and access to 
an NCI-designated cancer center and a a board-certified 
surgeon, after controlling for patient comorbidities and 
tumor characteristics.

Ioana-Miruna Stanciu (Carol Davila University of Med-
icine and Pharmacy and Elias University Emergency 
Hospital; Bucharest, Romania) discussed the challenges 
of managing immune-related adverse events (irAEs) in 
patients treated with immune checkpoint inhibitors 
(ICIs). She evaluated the incidence of irAEs in ICI-treat-
ed patients at the Oncology Clinic of Elias University 
Emergency Hospital, Bucharest, Romania, from 2018 
to 2024. While ICIs represent one of the most signifi-
cant advances in cancer care, their substantial toxicity 
profile must be acknowledged.  Since no randomized 
clinical trials have established a standard of care for irAE 
management, balancing the clinical management of 
toxicity with maintaining anti-tumor immunity remains 
challenging. The presentation outlined the incidence 
and types of irAEs encountered at Elias Hospital—one 
of the largest oncology clinics in Romania—over the 
seven-year period. It focused on the clinical manage-
ment of difficult cases, such as neurological irAEs, 
which require patient-tailored decisions and, at times, 
external expertise.  The discussion highlighted the need 
for cross-border communication and collaboration in 
managing irAEs, particularly for challenging cases. Dr. 
Stanciu emphasized the importance of creating interna-
tional expert networks to facilitate real-time communi-
cation and guidance for effective patient management.

Telisa Stewart and Elizabeth Luke (SUNY-UMU; Syr-
acuse, NY, USA) presented  a community-driven ap-
proach to boost human papillomavirus (HPV) vaccina-
tion rates in NYS. The HPV vaccine is highly effective, yet 
barriers to widespread vaccination persist, particularly 
in rural NYS. The disussed aims of the project were to 
a) cultivate partnerships to foster collaborative efforts 
to increase HPV vaccination uptake; b) investigate cul-
tural factors influencing HPV vaccination behavior in 
Lewis County, NY; and c) implement evidence-based 
strategies, co-created by community members and 

to the need to perform genetic engineering on each 
patient’s own blood cells.  To address this problem, 
Dr. Bramson’s group has been developing methods to 
create universal white blood cell therapies from healthy 
donors that can be implanted into cancer patients for 
treatment.  Their successful clinical translation may lead 
to universal white blood cell therapies to overcome the 
high costs of manufacturing on a patient-by-patient ba-
sis and make these therapies available to resource-poor 
jurisdictions that lack the infrastructure to manufacture 
personalized cells from the cancer patients themselves.

Brian Czerniecki (Moffitt Cancer Center & Research 
Institute; Tampa, FL, USA) discussed the emerging al-
ternatives to anti-estrogen therapy for breast cancer 
prevention in high-risp groups. The currently approved 
prevention strategies for breast cancer are anti-estro-
gens, either estrogen blockers (aromatase inhibitors) 
or estrogen antagonists, such as tamoxifen. They have 
33-50% efficacy in reducing the risk of breast cancer, but 
their side effects reduce their appeal to most women, 
limiting the prevention role. To develop an alternative 
immunotherapy approach, Dr. Czeriecki’s goup demon-
strated that intratumoral delivery of type I polarized 
dendritic cells (cDC1) pulsed with oncodriver derived 
Her2 peptides can eliminate the progression of ductal 
carcinoma in situ (DCIS) to mammary carcinoma, in a 
mechanism involving CD4 Th cells, gamma delta T cells 
(γδ T cells) and natural killer T cells (NKT). They have also 
shown that the prevention or treatment effects can be 
enhanced by co-administration of DCs pulsed with 
glycolipid alpha-galactosyl-ceramide (a-gal-cer; an NKT 
cell activator) and antibody against HER2. These results 
provide new low-toxicity tools to prevent the develop-
ment of breast cancer in both pre- and post-menopausal 
women, resulting in need for multi-center clinical trials.

Kaushal Nanavati (SUNY-UMU; Syracuse, NY, USA) 
discusses the potential of integrating wellness and in-
tegrative medicine into oncology care, expanding the 
survivorship paradigm. He discussed the role of nutri-
tion and evidence-based guidelines from the American 
Institute for Cancer Research (AICR), advocating for 
a diet rich in plant-based foods in supporting overall 
health and potentially reducing cancer recurrence. 
Physical exercise, another cornerstone of the presen-
tation, was discussed in the context of  the American 
College of Sports Medicine (ACSM). Stress management 
is a critical component of integrative care, and the 
mindfulness-based techniques showed promise in the 
research from the National Center for Complementary 
and Integrative Health (NCCIH). Spiritual wellness, of-
ten overlooked in traditional oncology care, was also 
discussed with reference to studies that highlight its 
strongimpact on mental and emotional health. 
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the Cancer Sciences, postdoctoral training, and oncol-
ogy-focused residency and fellowship programs.

Edita Sužiedėlienė (Vilnius University; Vilnius, Lithua-
nia) discussed the training and development of early 
career researchers in Medical and Life Sciences at Vilnius 
University. Early career researchers (ECRs) are a vital part 
of academic community of Vilnius University (VU). Es-
tablished in 1579, VU is the oldest and largest academic 
institution in Lithuania, conducting research in over 
30 research fields. VU participation in the European 
Universities Alliances network offers shared resources 
(mentoring and careers outside academia programmes 
, innovative mobility initiatives) to support ECRs. In re-
cent years, specific focus is given on developing skills 
to conduct interdisciplinary research and to work in 
interdisciplinary research teams. Towards this goal, the 
internal funding scheme for interdisciplinary research 
projects, which are proposed, led and conducted solely 
by inter-faculty ECRs teams, have been established at 
VU. Dr. Sužiedėlienė disussed the institutional experi-
ence, challenges and future directions in ECRs training 
and development.

Wei-Zen Wei (Karmanos Cancer Institute and Wayne 
State University; Detroit, MI, USA), the current President 
of the Translational Research Consortium of Cancer 
Centers (TRCCC)27, highlighted the role of TRCCC in 
supporting the development of future leaders in cancer 
immuno-prevention, interception and therapy. Initiat-
ed in 1998, TRCCC is a 501(c)3 organization consisting 
of 13 Cancer Research Institutions in the Great Lakes 
area, including Case Comprehensive Cancer Center 
(Cleveland, OH, USA), Karmanos Cancer Institute (De-
troit, MI, USA), McMaster University (Hamilton, ON, 
Canada), The Ohio State University Comprehensive 
Cancer Center- The James (Columbus, OH, USA), Penn 
Medicine’s Abramson Cancer Center (Philadelphia, PA, 
USA), Penn State Cancer Institute (Hersehy, PA, USA), RP-
CCC (Buffalo, NY, USA), Sidney Kimmel Comprehensive 
Cancer Center at Johns Hopkins (Baltimore, MD, USA), 
University of Michigan Rogel Cancer Center (Ann Arbor, 
MI, USA), University of Virginia Comprehensive Cancer 
Center (Charlottsville, VA, USA), University of Pittsburgh 
Medical Center Hillman Cancer Center (Pittsburgh, PA, 
USA), University of Rochester Medicine Wilmot Cancer 
Institute (Rochester, NY, USA), and West Virginia Uni-
versity Cancer Institute Mary Babb Randolph Cance 
Center (Morgantown, WV, USA). TRCCC mentors and 
trainees come together annually to share information, 
plan collaboration, and review clinical trials to improve 
the outcome of individuals diagnosed with, or at risk 
of developing cancer (). Many clinical/scientific leaders 
emerged from this stimulating and nurturing environ-
ment including cancer center directors, departmental 

academics, to enhance HPV vaccination uptake. Dr. 
Stewart emphasized the importance of collaborative 
efforts between academia and communities to address 
health disparities and improve cancer prevention ef-
forts. Since many CEEC countries share similar problems, 
the discussion emphasized the need to disseminate 
knowledge on vaccine implementation efforts ans 
strategies to increase the vaccination rates, especially 
in rual communities.

EDUCATION AND INTERNATIONAL 
TRAINING
Khurshid Guru (RPCCC; Buffalo, NY, USA) presented the 
efforts of RPCCC Urology in global education, especially 
in surgical training. Over last two decades Dr. Guru’s 
team has partnered with teams across the world, trav-
eling to them and hosting them at RPCCC. They have 
performed live surgeries in over 15 countries, to further 
new surgical techniques. They have fhosted students, 
scientists, and faculty during visits to observe ongoing 
work and learn from each other. Dr. Guru discussed the 
most effective processes and ways to avoid failures.

Iwona Ługowska (MSCNRIO; Warsaw, Poland) dis-
cussed the role of comprehensive medical education 
in assuring optimal cancer care. With cancer rates ris-
ing worldwide, there is an urgent need to prepare the 
next generation of oncologists to meet the demands 
of increasingly complex patient care. This necessitates 
comprehensive multi-disciplinary approach as the 
centerpiece of training programs and involvement 
of cross-sector collaborations, experiential learning 
opportunities, leadership development, effective pa-
tient communication and ethical decision-making. Dr. 
Lugowska stressed the mportace of the integration of 
these components into oncology curricula, highlighting 
the benefits of a more holistic educational model to 
ensure that future oncologists are equipped both with 
the latest scientific knowledge and with the skills neces-
sary to provide compassionate, patient-centered care.

Mukund Seshadri (RPCCC; Buffalo, NY, USA) highlight-
ed the unique postion of RPCCC as a free-standing 
Comprehensive Cancer Center with one central mission: 
to understand, prevent and cure cancer. Consistent with 
this mission, RPCCC’s education and training programs 
are focused on developing the next generation of can-
cer research professionals. Dr. Sheshadri presented RPC-
CC’s comprehensive educational and training portfolio 
that includes immersive cancer research experiences 
for K-12 students, a long-standing (of more than 65 
year old) summer internship program for high school, 
college and medical students, new nurse residency 
and nursing scholars program, graduate programs in 
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cancer biology, offering promising avenues for diag-
nosis, prognosis, and therapy. Cancer-specific ncRNAs 
circulating in blood represents a particularly hopeful 
diagnostic approach. Once considered “junk” DNA, 
ncRNAs have now been recognized for their crucial 
roles in gene regulation and expression, regulating cel-
lular differentiation, proliferation and apoptosis. Their 
dysregulation has been linked to the development and 
progression of many cancers, making them promising 
biomarkers and therapeutic targets. Dr. Berindan-Neag-
oe presented a success story of collaborations between 
cancer researchers, healthcare professionals, and phar-
maceutical companies from CEE countries and which 
have already shown significant progress in noncoding 
RNA testing and healthcare improvements. The project 
presents a multidisciplinary, translational research in 
oncology, involving and combining expertise in oncol-
ogy, molecular genetics, bioinformatics, biotechnology  
and technology transfer and commercialization. She 
highlighted the dependence of effective collaborations 
on allocation of funds and joint applications for interna-
tional grants, including a Marie Curie grant to develop 
and consolidate iinternational research networks.

Andriy Beznosenko (NCI, Ukraine; Kyiv, Ukraine) pre-
sented unique experience of Ukraine in navigating can-
cer care in wartime. Since February 24th, 2022, when the 
Russian invasion started, cancer care was particularly af-
fected due to the complexity of cancer treatments, long-
term and continuous treatments involving combined 
approaches of surgery, radiation and chemotherapy 
involving multiple groups of drugs. NCI, Ukraine in Kyiv, 
the main center of anti-cancer control and treatment in 
the country, had to adapt to the challenges of the war. 
The day the full-scale invasion started, there were 450 
inpatients, including 40 children, and 96 personnel on 
the night shift. Rapid evacuation to Poland started for 
all children via Ukrainian railways. Adult patients were 
discharged from clinic when it was possible. Cancer 
care needed to adapt to personel shortages, difficulties 
reaching the clinic, and mobilization of personnel to 
Armed Forces or territorial defense. Frequent moves 
of patients to shelters further complicated the work 
process but were necessary for their safety. The units of 
the hospital were temporarily reformed and the clinic 
started to provide specialized care for the wounded. 
All the departments, were reopened in the summer of 
2022, 90% of the staff had returned. Currently, the key 
metricks are approaching the pre-war levels. In 2023, 
the number of patients treated increased compared to 
the pre-war levels, due to internally displaced patients 
(29 022 in 2021, 21 169 in 2022 and 38 671 in 2023). 
Hospital mortality decreased compared to 2022 but, 
basically, returned to the level of 2021. 

chairs, program leaders, industry founders and more. 
The annual meetings of TRCCC is the centerpiece of 

TRCCC activities.  Many ground breaking new findings 
such as CAR-T cell clinical success were first reported 
in this event. The responsibility of hosting the annual 
meeting is rotated among member institutions, helping 
to introduce different approaches to aspiring scientists.  
Beyond plenary lectures and faculty discussion forum, 
every abstract submission is rewarded with the oppor-
tunity to give both an oral and a poster presentation. 
Trainees present their findings in 5 min talks and discuss 
the details in their posters.  In the 2024 meeting, over 
350 participants attended 150 presentations. The com-
prehensive meeting programs are designed to better 
prepare the trainees for the tasks ahead. Trainees con-
nect with and learn from patient advocates who have 
experienced cancer and are assisting others inflicted by 
cancer.  Trainees learn the basics in securing financial 
support for their projects. Representatives from the US 
NCI provide program and financial information, guiding 
trainees through the process of grant applications.  Dif-
ferent career paths are explained.  TRCCC alumni who 
enter the pharmaceutical or biotech industry, or start 
their own company share their perspectives.  Trainees 
often give back after becoming faculty or moving to 
industry by taking on TRCCC service duties. 

Member Institutions take advantage of the annual 
event by holding training program retreats or joint 
grant and trial discussions on site.  Dr. Wei further dis-
cussed the role of the stress management in trainees’ 
physical and mental well-being and their family rela-
tionships. This goal is facilitated by many attendees 
bringing their families to the annual event.  A wealth 
of indoor and outdoor activities keep the young happy 
while mom and/or dad attend the meeting.  The intense 
interactions are boosted by shared meals, coffee break 
and allotted time for personal activities.  The registration 
fees are kept modest to ensure the event is affordable 
to all, thanks to support from the participating Cancer 
Centers and Industry Sponsors.  The relevance of the 
TRCCC model to promoting oncology training and 
research collaborations in CEE Countries was discussed.

REDUCING CANCER BURDEN 
IN CEECS: NATIONAL AND 
INTERNATIONAL EXPERIENCE
Ioana Berindan-Neagoe (Iuliu Haţieganu University 
of Medicine and Pharmacy; Cluj-Napoca, Romania) 
discussed her experience in promoting collaborations 
between Central and Eastern European Countries and 
the US on the role of noncoding RNA (ncRNA) in cancer. 
The discovery of ncRNAs opened up new horizons in 
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other research institutions. In 2022, Lithuanian men had 
the highest incidence in Europe and the third highest 
mortality rates for all cancers combined30. Mortality is 
particularly high for oesophageal, kidney, gastric, pan-
creatic, prostate and larynx cancers (1st to 4th highest). 
Lithuania ranks among the five European countries 
with the highest mortality in women for kidney, cervi-
cal, ovarian and stomach cancers and melanoma. The 
cancer prevention research at the NCI, Lithuania covers 
cancer incidence, mortality, survival analyses and the 
role of risk factors. Preventing cancer by modifying risk 
factors is the most cost-effective strategy; taking into 
account high rates of smoking (29.9% in men, 9.7% in 
women), alcohol consumption (11.9 l pure alcohol/
capita) and obesity (55%) in Lithuania. Secondary pre-
vention, i.e. cancer screening and earlier diagnosis, is 
the second area of efforts. Screening for breast, prostate, 
cervical and colon cancer has been implemented in 
Lithuania, but cervical and prostate cancer death rates 
remain to be the fourth highest in Europe. The evalu-
ation of the effectiveness of screening programmes 
demonstrated that participation in screening has been 
effective in reducing cervical cancer deaths (and might 
have contributed to a moderate decline in prostate 
cancer mortality in men younger than 65 years of 
age)31-36, providing rationale for greater efforts in this 
area. The NCI of Lithuania is one of the 25 consortium 

Philip Castle (NCI, USA; Bethesda, MD, USA) represent-
ing the DCP28, made a convincing case for cancer pre-
vention, stressing the particularly high societal burden 
of cancer. Betweeen 2020-21 when 6 million people 
died of COVID-19, approximately 20 million people died 
of cancer. 30-50% of current cancers and cancer-related 
deaths are already preventable and new technologies 
may increase the fraction of preventable cancers even 
further. The DCP leads, supports, and promotes research 
and training to reduce risks, burden and consequences 
of cancer. DCP supports basic and early translational 
research in the areas of preventive agents, biomark-
ers for screening and early detection, and symptom 
management. Through its funding programs29, DCP 
supports the discovery, preclinical development and 
validation of novel primary prevention (prophylaxis), 
secondary prevention (interception) and mitigation 
methods. DCP also supports novel approaches and 
technologies to increase access to current life-saving 
prevention and control interventions and reduce their 
risks, in order to increase the uptake. 

Rūta Everatt (National Cancer Institute, Lithuania; 
Vilnius, Lithuania) discussed the emerging targets and 
opportunities for collaboration in the development of 
more efficient cancer prevention and screening meth-
ods, focusing on cancer prevention and screening effec-
tiveness studies carried out at the NCI, Lithuania, and at 

Figure 3

Figure 3: Translational Research Consortium of Cancer Centers: A Model for Regional Collaborations within 
CEE? Current academic members of the TRCCC (Green Boxes) and affiliate cancer centers involved in MSCS-
CRC. 
** Cancer centers currently involved in academic multi-institutional clinical trials of cell therapies within TRCCC.
* Cancer centers with planned in academic clinical trials of cell therapies within TRCCC (existing regulatory, legal, 
fiscal and logistic arrangements to conduct such collaborative trials).

Fig. 3. Translational Research Consortium of Cancer Centers: A Model for Regional Collaborations within CEE? Current academic members of the TRCCC 
(Green Boxes) and affiliate cancer centers involved in MSCS-CRC. 
** Cancer centers currently involved in academic multi-institutional clinical trials of cell therapies within TRCCC.
* Cancer centers with planned in academic clinical trials of cell therapies within TRCCC (existing regulatory, legal, fiscal and logistic arrangements to 
conduct such collaborative trials).
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of a free national HPV vaccination program, have sig-
nificantly contributed to reducing cancer risk factors. 
The upcoming introduction of health education in 
schools is expected to further reinforce these preventive 
measures. Despite these positive developments, Polish 
population continues to exhibit high levels of exposure 
to the “big three” modifiable risk factors: tobacco smoke, 
obesity, and alcohol consumption. According to the 
OECD report “State of Health in the EU. Poland – Health 
System Profile 2023,” 44% of all deaths in Poland in 2019 
were attributable to behavioral risk factors, surpassing 
the EU average of 39%. Additionally, new health threats 
such as heated tobacco products and e-cigarettes have 
emerged. According to the latest Global Youth Tobacco 
Survey (GYTS 2022) conducted by Cancer Epidemiology 
and Primary Prevention Department in cooperation 
with World Health Organization (WHO), 9.7% of boys 
and 10.4% of girls aged 13-15 are current users of heat-
ed tobacco products, while 21.2% of boys and 23.4% 
of girls use electronic cigarettes. For comparison, in 
the same age group, traditional cigarettes were used 
by 11.2% of boys and 12.3% of girls.  These statistics 
highlight the need for sustained and enhanced efforts 
in public health interventions targeting lifestyle and 
behavioral changes. 

CANCER PREVENTION AND EARLY 
DETECTION 
Philip Castle (NCI, USA; Bethesda, MD, USA) highlighted 
the opportunities and challenges for global control of 
cervical cancer. Prophylactic human papillomavirus 
(HPV) vaccination is  highly effective in preventing in-
vasive cervical cancer, especially when given to young 
women before becoming sexually active. HPV testing 
has replaced Pap testing as the standard-of-care for 
cervical cancer screening because of its much great-
er sensitivity and reliability and it enables the use of 
self-collected specimens.  However, critical gaps remain 
especially affecting low- and middle-income countries, 
with a 10-fold greater burden of cervical cancer in 
the lowest-income countries vs. the highest-income 
countries. These gaps include: 1) insufficient awarness 
of condom use as a method of primary prevention of 
HPV; 2) lack of global procurement strategy to provide 
affordable vaccination to Global Alliance for Vaccine and 
Immunization (GAVI)-ineligible lower-income countries; 
3) lack of global procurement strategy for in vitro diag-
nostics; 4) primary and secondary prevention in women 
living with HIV has not been optimized; 5) lack of suf-
ficiently effective biological therapeutic agent against 
chronic HPV infection and related abnormalities; 6) 
limited healthcare infrastructure to provide treatment 

institutions in the  EU4Health funded PRAISE-U project, 
aimed to improve screening of prostate cancer37. The 
Lithuanian University of Health Sciences is a partner 
of the EU4Health project TOGAS (“Towards gastric 
cancer screening implementation in the European 
Union”). High lung cancer rates and a national screen-
ing programme starting in 2025 may offer possibilities 
to enhance lung cancer screening addressed in  the 
EU4Health project SOLACE. Specific opportunities for 
collaborations include: a) improving participation in 
existing cancer screening programmes, by better ac-
cess to screening (self-sampling, home-based testing, 
CT screening trucks, etc.); b) optimizing risk-stratified 
cancer screening and improving the quality of screen-
ing programmes; c) cancer screening combined with 
preventive interventions, e.g. smoking cessation, early 
detection of co-morbidities; and d) population-based 
screening studies for aditional cancer types.

Iva Kirac (University Hospital for Tumors; Zagreb, Cro-
atia) discussed the role of the EU Projects in reducing 
the disparities in cancer care across the EU. Croatia has 
one of the highest cancer mortalities in the EU and an 
active participant in several major EU projects, including 
the Beacon cancer care, Comprehensive Cancer Infra-
structure for the European Union (CCI4EU) and Europe 
on Quality of Life (EUonQoL). The Cancer Care Beacon 
project is funded by the EU4Health program of the EU 
with the aim to examine inequalities in diagnosis, treat-
ment and palliative care. The project helps the patients  
choose the care providers, and helps data dissemination 
among providers, researchers and policymakers. CCI4EU 
is a Horizon 2020 project aiming to increase the availabil-
ity and quality of research in all aspects of cancer care. 
EUonQoL is a Horizon 2020 project that compiles the 
existing questionnaires on quality of life and tests them 
on patients in treatment, survivors, and end-of-life care. 

Pawel Koczkodaj (MSCNRIO; Warsaw, Poland) high-
lighted the ongoping efforts in cancer prevention in 
Poland, marked by significant policy initiatives and 
legislative measures. The introduction of the National 
Oncology Strategy for the years 2020-2030 was a pivotal 
moment, encompassing a wide array of actions aimed 
at reducing population exposure to modifiable carcino-
genic factors and increasing participation in screening 
programs. This strategy has been further supported by 
the European Commission’s launch of Europe’s Beating 
Cancer Plan in 2021. Key achievements include the im-
plementation of stringent regulations to limit tobacco 
consumption, such as bans on smoking in public places, 
menthol- and opther flavored cigarettes, along with 
increased excise taxes. Additionally, the introduction 
of a sugar tax, a nationwide ban on the use of tanning 
beds by individuals under 18, and the establishment 
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than Finland’s rate of 2.2 per 100,000 women. Cervical 
cancer remains the third most common cancer among 
women in Romania, with 3,368 new cases in 2022. Many 
cases are diagnosed at advanced stages, resulting in 
reduced treatment efficacy. Although the HPV vaccine 
is effective, the rate of immunization in Romania is still 
unacceptably low. The national HPV vaccination pro-
gram was introduced in 2008, targeting girls aged 10 
to 11, but faced significant resistance and skepticism. 
A communication campaign in 2009 yielded modest 
results, and the program was halted for nearly a decade. 
It resumed in 2019, targeting girls aged 11-18. As of 
September 12, 2023, the program has expanded to 
include free vaccination for boys and girls aged 11 to 
19, and 50% vaccine price reduction for women aged 19 
to 45. The national cervical cancer screening program, 
which ran from 2012 to 2017, aimed to screen 6 million 
women but only reached about 260,000 due to poor 
promotion, complex procedures, insufficient funding, 
and limited accessibility, especially in rural areas. The 
discussion highlighted the need for sharing knowledge 
between health policy makers, to improve vaccination 
and boost cancer prevention programs.

Tomasz Zdrojewski (Polish Academy of Sciences and 
Medical University of Gdańsk; Gdańsk, Poland) contrast-
ed the lessons from prevention of two most common 
noncommunicable diseases (NCDs):  cancer and  car-
diovascular disease (CVD), which together with chronic 
respiratory diseases and diabetes are collectively re-
sponsible for more than 70% of all deaths worldwide. 
CVD accounted for the most NCD deaths in 2019 (17.9 
million people), followed by cancer (9.3 million), respi-
ratory diseases (4.1 million) and diabetes (1.5 million). 
Of these deaths, almost 40% are premature (under 70 
years of age). Many NCDs can be prevented by reducing 
the common and modifiable risk factors, e.g. tobacco 
use, harmful alcohol use, lack of physical activity and 
unhealthy diet. The potential for NCD prevention is high 
since an estimated 80% of them are preventable (e.g. 
elimation of tobacco exposure would prevent nearly 1/4 
of cancer deaths and 1/5 of CVD deaths), highlighting 
the need to  identify the most cost-effective interven-
tions. The high-risk individual-level screening projects 
for lung cancer using low-dose computed tomography 
(LDCT) carried out in Poland in the last decade (as part 
of the Pomeranian Lung Cancer Screening Program 
(PLCSP) are good examples of the beneficial coopera-
tion between oncologists, cardiologists and pulmonolo-
gists. The LDCT screening for lung cancer among 50-80 
year olds with a 20-pack-year smoking history who 
currently smoke (or have quit within the past 15 years) 
was extended to detect hypertension, chronic coronary 
artery disease, hypercholesterolemia, prediabetes and 

of precursors and invasive cervical cancer; and 7) the 
ability to provide palliative end-of-life care.

Jeffrey E Gershenwald (MD Anderson, Houston, Texas, 
USA) showcased melanoma as a paradigm for lever-
aging international collaborations in cancer research 
and prevention. More than 100,000 individuals in the 
US and more than 300,000 worldwide are estimated 
to be diagnosed annually with invasive melanoma38.  
An overaching goal of the MD Anderson Moon Shots 
Program® melanoma initiative, launched in 2012, is to 
reduce melanoma incidence and mortality through the 
development and delivery of personalized treatment 
options to reduce melanoma mortality and to reduce in-
cidence and ultimately deaths from melanoma through 
public policy initiatives, education, and early detection.  
Althougth overexposure to ultraviolet (UV) radiation 
– from the sun or from indoor tanning devices/solaria 
– is known to be responsible for >90% of cutaneous 
melanoma39, there has been no integrated nationwide 
US policy to promote UV radiation protection. To date, 
22 US states have indoor tanning bed restrictions for 
minors under 18 years old; there has been a significant 
reduction in the use of indoor tanning devices by high 
school students (and adults)40. The resulting lessons 
learned and resources created have fostered collab-
oration and knowledge exchange with key academic 
and governmental stakeholders in Poland, including 
Profs Piotr Rutkowski and Piotr Czauderna, as well as 
President Duda. This collaboration contributed to the 
proposal, passage, and implemenation of national leg-
islation that prohibits solaria use for persons <18 years 
old across Poland nationwide, and in 2020 was recog-
nized by the World Health Organization41. Importantly, 
these efforts fostered subsequent dialog and collabora-
tion with colleagues in Estonia, which recently passed 
similar legislation that will restrict indoor tanning use by 
minors under 18 years of age. Additional collaborations 
in the melanoma arena between the US and Poland 
include the 8th edition American Joint Committee on 
Cancer (AJCC) melanoma staging system42,43, The leg-
acy Cancer Genome Atlas (TCGA) melanoma project38, 
and the ongoing US National Cancer Institute’s Clinical 
Proteomic Tumor Analysis Consortium (CPTAC).

Cristian Lungulescu (University of Medicine and Phar-
macy Craiova;  Craiova, Romania) discussed the unique 
challenges in incidence and treatment of HPV-related 
cervical cancer in Romania. While Europe overall has 
seen a significant decrease in cervical cancer inci-
dence and mortality, Romania continues to register 
the highest rates in the European Union, followed by 
Latvia and Bulgaria. The incidence rate in Romania 
is 32.6 per 100,000 women, and the mortality rate is 
16.8 per 100,000 women, which is eight times higher 
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science research  on the opportunities for cancer risk 
reducing  using alternative tobacco products. Although 
the best way to avoid the cancer risks associated with 
smoking is to quit smoking altogether, an alternative 
strategy to reduce smoking-related mortality and 
morbidity may be the substitution of less toxic means 
of delivering nicotine. The concept proceeds from the 
principle that the combustible tobacco cigarette smok-
ing involves a wide array of carcinogens generated by 
the combustion of the tobacco. Alternative nicotine 
delivery systems, like electronic cigarettes (e-cigarettes) 
and Heated Tobacco Products (HTPs), represent a new 
stage in which nicotine is delivered in a method that 
simulates smoking but without involving a tobacco 
combustion process. Due to relatively short existence 
of alternative nicotine delivery products, data on the 
long-term health effects, including cancer risk, of e 
cigarette and HTPs use are not currently available. Ev-
idence from in vitro and in vivo laboratory studies, ob-
servational human studies, and short-term clinical trials 
may provide important information on the potential 
harms of alternative nicotine delivery systems. Current 
findings provide preliminary evidence that e-cigarettes 
may be less harmful than conventional tobacco ciga-
rettes. Claims of lowered risk or health benefits of HTPs 
compared to conventional cigarettes are based almost 
exclusively on industry-funded research, and evidence 
from independent studies is needed.

Christine Sheffer (RPCCC, Buffalo NY) presented 
recent developments and current opportunities for 
international collaboration and innovation in reducing 
the prevalence of cigarette smoking. While telephone 
Quitlines have demonstrated unprecidented reach 
into the tobacco using population, by all accouts they 
remain underutilized45. Quitline utilization has, in fact, 
decreased significantly over the past 10 years, and many 
populations remain underserved. Shifts in communica-
tion preferences, digital reach, treatment and training 
adaptations, and tobacco product use provide new 
opportunities to develop collaborative, innovative ap-
proaches to increase the reach of tobacco and nicotine 
use treatment services across national boundaries46. Dr. 
Sheffer discussed severalopportunities to collaborate 
including increasing the number of Tobacco Treat-
ment Specialist training programs47-49, and developing 
pre-programmed text-based mobile applications. 

REDUCING BARRIERS TO 
INTERNATIONAL TRAINING
The New Investigator Awards Session included four 
presentations from international trainees, all having first 
hand experience with the related opportiunities and bar-

diabetes, chronic obstructive pulmonary disease, atrial 
fibrillation and early stages of heart failure. Such inter-
disciplinary collaborations significantly increase the 
medical and economic effects of this program.

SMOKING CESSATION, TOBACCO 
PRODUCTS AND HEALTH
Indu B. Ahluwalia (Centers for Disease Control and 
Prevention; Atlanta, GA, USA) represented the Office 
on Smoking and Health, Global Tobacco Branch 44 at 
MSCS-CRC-2024.  She highlighted  the importance of 
tobacco cessation services. CDC’s Office on Smoking 
and Health (OSH) is the lead federal agency for tobac-
co control and prevention, working to end tobacco 
use domestically and globally. The U.S. Department 
of Health and Human Services Framework to Support 
and Accelerate Smoking Cessation focuses on reducing 
tobacco use, increasing knowledge, strengthening 
and sustaining cessation services, increasing access to 
and coverage of cessation treatment, advancing and 
sustaining surveillance and strengthening evaluation, 
and promoting research.  Globally, Article 14 of the 
WHO Framework Convention on Tobacco Control (WHO 
FCTC) encourages countries to implement effective 
“measures to promote cessation of tobacco use and 
adequate treatment for tobacco dependence.” Quitting 
smoking is beneficial at any age and reduces the risk of 
premature death, including from many forms of cancer.  
Dr. Ahluwalia, the branch chief for OSH’s Global Tobacco 
Control, discussed the  tobacco use trends globally and 
domestically, outlining the need for expanded cessation 
services around the world, especially in  communities 
disproportionately impacted by tobacco products.

Łukasz Balwicki (Medical University of Gdańsk, 
Gdańsk, Poland) presented the results of the NIKO 
Study, the collaborative project of the MRA on New 
Nicotine Products in Poland. Poland has experienced 
rapid growth of popularity of electronic cigarettes 
among youth with emerging data showing a growing 
use of heated tobacco products and e-cigarettes also 
among adults. Recently, traditional cigarettes sales also 
started to grow, prompting the interest of the  Ministry 
of Health Agency and MRA to to better understand the 
growing popularity of emerging nicotine products. The 
NIKO study involves researchers from Medical University 
of Gdańsk, Medical University of Łódź, Poznań Univer-
sity of Medical Sciences in collaboration with RPCCC to 
learn from experience gained during realization of PATH 
study (Population Assessment of Tobacco and Health), 
to  assist tobacco control decisions in Poland.

Maciej Goniewicz (RPCCC, Buffalo, NY, USA) present-
ed his pioneering decades-long lab- and population 
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international training in moving towards independent 
faculty positions in Europe.

MSCS-CRC 2025: INNOVATING 
TOGETHER TO CONQUER CANCER 
GLOBALLY
The final comments of the MSCS-CRC-2024 were provid-
ed by Iwona Ługowska; Michał Mikula, and Piotr Rutkow-
ski from MSCNRIO in Warsaw Poland, who will host the 
5th Edition of the Marie Skłodowska-Curie Symposium 
on Cancer Research and Care on September 3-5, 2025. 
The focus areas of the 5th Symposium will focus on:
•	� Artificial Intelligence in Oncology: Leveraging AI 

for early cancer detection, personalized treatment 
plans, and improving patient outcomes.

•	� Global Health Initiatives: Strategies for reducing 
global cancer disparities and improving access to 
care in underserved populations.

•	� Immunotherapy and Precision Medicine: Recent 
advances and clinical trials aimed at developing 
targeted cancer therapies.

•	� Innovative Public Health Policies: Developing and 
implementing new health policies to support cancer 
prevention and control.

•	� Collaborations between Academia and Biotech: 
Eliminating barriers to effective collaboration in the 
development and testing of new cancer treatments.  

Abstract submission will open in March 2025 and will 
be accepted until the end of May 2025, with selections 
announced in June 2025.
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riers to international training and research collaboration. 
Brygida Baran (4Cell Therapies S.A; Warsaw, Poland) dis-
cussed new approaches to CAR T cell therapy and lessons 
from hematologic malignancies (such as multiple myelo-
ma, MM) that can be applicable to solid tumors,. Clinical 
trials of anti-BCMA CAR T-cell therapy have demonstrated 
remarkable success, achieving response rates of up to 
90% in refractory MM cases. Despite this success, accessi-
bility remains limited in Europe. While two BCMA-target-
ed products have received FDA (idecabtagene vicleucel) 
and EMA (ciltacabtagene autoleucel) approvalthe unmet 
demand persists due to medical and economic factors. 
4 Cell Therapies-developed humanized anti-BCMA CAR 
T-cell therapies for MM and for pancreatic ductal adeno-
carcinoma (PDAC), targeting  the carcinoembryonic an-
tigen-related cell adhesion molecule (CEACAM).  Blanka 
Borowiec (Poznań University of Medical Sciences; Poznań, 
Poland) discussed her experience in translating the ex-
perience from the Loyola University in T cell-based gene 
therapies to cliniocal trials in Poland. Her  month-long 
training at Loyola University in the laboratory of Dr. Mi-
chael Nishimura involved  the protocols and regulations 
governing clean room environments and independently 
performing the entire cell transduction process to gen-
erate CAR-T cells. Szabolcs Bozsányi (RPCCC; Buffalo, NY, 
USA) discussed his postdoctoral experience at RPCCC 
in developing new tools for elimination of UV-induced 
skin tumors, using non-thermal atmospheric pressure 
plasma (NTAPP). Maciej Luba (MSCNRIO; Warsaw, Poland) 
discusssed his work on predictive markers for relapse in 
clear cell renal cell carcinoma (ccRCC) and the relative 
(and cummulative) values of  pan immune-inflammation 
value (PIV) and the assessment of the tumor infiltrating 
limphocytes (TILs) in accurate predictions of the tumor 
progression. The vigorous discussion of the experienc-
es from both continents focused on the challenges in 
advancing early investigators’ careers and the value of 
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INTRODUCTION
Diabetic nephropathy (DN) remains one of the urgent 
problems of modern medicine. It develops in 36-48% 
of patients with diabetes mellitus (DM) type 1 and in 
18-26% of patients with diabetes mellitus type 2, has 
a prolonged natural evolution, which leads to the 
irreversible development of proteinuria and kidney 
failure [1,2].

Recent renal registries suggest that 27% to 34% of 
all cases of terminal chronic renal failure are associated 
with diabetic nephropathy. In the USA and Europe, ev-
ery third patient who needs hemodialysis has diabetes 
[1,3].

The pathogenesis of diabetic nephropathy is the 
subject of numerous scientific studies around the 
world. The key chain in the development of this se-
vere complication of diabetes is long-term persistent 
hyperglycemia, which causes endothelial dysfunction, 
local hemodynamic disturbances, and the develop-

ment of glomerular hyperfiltration [4]. Recently, there 
has been increasing interest in the role of cytokines in 
the progression of DN, especially the so-called pro-in-
flammatory cytokines, which activate the metabolism 
of connective tissue, stimulate the proliferation of 
fibroblasts, epithelial cells, and the mesangial matrix, 
and are included as mediators in each link of immu-
noinflammatory processes [4,5].

Among pro-inflammatory cytokines, the most at-
tention is paid to tumor necrosis factor-α (TNFα) and 
interleukin-1α (IL-1α), which are secreted by mono-
cytes/macrophages, endotheliocytes and coordinate 
a complex cascade of local immunoinflammatory 
reactions that lead to the development of glomerulo-
sclerosis [6,7]. The value of IL-1α and TNFα as diagnostic 
and prognostic markers of kidney damage at different 
stages of DN, the possibility of cytokine/anticytokine 
therapy is studied [8,9]. Also, it remains relevant to de-
termine the excretion of β2-microglobulin with urine 
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for the timely diagnosis of tubulointerstitial lesions in 
patients with DN, an increase in the level of this pro-
tein in the plasma may indicate early violations of the 
filtering function of the kidneys, which is characteristic 
of this disease [7].

All this indicates the need to deepen scientific 
research on the importance of pro-inflammatory 
cytokines in the development and course of DN, the 
possibility of correcting changes in the cytokine system, 
which should delay the development of kidney dam-
age in diabetes, and prolong the pre-dialysis period of 
chronic renal failure [10-12].

AIM 
The purpose of this work is to study the relationship 
between the level of pro-inflammatory cytokines and 
β2-microglobulin with indicators of changes in the 
functional state of the kidneys in patients with diabetic 
nephropathy, to determine different degrees of chronic 
renal failure.

MATERIALS AND METHODS
To conduct research, the necessary sample volume was 
determined to obtain the best result during a random 
survey, according to the formula:

where t is a standardized value at a given level of 
reliability α = 0.95; ω – the number of patients with 
confirmed chronic renal failure, %; – marginal sampling 
error of 5%.

A representative volume of the sample was deter-
mined, which was 67-95 people.

In the study, the sample included 80 patients with 
type 1 and type 2 diabetes, complicated by diabetic 
nephropathy with varying degrees of kidney function. 
There are 43 men and 37 women among the patients. 
At the time of anamnesis collection, the age of the 
subjects was in the range from 20 to 75 years. Patients 
with an unspecified diagnosis and with the disease for 
less than 5 years did not participate in the study. The 
duration of the disease in patients with type 1 DM was 
12.9±3.1 years, and in type 2 DM – 13.2±3.7 years.

The study was conducted over 11 months.
Diabetic nephropathy patients were divided into 

4 groups depending on the functional state of the 
kidneys: 20 patients were diagnosed with sufficient 
kidney function (group I), 18 patiens had CRF I degree 
(II group), at 23 patients – CRF II degree (III group) and 
at 19 patients – CRF III degree (IV group).  The basis for 

the distribution of patients with renal failure according 
to the degrees of CRF is the classification according to 
the order of the Ministry of Health of Ukraine №05/462 
dated 09/30/2003 “Degrees of chronic renal failure de-
pending on the rate of glomerular filtration and plasma 
creatinine concentration”, and the determination of the 
stage of diabetic nephropathy was made according to 
the classification of C.E. Mogensen.

The control group consisted of 10 conditionally 
healthy persons, 6 men and 4 women, whose average 
age was 42.7±5.8 years.

The diagnosis was established on the basis of a 
thorough clinical (interrogation of the patient for com-
plaints, study of the medical and life anamnesis, physical 
data) and laboratory (daily proteinuria, creatinine and 
urea content in the blood, glomerular filtration rate, 
tubular reabsorption) examination of patients with 
diabetic nephropathy of various degrees functional 
state of kidneys [2,13].

All patients underwent clinical and laboratory exam-
inations, which included: clinical blood analysis, clinical 
urine analysis, biochemical blood analysis. The content 
of pro-inflammatory cytokines (TNFα and IL-1α) in the 
blood and the excretion of β2-microglobulin in the urine 
were studied by enzyme-linked immunosorbent assay 
(ELISA). Determination of “free” human interleukin-1α in 
blood serum by the CytElisa – IL-1α method (a sandwich 
ELISA method that measures “free” forms of the human 
cytokine interleukin-1α). Determination of “free” human 
TNFα in blood serum by the CytElisa – TNFα method 
(a sandwich ELISA method that measures “free” forms 
of the human cytokine tumor necrosis factor (TNFα)) 
[14,15].

The study of excretion of β2-microglobulin with urine 
was carried out in order to assess the degree of damage 
to tubulo-interstitial structures in diabetic nephropathy 
Quantitative determination of β2-microglobulin in urine 
by the ELISA method [14,15].

Findings were statistically processed with help of 
SPSS 19 program product (IBM, USA). Correlation anal-
ysis with use of the Spearman coefficient (r) and the 
Chaddock scale was made for assessing relationships 
between indices.

RESULTS
The first group of investigated patients with DN with 
sufficient kidney function (CRF 0 degree) consisted of 20 
patients aged 36 to 72 years. The duration of DM in this 
group averaged 12.3±1.74 years; blood pressure was 
on average: systolic blood pressure (SBP) – 143±18.3 
mm Hg. and diastolic blood pressure (DBP) – 86.5±14.3 
mm Hg. The average daily proteinuria was 1.3±0.38 g/
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day. The content of creatinine in blood serum was on 
average 89.1±3.76 μmol/l and urea in blood serum was 
6.4±0.43 mmol/l. The glomerular filtration rate (GFR) 
averaged 81.05±6.07 ml/min. and tubular reabsorption 
(R urine) – 92.5±1.75%.

Excretion of β2-microglobulin with urine with suffi-
cient kidney function was increased compared to the 
control group and averaged 0.15±0.04 pg/ml (р<0.05).

The content of IL-1α in the blood ranged from 0 to 
7.1 pg/ml, on average 5.01±0.38 pg/ml, which is lower 
compared to the control group (р<0.05); the content of 
TNFα in the blood ranged from 4 to 76 pg/ml, on aver-
age 17.38±4.35 pg/ml and was significantly increased 
compared to the control group (p<0.05).

In patients of this group, a direct strong correlation 
between IL-1α and glucosuria was found (r=0.82, 
p<0.05), which confirms the importance of glucose 
toxicity in the development of immunoinflammatory 
processes in the kidneys. In addition, there is a direct 
strong correlation between urinary β2-microglobulin 
excretion and daily proteinuria (r=0.78, p<0.05). This 
testifies to the fact that proteinuria is one of the most 
important factors of tubulointerstitial damage, which 
is established even with sufficient nitrogen excretory 
function of the kidneys.

A direct strong correlation relationship between TNFα 
and glucosuria (r=0.78, p<0.05), a weak correlation re-
lationship between TNFα and SBP (r=0.32, p<0.05) and 

moderate – between TNFα and DBP (r=0.43, p<0.05), 
direct strong correlation between TNFα and IL-1α 
(r=0.73, p<0.05), weak correlation between TNFα and 
duration of diabetes (r=0.21, p<0.05) and moderate – 
between TNFα and proteinuria (r=0.41, p<0.05). The 
results of the detected correlations in the first group 
are presented in Fig. 1.

The decrease in the IL-1α content in the blood of DN 
patients with sufficient kidney function is explained by 
the long-term effect of hyperglycemia on immunocytes 
and endotheliocytes, which leads to the development 
of a cascade of pathological processes, resulting in the 
depression of the immune system. One of the main 
sources of IL-1α is endotheliocytes, which are also 
affected in diabetes. Endotheliocytes are insulin-inde-
pendent, in conditions of hyperglycemia, glucose enters 
them without obstacles and causes a violation of their 
function. Endothelial dysfunction leads to a decrease 
in the production of IL-1α and its level in the blood.

It is known that IL-1α reduces the number of recep-
tors for TNFα. A decrease in the content of IL-1α and an 
increase in the content of TNFα in the blood of patients 
with DN even with sufficient nitrogen-excreting func-
tion of the kidneys is evidence of the development of 
fibroplastic, sclerosing processes and a decrease in the 
severity of acute-phase inflammatory reactions even at 
this stage of the disease.

The second group of studied patients with DN with 

Fig. 1. Significant correlations in the group with sufficient renal function.
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CRF I degree consisted of 18 patients aged 26 to 72 
years. The duration of diabetes in this group averaged 
13.7±2.63 years; blood pressure was on average: SBP 
– 162±11.4 mm Hg. and DBP – 98±6.6 mm Hg; Daily 
proteinuria – 2.3±0.52 g/day. The levels of azotemic 
indicators were: creatinine in blood serum – 163±7.4 
μmol/l and urea in blood serum – 11.03±0.69 mmol/l. 
GFR was 61.6±3.0 ml/min. and R urine – 93±0.18%.

Excretion of β2-microglobulin with urine in this group 
was on average 0.43±0.12 pg/ml (р<0.05), i.e. it was 
increased compared to the control group and the in-
dicators of group I (р<0.05).

The level of pro-inflammatory cytokines in the pa-
tients of the second group was: the content of IL-1α 
in the blood – on average 3.78±0.47 pg/ml, which is 
significantly lower compared to the control group 
(р<0.05); the content of TNFα in the blood was on 
average 9.33±1.65 pg/ml, that is, it significantly ex-
ceeded this indicator in the control group (p<0.05), but 
decreased compared to the first group.

Direct strong correlations were revealed between 
IL-1α and urinary β2-microglobulin excretion (r=0.87, 
p<0.05), between TNFα and urinary β2-microglobulin 
excretion (r=0.74, p<0.05). This may be evidence that 
the level of pro-inflammatory cytokines in the blood 
reflects the severity of damage to tubulointerstitial 
structures and can be used as a marker of immuno-in-
flammatory processes in the kidneys in DN.

Weak correlations were also found between urinary 
β2-microglobulin excretion and proteinuria (r=0.29, 
p<0.05), and between urinary β2-microglobulin excre-
tion and the duration of diabetes (r=0.12, p<0.05). Di-
rect correlations were also found between the following 
indicators: moderate – between IL-1α and duration of 
diabetes (r=0.35, p<0.05), moderate – between IL-1α 
and glucosuria (r=0.46, p <0.05), weak – between IL-1α 
and glycemia (r=0.25, p<0.05), which emphasizes the 
importance of hyperglycemia for the development of 
immunoinflammatory processes in the kidneys. The 
results of the detected correlations in the second group 
are presented in Fig. 2.

In the second group of patients (CKD I degree) a 
decrease in the content of TNFα in the blood was 
found in comparison with the patients of the first 
group, although it remained significantly increased in 
comparison with the control group. It is possible that 
this dynamics of the level of TNFα during the devel-
opment of CKD I degree is a compensatory reaction 
in accordance with the existence in new conditions 
(increased creatinine and urea content, blood pressure) 
and the preservation of protective mechanisms aimed 
at reducing the rate of kidney sclerosing in diabetic 
nephropathy.

The third group of investigated patients with DN 
with CRF II degree consisted of 23 patients aged 21 
to 69 years. The duration of diabetes in this group av-

Fig. 2. Significant correlations in the group with CRF of I degree.
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and activation of immunoinflammatory processes in 
the kidneys.

In this group, a significant increase in correlations 
between TNFα and other indicators was noted: with 
proteinuria (r=0.41, p<0.05), with blood urea (r=0.38, 
p<0.05), with SBP (r=0.56, p<0.05) and with DBP (r=0.72, 
p<0.05). The relationship between TNFα and IL-1α at 
this stage of CRF is significantly weaker (r=0.22, p<0.05) 
than in patients of the previous groups. The results of 
the detected correlations in the third group are pre-
sented in Fig. 3.

Based on this, it can be concluded that CRF II degree 
in patients with DN is the stage of the highest activity 
of pro-inflammatory cytokines, especially TNFα, which 
leads to the fatal development of sclerotic changes 
in the kidneys, the progression of glomerulosclerosis.

The fourth group of investigated patients with DN 
with CRF III degree consisted of 19 patients aged from 
31 to 69 years. The average duration of diabetes in this 
group was 17.6±2.64 years. Blood pressure was: SBP – 
178±20.5 mm Hg. and DBP – 102±6.6 mm Hg. Daily pro-
teinuria was the largest among all groups and averaged 
3.2±0.49 g/day. The levels of azotemic parameters were 
as follows: creatinine in blood serum – 676.2±33.18 
μmol/l, urea in blood serum – 22.82±1.36 mmol/l. GFR 
was 28.6±3.57 ml/min., R urine – 83.14±2.08%. The 
results of the detected correlations in the fourth group 
are presented in Fig. 4.

eraged 14.1±2.82 years; average blood pressure was: 
SBP – 168.5±15.6 mm Hg. and DBP – 97±11.2 mm Hg; 
daily proteinuria – 2.8±0.29 g/day; creatinine content in 
blood serum – 281.3±16.4 μmol/l, urea in blood serum 
– 14.3±0.81 mmol/l. GFR was 36.5±3.27 ml/min. and R 
urine – 93.2±1.23%.

Excretion of β2-microglobulin with urine is significant-
ly increased in this group: M±m was 1.17±0.07 pg/ml; 
p<0.05 in comparison with the control group, as well 
as patients of I and II groups.

The content of IL-1α in the blood ranged from 5 to 6.8 
pg/ml, on average it was 4.51±0.53 pg/ml, which is sig-
nificantly lower than the indicator of the control group 
(р<0.05). The increase in the level of IL-1α in the third 
group, in contrast to the second, reflects an increase 
in the activity of the immunoinflammatory process in 
response to the progressive damage of endotheliocytes 
with increasing intoxication in patients of the III group.

The content of TNFα in the blood of patients of this 
group increases significantly again and varies from 5 
to 116 pg/ml, on average it is 24.65±6.73 pg/ml, which 
is the highest value among all the studied groups. This 
allows us to state that the activity of sclerosing process-
es is maximal in patients with DN with CRF II degree. 
Such an increase in the level of TNFα is also facilitated 
by a decrease in the clearance of this cytokine when 
kidney function deteriorates. Perhaps this also leads 
to a relative increase in the level of IL-1α in the blood 

Fig. 3. Significant correlations in the group with CRF of II degree.



Study of the relationship between the level of pro-inflammatory cytokines and β2-microglobulin with indicators...

253

hyperglycemia, oxidant stress, hemodynamic damage, 
and metabolic disorders [13,14].

The results of the study of the content of pro-inflam-
matory cytokines (TNFα and IL-1α) in the blood and the 
excretion of β2-microglobulin in the urine in patients 
with DN, depending on the degree of CRF, are shown 
in Fig. 5.

Interleukin-1α is the main mediator of local inflam-
matory reactions and cellular antigen-specific immune 
response. The level of this cytokine decreases with the 
progression of CRF due to endothelial dysfunction, 
which develops under the destructive influence of hy-
perglycemia and other factors of disease progression 
(arterial hypertension, proteinuria, intoxication). This 
is accompanied by a decrease in the intensity of acute 
inflammatory reactions in the kidneys.

The level of TNFα increases with the progression of 
CRF, which leads to the development of sclerosing pro-
cesses in the kidneys. It is known that this cytokine is 
produced by macrophages and lymphocytes. Increased 
expression of TNFα is at the basis of the pathogenesis of 
autoimmune lesions, induces the expression of tissue 
procoagulant factors, activation of lysosomal factors, 
proteases, formation of free radicals and reactive ox-
ygen species.

A decrease in IL-1α content in the blood is accom-
panied by an increase in the density of fibroblast 
growth factor receptors on target cells. It is also worth 

With CRF III degree, excretion of β2-microglobulin 
with urine reaches the highest values and is on aver-
age 3.34±1.63 pg/ml. The content of IL-1α in the blood 
ranged from 0 to 6.4 pg/ml, with an average of 2.73±0.7 
pg/ml and was minimal among all examined groups. 
In our opinion, this is a sign that the processes of acute 
inflammation in the kidneys are significantly reduced 
in CRF III degree and are the least pronounced among 
all groups of studied patients. The TNFα content in the 
blood remains at a high level and ranges from 4 to 
104 pg/ml, with an average of 20.66±5.25 pg/ml. This 
indicates the high activity of sclerosing processes in 
the kidneys, which is the reason for their shrinkage. A 
certain contribution to maintaining a high level of TNFα 
is also made by a progressive decrease in the excretory 
function of the kidneys, as well as an increase in the 
production of this cytokine by cardiomyocytes.

With CRF III degree, the correlations that were in the 
previous three groups disappear – between the content 
of IL-1α in the blood and the duration of diabetes, glu-
cosuria, proteinuria, but direct positive correlations ap-
pear between the content of IL-1α in the blood and SBP 
(r=0.62, p<0.05), between IL-1α content in the blood 
and DBP (r=0.31, p<0.05), as well as between urinary 
β2-microglobulin excretion and IL content -1α in blood 
(r=0.84, p<0.05). This indicates that patients with DN 
develop deep damage to the protective mechanisms of 
cellular immunity as a result of prolonged exposure to 

Fig. 4. Significant correlations in the group with CRF of III degree.
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spread and sclerosis of the mesangial matrix, dystrophy 
of the tubular epithelium. [16,17].

The presented studies proved the presence of pos-
itive correlations between the content of TNFα in the 
blood and the level of blood pressure. According to 
the literature [2,4], the synthesis of TNFα can increase 
with dyslipidemia, activation of the local renin-angio-
tensin-aldosterone system (RAAS) and other factors 
characteristic of chronic renal failure. This cytokine 
acts as a mediator that controls the proliferation of 
mesangial cells and the synthesis of the extracellular 
matrix, thereby potentially contributing to the progres-
sion of chronic renal failure and, as a result, contributes 
to the progression of poisoning and the accumulation 
of toxins, increasing pressure. in blood vessels, loss of 
fluid-electrolyte balance, i.e. a violation of the balance 
of fluid, sodium, potassium and other electrolytes in 
the body, which can lead to serious complications, a 
decrease in the number of erythrocytes, which can lead 
to the development of anemia and a loss of oxygen 
transfer efficiency, etc. [5, 7].

The presence of correlations between the main fac-
tors of the progression of well-controlled diabetes (du-
ration of diabetes, level of proteinuria, blood pressure) 
and the level of pro-inflammatory cytokines allows us 
to use the determination of IL-1α and TNFα levels in 
the blood as potential markers of the progression of 
diabetic nephropathy. High levels of IL-1α and TNFα in 
the blood may indicate active inflammatory process-

considering the myocardial theory of TNFα synthesis: 
unequivocal evidence of the production of this cytokine 
by cardiomyocytes in response to pressure and volume 
overload has been obtained.

DISCUSSION
Pro-inflammatory cytokines activate the metabolism of 
connective tissue, stimulate the proliferation of fibro-
blasts and epithelial cells, regulate the development of 
an adequate response to the introduction of the patho-
gen, its localization and removal, and the restoration of 
the affected tissue structure. The role of pro-inflamma-
tory cytokines in the development and progression of 
diabetic nephropathy is almost unexplored. The study 
of pro-inflammatory cytokines in diabetic nephropa-
thy can be useful for deepening the knowledge of the 
mechanisms of pathogenesis, developing criteria for 
its progression and prognosis, as well as for developing 
new approaches to the treatment of this common and 
dangerous complication of diabetes.

The mechanisms of the damaging effect of hyper-
glycemia on the structural components of the kidneys 
are associated with a violation of renal hemodynamics 
– the development of hyperfiltration, intraglomerular 
hypertension and hyperperfusion. Under the influence 
of these factors, the permeability of the basal mem-
brane of the glomerular capillaries increases, the level 
of protein in the urine, which is the main cause of the 

Fig. 5. The content of pro-inflammatory cytokines in the blood and the excretion of β2-microglobulin in the urine in patients with DN at different stages of CRF.
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CONCLUSIONS
Thus, in the work, a study of the relationship between 
the level of pro-inflammatory cytokines (TNFα and IL-1α) 
and β2-microglobulin with indicators of changes in the 
functional state of the kidneys in patients with diabetic 
nephropathy, which allows determining different de-
grees of chronic renal failure. All correlations presented in 
the work (medium and strong) were significant (р≤0.05).

It has been proven that changes in the profile of 
pro-inflammatory cytokines: a decrease in the content 
of IL-1α and an increase in the content of TNFα in blood 
serum are markers of the progression of chronic renal 
failure in patients with diabetic nephropathy. It has been 
shown that the excretion of β2-microglobulin with urine 
increases even with sufficient kidney function, increases 
in parallel with changes in the cytokine profile during the 
development and progression of CRF, which indicates ear-
ly damage to tubulointerstitial structures in patients with 
DN and confirms the value of urinary β2-microglobulin 
excretion as an indicator of progression fibroplastic pro-
cesses in the tubulointerstitium of the kidneys.

es, endothelial dysfunction, and damage to kidney 
cells that contribute to the progression of diabetic 
nephropathy. This makes them potential markers for 
the prevention and monitoring of this complication 
in patients with diabetes. An increase in the level of 
TNFα and a decrease in the level of IL-1α in the blood 
can be criteria for an unfavorable prognosis of the 
course of this disease.

The results of our research indicate that damage to 
the tubules precedes a violation of the nitrogen-excret-
ing function of the kidneys in DN with chronic renal 
failure. It is possible that renal interstitial fibrosis is the 
basis of the progression of kidney damage in diabetic 
nephropathy.

The mechanisms of action of these cytokines and their 
interaction with other factors of disease progression 
require further studies to understand their exact role in 
the pathogenesis of diabetic nephropathy. Additional 
research may open new opportunities for treatment 
and, more importantly, prevention of this serious com-
plication of diabetes.
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INTRODUCTION
Oral microbiome plays a crucial role in maintaining oral 
health and influencing various systemic conditions. In 
the context of Iraqi patients, the composition and 
diversity of the oral microbiome can vary significantly 
among edentulous, edentulous, and dentulous indi-
viduals. Oral pathogenic bacterial species participate 
in the pathogenesis of both caries and periodontal 
disease. Oral pathogens engage in negative inter-
actions with the host, passing information, immune 
response, and even metabolic condition back and 
forth through systemic organs and the oral cavity. The 
oral cavity presents a critical point of contact with the 
external environment for the human body. Because 
of different microenvironments, microbial composi-
tions among different sites within the oral cavity also 
differ and are very dynamic due to an intricate input 
of signals coming from hosts and external ecological 
factors [1]. Certain oral bacterial species have been 
linked to specific systemic conditions, for instance, 

bacterial osteomyelitis, aspiration pneumonia, and 
endocarditis in infants, preterm low birth weight, 
and cardiovascular disease in the oral cavity might be 
considered an ideal incubator because it possesses a 
temperature of approximately 35 to 36°C and has an 
abundance of moisture, an excellent supply of various 
types of foods and difference in oxygen tension [2]. 
The number of microorganism that can be removed 
from oral cavity by mouth rinsing various though the 
day. It has been observed that bacterial counts are 
highest in the morning on raising. As a result of eating 
breakfast, brushing the teeth and rinsing the mouth, 
these numbers decrease. A gradual increase is noted 
before the mid day meal after the meal a decrease 
Occurs. A pattern of an increase followed by a decrease 
is after [3]. The overall balance of the oral flora may be 
related to the fact that the main food source for the 
microorganisms is mainly saliva, epithelial cells and 
inflammatory exudates (gingival crevicular fluid) from 
the environment. These substances flow continuous-
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ABSTRACT
Aim: To investigate distribution of oral bacteria among dentulous, partially edentulous, and edentulous patients while examining influence of age and gender 
on these conditions. It was designed to identify the prevalence of specific bacterial species in the oral cavity and their association with different dental statuses. 
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Results: Staphylococcus aureus is most prevalent in the edentulous group, accounting for 27.91%, compared to 15.52% in the Partially Edentulous and 10.20% 
in the dentulous group. This suggests a possible increase in its presence with tooth loss. Staphylococcus albicans and Streptococcus are more common in the 
Dentulous and Partially Edentulous groups, with the dentulous group having the highest percentage of Staphylococcus albus at 22.45%. Diplococcus pneu-
moniae shows an increased frequency in the edentulous group 16.28% compared to the other groups, which may indicate a higher risk of pneumonia-related 
bacteria in patients without teeth. There was a significant association between age and tooth loss. Gender did not show any relationship neither to tooth loss 
nor to oral cavity bacteria. 
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ly through the oral cavity, removing food particles, 
bacteria and their waste products, equivalent to a 
continuous culture device containing a mixed micro-
bial community. Irregular exposure to additional nu-
trients and inhibitors in human food may even cause 
bacterial growth to undergo a kind of “synchroniza-
tion” [4]. The oral microbiome has been consistently 
found of major importance to oral health. This is best 
epitomized by Marsh (2010), who discusses the role 
of dental plaque biofilms in oral health and caries, 
arguing that dysbiosis would accrue to several oral 
diseases. This foundational knowledge needs to be 
further explored in understanding how different pa-
tient groups might present unique microbial profiles 
in edentulous, un-edentulous, and dentulous cases 
[5]. Hypothetically, it would be expected that edentu-
lous patients would portray a far greater alteration in 
their oral microbiome as compared to their dentulous 
counterparts. Mertens et al., (2012) reported long-term 
results of implant-supported rehabilitation in eden-
tulous patients and noted the problems of microbial 
colonization and peri-implantitis in this context. The 
complete lack of teeth led to distinctly varied microbial 
conditions, requiring targeted therapeutic measures 
[6]. In contrast to the above study, Jiang et al. (2019) 
studied the oral microbiome in elderly patients with 
dental caries as well as health and established a much 
unique microbiome composition associated with the 
dental status. The current research supports the theory 
that the presence of teeth critically influences micro-
bial diversity and composition [7]. The microbiome 
dynamics in edentulous and dentulous patients also 
seem to differ. For example, Schulz et al., (2019) took 
a comparison of the oral microbiome on generalized 
aggressive periodontitis patients with subject’s peri-
odontitis free disclosing considerable variations which 
could help in understanding of the risk of periodontal 
disease among dentulous patients [8]. 

AIM
The study aimed to investigate the distribution of oral 
bacteria among dentulous, partially edentulous, and 
edentulous patients while examining the influence 
of age and gender on these conditions. It sought to 
identify the prevalence of specific bacterial species 
in the oral cavity and their association with different 
dental statuses. Additionally, the study aimed to as-
sess the statistical significance of these relationships 
to provide insights into the role of oral hygiene, aging, 
and bacterial colonization in the progression of tooth 
loss and associated infections, ultimately contributing 
to improved preventive and therapeutic approaches.

MATERIALS AND METHODS

SAMPLING
A total of 150 salivary samples were collected in this study. 
The samples were collected from individuals who are 
attending the medical centers in Abo-Garib. Meanwhile, 
such samples were equally distributed to both sexes. To 
each sample, it involved a special form to be filled concern-
ing the name, age, sex, and date of sampling. Materials and 
Methods: Mouth sample: The subjects were grouped into 
dentulous n=49, edentulous n=43 and partially edentu-
lous n=58. A 5ml sterile distilled water was poured into 
the mouth of the subject who had rinsed his/her mouth 
vigorously and sampled mouth after rinsing in sterile 
tubes. Components were further individually cultured 
on BHI broth 15 ml at 37ºC for 24h then after incubation 
was sub-cultured on blood agar and MacConkey agar and 
later step went for final identification of suspected isolates.

IDENTIFICATION OF BACTERIAL ISOLATES

MICROSCOPICAL EXAMINATION
Samples processed for microscopical examination using 
Gram stain, a loop full of bacterial isolates was fixed on 
microscopic slide, then smears were allowed to dry and 
all fixed smears were stained by Gram stain to examine 
cell shape, grouping, size and Gram reaction. 

BIOCHEMICAL TESTS 

CATALASE TEST
A single colony of each bacterial isolate was placed onto 
a clean glass microscopic slide using a sterile toothpick, 
a drop of 3% H2O2 was added, and the appearance of 
bubbles indicated a positive result. 

OXIDASE TEST
A sterile wooden stick of suspected bacterial isolates 
was picked up from the slant growth and smeared on 
filter paper with a drop of freshly prepared oxidase 
reagent (tetramethyl-para-phenyl-diamine dihydro-
chloride). Positive: The development of purple colour 
within 5-10 seconds.

GROWTH ON MANNITOL SALT AGAR MSA
A suspected colonies were inoculated on sterile MSA 
and incubated for 24-48 hrs, after incubation, changing 
the color from red to yellow is an indicator of mannitol 
fermentation.
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GROWTH ON BLOOD AGAR
Bacterial isolates were inoculated on human blood 
agar medium prepared and incubated at 37ºC for 24-
48 hrs., as shown in table 1. The presence of clear zones 
or green around the colonies represented hemolysis 
of blood [4].

COAGULASE TEST
A milliliter of the human plasma was placed into two 
small test tubes, to the first one 0.1 ml of an overnight 
broth culture of suspected isolate, while nothing tube 
added, both tubes incubated for 4 hours or overnight. 

Clot formation indicated coagulase producing isolate as 
positive result while the second tube used as a control. 

DNASE TEST
A loop of suspected isolate from a primary culture was 
picked up with a sterile bacteriological needle and 
streaked by the needle-point method on the surface of 
DNase agar plate. The DNase plate was then incubat-
ed at 37°C for 18-24 hours. After incubation, the plate 
was flooded with 1N Hcl. The appearance of the clear 
zone around the growth was an indication for DNase 
production and a positive result.

Table 1. Growth of bacteria on blood agar
Types of bacteria Hemolysis Catalase Coagulase Mannitol

Staph. aureus B-hemolysis Positive Positive Positive

Staph. albicans Negative Positive Negative Negative

Staph. saprophyticus Negative Negative Negative Positive

Table 2. Distribution of age and sex in the three groups of patients 

Types of bacteria
Dentulous (n=49) Pat. Edentulous (n=58) Edentulous (n=43)

Chi Square P value
Freq. Percent. Freq. Percent. Freq. Percent.

Age/
Years

20-29 15 30.61 2 3.45 1 2.33

69.77 0.000 HS
30-39 14 28.57 3 5.17 3 6.98

40-49 13 26.53 23 39.66 2 4.65

≥ 50 7 14.29 30 51.72 37 86.05

Gender
Male 25 51.02 31 53.45 24 55.81

0.21 0.89 NS

Female 24 48.98 27 46.55 19 44.19

HS: High Significant at P value <0.01; NS: Non-significant at P value >0.05.

Fig. 1. Distribution of the three groups 
of patients.
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UREASE TEST
This was examined by streaking the surface of sterile 
urea agar slants with the tested bacteria and incubated 
at 37°C for 24 hrs. Pink color development confirmed 
the positive test result.

OPTOCHIN TEST
For pneumococci, they are gram positive-diplococci 
cultured on blood agar and then put optochin disc, only 
pneumococci give positive reaction (Optochin inhibit 
the growth of pneumococci).  

RESULTS
The pie chart visually illustrates the proportional dis-
tribution of the three patient groups: dentulous, par-
tially edentulous, and edentulous. The chart effectively 
shows that the groups are not equally distributed, with 
partially edentulous patients appearing to form the 

largest portion 58%, followed by the dentulous 49% 
and edentulous groups 43% (Fig.1).

Table 2 presents the distribution of age and sex across 
three groups of patients categorized as Dentulous, 
Partially Edentulous, and Edentulous, with a chi-square 
test applied to determine the significance of differences 
among these groups. There is a significant association 
between age and the type of patient group, as indicat-
ed by the chi-square value 69.77 and highly significant 
p-value < 0.001. The chi-square test for gender distribu-
tion reveals no significant association between gender 
and patient group, p = 0.89.

Table 3 illustrates the distribution of detected bac-
teria in the oral cavity across three groups of patients: 
Dentulous, Partially Edentulous, and Edentulous, with 
a chi-square test showing significant variation in bac-
terial distribution, p = 0.043. Staphylococcus aureus is 
most prevalent in the edentulous group, accounting for 
27.91%, compared to 15.52% in the Partially Edentulous 
and 10.20% in the dentulous group. This suggests a 

Table 3. Distribution of detected bacteria in the oral cavity of the three groups of patients

Types of bacteria
Dentulous Pat. Edentulous Edentulous

Chi Square P value
Freq. Percent. Freq. Percent. Freq. Percent.

Streptococcus 10 20.41 11 18.97 4 9.30

29.39 0.043 S

E. coli 5 10.20 5 8.62 5 11.63

Klebsiella Spp. 0 0.00 5 8.62 3 6.98

Proteus 2 4.08 1 1.72 0 0.00

Pseudomonas 8 16.33 5 8.62 3 6.98

Staph. aureus 5 10.20 9 15.52 12 27.91

Staph. albus 11 22.45 8 13.79 2 4.65

Neisseria Spp. 0 0.00 2 3.45 4 9.30

Lactobacillus Spp. 0 0.00 5 8.62 3 6.98

Diplococcus (Pneumonia) 8 16.33 7 12.07 7 16.28

S: Significant at P value <0.05.

Table 4. Association between detected bacteria and gender in dentulous group

Types of bacteria
Male Female

Chi Square P value
Freq. Percent. Freq. Percent.

Streptococcus 5 10.20 5 10.20

2.8 0.83 NS

E. coli 4 8.16 1 2.04

Klebsiella Spp. 0 0.00 0 0.00

Proteus 1 2.04 1 2.04

Pseudomonas 4 8.16 4 8.16

Staph. aureus 2 4.08 3 6.12

Staph. albus 4 8.16 7 14.29

Neisseria Spp. 0 0.00 0 0.00

Lactobacillus Spp. 0 0.00 0 0.00

Diplococcus (Pneumonia) 4 8.16 4 8.16

NS: Non-significant at P value >0.05.
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while it was only 2.04% in females. According to the 
Chi-square test, there are no statistically significant 
differences between the distributions of males and fe-
males (P = 0.83), suggesting that gender does not have a 
significant impact on bacterial occurrence in this study.

The distribution of bacteria among male and female 
patients with partial edentulism was the focus of the 
current study (Table 5). Among males, Streptococcus and 
Diplococcus (Pneumonia) were found more frequently, 
at rates of 8.62% and 10.34%, respectively, while in 
females, the rates were 10.34% and 1.72%. Notably, 
Staphylococcus aureus exhibited a slightly higher occur-
rence in females (8.62%) compared to males (6.90%). 
Interestingly, both genders showed equal detection 
of Klebsiella spp., Pseudomonas, and Lactobacillus spp., 
whereas Proteus was exclusively identified in males. The 
chi-square analysis indicated no statistically significant 
association (P = 0.75) between the detection of bacteria 
and sex, suggesting that there is no gender-based pre-
disposition in the bacterial distribution for this group. 

possible increase in its presence with tooth loss. Staph-
ylococcus albicans and Streptococcus are more common 
in the Dentulous and Partially Edentulous groups, with 
the dentulous group having the highest percentage of 
Staphylococcus albus at 22.45%. Diplococcus pneumo-
niae shows an increased frequency in the edentulous 
group 16.28% compared to the other groups, which 
may indicate a higher risk of pneumonia-related bac-
teria in patients without teeth.

Regarding the distribution of detected bacteria ac-
cording to sex subgroups of patients, the table 4 pres-
ents the distribution of various bacterial isolates among 
male and female patients (dentulous group), detailing 
both frequency and percentage. Identical frequencies 
and percentages for Streptococcus and Pseudomonas 
were observed in both genders, at 10.2% and 8.16%, 
respectively. In contrast, Staphylococcus albus showed 
a significant disparity, being more common in females 
at 14.29% compared to 8.16% in males. E. coli was more 
prevalent among males, with a frequency of 8.16%, 

Table 5. Association between detected bacteria and sex in partially edentulous group

Types of bacteria
Male Female

Chi Square P value
Freq. Percent. Freq. Percent.

Streptococcus 5 8.62 6 10.34

5.83

0.75 NS

E. coli 2 3.45 3 5.17

Klebsiella Spp. 3 5.17 2 3.45

Proteus 1 1.72 0 0.00

Pseudomonas 2 3.45 3 5.17

Staph. aureus 4 6.90 5 8.62

Staph. albicans 5 8.62 3 5.17

Neisseria Spp. 1 1.72 1 1.72

Lactobacillus Spp. 2 3.45 3 5.17

Diplococcus (Pneumonia) 6 10.34 1 1.72

NS: Non-significant at P value >0.05.

Table 6. Association between detected bacteria and sex in edentulous group

Types of bacteria
Male Female

Chi Square P value
Freq. Percent. Freq. Percent.

Streptococcus 5 10.20 6 12.24

3.14 0.92 NS

E. coli 2 4.08 3 6.12

Klebsiella Spp. 3 6.12 2 4.08

Proteus 1 2.04 0 0.00

Pseudomonas 2 4.08 3 6.12

Staph. aureus 4 8.16 5 10.20

Staph. albicans 5 10.20 3 6.12

Neisseria Spp. 1 2.04 1 2.04

Lactobacillus Spp. 2 4.08 3 6.12

Diplococcus (Pneumonia) 6 12.24 1 2.04

NS: Non-significant at P value >0.05.
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in agreement with the finding of Curtin et al. [11]. The 
proteus spp. also increased in dentulous group and 
support the finding of Lederman et al. [12]. For the 
genus staphylococcus the non pathogenic spp. (Staph 
albus, and Staph saprophyyticus) increased in dentu-
lous group in this due to the amount of carbohydrates 
in take [4], while the pathogenic spp. (Staph. aurcus) 
increased in edentulous group. Neisseria spp. Increase 
in the edentulous group, this type of Neisseria is not 
pathogenic, this micro organism has been found at 
several sites in the oral cavity including the lip, tongue, 
cheel, plaque and saliva, and they do not appear to have 
an unusual affinity for any of those oral surface [13]. 
The number of Neisseria organism on the tongue and 
buccal mucosa increase during the deciduous tooth 
eruption. Lactobacilli increased in the partially eden-
tulous group. Lactobacilli reponedly from only a small 
minority if the plaque micro flora. It was found that the 
insertion of dental splints for 3-hours in the mouth will 
result in 1.49-fold increase in the Lactobacilli count in 
an oral wash Specimen Oinsi, (1962) [14]. Galofré et al. 
(2018) investigated the effect of Lactobacillus reuteri 
on mucositis and peri-implantitis, suggesting potential 
therapeutic applications for managing dysbiotic con-
ditions in both edentulous and dentulous populations 
[15]. Furthermore, recent findings by Abdelbary et al. 
(2022) illustrate the relationship between salivary and 
fecal microbiome dysbiosis in inflammatory bowel 
disease, which may also extend to oral health condi-
tions. This suggests that systemic health conditions 
can further complicate the oral microbiome landscape 
in dentulous and edentulous patients [16]. Diplococcus 
Pneumonia increase in the dentulous group and this 
confirm the study in Chicago [17], who found that 
about less than 20% of young normal adults 18 to 30 
years of age carry pneumococci in the oral cavity. The 
absence of the more pathogenic pneumococci from 
the oral cavity may be the result of the excretion of 
antipneumococcal IgA antibody into the saliva [18]. 
Various other types of microorganisms may exist as 
an oral flora, but only those 10 types were available 
based on the equipment and supplies. The removal of 
the teeth will alter the environmental condition of the 
mouth (e.g., PH temperature, humidity, etc.) this will 
change or affect the number and the types of bacteria 
according to the new environment that will create [19].

CONCLUSIONS
The study highlights significant associations between 
age, bacterial prevalence, and oral health conditions 
across dentulous, partially edentulous, and edentulous 
groups. Edentulism was most prevalent in individu-

These results are consistent with the overall pattern of 
bacterial colonization observed in partially edentulous 
individuals.

The present study examined the link between bacte-
rial presence and sex within the edentulous population 
(Table 6). The most commonly found bacterium was 
Streptococcus, identified in 10.20% of males and 12.24% 
of females. In a similar vein, Staphylococcus aureus and 
Staphylococcus albicans exhibited marginally higher 
occurrences in females (10.20% and 6.12%, respectively) 
compared to males (8.16% and 10.20%). Interestingly, 
Diplococcus (Pneumonia) was observed more frequently 
in males (12.24%) than in females (2.04%), and Proteus 
was exclusively detected in males (2.04%). The Chi-
square analysis revealed no statistically significant 
differences (P = 0.92) between genders, indicating that 
there is no variation in bacterial colonization based 
on sex among edentulous individuals. This points to 
a generally consistent distribution of bacterial species 
across genders in this demographic.

DISCUSSION
From the birth the oral cavity is exposed to many differ-
ent microorganisms present in the local and geographic 
environment. Those microorganism that become oral 
residents are favored by the nutritional and physiologic 
conditions are not inhibited by the mechanical and an-
tagonistic mechanisms of the oral cavity. The effect of 
different oral environments over a long period of time 
will result in the selection of microorganisms best suited 
to survive in specific areas of the oral cavity. Microbial 
association nearly always exists even though different 
types may occupy separate niches differing perhaps 
in only one influential environmental factor. Only the 
aerobic oral microbial flora were studied and isolated 
10-types of bacteria according to the media and the 
facilities from three groups. The numerical increase of 
the streptococcus genus in the partially edentulous 
group emphasizes the fact that streptococci constitute 
a large and complex group of bacteria having widely 
varying characteristics and that under certain condi-
tions of independent pathogenicity, they may cause a 
wide specific disease alone [3]. The enterobacteriacae 
group are usually to be only transiently present in 
the normal human oral cavity and their numbers are 
so small [9]. The increasing in some kinds depend on 
different factors one of them loosing the teeth some of 
them found sporadically and in small number without 
producing pathological changes [10], like Klebsiella 
spp. And other have very limited ability to invade the 
body unless the defenses are not fully developed. The 
pseudomonas increased in dentulous group and this 
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patients, underscoring the need for targeted antimi-
crobial strategies. The findings stress the importance 
of preventive care, age-specific interventions, and 
comprehensive oral health programs to mitigate tooth 
loss and manage bacterial infections effectively.

als aged 50 years and older, emphasizing the role of 
aging in tooth loss. No significant gender differences 
were observed, indicating equal impact on males and 
females. Certain bacteria, like Staphylococcus aureus 
and Streptococcus, were more common in edentulous 
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INTRODUCTION
Sexual dysfunction is a stress factor for the patient that 
negatively affects life quality and relationships, and is 
closely related to the persistent inability to achieve 
and maintain an erection sufficient for satisfactory 
intercourse. This sexual disorder is associated with a 
state of physical and psychological well-being and 
has a significant impact on the life quality of both the 
patients themselves and their partners and family 
members [1-4].

Male sexual disorders are often not a separate 
nosological unit, but reflect the manifestations of 
diseases. In particular, this applies to combatants with 
combat trauma. Such syndromic disorders can be based 
on both functional and organic changes, specifically 
they may be associated with urogenital infections [5, 
6]. Among sexual disorders in men, there is a violation 
of psychological, social and somatic components [1-4].

Since all patients with sexual dysfunction, regardless 
of nosology, etiological factors, pathogenesis, and clini-
cal manifestations, experience significant psychological 

problems, it is crucial to thoroughly verify their psy-
chological status. The measurement of these changes 
has become possible with the introduction of several 
special questionnaires into medical practice, the main 
purpose of which is to study quality of life indicators.

Erection is a neurovascular phenomenon under 
hormonal control, involving arterial dilation, relaxation 
of trabecular smooth muscle, and activation of the 
corporal veno-occlusive mechanism [7]. Clinical and 
laboratory studies of sexual dysfunction in recent 
years have led to the development of new treatment 
protocols, including methods of psychosexual 
therapy, local negative pressure therapy, and new 
pharmacological drugs [7-11].

Men with sexual dysfunction often complain of 
premature ejaculation (PE). PE is the inability to control 
ejaculation for a «sufficient» duration during intercourse [1-
4]. For instance, 25-40% of men in the United States suffer 
from PE [12, 13]. Psychological factors often influence the 
occurrence of PE. Since men sometimes underestimate the 
connection between sexual performance and emotional 

Effectiveness of treatment of sexual dysfunction in men with 
premature ejaculation, injured as a result of hostilities
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ABSTRACT
Aim: To evaluate the effectiveness of selective serotonin reuptake inhibitors (SSRIs) to the treatment of patients with premature ejaculation who have been 
affected by combat actions.
Materials and Methods: Results of an examination of 50 men injured as a result of hostilities, with sexual dysfunction and complaints of premature ejaculation. 
Patients were divided into smaller subgroups depending on the selected serotonin reuptake inhibitors, which they received for at least 1.5 months: sertraline 
(n=14), paroxetine (n=12), citalopram (n=12), venlafaxine (n=12).
Results: After treatment with all serotonin reuptake inhibitors, reactive and personal anxiety symptoms, as assessed by the Spielberger-Hanan scale, were 
objectively reduced in men. Only treatment with paroxetine and citalopram resulted in a likely reduction in depressive symptoms in men with premature 
ejaculation, Paroxetine and sertraline appeared to be relatively balanced drugs with moderate efficacy but relatively few side effects. The lack of a «gold 
standard» among serotonin reuptake inhibitor drugs for the treatment of premature ejaculation on the Ukrainian market necessitates the search for new, more 
effective drugs with the possibility of flexible use.
Conclusions: The study demonstrates that the neurotransmitter serotonin plays a key role in the modulation of ejaculation, as the use of reuptake inhibitors 
increases the intravaginal latency to ejaculation. Among the selective serotonin reuptake inhibitors, venlafaxine was found to be the most effective.
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well-being, PE can be caused by temporary depression 
or stress. However, medications that slow the rate of 
arousal are often necessary. At the 24th Annual Congress 
of the European Association of Urology (2009), serotonin 
reuptake inhibitors were highlighted as the drug of choice 
for treating PE. Alongside behavioral therapy, this paper 
presents our comparative experience with the use of 
medications from this group. Therefore, for all forms of 
ejaculatory disorders, a comprehensive psychological 
examination of patients using objective questionnaire 
methods is necessary [2, 4, 7]. The development of 
modern, comprehensive therapy methods will allow for 
better treatment outcomes.

AIM
To evaluate the effectiveness of selective serotonin 
reuptake inhibitors (SSRIs) to the treatment of patients 
with premature ejaculation who have been affected by 
combat actions.

MATERIALS AND METHODS
The study was based on the results of an examination of 
50 men affected by combat actions, who experienced 
sexual dysfunction and complained of premature 
ejaculation. Inclusion сriteria: neurogenic origin of PE, 
age between 18 and 52 years and minimum chronicity 
of PE of 3 months. Exclusion criteria: clinically significant 
comorbidity: cardiovascular, hepatic, thromboembol-
ic, neurological, oncological or endocrine, history of 
retroperitoneal surgery or radiotherapy, consumption 
of medications that affect ejaculation, abuse or depen-
dence on psychoactive substances.

All patients were surveyed using the IIEF-5 scale (Inter-
national Index of Erectile Function-5) [14, 15], and their 
sexological and urological histories were collected. A 
digital rectal examination of the prostate was performed, 
along with microscopy of the prostate secretion to detect 
inflammatory processes. Prostate ultrasonography was 
conducted, and, if indicated, bacteriological culture of 
the prostate secretion was performed. Screening for 
TORCH infection antibodies using enzyme-linked immu-
nosorbent assay was carried out, followed by polymerase 
chain reaction diagnostics for relevant pathogens in 
the prostate secretion. In doubtful cases, urethroscopy 
of the prostatic urethra was performed. To determine 
health-related quality of life, patients were surveyed 
using the SF-36 questionnaire [4, 7].

Based on etiological principles, a neurogenic origin of 
PE was confirmed in 50 of the examined patients. These 
patients primarily complained of PE that persisted with 
regular sexual activity at a frequency of 2.4±0.3 times 

per week. They were categorized into this group due to 
the absence of complaints, history, clinical symptoms, 
instrumental, and laboratory evidence of prostatitis or 
chronic pelvic pain syndrome. All patients in this group 
exhibited pathological fixation on sexual dysfunction, 
accompanied by an affective component such as 
anxiety, fear of failure, low mood, intense doubts, 
leading to the dominance of the sympathetic nervous 
system during sexual intercourse [2, 16]. The average 
duration of the disease was 9 ± 0.8 months. The obser-
vation of patients lasted from 2 to 6 months.

Thus, this group consisted solely of men with neu-
rogenic (psychogenic) PE, which in all 50 cases (100%) 
was caused by combat trauma. Considering the com-
plexity of the pathogenesis of premature ejaculation, 
the treatment for all patients was comprehensive and 
consisted of two parts: basic therapy and selective 
serotonin reuptake inhibitors (SSRIs).

The patients were randomly divided into four sub-
groups depending on the selected SSRIs medication 
they received for at least 1.5 months. Subgroup 1 
(n=14) received sertraline medication at a dosage of 
50-100 mg/day. Subgroup 2 (n=12) received paroxetine 
medication at a dosage of 20-40 mg/day. Subgroup 3 
(n=12) received citalopram medication at a dosage of 
10-20 mg/day. Subgroup 4 (n=12) received venlafaxine 
medication at a dosage of 37.5-150 mg/day.

To objectively assess anxiety and depression, patient 
surveys were conducted using the Spielberger-Hanin 
and Hamilton scales, respectively [2]. During treatment, 
criteria for determining erectile dysfunction were taken 
into account. 

To assess the effectiveness of treatment methods for 
patients with ejaculatory disorders, obtained data were 
processed using methods of mathematical statistics, 
employing both parametric and non-parametric 
methods of multiple comparison. Student’s t-test 
after positive testing of the sample for normality of 
distribution in it by the Shapiro-Wilk test. When the 
parameters did not conform to the law of normal 
distribution of data, nonparametric statistics methods 
were used with the use of Wilcoxon-Mann-Whitney 
(U) statistical hypotheses. Differences between 
experimental groups were considered statistically 
significant at P < 0.05. The mathematical processing 
of results was conducted using the statistical software 
package «Statisticа for Windows 10.0» and the 
electronic spreadsheet editor «Excel» from Microsoft. 

RESULTS
The study included the treatment of men with neuro-
genic PE. Men with sexual dysfunction typically have 
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impaired sexual motivation: instead of focusing on the 
lovemaking process, patients are oriented towards the 
possibility of PE, leading to tension and anxiety instead 
of positive emotions. Considering this, an important 
component of successful treatment for men was the 
patient’s ability to learn to clearly navigate their sensa-
tions and timely apply functional training techniques 
to prevent triggering the ejaculatory reflex.

Prior to treatment, the mean intravaginal ejaculatory 
latency time (IELT) in subgroup 1 was 1±0.88 minutes. 
All 14 patients in this subgroup started therapy with 
a dose of sertraline 50 mg/day for 45 days, which was 
generally well tolerated. Common side effects observed 
during the first few days of medication intake included 
occasional dizziness, tachycardia, decreased attention, 
and mild nausea in 5 out of 14 patients (35.7%). In 
one case (7.1%), severe side effects were observed, 
including significant deterioration in well-being, 
paresthesia, tremors, and seizures after the second 
dose of the medication, leading to its discontinuation. 
Since we attempted not to draw patients’ attention 
to the possible side effect of erectile dysfunction (ED) 
after taking SRI to prevent its secondary (iatrogenic) 
occurrence, only 3 out of 14 patients (21.4%) reported 
moderate libido decrease and mild ED after treatment.

After 1.5 months, significant subjective improvement 
with an average increase in IELT to 4±0.63 minutes was 
reported in 6 out of 14 (42.8%) men; minor improve-
ment with an average increase in IELT to 1±0.22 minutes 
was reported in 5 out of 14 (35.7%) men; no increase in 
intercourse duration with an IELT of 0.8±0.35 minutes 
was reported in 3 out of 14 (21.4%) men. 

The last two patients agreed to increase the dose of 
sertraline to 100 mg/day for the next month. Only 3 
(21.4%) men who experienced significant improvement 
and 3 (21.4%) who noticed some improvement – a total 
of 42.8% – decided to continue treatment for more than 
1.5 months. It should be noted that men were reluctant 
to agree to long-term treatment with sertraline for more 
than 45 days, as the effect of the treatment developed 
too late, mostly after 3-4 weeks of taking the medica-
tion. According to some, this was “in vain.”

Most patients also had a negative attitude towards 
being constantly dependent on the medication – the 
relapse rate of PE from the first days of discontinuation 
up to six months was 10/14 (71.4%). The observed ef-
fectiveness of sertraline over several years of clinical use 
for PE turned out to be quite low compared to previous 
studies [4, 12, 17].

Before the treatment initiation, the average duration 
of sexual intercourse in subgroup 2 was 1±0.06 minutes. 
All 12 patients in subgroup 2 commenced therapy 
with a dose of paroxetine 20 mg/day in the afternoon, 

preferably after work, for 45 days, which was well toler-
ated. Among the side effects observed during the first 
few days of medication intake, drowsiness, decreased 
concentration, dry mouth, and nausea for 1-3 days were 
most commonly reported in 4/12 (33%) respondents, 
which typically subsided quickly. Moderate decrease 
in libido and mild erectile dysfunction were noted in 
3/12 (25%) of the men.

After 1.5 months, significant subjective improvement 
with an average increase in IELT to 2±0.14 minutes was 
reported in 7/12 (57.1%) of the men; slight improvement 
with an IELT of 1±0.12 minutes was reported in 3/12 
(28.6%); and no increase in sexual intercourse duration 
with an IELT of 0.8±0.03 minutes was reported by 2/12 
(14.3%). The last two patients agreed to increase the 
dose of paroxetine to 40 mg/day for the next month. 
Only 4 (35.7%) men who experienced significant 
improvement and 2 (14.3%) who noted moderate 
improvement – a total of 50.0% – decided to continue 
treatment with paroxetine for more than 1.5 months, 
explaining their reluctance to commit to systematic 
tablet intake.

Respondents noted different increases in IELT ranging 
from 1 week to 1 month of paroxetine use. Episodic use 
of paroxetine did not lead to a significant extension of 
coitus duration. The relapse of PE from the first days 
of discontinuation up to six months was observed in 
9/12 (75%) cases. Overall, patients were fairly satisfied 
with paroxetine considering its average effectiveness, 
moderate cost, and minor side effects compared to 
other SSRIs.

Before treatment initiation, the average duration of 
sexual intercourse in subgroup 3 was 1±0.32 minutes. 
All 12 patients in subgroup 3 started therapy with a dose 
of citalopram 10 mg/day in the afternoon, preferably 
after work, for 4 days, followed by a transition to 20 mg 
for 45 days. It is worth noting that six out of twenty-two 
patients had previously unsuccessfully used sertraline 
for several weeks, and another four had tried paroxetine, 
seeking a more effective medication at a lower cost. 
Among the side effects observed from the first days 
of medication intake to two weeks, drowsiness, rapid 
fatigue, decreased concentration, dry mouth, nausea, 
anorexia were most commonly reported, significantly 
affecting 7/12 (58.3%) of the men, prompting two of 
them to discontinue treatment. One positive aspect 
of the medication was the rapid increase in IELT 
within 5-14 days of intake. Therefore, after appropriate 
consultations and warnings, we prescribed citalopram 
to physically healthy men who wanted to achieve the 
effect as quickly as possible, despite the medication’s 
side effects. After 1.5 months, significant subjective 
improvement with an average increase in IELT to 
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3±0.27 minutes was reported in 7/10 (70%) of the 
men; noticeable improvement with an IELT of 2±0.03 
minutes was reported in 2/10 (20%). 1/10 (20%) agreed 
to continue taking citalopram after 1.5 months. Several 
patients noted a good effect (increase in IELT) from 
taking citalopram «on demand» – 2-4 hours before 
anticipated sexual activity. The relapse of PE from the 
first days of discontinuation up to six months was 
observed in 8/10 (80%) cases.

Before treatment initiation, the average duration of 
sexual intercourse in subgroup 4 was 1±0.4 minutes. 
All 12 patients in subgroup 4 started therapy with a 
dose of venlafaxine 37.5 mg in the evening for 2-4 days, 
followed by a transition to 37.5 mg twice daily to prevent 
nausea, which was observed with varying degrees of 
severity in 8/12 (66.7%) of the patients for the first 5 
days of intake, but then completely resolved in 11/12 
men. One patient refused further use of the medication. 
In most patients, mild general weakness and fatigue 
were observed for several days after starting treatment, 
which was difficult to objectify due to significant 
subjective sensations. Moderate decrease in libido and 
mild erectile dysfunction were noted in 4/12 (33%) of 
the men. A positive aspect was the rapid extension of 
IELT within 5-7 days of venlafaxine intake, while the 
negative aspect was that the medication was the most 
expensive in the segment of SSRIs medications. By 1.5 
months of intake, significant subjective improvement 
with an average increase in IELT to 3±0.45 minutes 
was reported in 9/11 (81.8%) of the men; two others, 
unsatisfied with the duration of IELT, switched to a dose 
of 75 mg twice daily and reported an IELT of 5±0.12 
minutes within 2 weeks. Thus, the overall effectiveness 
of venlafaxine use in patients was practically 100% and 
depended only on the received dose. However, the 

relapse of PE after discontinuation of the medication 
was observed in 9/12 (75%) cases. Some patients noted 
a good effect (increase in IELT) from taking venlafaxine 
«on demand» – a few hours before anticipated sexual 
activity, but these data cannot be reliably objectified. 
5/12 (41.7%) agreed to continue taking venlafaxine 
after 1.5 months.

The absolute majority of patients ultimately found 
it psychologically challenging to accept medication 
treatment, which only helps during systematic use and 
does not provide a lasting effect after discontinuation. 
Interestingly, there was a notable increase in the overall 
score of the International Index of Erectile Function 
(IIEF-5) by 2.7; 3.8; 4.6; and 5.2 after treatment with 
sertraline, paroxetine, citalopram, and venlafaxine, 
respectively. Overall, the obtained results indicate the 
effectiveness of treating PE with SSRIs (Fig. 1).

This once again demonstrates the close interrelation 
of all components of sexual function, wherein 
improvement in the ability to control ejaculation also 
leads to an improvement in the scores of the domains 
of the IIEF, reflecting overall enhancement of sexual 
function. 

Additionally, after treatment of PE with SSRIs, patients’ 
anxiety levels, as assessed by the Hamilton Anxiety 
Scale, significantly decreased. This further confirms the 
close relationship between PE, psychogenic symptoms 
on a clinical level, and the state of serotoninergic trans-
mission at physiological levels. The most pronounced 
trend towards reduced anxiety was observed after the 
use of citalopram and venlafaxine.

After treatment with all SSRIs, men showed a reduc-
tion in both reactive and personal anxious symptoms, 
assessed using the Spielberger-Hanin Scale. However, 
it is difficult to carry out a comparative analysis of the 

Fig. 1 
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Fig. 1. Comparison of the effectiveness of venlafaxine, citalopram, paroxetine, and sertraline in the treatment of men with neurogenic PE.
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Table 1. The effectiveness of treatment for men with PE depending on the type of SSRIs
subgroup 1 (n=14)
sertraline 50 mg/d

subgroup 2 (n=12)
paroxetine 20 mg/d

treatment before after before after

Average duration of intercourse (intravaginal 
ejaculatory latency time (IELT)), min 1±0.88

4±0.63*  
(42.8% - significant 

improvement)

1±0.22  
(35.7% - slight 
improvement)

0.8±0.35  
(21.4% - no improvement)

4±0.25*
(another 14.2% after 

increasing the dose to  
100 mg/d)

1±0.06

2±0.14*  
(57.1% - significant 

improvement)

1±0.12
(28.6% - slight 
improvement)

0.8±0.03  
(14.3% - no improvement)

2  
(another 14.3% after 

increasing the dose to  
40 mg/d)

Mild side effects, % 35.7 33

Pronounced side effects, % 7.1 -

Decreased libido and mild ED, % 21.4 25

General improvement of sexual performance 
according to the IIEF-5 scale in all domains, 

number of points
2.7* 3.8*

Depressive symptomatology according to the 
Hamilton scale, points 6 5 8 5*

Anxiety symptomatology according to the 
Spielberger-Hanin scale, reactive/personal, 

points
28/34 20/9* 28/31 18/12*

Patients who wanted to continue treatment for 
more than 1.5 months, % 45.6 46.2

Recurrence of PE after withdrawal of the drug, % 71.4 75.0

subgroup 3 (n=12)
citalopram 20 mg/d

subgroup 4 (n=12)
venlafaxine 75 mg/d

treatment - before after before after

Average duration of intercourse (intravaginal 
ejaculatory latency time (IELT)), min 1±0.32

3±0.27*  
(70% - significant 

improvement)

2±0.03
(20% - slight improvement)

  (20% - refused treatment 
due to side effects)

1±0.4

3±0.45*  
(81.8% - significant 

improvement)

5±0.12*
(another 18.1% after increasing 

the dose to 150 mg/d)

total efficiency 100%

Mild side effects, % 58.3 26.7

Pronounced side effects, % - 4

Decreased libido and mild ED, % 15.4 33

General improvement of sexual performance 
according to the IIEF-5 scale in all domains, 

number of points
4.6* 5.2*

Depressive symptomatology according to the 
Hamilton scale, points 7 4* 6 5

Anxiety symptomatology according to the 
Spielberger-Hanin scale, reactive/personal, 

points
32/33 14/8* 34/31 15/9*

Patients who wanted to continue treatment for 
more than 1.5 months, % 10 41.7

Recurrence of PE after withdrawal of the drug, % 80 76

* the difference with the indicator before treatment is significant, P<0.05.
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prescribed antidepressants for treating premature 
ejaculation include Prozac, Zoloft, Celexa, Effexor, and 
Lexapro. Some clinical studies from previous years 
have indicated significant effectiveness of paroxetine 
[2, 3]. Clomipramine may be helpful in severe cases of 
premature ejaculation associated with serious nervous 
system disorders. It has also been reported to improve 
the quality of erections in some patients [2]. Clinicians 
also often recommend the use of condoms with local 
anesthetics or non-aerosol topical anesthetic sprays for 
patients with PE [19].

It is known about the success of intramuscular 
injections of magnesium sulfate solution, as it is 
believed that PE is associated with magnesium 
deficiency [18, 19]. Authors from South Korea [20, 21] 
applied the method of functional visualization LORETA 
(low-resolution electromagnetic tomography of the 
brain) to 14 patients and found that the SSRIs sertraline 
contributes to increased electrical activity mainly 
in the frontal, limbic, and temporal lobes of the left 
hemisphere of the brain, which may be associated with 
the therapeutic effect of SSRIs in premature ejaculation. 
Scientists from Italy reported that 77.8% of patients with 
lifelong PE decided to continue daily use of paroxetine 
after 3 months of successful application, while 30.8% 
discontinued due to unsatisfactory effectiveness [4, 18].

A multicenter study involving 491 heterosexual 
couples over 6 months in 5 countries utilized the 
stopwatch method to measure IELT [5]. It was found 
that IELT ranged from 30 seconds to 44 minutes, with 
an average of 5.4 minutes. Additionally, depending on 
the country, it ranged from 3.7 minutes in Turkey to 7.6 
minutes in the United Kingdom. In over 14% of men, the 
average IELT was less than 200 seconds, while in 26% it 
was longer than 600 seconds. The 0.5 and 2.5 percentiles 
were calculated to be 0.9 and 1.3 minutes, respectively.

The Premature Ejaculation Perceptions and Attitudes 
(PEPA) study revealed that PE occurs even more fre-
quently in men worldwide than ED, comprising 20-30% 
of populations and practically remaining unchanged 
with age [6]. PE not only affects men’s sexual health but 
also negatively impacts the psychosocial health of their 
partners. In our previous studies it was shown that in the 
psychological domain, the most pronounced changes 
in men injured as a result of hostilities are recorded in 
such components as mental health, vital activity and 
social functioning [22].

The treatment of PE “on-demand” by using new 
short-acting representatives of SSRIs, such as dapox-
etine, is considered promising. Dapoxetine affects the 
lateral paraganglionic cell nucleus in the brainstem, 
with a decrease in blood serum concentration to 5% of 
the peak level within 24 hours after intake [16, 23, 24]. 

effectiveness of different medications because the 
subgroups included men with very different self-assess-
ments of anxiety. Some patients denied it, while others 
noted pronounced anxiety, most likely associated with 
sexual disorders.

Only treatment with paroxetine and citalopram led to 
a probable reduction in depressive symptoms in men 
with PE. However, this was more dependent on the even 
distribution of patient groups, many of whom, despite 
having PE, denied any depression. Men with PE always 
hope for «complete cure» which is rarely possible at the 
current stage of development in sexology, psychiatry, and 
pharmacology, unfortunately. This underscores the neces-
sity to search for new, more effective treatment methods.

The effectiveness of PE treatment by SSRIs in patients of 
all age groups, expressed in terms of increased duration 
of sexual intercourse (IELT), presence and severity of side 
effects, as well as recurrence of PE, is given in Table 1.

Thus, the results of the study indicate a significant 
prevalence of neurogenic (psychogenic) PE among men 
affected by combat actions. The study demonstrates 
that the neurotransmitter serotonin plays a key role in 
the modulation of ejaculation, as the use of its reuptake 
inhibitors contributes to an increase in IELT. Among 
the SSRIs, venlafaxine proved to be the most effective 
during its use. Specifically, significant improvement 
was observed in 81.8% of patients. Its intake was not 
associated with significant side effects. However, after 
the treatment ended, most patients experienced a 
recurrence of PE. 

Citalopram proved to be sufficiently effective. A sig-
nificant improvement was observed in 70% of patienrs. 
However, its use was accompanied by pronounced side 
effects (58.3%). Paroxetine and sertraline were found 
to be relatively balanced medications with moderate 
effectiveness but relatively few side effects. 

The most effective general improvement of sexual 
performance according to the IIEF-5 scale in all domains 
was observed in patients taking citalopram and venla-
faxine (number of points – 4.6 and 5.2 respectivelly). A 
decrease in anxiety according to the Spielberger-Hanin 
scale was the most expressed in patients taking citalo-
pram and venlafaxine.

The absence of a «gold standard» among SSRIs for 
the treatment of PE in the Ukrainian market highlights 
the need to search for new, more effective medications 
with flexible application options.

DISCUSSION
The use of antidepressants – selective serotonin 
reuptake inhibitors leads to an increase in the time to 
ejaculation [17, 18]. In the USA, the most commonly 
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CONCLUSIONS
	 1.	� Among the selective serotonin reuptake 

inhibitors (SSRIs), venlafaxine was found to be 
the most effective. Its use was not associated 
with significant side effects. However, after the 
treatment ended, most patients experienced a 
recurrence of premature ejaculation.

	 2.	� Citalopram proved to be sufficiently effective, 
but its use was accompanied by pronounced side 
effects.

	 3.	� Paroxetine and sertraline were relatively balanced 
medications with moderate effectiveness and 
relatively few side effects.

	 4.	� The absence of a «gold standard» among SSRIs 
for the treatment of premature ejaculation in the 
Ukrainian market highlights the need to search 
for new, more effective medications with flexible 
application options.

Currently, dapoxetine is the only clinically approved 
drug in the world for the treatment of PE, as indicated 
in the instructions for use. The drug has been tested on 
6000 men in 5 randomized, placebo-controlled phase III 
clinical trials, as well as in a 9-month open-label safety 
study [16, 24, 25]. The drug was found to be effective for 
all three components of PE: time to ejaculation, ejacu-
latory control, and reduction of negative interpersonal 
relationships. After 12 weeks of dapoxetine use, the 
average IELT in men tripled compared to the baseline 
level and continued to increase up to 24 weeks [25-28].

Due to the polyetiological nature of PE, involving 
not only the anatomical and physiological aspects 
of pathogenesis but also socio-psychological factors, 
and considering the paired nature of sexual function, 
certain difficulties arise in finding effective comprehen-
sive treatment methods for PE at the current stage of 
medical development.
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INTRODUCTION
The prevalence of both vitamin D and knee osteoar-
thritis is rapidly increasing among older adults, and the 
two conditions often coexist, but whether traditional 
relationships exist between them is a matter of debate. 
Osteoarthritis of knee is the degenerative disorder that 
targeted chiefly geriatric public, knee is the most often 
affected joint by this substantively disabling illness [1]. 
It affects all architectural components of joints predom-
inantly cartilaginous parts [2]. Beside to the degenera-
tive part of osteoarthritis, there is an exist evidence of 
appreciable inflammatory background in this popular 
handicapping disorder [3]. Osteoarthritis of the knee is 
an extremely common disease that has an increasing 
prevalence worldwide, is slightly higher in women and 
has a negative impact on lifestyle, leading to significant 
financial hardship. [4]. Vitamin D inadequacy is dominant 
globally, remarkably in Asian countries, rendering this 
metabolic disturbance had notable health burden in 

those nations [5]. Both osteoarthritis and vitamin D in-
sufficiencies are common health troubles in elder public 
[6]. It is obvious that vitamin D is crucial for maintenance 
of elemental bone minerals that make up bone. Vitamin 
D can diminish the turnover of both bone and cartilage 
degradation and decelerate the progression of knee 
osteoarthritic pathogenesis, for that justification scarce 
vitamin D reserve negatively impacting the wellbeing 
of both cartilage and bone metabolic environment  and 
therefore most pathogenetic facets of osteoarthritis [7]. 
Vitamin D also attenuates the inflammatory elements 
of knee osteoarthritis [8]. Low vitamin D levels correlate 
with a reduction in all clinical and pathogenetic aspects 
of osteoarthritis, including structural deterioration and 
functional disability [9]. Research findings on the asso-
ciation between vitamin D deficiency and knee osteo-
arthritis are controversial regarding its connections to 
pathogenesis, but plenty of reviews exhibit its causation 
and link with various aspects of this disease [10]. 

Vitamin D status as a laboratory marker of whole spectrum of 
severity of osteoarthritis of knee
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ABSTRACT
Aim: The aim of our research is to examine any relationship between vitamin D status and knee osteoarthritis. 
Materials and Methods: A specimen of 160 individuals presented to medical services in outpatient doctor’s office were recruited into evaluations 80 participants 
with established diagnosis of osteoarthritis of knee chosen as cases and 80 participants without clinical and radiological evidence of knee joint osteoarthritis 
chosen as controls, both were assessed by meticulous clinical and rheumatologic examination, radiological assessment, and vitamin D quantification. Diagnosis 
of cases was verified in accordance with American college of rheumatology criteria, for whom both pain and radiological severity were measured. 
Results: mean age is 69.2570, 96 females, 64 males. F: M ratio is 1.5:1, 85 had subnormal vitamin D while 75 had normal vitamin D level. Majority who were 
vitamin D insufficient belong to cases 83.5%. Majority of those who have adequate vitamin D level related to control group with significant association P-value 
0.0001. Most of cases who were vitamin D insufficient 60 out of 71 have grade 3 and 4 kellegren-Lawrence score of radiological severity with significant asso-
ciation where p-value 0.001, 14 out of 71 and 50 out of 71 case who have vitamin D inadequacy suffering from moderate and severe pain by visual analogue 
scale subsequently with significant association P value 0.001. 
Conclusions: vitamin D status had substantial relation with various aspects of severity and perhaps worsening of knee osteoarthritis, emphasizing necessity 
of promoting the vitamin D quantification in those patients.
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AIM
The aim of our research is to examine any relationship be-
tween vitamin D status and knee osteoarthritis across the 
spectrum of severity and clinical features. We hypothe-
size that vitamin D status is relevant to knee osteoarthritis 
and influences various aspects of this common disabling 
disease, so that easily applicable appropriate testing and 
therefore supplementation may help alleviate and slow 
the progression of this crippling disease.

MATERIALS AND METHODS 

TYPE OF STUDY
A case-control study, which was extended from the 
beginning of the first week of December 2020 to the 
end of the last week of May 2021. 

STUDY POPULATION
The candidates account a list of patients seeking outpa-
tient care at a physician’s office in Al-Hussein teaching 
hospital in Al-Nasiriya city. The total number of partic-
ipants recruited for analysis were 160, with 80 cases 
was chosen as osteoarthritis of knee, and 80 candidates 
who were lacking pain elected as control, they were 
assured have no clinical and radiological evidence of 
osteoarthritis of knee. 

EXCLUSION CRITERIA
•	� Anyone with neurological weakness of lower 

limbs.
•	� Anyone with incapacitating incurable illness com-

prising hematological and solid cancers.
•	 Anyone notable to have metabolic bone disease.
•	 Anyone consuming vitamin D supplements.
•	� Anyone consuming painkiller in the antecedent 

week.
•	� Anyone diagnosed with degenerative (of additional 

joints other than knee) and autoimmune illnesses 
involving rheumatoid arthritis.

The sample size was reasonable, limited by the avail-
ability of patients and the time frame of the study. Re-
garding the selection of control samples, a systematic 
random sampling action plan was carried out to select 
control samples. 

ETHICAL CONCERN
An ethical affirmation was obtained from Al-Hussein 
teaching administrative authorities, an informed con-
sent was obtained from all participators.

STUDY TOOLS
The questionnaire. To collect the data, a special ques-
tionnaire model was developed, which was tested and 
evaluated by three experienced persons (a community 
medicine specialist and a physician) to check the valid-
ity of the questionnaire. The questionnaire consist of 
two subdivisions: 

First subdivision:   all-data pertinent to identity (age, 
gender, job, residency, education, and marital state). 

Second subdivision: all-data involving the inquiry 
related to manifestations of knee joint linked to osteo-
arthritis applicable to criteria of American college of 
rheumatology, duration of manifestations, preexistent 
comorbidities, drugs, and severity of pain. 

DIAGNOSTIC PROCEDURES 
In both the case and control groups, the condition of the 
musculoskeletal system of the knee joint was assessed. 
Weight and height were measured for all participators and 
body mass index (BMI) were calculated for all candidates 
in study category. In both the cases and control were sub 
classified into a group with a body mass index above 
normal when it was above 25, and a group with an index 
within normal limits when it was below 25 [23]. X-ray of 
knee joint was undertaken for both cases and control in 
two viewpoint both anteroposterior and lateral and inter-
preted by radiologist make blind to clinical background of 
patients and kellegren score was measured from x -rays 
that exhibits characters of osteoarthritis [24]. Severity of 
pain for cases were verified by visual analogue scale and 
the intensity of pain was classified as mild (5-44 mm), 
moderate (45-74 mm) and, severe (75-100 mm) [11]. All 
cases match criteria of American college of rheumatologist 
and the number of criteria was ascertained [12]. Those 
participators who lacks pain (0-4 mm on visual analog 
scale), had normal findings on clinical checking and devoid 
radiological signs of osteoarthritis were elected as control. 
Vitamin D was quantified for all candidates and the study 
grouping were classified into normal when measure above 
50 nanomole per liter, and subnormal when the measure 
underneath 50 nanomole per liter [13]. 

STATISTICAL ANALYSIS
Statistical package of social sciences (SPSS) version 
25 was utilized for data assay, descriptive statistics, 
frequencies, percentages, associations, tests of sig-
nificance (Chi-square, Fischer-exact test, T-test, and 
ANOVA test) was utilized for clarification for categorical 
variables, means and standard deviation were utilized 
to submit statistics of continuous variables. A p-value 
underneath 0.05 was stated as statistically significant. 
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RESULTS 
A total of 160 contributors included within the analy-
sis, distributed equally into two group: osteoarthritis 
of knee appointed as cases and those contributors 
who devoid radiological and clinical signs of knee 

osteoarthritis appointed as control. The mean age 
of total sample was 69.2570, 96 female 64 male 
(with F: M ratio 1.5:1) those contributors who were 
insufficient in vitamin D (85) were older mean age = 
70.8353 than those who were sufficient in vitamin 

Fig. 1. Cases versus controls 
matched for gender and 
vitamin D status: Chi square 
for cases = 14.735, P val-
ue=0.005, OR=0.089; Chi 
square for control =1.228, 
P value=0.268, OR=1.258.

Table 1. Distribution of vitamin D among studied population
Cases Control Total Chi-square P value Odds ratio

Vitamin D

Subnormal 
71 14 85

81.544 0.0001 37.190
83.5% 16.5% 100.%

Normal 
9 66 75

12.0% 88.0% 100.%

Total  No.
80 80 160

50.0% 50.0% 100.%

Table 2. Distribution of knee osteoarthritis severity in relation to vitamin D status
Vitamin D

Total Chi-square P value
Subnormal Normal

Kelly-green score 

0.00
14 66 80

92.880 0.0001

17.5% 82.5% 100.0%

1.00
6 7 13

46.2% 53.8% 100.0%

2.00
5 0 5

100.0% 0.0% 100.0%

3.00
25 1 26

96.2% 3.8% 100.0%

4.00
35 1 36

97.2% 2.8% 100.0%

Total
Count 85 75 160

% 53.1% 46.9% 100.0%
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D (75) mean age = 67.5067. Regarding the gender 
distribution among cases and controls as indicated 
by vitamin D levels, there is a significant association 
at P value=0.005 (Fig.1). 

Most of the cases (83.5%) had subnormal vitamin D 
level (71 cases) while only 9 (12%) patients had vitamin 
D level within normal range while most of the control 
group (88%) had normal vitamin D level (66 cases) while 
only 14 (16.5%) had subnormal vitamin D level; out of 
the total sample 85 participants had subnormal vitamin 
D level (53.1%) while 75 participants had normal vita-
min level (46.9%) with significant association between 
vitamin D status and knee osteoarthritis where P value 
= 0.0001 (Table 1).

Of the 80 control subjects, 66 had normal vitamin 
D while 14 have subnormal vitamin D level. Of the 80 
knee osteoarthritis cases, 13 belong to severity score 
one, 6 have subnormal vitamin D while 7 have normal 
level, five participants belong to category two all of 
them have subnormal level, 26 belong to category 3 
of whom just one have normal level meanwhile 36 
belong to score four of whom just one have normal 
level while 35 participants have subnormal level. There 
is significant association between vitamin D measure 

and radiological grade of severity of OA of knee, where 
P value=0.0001 (Table 2).

There is significant relationship between the ra-
diological severity of knee osteoarthritis and vitamin 
D measure as the following clarification: out of 80 
cases who suffer from osteoarthritis of knee, there is 
13 cases belong to score one, of whom 7 had normal 
level while 6 had subnormal level. All 5 participants 
who belong to grade two of severity had subnormal 
vitamin D level, 25 out of 26 participants who belong 
to grade three have subnormal level while 35 out of 36 
who belong to grade four have subnormal level with 
significant association between vitamin D measure 
and severity of osteoarthritis of knee (p value=0.001) 
as displayed in Table 3.

Majority of cases who have had inadequate vitamin 
D suffer moderate and severe pain, in contrast to cases 
who have adequate vitamin D where they suffer mild 
pain with significant association between severity of 
pain as stated by pain analogue scale and osteoarthritis 
where P value-0.001as the following clarifications: 15 
participants belong to mild category of pain severity of 
whom 8 had normal vitamin measure while 7 had sub-
normal level,15 belong to moderate severity category, 

Table 3. Distribution of knee osteoarthritis severity according to vitamin D status amongst cases only
Vitamin D

Total Chi-square P value
Subnormal Normal

Kelly-green score

1.00 
6 7 13

28.274 0.001

46.2% 53.8% 100.0%

2.00
5 0 5

100.0% 0.0% 100.0%

3.00
25 1 26

96.2% 3.8% 100.0%

4.00
35 1 36

97.2% 2.8% 100.0%

Total
Count 71 9 80

% 88.8% 11.3% 100.0%

Table 4. Distribution of pain intensity on a visual analogue scale according to the level of vitamin D in patients
Vitamin D

Total Chi-square P value
Subnormal Normal

Severity 

Mild
7 8 15

38.260 0.001

46.7% 53.3% 100.0%

Moderate
14 1 15

93.3% 6.7% 100.0%

Severe 
50 0 50

100.0% 0.0% 100.0%

Total
88.8%

71 9 80

11.3% 100.0%
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grade of severity. Further crucial determination is that 
substantial number of patients who were vitamin D 
insufficient have more severe pain as the principal 
manifestation of knee osteoarthritis. A cohort study 
designated as cross-sectional study conducted in Unit-
ed Kingdom found a significant association amongst 
knee osteoarthritis and knee pain [16]. This findings 
might have a therapeutic significance concerning 
the implementation of vitamin D supplementation 
on amelioration of cardinal symptoms of knee osteo-
arthritis principally pain and functional disability as 
studied by diverse analyses [17]. Cases with confirmed 
osteoarthritis of knee who are vitamin D insufficient 
were older(mean age 70.6056) and this is closely in 
compatibility what was detected by JA Jansen and FS 
Haddad [18] who displayed that vitamin D deficiency 
have had high prevalence in geriatric population with 
knee osteoarthritis. Those candidates who have had 
deprivation in vitamin D state in our assay were older 
than those who had adequate  vitamin reserve em-
phasizing the exceedingly valuable information that 
vitamin D deficiency is more dominating in geriatric 
public with statistical significance (P value=0.017) and 
our determination in accordance with Niamh Aspell et 
al. [19]. Chinghai Ding et al [20] realize that shortage 
of vitamin D might be a anticipator of degenerative 
architectural alterations in knee joint in senile adults. 
Noteworthy higher number of widespread morbidities 
having dominance in cases influenced with vitamin D 
deficiency, particularly hypertension, diabetes, cardiac 
disease, hyperlipidemia, and obesity were strongly 
interconnected with vitamin D deficiency (P values 
0.008, 0.002, 0.011, 0.034, 0.016) respectively. A variety 
of analyzed reviews illuminate powerful interrelation 
of vitamin D deficiency with a heterogeneous co-mor-
bid disorders [21,22]. Our analysis had particular 
limitations, initially greater size is required to explore 
more potent association of vitamin D status causally 
with a heterogeneous facets of clinic pathological 

of whom just one had normal level. all 50 participants 
who belong to severe category have inadequate level 
with significant association between vitamin D level 
and pain severity (Table 4).

Cases with osteoarthritis of knee with insufficient vi-
tamin D had long-lasting duration of symptoms relative 
to cases with sufficient vitamin D status with significant 
association where p value=0.000. The 85 participants in 
the total sample who had subnormal levels were older 
(mean age 70.8353) with a significant association where 
p value = 0.012 between age and vitamin D level. Most 
of those cases 71 out of 80 had subnormal levels were 
older with a mean age = 70.6056 while only 9 with nor-
mal levels had a mean age of 63.5556 with a significant 
association where p value = 0.017 (Table 5).

There is remarkable association in relation to num-
ber of morbidities and vitamin D state amongst cases 
where P value=0. 011. There is remarkable association 
amongst hypertension, diabetes, cardiac diseases, 
hyperlipidemia, obesity and vitamin D state where P 
values=0.008, 0.002, 0.011, 0.034, 0.016 sequentially, 
as displayed in Table 6. 

DISCUSSION 
In our study, we approach to crucial findings: the ma-
jority of cases (83.5%) asserted to be osteoarthritis of 
knee was found to have vitamin D depletion, in con-
trast to control participants who lacks osteoarthritis 
of knee 16.5% had subnormal vitamin D, and diverse 
studies explore increasing prevalence of vitamin D 
inadequacy among patients who have had osteoar-
thritis of knee [14]. Most of cases in our sample who 
were deficient in vitamin D have had high-ranking ra-
diological severity as stated by kellegren score 60 out 
of 71 with significant association where P value 0.001. 
Our detection is concordant with Hasan Anari et al. 
[15], who found that patients with knee osteoarthritis 
who have scarce vitamin D having higher radiological 

Table 5. Cases with insufficient vitamin D levels
N Mean Std. Deviation ANOVA Sig.

Age (all)

Subnormal 85 70.8353 7.58891 6.505 0.012

Normal 75 67.5067 8.91760

Total 160 69.2750 8.37933

Duration of OA in 
months

Subnormal 71 19.3803 7.69483 16.447 0.000

Normal 9 8.8889 1.76383

Total 80 18.2000 7.99430

Age (cases)

Subnormal 71 70.6056 7.44212 5.986 0.017

Normal 9 63.5556 12.72901

Total 80 69.8125 8.39695
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CONCLUSIONS
Vitamin D status had substantial relation with various 
aspects of severity and perhaps progression in osteo-
arthritis of knee. The insufficiency of vitamin D in cases 
of osteoarthritis of knee is prevalent specifically in co-
morbid elder patients with long duration of illnesses, 
inadequate level of vitamin D. It is substantially linked 
to increasing severity both radiologically and clinically 
as evidenced by increased pain severity.  

range of osteoarthritis of knee, hormonal checking 
including parathyroid hormone was not achieved 
because of restricted capacity and accessibility in 
our hospital to shed light on the influence of vitamin 
D insufficiency on bone and cartilage turnover with 
resultant causal impacts. Further research and studies 
of bigger size are necessary in the future incorporat-
ing the probable beneficial impact of vitamin D on 
alleviating all aspects of knee osteoarthritis [23, 24]. 

Table 6. Differences in vitamin D conditions among cases and control in accordance with some determinants

Determinants 
Cases 

X2, P, odds R
Control 

X2, P, odds R
Subnor. Nor. Total Subnor. Nor. Total

M
orbidity 

.00
1 1 2

18.738,
0.011

0 14 14

69.226
0.001

50.0% 50.0% 100.0% 0.0% 100.0% 100.0%

1.00
2 2 4 0 28 28

50.0% 50.0% 100.0% 0.0% 100.0% 100.0%

2.00
6 3 9 0 17 17

66.7% 33.3% 100.0% 0.0% 100.0% 100.0%

3.00
10 2 12 2 7 9

83.3% 16.7% 100.0% 22.2% 77.8% 100.0%

4.00
19 1 20 10 0 10

95.0% 5.0% 100.0% 100.0% 0.0% 100.0%

5.00
33 0 33 2 0 2

100.0% 0.0% 100.0% 100.0% 0.0% 100.0%

hypertension 

No 
15 6 21

8.557
0.008
0.143

4 45 49
7.563
0.007
0.187

71.4% 28.6% 100.0% 8.2% 91.8% 100.0%

Yes 
56 3 59 10 21 31

94.9% 5.1% 100.0% 32.3% 67.7% 100.0%

D
iabetes m

ellitus

0
14 6 20

9.390
0.002
0.123

0 51 51

29.843
0,001
1.933

70.0% 30.0% 100.0% 0.0% 100.0% 100.0%

1
57 3 60 14 15 29

95.0% 5.0% 100.0% 48.3% 51.7% 100.0%

H
eart disease

0
18 6 24

6.324
0.011
0.170

2 52 54
21.905
0.001
0.045

75.0% 25.0% 100.0% 3.7% 96.3% 100.0%

1
53 3 56 12 14 26

94.6% 5.4% 100.0% 46.2% 53.8% 100.0%

H
yperlipidem

ia 

No 
16 5 21

4.499
0.034
0.233

1 59 60

41.753
0.001
2.813

76.2% 23.8% 100.0% 1.7% 98.3% 100.0%

Yes 
55 4 59 13 7 20

93.2% 6.8% 100.0% 65.0% 35.0% 100.0%
O

besity 

1.00
7 4 11

8.056
0.016
0.137

8 40 48
0.058
0.277
0.867

63.6% 36.4% 100.0% 16.7% 83.3% 100.0%

2
64 5 69 6 26 32

92.8% 7.2% 100.0% 18.8% 81.3% 100.0%

Total 71 9 80 14 66 80

percentage 88.8% 11.3% 100.0% 17.5% 82.5% 100.0%
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INTRODUCTION 
The annexation of Ukrainian territory, armed conflict, 
and war are the most significant negative factors that 
currently affect the emotional state of young people 
and cause serious consequences for their psychophys-
ical well-being, including stress, anxiety, depression, 
post-traumatic stress disorder, and other conditions [1]. 
Young people need conscientious supervision to detect 
symptoms of PTSD promptly and to provide effective 
psychological assistance [2].

Experts [3, 4] note that stress is the most characteris-
tic mental condition that occurs as a result of extreme 
life factors, including those provoked by war. This is a 
nonspecific body reaction that responds to environ-
mental stimuli and prepares the body for active physical 
action—attack or flight. It is also worth noting that 
virtually every change in any person’s life is a stressor, 
as it requires some effort to cope with a new situation.

According to scientists [5], regardless of the origin of 
the stressor (biological or social), it causes nonspecific 
reactions and is determined by individual personality 
traits. These reactions can lead to physiological and 
structural disorders in people (especially young people) 
if the load is excessive or social conditions do not allow 
adequate physical activity. Thus, they believe both 
large and small social and individual difficulties can 
create stressful situations. Such situations can develop 
dynamically and significantly impact an individual’s psy-
chophysical well-being if they participate in or witness 
armed conflict and hostilities [6].

The problem of stress in crises is directly related to 
coping behavior [7]. Coping behavior is a cognitive and 
behavioral effort a person uses to cope with specific in-
ternal or external factors that strain or exceed a person’s 
resources [8]. Hence, it can be argued that such behavior 
includes the attempts of a particular subject to evade, 
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mitigate, get used to, or master the consequences of a 
stressful situation.

Today, the issue of coping behavior is considered in 
various fields of psychology, for example, within the frame-
work of personality psychology and clinical psychology [9]. 
Also, cross-cultural and social psychology representatives 
consider psychological coping when studying the factors 
that precede and help choose specific coping strategies 
and analyze the consequences of stress overcoming at 
the level of individual adaptation [10].

The specificity of current social and political changes 
leads to other problems that young people have not pre-
viously encountered in their lives, and this necessitates the 
need for them to address new challenges of psychological 
coping with stressful situations. Therefore, the social sit-
uation of development not only actualizes the adaptive 
potential of each individual but also sets the task of its 
continuous growth and renewal in uncertain, “difficult,” 
constantly changing situations. According to scientists 
[11, 12], crises can significantly exceed the adaptive ca-
pabilities of any person, resources, and skills they usually 
use. We are talking about some extraordinary, objectively 
stressful situations, which currently include the full-scale 
war against Ukraine unleashed by the Russian Federation.

AIM
The aim is to study the peculiarities of students’ coping 
behavior in stressful situations under martial law.

MATERIALS AND METHODS

PARTICIPANTS
To study the peculiarities of students’ coping behavior 
in stressful situations under martial law, during the 
academic year 2023-2024, we conducted diagnostic 
work among 3rd-year students (n  =  82) aged 20-22 
years, including women (n = 42) and men (n = 40) at 
the National Academy of Internal Affairs (Kyiv, Ukraine).

To achieve the research aim, a set of interrelated 
methods was used: bibliosemantic, diagnostic, method 
of system analysis and generalization, and statistical. 
The bibliosemantic method was used to conduct an 
analytical review of scientific sources on the outlined 
issues. The diagnostic method involved conducting 
research work with students as representatives of mod-
ern youth. For this purpose, valid methods were used: 
“Coping Inventory for Stressful Situations (CISS)” and 
”Strategic Approach to Coping Scale (SACS)” [13, 14].

The “Coping Inventory for Stressful Situations (CISS)” in-
cludes a list of reactions to stressful situations to identify a 
person’s prevailing coping strategies. Subjects were asked 

to rate 48 reactions from 1 to 5 on a scale. When processing 
the results, the scores given by the respondents were sum-
marized, taking into account the key for interpreting the 
research method. It helped to identify the following coping 
strategies: problem-oriented strategy, emotion-oriented 
strategy, avoidance strategy, distraction strategy, and social 
distraction strategy (or search for social support).

The “Strategic Approach to Coping Scale (SACS)” 
revealed nine models of coping behavior in stressful 
situations: assertive actions, social contact, social sup-
port seeking, precautionary actions, impulsive actions, 
avoidance, manipulative (indirect) actions, antisocial 
actions, and aggressive actions. The respondents had to 
evaluate how they usually act in stressful situations and 
answer 54 statement questions by choosing one of the 
proposed options on a five-point scale. After receiving 
the respondents’ answers, the sum of points for each 
line was calculated according to the “key.”

PROCEDURE
The research was conducted in three stages. The first 
stage provided an analytical review of the literature on 
the peculiarities of people’s coping behavior in crises 
and determined diagnostic and methodological tools 
for conducting an empirical study. In the second stage, 
the diagnostic work was carried out with the help of 
the selected tools. Electronic forms with the tasks of 
the methods were created to conduct the experiment, 
which contained brief instructions for completing the 
tasks. The respondents were not provided with keys to 
interpret the results. The third stage involved process-
ing, systematization, generalization of indicators, and 
logical and semantic interpretation of the data. The 
research was organized, and the results were processed 
by the Department of Legal Psychology of the National 
Academy of Internal Affairs (NAIA, Kyiv, Ukraine).

STATISTICAL ANALYSIS
The statistical method was used to process the exper-
imental data obtained. The reliability of the difference 
between the indicators presented in percentages was 
determined using Pearson’s Chi-square (χ2) criterion. The 
significance of the difference was set at p < 0.05. All sta-
tistical analyses were performed using SPSS version 10.0 
software adapted for medical and biological research.

ETHICS
The research was carried out in accordance with the 
requirements of the Regulations on academic integrity at 
the National Academy of Internal Affairs. This document 
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was approved by the Academic Council of the National 
Academy of Internal Affairs (protocol No. 5 of 27.03.2018) 
and put into effect by order of the rector of the Academy 
(Order No. 422 of 30.03.2018). Prior consent to participate 
in the study was obtained from all respondents.

RESULTS
In the course of the research, we obtained relevant 
results and outlined specific trends in the behavior of 

modern youth. In particular, the coping behavior of 
young people in stressful war situations is as follows 
(Table 1).

Evaluation of the results of the “Coping Inventory for 
Stressful Situations (CISS)” showed that emotion-ori-
ented coping (emotion-oriented strategy) prevails 
among most students (women: frequently – 64.3  %, 
sometimes – 26.2 %; men: frequently – 57.5 %, some-
times – 25.0 %). This is quite a natural phenomenon, as 
the stressful situation associated with experiencing acts 

Table 1. Coping strategies of students in stressful wartime situations (n = 82), including women (n = 42), men (n = 40); number of people / %

Coping behavior strategies Frequency of 
occurrence

Students Significance of the 
differenceW

(n=42)
M

(n=40) χ2 p

Problem-oriented

frequently 19 / 45.2 20 / 50.0

0.46 >0.05sometimes 16 / 38.1 14 / 35.0

never 7 / 16.7 6 / 15.0

Emotion-oriented

frequently 27 / 64.3 23 / 57.5

2.77 <0.05sometimes 11 / 26.2 10 / 25.0

never 4 / 9.5 7 / 17.5

Avoidance

frequently 17 / 40.5 13 / 32.5

2.57 <0.05sometimes 18 / 42.9 17 / 42.5

never 7 / 16.6 10 / 25.0

Distraction

frequently 14 / 33.3 14 / 35.0

0.42 >0.05sometimes 18 / 42.9 18 / 45.0

never 10 / 23.8 8 / 20.0

Social distraction
(search for social support)

frequently 23 / 54.8 21 / 52.5

0.54 >0.05sometimes 16 / 38.1 15 / 37.5

never 3 / 7.1 4 / 10.0

Legend: W – women, M – men.

Table 2. Indicators of students’ behavioral patterns in overcoming stress under martial law (n = 82), including women (n = 42), men (n = 40); in %

Coping strategies Behavioral patterns 
(actions)

The level of expression of behavioral patterns  
in students

Significance of the 
difference

Low Average High
χ2 p

W M W M W M

Active Assertive actions 9.5 10.0 52.4 55.0 38.1 35.0 0.21 >0.05

Prosocial

Entering into social 
contact 9.5 12.5 35.7 35.0 54.8 52.5 0.46 >0.05

Search for social 
support 7.2 12.5 35.7 32.5 57.1 55.0 1.61 >0.05

Passive direct
Precautionary actions 4.7 7.5 42.9 42.5 52.4 50.0 0.70 >0.05

Impulsive actions 23.8 22.5 52.4 52.5 23.8 25.0 0.06 >0.05

Passive indirect
Avoidance 57.1 60.0 23.8 22.5 19.1 17.5 0.17 >0.05

Manipulative actions 47.6 52.5 28.6 27.5 23.8 20.0 0.59 >0.05

Antisocial
Antisocial actions 64.3 62.5 21.4 22.5 14.3 15.0 0.07 >0.05

Aggressive actions 66,7 65,0 19,0 20,0 14,3 15,0 0.06 >0.05

Legend: W – women, M – men.
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of armed aggression by Russia and a full-scale war on 
the territory of Ukraine provokes high emotional stress 
in young people. The impact of such potent stressors 
can cause people to immerse themselves in their feel-
ings, experience substantial emotional distress, and 
even cause emotional disorders. It has been found that 
female students’ indicators of emotion-oriented coping 
strategies are more pronounced than those of men, and 
the difference is significant (p < 0.05).

The state of increased stress often forces a person to 
seek restoration of habitual mental activity in the imme-
diate social environment (relatives, friends, colleagues, 
etc.), so it is not surprising that the second place is oc-
cupied by the strategy of searching for social support 
(social distraction) (women: frequently – 54.8 %, some-
times – 38.1 %; men: frequently – 52.5 %, sometimes – 
37.5 %). At the same time, no significant difference was 
found between the indicators of students of different 
gender groups (p > 0.05).

At the same time, coping behavior focused on solving 
various kinds of problems (problem-oriented strategy) is 
more often demonstrated by male students (frequently 
– 50.0 %, sometimes – 35.0 %), compared to female stu-
dents (frequently – 45.2 %, sometimes – 38.1 %). Such 
indicators show, first of all, that a significant number 
of young people strive for rational behavior in stressful 
situations under martial law. However, there was no 
significant difference between the scores for this coping 
strategy in both groups of respondents (p > 0.05). The 
relative prevalence of this strategy among men indi-
cates that they are more resilient in perceiving urgent 
problems provoked by the war compared to women, 
who may show some confusion in perceiving complex 
obstacles and crises. This can also explain the fact that 
the “avoidance” coping strategy is significantly more 
often manifested by female students (p < 0.05), with a 
rate of 40.5 %, compared to male students (frequently 
32.5 %).

As for the strategy of “distraction,” it also takes place 
in the behavior of students in stressful situations, but it 
is used less often than the above (women: frequently – 
33.3 %, sometimes – 42.9 %; men: frequently – 35.0 %, 
sometimes – 45.0 %). There is no significant difference 
in these indicators (p > 0.05).

The use of the “Strategic Approach to Coping Scale 
(SACS)” method allowed us to identify the degree of 
preference of students for a particular pattern of be-
havior in stressful situations under war (Table 2).

Thus, in particular, students showed a high level of ex-
pression of the following behaviors to overcome stressful 
phenomena under martial law: search for social support 
(women – 57.1 %; men – 55.0 %), entering into social 
contact (women – 54.8 %; men – 52.5 %), precautionary 

actions (women – 52.4 %; men – 50.0 %). At the average 
level of severity, the following behaviors received the 
most responses: assertive actions (defending one’s po-
sition: women – 52.4 %; men – 55.0 %), impulsive actions 
(women – 52.4 %; men – 52.5 %), and again precautionary 
actions (women – 42.9 %; men – 42.5 %). The following 
behaviors were observed at a low level of expression: 
aggressive actions (women – 66.7 %; men – 65.0 %), 
antisocial actions (women – 64.3 %; men – 62.5 %), and 
avoidance (women – 57.1 %; men – 60.0 %). As we can 
see, female students’ scores on these behavioral patterns 
are mostly more pronounced. Still, there is no significant 
difference between the levels of behavioral patterns in 
the respondents of both groups (p > 0.05).

Thus, the results confirm the focus of wartime stu-
dents on the external environment, particularly the 
desire to seek support and assistance from the imme-
diate environment that inspires trust (relatives, friends, 
colleagues). They also indicate a high level of personal 
coping resources and skills for actively solving life prob-
lems. Also noteworthy are the significant scores on the 
assertiveness scale, which may indicate students’ inten-
tions to express and defend their point of view and their 
determination in their stated opinions and standpoints. 
A low level of aggressiveness, tendency to antisocial 
actions, and avoidance also demonstrate a favorable 
tendency to control one’s behavior to prevent negative 
consequences and, hence, to overcome stressful situ-
ations. In addition, this may indicate a high degree of 
effectiveness of the respondents’ coping behavior and 
their mature personal standpoint since this is how the 
ability to adapt to various stressful situations provoked 
by war and hostilities is manifested.

DISCUSSION
The war has a significant impact on the psycho-emo-
tional state of people living in the conflict zone and 
exposed to constant stressful situations. The wartime 
period is accompanied by numerous psychological 
problems in ordinary people, which manifest them-
selves in the form of increased anxiety, tension, stress 
disorders, and other negative emotional states [1]. 
These problems can affect people’s quality of life, 
psychological state, and psychophysical well-being 
in general. Studying the possibilities of overcoming 
stressful phenomena provoked by war and hostilities 
is particularly important in this context. This issue is 
exacerbated by the fact that young people who need 
proper and timely psychological support because they 
are at the stage of their personal and life formation 
(development) are affected by the adverse effects of 
war and stress [2].
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According to some authors [10,  13,  20] who have 
studied the effectiveness of various forms of coping, 
the least effective for overcoming stress is avoidance, 
reducing one’s capabilities, self-blame, etc. According 
to the results of our survey of students, such a form of 
coping behavior as avoidance is present in the mech-
anism of protection of young people from stressful 
phenomena. Still, it has a low level of manifestation. 
Instead, more effective forms of student coping be-
havior fundamentally influence the crisis to change it 
(problem-oriented strategy), or at least its constructive 
interpretation. In general, scientists have mixed opin-
ions about the effectiveness of using coping behaviors 
for psychological stress management. Some believe 
certain protective behaviors are maladaptive, as they 
disrupt a person’s adequacy and orientation. At the 
same time, quite a few researchers suggest that the 
imaginary reduction of stress in the case of defensive 
coping allows the individual to focus and mobilize their 
efforts to overcome crises, including those provoked by 
war [7, 8, 14, 16, 21-23]. The criteria for the effectiveness 
of psychological coping are a reduction in neuroticism 
and vulnerability to stress, the duration of positive 
effects, and the mental well-being of young people. 
Psychological defense strategies will be productive in 
cases where the stressful situation is under the control 
of the individual.

CONCLUSIONS
It has been found that coping behavior is a rational 
tool that helps people control stressful situations under 
martial law. The effectiveness of any coping strategy 
depends on the current situation in the life of a young 
person and their existing personal resources. Stress can 
become a trigger and lead to functional and psychoso-
matic diseases in young people.

It has been determined that in stressful situations, 
students’ coping behavior is effective, and the follow-
ing coping strategies are efficacious: emotion-orient-
ed, search for social support, and problem-oriented. 
It has been found that female students’ indicators 
of emotion-oriented coping strategies are more 
pronounced than those of male students, and the 
difference is significant (p < 0.05). Male students of-
ten demonstrate coping behavior focused on solving 
various problems (problem-oriented strategy). It has 
been found that students have a significantly (p > 0.05) 
high level of expression of the following models of 
behavior to overcome stressful phenomena in war 
conditions: search for social support (women – 57.1 %; 
men – 55.0 %), social contact (women – 54.8 %; men 
– 52.5  %), precautionary actions (women – 52.4  %; 

Strong external or internal stimuli (stressors) disrupt 
the balance of the psychophysical well-being of any 
individual. The body tries to adapt to the stimulus by 
arousal. This nonspecific arousal is a stressful state. If 
the stimulus is not eliminated, stress increases, devel-
ops, and causes various specific changes in the body. 
People try to protect themselves and prevent or sup-
press stress. However, the body’s capabilities are not 
unlimited and quickly depleted under the influence of a 
high-stress level, including those caused by war [6, 11]. 
For this purpose, various methods and practices are 
becoming relevant, allowing the activation of defense 
mechanisms that can actively counteract stressful situ-
ations. According to scientists [7], the problem of stress 
in crises is directly related to the coping behavior used 
by a person to cope with specific internal or external 
factors that strain or exceed their resources.

Researchers distinguish between active and passive 
coping behaviors. Active coping behavior is considered 
as specific actions of an individual to eliminate or re-
duce the strength of the stressor’s impact, to break the 
connection between stress and the physical or social 
environment. Passive coping consists of internal ways 
of coping with stress to reduce emotional stress before 
the stressful situation changes [15].

Usually, the structure of the coping process in young 
people is as follows: perception of stress, cognitive 
assessment, development of coping strategies, and 
evaluation of the result of actions [16]. All of these com-
ponents (stages) are aimed at forming the psychological 
protection that a person needs as a result of exposure to 
psycho-traumatic situations. Therefore, such behavior 
can counteract (change) a stressful situation.

Some researchers have concluded that expressing 
emotions is a reasonably effective way to overcome 
a stressful situation [17,  18]. The only exception to 
this is the open manifestation of aggression due to its 
antisocial orientation. The students we interviewed 
undoubtedly pay attention to their emotions, but they 
can somewhat control them. This is manifested in a low 
level of aggressiveness, as well as avoidance of antiso-
cial behavior (e.g., alcohol and drug abuse, vandalism, 
committing offenses, etc.).

At the same time, according to the results of psy-
chosomatic research [19], a constant feeling of anxiety 
and systematic mental tension lead to a violation of a 
person’s psychological well-being. At the same time, 
emotional interpretation of the situation and self-blame 
provoke psychological and psychosomatic changes. 
On the other hand, searching for social support and 
solving current problems significantly reduces the level 
of anxiety, irritability, and depression. The results of our 
research among students confirm this.
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antisocial actions ensure the ability to adapt to any 
stressful situation in wartime.

PROSPECTS FOR FURTHER RESEARCH
It is planned to investigate the peculiarities of coping 
behavior of representatives of older age groups, taking 
into account the stressful situations under martial law.

men – 50.0 %). At the same time, the insufficient de-
velopment of constructive forms of coping behavior 
causes the pathogenic effect of stressful situations 
on students.

A high level of manifestation of personal coping 
resources and skills of active problem-solving has 
been revealed. The productive personal standpoint of 
students and proper self-control from aggressive and 
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INTRODUCTION
Diabetes mellitus still remainsone of the most world-
wide concerning health problems in the current time, 
with high prevalence and spread in developing states, 
it is expected that at the time of 2030, the incidence 
of DM in developing countries tend to increase by 
170%, while developed countries may show only 42% 
increase in DM incidence [1]. Diabetes mellitus is con-
sidered as a chronic hormonal disorder, it develops 
when insulin cannot be secreted sufficiently by β-cells 
in the pancreas, or/and if the cells cannot effectively 
utilize insulin [2]. Calprotectin has been classified as an 
internal activator of the membrane receptors spanning 
and expressing on immune cells like dendritic cells and 
macrophages. Therefore, calprotectin is suggested to 
perform as an endogenous differentiational biomarker 
for phagocytic cells and as an exterior protein complex, 
like that’s called as a damage-associated molecular 
pattern (DAMP) [3]. Increased concentrations of serum 
calprotectin have been observed to be a predicter 
for vascular changes in patients with type 2 diabetic 

(T2DM). There was a positive significant correlation 
has been reported between HbA1c in patients with 
T2DM and calprotectin levels. This finding suggested 
that blood glucose levels or glucose metabolites may 
have effect on calprotectin metabolism of in diabetics 
[3]. Lactoferrin (Lf ) has been known to be found in high 
levels in human and mammalian milk, in addition to be 
present in small quantities in exocrine fluids (i.e., salivary 
secretions, semen, tears, gastrointestinal secretions, 
vaginal secretions) and inside body cells (i.e., white 
blood cells, enterocytes, adipocytes, and neutrophils). 
Lactoferrin is an iron-binding glyco-protein that has 
antibacterial activity; it also enhances immunological 
defense mechanisms against invading microorganisms 
[4]. Thus, it was found that lactoferrin reduces oxidative 
stress, inflammatory response and apoptotic process-
es, which are the main mechanisms involved in the 
development of various cardiac metabolic disorders 
[5, 6]. Zinc is considered as an essential element for 
synthesizing insulin into hexamic structure that is stable 
structurally and functionally. Zinc is also associated to 
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ABSTRACT
Aim: The current study aimed to evaluate the role of serum calprotectin, lactoferrin and serum zinc in patients with type II diabetes mellitus. 
Materials and Methods: Sixty subjects have been investigated in this study, (40) patients with T2DM and 20 apparently healthy participants (control group) 
during the period between October 2021 to January 2022. Zinc was measured using a calorimetric method, while calprotectin and lactoferrin were measured 
by ELISA.  
Results: The findings also revealed that levels of serum calprotectin and lactoferrin have significantly increased in in patients with T2DM as compared to healthy 
subjects. The result also showed that serum zin is decreased in patients groups. The correlation matrix exhibited that there was a strong positive correlation 
between calprotectin and lactoferrin, a significant negative correlation between zinc and calprotectin. 
Conclusions: It was concluded that high serum calprotectin and lactoferrin indicated a strong inflammatory status in T2DM patients. Zinc is likely to be negative 
affected by the high inflammatory response indicated by that high serum calprotectin.
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the synthesizing, storing and secreting insulin. In ad-
dition, zinc has a protective effect on pancreatic tissue 
from oxidative stress as a cofactor for the enzyme of 
superoxide dismutase [7]. In hypozincemic status, the 
synthesis, storage, and action of insulin can be altered. 
It has been observed that decreased levels of zinc in 
T2DM resulted from excretion of zinc through urine 
or may be because of zinc loss from body cells when 
glucose is transported into muscles [8]. 

AIM
The goal of the current study was to evaluate the role 
of serum calprotectin; lactoferrin and serum zinc in 
patients with type II diabetes mellitus.

MATERIALS AND METHODS 
Sixty subjects have been investigated in this study, 40 
patients with T2DM and 20 apparently healthy partici-
pants (control group). The study was conducted at the 
Endocrine Center in Al-Sadr Medical City in Al-Najaf 
province, in Iraq, during the period between September 
2021 and January 2022. Blood sampling (10 ml) had 
been done after 12 hours of fasting. After separation 
of serum, and the concentration of zinc was measured 
by a calorimetric method and spectrophotometry. Cal-
protectin and lactoferrin were measured by ELISA kits. 

Statistical analysis was conducted by SPSS program 
(version 25) which included descriptive statistics (per-
centage and frequency) and inferential statistics (t-test 
and Chi-square test). Pearson Correlation Coefficient (r) 
was utilized to assess correlation between quantitative 
variables.

RESULTS 
The demographic indicators of both patients and con-
trol groups reveal no notable discrepancies in terms of 
age or gender distribution. The age categories (20-24, 
25-29, and 30-34 years) are evenly represented in both 
groups, with a chi-square test indicating a P-value of 
0.97, which is deemed non-significant. Additionally, 
there is no significant difference in gender distribution; 
males make up 57.5% and 40% of the patient and con-
trol groups, respectively, while females represent 42.5% 
and 60%, accompanied by a P-value of 0.20 (Table 1). 
Serum levels of calprotectin and lactoferrin have been 
evaluated in patients and control groups. The results 
exhibited a significant increase P<0.05 in calprotectin 
(µg/dl) in patients compared to healthy group (Table 
2 and Fig.1). The same table revealed that there was 
significant increase P<0.05 in lactoferrin (µg/dl) in 
patients compared to control group (Fig.2). Regarding 
serum zinc, a comparison of serum zinc levels between 
control groups and patients was presented, revealing 

Table 1. Demographic characteristics of patients and control groups

Indicators
Patients No. = 40 Control No. = 20

Chi Square P value (Sig.)
Freq. Percent Freq. Percent

Age/Years

20-24 13 32.5 7 35.0

0.05 0.97(NS)25-29 10 25.0 5 25.0

30-34 17 42.5 8 40.0

Gender
Male 23 57.5 8 40.0

1.64 0.20(NS)

Female 17 42.5 12 60.0

NS: Non-significant at P value >0.05.

Table 2. Differences in calprotectin and lactoferrin between patients and healthy groups

Indicators
Patients No. = 40 Control No. = 20

Independent t-test P value (Sig.)
Mean SD Mean SD

Calprotectin (µg/dl) 70.41 40.69 36.28 7.73 5.12 0.000 (HS)

Lactoferrin (µg/dl) 8.77 4.55 6.41 1.29 2.33 0.02 (S)

SD: Standard Deviation; HS: High Significant at P value <0.01; S: Significant at P value <0.05.

Table 3. Pearson correlation coefficient (r) between calprotectin, lactoferrin and zinc in patients with T2DM
Markers Serum Zinc Calprotectin

Calprotectin - 0.509**

Lactoferrin - 0.101 0.668**

** High Significant at P 0<0.01
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a significant difference (P-value < 0.001). In the patient 
group, the average serum zinc level is 61.95 µg/dl, which 
is considerably lower than the control group’s mean of 
82.4 µg/dl. The error bars demonstrate the variability 
within each group, indicating a more restricted range 
for patients in contrast to the controls (Fig.3, Fig.4). 

The correlation test has been achieved by Pearson 
correlation coefficient (r) after assessing the normality 
of data (table 3). There was a negative high significant 

correlation P<0.01 between serum zinc and calprotectin 
r = -0.509; the findings also pointed out that there is a 
positive significant correlation P<0.01 between serum 
Lactoferrin and calprotectin r=0.668.

DISCUSSION
Calprotectin consists of two proteins subunits bounded 
by calcium atom (S100A8 & S100A9), from which the 

Fig. 1 

 
Fig. 2 

 

Fig. 1. Distribution of calprotectin 
in patients with T2DM.

Fig. 2. Distribution of lactoferrin 
in patients with T2DM.



Evaluation of serum levels of calprotectin, lactoferrin and zinc in patients with type II diabetes mellitus

291

name of calprotectin is derived. Calprotectin is classified 
a strong proinflammatory marker that was observed 
to increase in chronic inflammation like irritable bowel 
syndrome (IBS), atherosclerotic lesions, different types 
of arthritis, and immunological rejection [4]. The pres-
ent study has found that calprotectin in increased in 
diabetic patients, this result is supported by previously 
published studies conducted by Pedersen et al. [9] 
and Zhang et al. [10]; they found that serum calprotec-
tin exhibited a significant increase in type II diabetic 
patients. Calprotectin is reported to be secreted by 
neutrophilic and monocytic cells, which are increased 
during inflammatory responses. Diabetic patients are 
basically considered to be under chronic inflammation 
conditions. Ortega et al. and Mortensen et al., found that 

plasma concentrations of calprotectin were correlated 
with inflammation independently of obesity status in 
T2DM patients [11, 12]. Pedersen et al. [9] observed that 
T2DM patients tended to have increased levels of serum 
calprotectin, which were related to myocardial ischemia. 
Calprotectin was found to be effectively released from 
macrophages in response to their phagocytic activity and 
was found to be correlated with inflammatory response 
more than two decades. It was also found that glucose 
or/and metabolic end of glycation may have effects on 
calprotectin metabolism especially high levels in diabetic 
patients [4]. Regarding Lactoferrin, the findings of the 
present study agreed with Mohamed & Schaalan [5], 
they found that lactoferrin was significantly increased 
in patients with diabetes compared to control group. 

Fig. 3 

 Fig. 4 

 

Fig. 3. Distribution of zinc levels in 
patients with T2DM.

Fig. 4. Differences in zinc between patients and 
control groups.
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Diabetes impacts zinc homeostasis in a variety of ways, 
though the declines in total body zinc are most likely due 
to hyperglycemia rather than any main diabetes-related 
lesion [8]. It was proposed that low Zn levels seen in the 
diabetic community resulted from the reduced gastroin-
testinal absorption and high rate of urinary excretion [15]. 
Previous studies revealed that high blood glucose may 
have impact on the active transport of Zn secretion into 
the renal tubular resulting in more zinc to be excreted in 
urine. In addition, Zn tends to elevate insulin sensitivity 
by enhancing the insulin molecules binding ability to 
their receptors [8]. It was also reported that decreased 
levels of zinc in patients with diabetes are due to loss 
of zinc molecules as they enhance glucose transloca-
tion into muscles [7]. Recently, it was found that mean 
HbA1C concentration in newly diagnosed T2DM patients 
exhibited an inverse association with serum zinc levels 
with Pearson correlation coefficient about r=-0.804 indi-
cation a strong negative correlation between these two 
biomarkers [15]. Another study conducted by Seo and 
his co-workers and found that serum Zn concentration 
in men was inversely correlated with high fasting blood 
glucose and shown to have a positive correlation with 
high TGs, while a negative correlation was seen between 
serum Zn and HDL cholesterol levels [17]. There is a still 
a controversial opinion about which primarily effect on 
the other, diabetes and hyperglycemia on metabolism 
of zinc or the changes in homeostasis of zinc effect on 
glucose metabolism. Saha-Roy and his team suggested 
that low concentrations of zinc can interfere with the 
function of pancreas and plays a significant role in the 
pathogenesis of diabetes mellitus [7].

CONCLUSIONS
The current research reveals substantial changes in 
serum concentrations of calprotectin, lactoferrin, and 
zinc in patients when compared to healthy controls. 
Notably, patients showed significantly increased lev-
els of calprotectin (P<0.05) and lactoferrin (P<0.05), 
indicating their possible use as biomarkers for the 
condition being studied. In contrast, serum zinc lev-
els were markedly lower in patients (mean 61.95 µg/
dl) than in controls (mean 82.4 µg/dl), with a highly 
significant difference (P<0.001). Furthermore, a Pear-
son correlation analysis indicated a strong negative 
correlation (r=-0.509, P<0.01) between serum zinc and 
calprotectin, alongside a positive correlation (r=0.668, 
P<0.01) between serum lactoferrin and calprotectin. 
These results highlight complex interactions among 
these biomarkers, emphasizing their potential diag-
nostic and prognostic significance in the condition 
under examination.

Lactoferrin is a transferrin-family iron-binding glycopro-
tein with a wide range of immunological and biological 
functions, including antibacterial, immunomodulatory, 
and anticancer capabilities. Despite being a member of 
the transferrin family, most of these functions are not 
expected to be linked to its capacity to bind iron [13]. It 
has been reported that high lactoferrin levels 931±387 
ng/mL are found in moderately obese patients with T2DA 
more than those of severely obese, nondiabetic subjects. 
Serum lactoferrin concentrations are greatly associated 
with insulin resistance (IR) despite lipid profile levels. lac-
toferrin was reported to be higher in older T2D patients, 
indicating that unsuccessful therapy may be related to 
lactoferrin high levels, as well as, high levels of baseline 
lactoferrin provide a strong prediction among patients 
with newly diagnosed diabetes for the long-term risk 
of deadly ischemic heart disease [14]. Some previous 
studies had suggested ant-diabetic effects for lactoferrin; 
Mohamed, & Schaalan first suggested that the anti-in-
flammatory, hypolipidemic and hypoglycemic effects of 
IF were controlled through the TLR-4, NF-B, SIRT-1 axis, 
a necessary pathway for signaling that activates anti-in-
flammatory transcription regulatory factors, in addition 
to suppression of TNF- and IL-1, in a obese children cohort 
of T2DM. In a colitis experiment, proinflammatory cyto-
kines have been inhibited by lactoferrin which reveals 
that lactoferrin, secreted at the inflammation site by 
secondary granules of active neutrophils, may permit 
an inhibitory feedback pathway to avoid increased neu-
trophil aggregates and stimulation [5]. Vengen et al. [14] 
reported that an increased lactoferrin levels at baseline 
in newly diagnosed diabetic patients may reflect a more 
active proinflammatory state and, as a result, a higher 
risk of cardiovascular disease. Lactoferrin could also be 
used as a predictive factor for neutrophil count, which is 
linked to inflammation levels. The neutrophil count is a 
well-studied predictor of coronary disorders. Lactoferrin 
is a protein found in neutrophil granules that aid in the 
progression of an inflammatory response. The present 
study has shown that there is a significant decrease (P 
<0.05) in serum zinc level in diabetic patients in compari-
son to healthy group as illustrated in table 3. These results 
come in agreement with Farooq et al. [15], they found 
that patients with T2DM have Zn deficiency compared 
to normal subjects. However, Rusu et al. [16] revealed 
that the plasma levels of zinc in patients with diabetes 
were either normal or higher than that of healthy indi-
viduals; they attributed that to the occurrence of vascular 
complications as a trigger for higher serum zinc level 
in patients with diabetes. Zinc plays a significant task 
in how muscle and adipose cells use glucose. It serves 
as a cofactor which activates enzymes inside the cells 
that took part in glucose, lipid and protein metabolism. 
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INTRODUCTION
Wounds resulting from combat operations with the use 
of modern weapons require the speed of decision-mak-
ing related to the provision of medical care, as they are 
characterized by a specific course of the wound process 
and the addition of secondary purulent complications. 
Purulent-septic processes occur as a result of 75% of 
gunshot and shrapnel wounds. They require long-term 
intensive therapy, multi-stage exhausting treatment 
aimed at combating the consequences of injury, and are 
always accompanied by severe complications [1, 2]. The 
development of the inflammatory process as a trigger of 
an immune response directed simultaneously against the 
infectious agent and triggers several mechanisms of the 
pathological action on cells of human body. It was shown 
a significant influence of opportunistic and pathogenic 
microorganisms as part of associations or monoinfection 
on the morphofunctional state of spermatozoa [3].

The main role in the pathogenesis of the develop-
ment of infectious complications in the early and late 

period of wounds is played by infectious agents, the 
dominance of which can change depending on the 
state of the immune system and the transportation 
of the wounded to different institutions for the pur-
pose of receiving qualified medical care. This creates 
conditions for the uncontrolled transfer and spread 
of polyresistant strains of microorganisms inside and 
outside the hospitals.

Scientists also note a worldwide trend of dominance 
of certain types of microorganisms that contaminate 
combat wounds. According to the order of the Ministry 
of Health of Ukraine No. 403 from February 27, 2023 
“On the approval of the Procedure for conducting en-
hanced epidemiological surveillance of antimicrobial 
resistance of microorganisms that cause purulent-in-
flammatory infections of wounds in the wounded as 
a result of hostilities” [4], it is important to carry out a 
bacteriological examination of samples of biological 
materials patients, isolation and identification of mi-
croorganisms, determination and assessment of the 
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sensitivity of microorganisms to antimicrobial drugs, 
since the problem is characteristic of both the global 
and local levels. In everyday clinical practice, this 
means that infections caused by problematic polyre-
sistant strains of microorganisms do not respond to 
traditional (protocol) treatment schemes. The wide 
distribution of methicillin-resistant staphylococci 
and enterobacteria producing beta-lactamases of 
a wide spectrum of action leads to the need to use 
new, more expensive antibacterial drugs. Irrational 
antibiotic therapy and, as a result, increased resistance 
of microorganisms prolong the duration of stay of 

the wounded in the hospital, lead to serious compli-
cations, and in some cases lead to the formation of 
scars. If purulent-septic complications are caused by 
polyresistant microorganisms, this increases the risk 
of mortality, and is also accompanied by a delay in the 
response to adequate antimicrobial therapy.

AIM
The aim is to study the spectrum of antibiotic resistance 
of causative agents of wound infection in wounded 
men at the stage of specialized medical care.

Fig. 1. Results of the study of the bacterial profile of combat injuries.

Fig. 2. Antibiotic sensitivity of gram-negative bacteria.
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МATERIALS AND METHODS 
Retrospective analysis of the results of culture of wound 
secretions on chromogenic media. The research in-
volved 113 samples of biomaterial from 85 wounded. 
Sensitivity of antibiotics was studied by the Kirby-Bauer 
method.

RESULTS 
The paper presents the results of microbiological 
analysis of the spectrum of pathogens isolated from 
combat wounds. Collection of material for bacterio-
logical examination in the hospital was carried out in 

patients with landmine-explosive injuries, gunshot 
bullet injuries, shrapnel injuries, or injuries complicat-
ed by sepsis and multiple organ failure. It should be 
emphasized that, according to statistics, 90% of the 
material is taken against the background of previous 
antibiotic therapy. This often obscures the true picture 
of the microbiological landscape.

As a result of the conducted microbiological studies, 113 
isolates of microorganisms were isolated. Analysis of the 
microflora made it possible to determine the dominance 
of gram-negative bacteria, they were isolated in 80% of 
cases. The microbial spectrum of gram-negative bacteria 
is represented by Pseudomonas aeruginosa – 31 isolates, 

Fig. 3. Antibiotic sensitivity of Klebsiella pneumoniae (share of resistant strains, %).

Fig. 4. Antibiotic sensitivity of Acinetobacter baumannii.
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Acinetobacter baumannii – 29 isolates, Enterobacter aerogenes 
– 21 isolates, Proteus vulgaris – 13 isolates, Escherichia coli – 7 
isolates, Enterobacter cloacae – 5 isolates, Klebsiella pneumo-
niae – 7 isolates and gram-positive Staphylococcus bacteria 
aureus – 5 isolates, Enterococcus faecalis – 32 isolates. (Fig. 1).

The analysis of the results of our research proved a 
high degree of resistance of the selected gram-negative 
microorganisms to most antibiotics, including carbapen-
ems. Given that gram-negative bacteria are the dominant 
microbiome of combat wounds and in the development 
of infectious complications of gunshot wounds, their 
sensitivity to the most commonly used antibiotics was 

investigated and analyzed (Fig. 2). Thus, among all tested 
isolates of gram-negative non-fermenting bacteria and 
enterobacteria, the highest sensitivity was observed to 
colomycin and polymyxin B – from 60 to 80%. Also, these 
strains were resistant to fosfomycin, clindamycin, and 
rifampicin. Azithromycin, amikacin, tobramycin and gen-
tamicin can be called the drugs of choice in the treatment 
of isolated gram-negative bacteria, since the average 
sensitivity to these drugs was from 20 to 50%.

When analyzing the antibiotic sensitivity of Klebsiella 
pneumoniae, Acinetobacter baumannii, it was found 
that these pathogens retain 80-100% of their actual 

Fig. 5. Antibiotic sensitivity of Enterobacter aerogenes.

Fig. 6. Antibiotic sensitivity of Escherichia coli.
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The analysis of the antibioticogram showed a high 
sensitivity to polymyxins at the level of 65-90% (Fig. 5). 
And 100% resistance to cephalosporins, aztreonam, 
meropenem and piperacillin. The drugs of choice were 
azithromycin at the level of 21% and amikacin –25%.

When analyzing the antibiotic resistance of Escherichia coli 
(Fig. 6) isolated from patients with combat injuries, it was 
found that the bacteria have a high degree of resistance to 
almost all tested antibiotics, except for azithromycin and ami-
kacin, the average sensitivity to which was from 20 to 30%.

The level of resistance to cephalosporins of the 3rd 
and 4th generation is 100%, since Escherichia coli is a 

antibiotic sensitivity to polymyxins (Fig. 3, Fig. 4). 
Gentamicin and amikacin equally maintain moderate 
sensitivity at the level of 30% and are the drugs of 
choice for both pathogens. An interesting surprise 
was the moderate sensitivity of these pathogens to 
ceftriaxone at the level of 7-14%, although sensitivity 
to meropenem and celastin was also observed within 
the same limits.

It was found that all Klebsiella strains were resistant 
to this antibiotic as well. Resistance of Acinetobacter 
baumannii to piperacillin/tazobactam was at the level 
of 7%, and in Klebsiella pneumoniae – 14%.

Fig. 7. Antibiotic sensitivity of Proteus vulgaris.

Fig. 8. Antibiotic sensitivity of Pseudomonas aeruginosa.
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of broad-spectrum beta-lactamases (BLRS) have been 
described, and this list is constantly being updated. As 
a rule, the genes that encode the synthesis of beta-lac-
tamases are located on plasmids, which facilitates easy 
transfer between bacteria and, subsequently, the rapid 
spread of resistant pathogens.

Of particular concern among clinicians is the trend 
of increasing resistance of pathogens such as Klebsiella 
pneumoniae and Acinetobacter baumannii, which cause 
complications among patients with combat injuries and 
are also associated with concomitant pathology in sol-
diers. According to the analyzed data of bacteriological 
studies of combat injuries in the territory of Ukraine in 
the period 2014-2017, the share of these microorgan-
isms isolated was 9.4% and was represented by the 
species Klebsiella pneumoniae and Klebsiella oxytoca, so 
during the full-scale war, pathogens were isolated in the 
wound contents of 1/3 of the examined [6, 7]. According 
to the EUCAST recommendations, when resistance to 
meropenem is detected, the establishment of sensi-
tivity to piperacillin/tazobactam is a mandatory step.

Klebsiella aerogenes, formerly known as Enterobacter 
aerogenes, is a catalase-positive bacterium that causes 
opportunistic infections. Infections caused by this 
pathogen are generally susceptible to antibiotics, 
although complicated by induced resistance mech-
anisms, particularly beta-lactamase. Often, strains of 
Enterobacter aerogenes quickly become resistant to 
standard antibiotics during treatment, which requires 
special supervision, especially if it concerns gastrointes-
tinal tract injuries and urogenital tract diseases.

Escherichia coli is singled out as a leading pathogen 
among diseases, injuries and complications, especially if 
it is related to the organs of the abdominal cavity. Over 
the past 20 years, the frequent treatment of infections 
caused by Escherichia coli has been determined by 
the widespread and completely unfounded use of 3rd 
generation cephalosporins, in particular cefotoxime, 
ceftriaxone, and cefoperazone in clinical practice.

There are many factors that can cause a delay and/or 
inability to heal a chronic wound, namely: the patient’s 
age, obesity, oxygen saturation of the wound, long-term 
use of non-steroidal anti-inflammatory drugs. However, 
infiltration by biofilms, including Salmonella enterica, S. 
bongori, Staphylococcus epidermidis, S. aureus, Pseudo-
monas aeruginosa, is probably the biggest factor [8].

When treating wounds, it is important to consider not 
only antimicrobial efficacy, but also how they may af-
fect the complex cellular and extracellular mechanisms 
involved in wound healing. Because modern combat 
trauma is characterized by the massiveness of affected 
tissues, a high degree of contamination, and simulta-
neous damage to various organs and systems [9-12].

producer of beta-lactamases of a wide spectrum of 
action and in the treatment only drugs that inhibit 
the most important beta-lactamases are required, 
therefore, in the analysis with cefoperazone-sulbactam 
with it turned out that the causative agent is indeed 
sensitive, as indicated by 43% of antibiotic sensitivity. 
Since, compared to other β-lactam antibiotics, cefop-
erazone-sulbactam is able to penetrate faster through 
the outer membrane of gram-negative bacteria and, in 
addition, to exert a pronounced postantibiotic effect on 
them, which lasts 7–10 hours.

Which is quite effective for combat injuries of the 
abdominal cavity when it is necessary to transport the 
patient over long distances. It should be noted that 
low sensitivity to aminoglycoside drugs is a natural 
retribution for their unjustified and widespread use and 
should serve as a signal to review their use in everyday 
clinical practice.

When studying the antibiotic sensitivity of 13 strains 
of Proteus vulgaris, there was a double feeling, on the 
one hand, it is generally accepted that the pathogen is 
very resistant to antibiotics due to the plasmids present 
in the bacterium, which makes it extremely difficult to 
treat. On the other hand, incorrect antibiotic therapy 
for Proteus vulgaris, before the patient entered our de-
partment, could lead to its dominance in the biofilms 
of the urogenital tract and, as a result, to the formation 
of struvite stones. Especially in patients with long-term 
use of catheters.

However, as practice has shown, Proteus vulgaris 
was moderately sensitive to the test antibiotics, but a 
high sensitivity to amikacin – 50%, aztreonam – 100%, 
cefoperazone – sulfbactam – 25%, and ceftazidime 
– aviabactam – 70% was observed (Fig. 7). However, 
unfortunately, 90% of resistance to fluoroquinolones 
and cephalosporins.

Analyzing the antibiotic sensitivity of Pseudomonas 
aeruginosa, its 100% resistance to doxycycline, clin-
damycin, ofloxacin, and levofloxacin was established. 
The same pattern is observed among cephalosporin 
preparations, but the sensitivity to ceftazidime-avibac-
tam was at the level of 29%. However, positive points 
were also noted, in particular, when setting antibiotic 
sensitivity to polymyxins – 78% (Fig. 8).

DISCUSSION
It should be noted that in recent years, the specific 
weight of Klebsiella bacteria in the microbial spectrum 
of gunshot wound contaminants has increased, and 
this is a global issue because they produce various 
carbapenemases [5], which increases their resistance 
to certain types of antibiotics. To date, about 500 types 



Profile of antibiotic resistance of the main infectious contaminants on the wound surface of wounded men...

301

2.	� Gram-negative strains isolated from wound infection 
are sensitive to antibiotics, only 70% to polymexins 
(colistins), 30% to aminoglycosides (amikacin), 24-
16% – cephalosporins (cefoperazone-sulbactam / 
cefoperazone-avibactam).

3.	� The use of antibiotics in the treatment of combat 
wounds is a prerequisite for effective treatment of 
servicemen, shortening of periods of incapacity for 
work and quick return to the ranks.

CONCLUSIONS
1.	� Analysis of the microbiological structure of secre-

tions from an abdominal wound cavities and areas 
of the pelvis showed that the inflammatory process 
is initiated mainly by Gram-negative bacteria, to a 
lesser extent by Gram-positive bacteria. Isolated 
strains have a significant resistance to antibacterial 
drugs (49%), which indicates the need for constant 
periodic monitoring of antimicrobial therapy.
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INTRODUCTION
Gestational diabetes mellitus (GDM) is a common 
pregnancy condition characterized by the occurrence 
of spontaneous hyperglycemia throughout pregnancy 
[1]. Throughout a normal pregnancy, the pregnant body 
experiences a sequence of physiological alterations to 
meet the needs for the developing child. An essential 
adapting metabolic pathway entails insulin sensitivity 
[2]. As pregnancy advances, several substances that 
stimulate insulin resistance such as estrogen, proges-
terone, leptin, cortisol, placental lactogen, and placen-
tal growth hormone are included [3]. Although it can 
happen in many settings, β-cell malfunction and per-
sistent insulin resistance describe the vast majority of 
GDM cases (~80%). Insulin-resistance is already present 
throughout pregnancy, and it becomes much worse at 
this time. Consequently, women who are impacted tend 
to have a higher level of insulin-resistance compared 
to healthy pregnant women.  As a result, they have a 

bigger decrease in glucose utilization and an increase 
in glucose synthesis and concentrations of free fatty 
acids (FFA). β-cells are believed to degrade as a result of 
more insulin being produced because of higher energy 
expenditure and insulin resistance, which gradually 
depletes the cells [4, 5]. The ABO blood type system is 
considered the most significant in humans. Typically, 
the blood type of a person does not undergo any 
changes from the moment of embryo creation.  Multi-
ple studies have shown a correlation between the ABO 
blood type and many health conditions such as infec-
tion, cancer, cardiovascular illness, and nervous system 
disorders [6].  Prior research has also investigated the 
correlation between ABO blood group and difficulties 
during gestation [7, 8]. The association between ABO 
blood type and negative pregnancy outcomes such as 
preeclampsia, venous thromboembolism, postpartum 
hemorrhage, and gestational diabetes mellitus is a sub-
ject of debate. Insulin-resistance and the onset of type-II 
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DM are heavily correlated with the ABO antigens, which 
in turn affect a wide variety of biomarkers. Included in 
this set of biomarkers are interleukin-6, E-selectin, P-se-
lectin, tumor necrosis factor-α, and soluble intercellular 
adhesion molecule-1 [9]. The majority of researches 
examining the correlation between ABO blood type 
and gestational diabetes mellitus  provide inconclusive 
results, while there have been reports indicating that 
those with AB blood type may have a lower chance of 
developing gestational diabetes mellitus [10]. Several 
researches have shown that individuals with AB blood 
type have a higher susceptibility to gestational diabetes 
mellitus [11]. Currently, the available data about the 
relation between ABO-blood type and GDM is insuffi-
cient and contradictory. Oxidative stress refers to the 
ongoing condition of oxidative damage in a cell, tissue, 
or organ, resulting from reactive oxygen species (ROS). 
The majority of reactive oxygen species originates 
from endogenous sources, namely as by-products of 
normal and essential activities, such as the production 
of energy by mitochondria. The level of oxidative stress 
was shown to be higher in pregnant affected with 
GDM compared to those with a normal pregnancy [12]. 
Oxidative stress has been linked to the development 
of several disorders, including GDM [13]. It delineates 
a disparity between cellular pro- and anti-oxidants. 
Damage to cells may occur when oxidative stress upsets 
the delicate balance of DNA, lipids, and proteins. Both 
free radical and nonradical forms of oxygen are referred 
to as reactive oxygen species. These forms include the 
superoxide anion (O2−), hydroxyl radical (•OH), and 
hydrogen peroxide (H2O2) [14]. An excessive amount 
of glucose in the body is linked to oxidative stress. 
Pregnant with GDM were shown to create an excessive 
amount of free radicals and have poor systems for re-
moving these harmful molecules [15]. Reactive oxygen 
species hinder the process of insulin-stimulated glucose 
absorption by disrupting the functioning of both GLUT4 
and IRS-1 also, slows down muscle and liver glycogen 
production. When reactive oxygen species break down 
phospholipids in pathological conditions like diabetes 
mellitus, malondialdehyde (MDA) is the byproduct. 
MDA is the primary and widely researched molecule 
resulting from lipid peroxidation, recognized for its mu-
tagenic and hazardous properties, moreover, MDA may 
be generated enzymatically as an incidental byproduct 
during the production of thromboxane A2 [16]. Lipid 
peroxidation produces malondialdehyde (MDA), which 
has been used as a biomarker to measure oxidative 
stress in various biological samples (e.g., blood, urine, 
and exhaled breath condensate, or EBC) in people 
with various diseases (e.g., cancer, heart disease, lung 
disease, neurodegenerative disease, etc.) Moreover, the 

identification of these final substances in inflammatory 
illnesses indicates that lipid peroxidation has a substan-
tial impact on this particular form of illness [17].

AIM
The aim of our research is to assess whether various 
blood groups can be associated with the occurrence of 
gestational diabetes mellitus and if malondialdehyde 
can be used for the diagnosis of GDM.

MATERIALS AND METHODS
The present study is a case control study started from 
September 2022 to June 2023 enrolled 200 pregnant 
women aged between 15-45 years, cases included 100 
patients selectively collected with a confirmed diag-
nosis of gestational diabetes mellitus, and 100 were 
healthy normal in Kerbala obstetrics and gynecology 
hospital. The patients were categorized into four cate-
gories according to the blood group type, blood group 
O (51) patient, AB (25) patient, A (13) patient and Blood 
group B (11) patient. The control group included 100 
healthy pregnant women also collected from the ob-
stetrics and gynecology hospital in Kerbala governor-
ate. The control group were divided into four groups 
depending on the blood group type. Blood group O 
(41) women, AB (8) women, A (25) women and Blood 
group B (26) women. The study was conducted under 
the endorsement of the scientific and ethical commit-
tees in the Faculty of Medicine, University of Kufa, Iraq.

INCLUDED PATIENTS
All pregnant women at the second and the third tri-
mester who have a confirmed diagnosis of gestational 
diabetes mellitus.

EXCLUDED PATIENTS
Pregnant women who have diabetes (both type I and 
II), pregnant women in the first trimester with diabetes, 
pregnant women in a baby with congenital anomalies, 
obese pregnant women, pregnant women who smoke.

COLLECTED SAMPLES
After skin sterilization five milliliters of blood were as-
pirated from anti- cubital vein split into two halves, the 
first two milliliters of blood used for the detection of the 
blood group type, allowing the reminder blood three 
milliliters to clot for 10-20 min., at room temperature, 
in gel tubes to obtain serums by centrifuging at (2000-



The role of maternal ABO blood group and malondialdehyde as diagnostic marker in the development...

305

3000) r.p.m., for 20 minutes, after that the obtained 
serum stored at -15 C to perform the biochemical tests 
for malondialdehyde (MDA).

BODY MASS INDEX CALCULATION
Women’s weight before pregnancy and height are 
used to calculate their BMI. The BMI formula is (body 
weight divided by the body height in square meters) 
and expressed in (kg/m2) [18].

BMI = weight/ (height)2 

DETERMINATION OF BLOOD GROUP TYPE 
BY ANTI A, ANTI B, ANTI AB MONOCLONAL 
REAGENTS
The hemagglutination principle is utilized by the manu-
al technique, which can be done on a plate or in a tube. 
When exposed to the antibody-containing reagent, 
test red blood cells that carry the antigen agglutinate.

MEASUREMENT OF MALONDIALDEHYDE 
(MDA) BY ENZYMES LINKED 
IMMUNOSORBENTS ASSAY (ELISA-KITS)

We used the Competitive-ELISA approach with ELI-
SA-kit. These kits come with micro-plates that have 
already coated with MDA, throughout the procedure, 
the detection biotinylated Ab, which is specific to MDA. 
By spectrophotometric measurement of the changes 
in color is taken at a wave-length of 450±2 nm. After 
that, we compare the samples’ optical densities (ODs) 
to the standard curve to find the MDA concentrations 
in the samples. 

STATISTICAL ANALYSIS
Data is analyzed using SPSS version 26, which is a statis-
tical tool for the social sciences. Presenting descriptive 
statistics in the form of frequency tables, the represen-
tation of continuous variables includes portraying them 
as the mean value offset by the standard deviation. As 
an alternative, categorical variables were described by 
numbers and percentages. We utilized the chi-square 
test to identify associations between two categories 
of data, the Student T used to identify associations 
between categories of data and continuous variables. 
Statistical analysis by Receiver operative characteristic 
curve (ROC) used to evaluate the performance of MDA 
in detecting GDM. Statistical significance was deter-
mined by a P-value of 0.05 or less.

Table 1. Body mass index and age difference in patients and controls

Variable 

Studied group

P -values Pregnant with GDM Control pregnant 

Mean ±SD Ranges Mean ±SD Ranges

Age ( years) 33 ±7.4 18-45 32.6 ±7.7 18-45 0.655

BMI (kg/m2) 23.5± 2 19.5-28.2 23.8 ±2.1 19.5-28.2 0.397

Student T test, significant ≤0.05

Table 2. Blood groups distribution in patients and controls

Variable 
Studied group 

P value 
Pregnant with GDM Control pregnant

Blood group 

A 13(33.3%) 26(66.7%)

<0.00*
AB 25(75.8%) 8(24.2%)

B 11(31.4%) 24(68.6%)

O 51(54.8%) 42(45.2%)

Total 100 100 200

*Chi-Square test, significant ≤0.05

Table 3. Level of malondialdehyde in patients and controls.

Variable 

Studied group

P value  Pregnant with GDM Control pregnant 

Mean ± SD Range Mean ± SD Range 

MDA 186.6 ± 103.4 78.3-716.6 73.4 ± 21.7 30.6-112 <0.001*

*Student T test, significant ≤0.05



Deema Diyaa Azeez, Sami R. AlKatib

306

RESULTS

THE DIFFERENCE IN AGE AND BODY MASS 
INDEX IN PATIENTS AND CONTROLS 
When comparing the two groups, we found that they 
were very comparable in age and BMI (p higher than 
0.05) (Table 1, Fig.1).

BLOOD GROUPS DISTRIBUTION IN PATIENTS 
AND CONTROLS
Pregnant women with gestational diabetes mellitus 
(GDM) are mostly of blood group AB in comparison 
with pregnant women without GDM, and both A and 
B were significantly higher among control pregnant 
women (Table 2). Additionally, the two groups’ blood 
group O levels were almost identical.  

LEVEL OF MALONDIALDEHYDE IN THE TWO 
GROUPS
The studied MDA marker mean was significantly high-
er in pregnant women with GDM with p-values 0.001 
(Table 3, Table 4, Fig.2).

EVALUATION OF MALONDIALDEHYDE’S 
DIAGNOSTIC UTILITY USING ROC CURVE
The ROC curve for MDA was shown in fig. 3, obtained 
from the values of OGTT  and  MDA tests with an 
area under the curve 0.972 and p value <0.001., 
with cut of value of 78.7 had sensitivity of 99% and 
specificity of 41%. 

DISCUSSION
During pregnancy if appropriate steps not performed 
to control the early stage of GDM, the health of mothers 
and infants would suffer greatly. The most significant 
human blood grouping system is ABO. Numerous stud-
ies have shown that the blood group type is linked to a 
wide range of illnesses. The relationship between GDM 
and ABO-blood group is debatable at the moment [19].

BODY MASS INDEX AND AGE DIFFERENCE 
BETWEEN PATIENTS AND CONTROLS
This study reveals there is no valuable (p>0.05) dif-
ferences in the mean age and BMI in the two groups. 
Since obesity is a cause for gestational diabetes 
mellitus, we intentionally excluded obese pregnant 
women from the research to focus on the ABO blood 
type impact, thus this suggests that the two groups 
were comparable in age and body mass index.  Com-
parable findings were observed in a French cohort, 
where pregnant women with and without GDM were 
found to be of similar ages [20]. But according to 
case-control research carried out in Thailand, age was 
a crucial factor linked to the development of GDM, 
with those over 30 having a considerably higher risk 
of the disease than those under 30 [21]. Likewise, 
a Turkish cohort study also showed that pregnant 
women with and without GDM differed significant-
ly in age [22]. Therefore, it is still unclear whether 
age is a predictor of GDM, and further research that 
accounts for confounding variables is needed to 
confirm this link. Known risk factors for gestational 
diabetes mellitus include advanced maternal age, 

Fig. 1. Age distribution between two studied groups.
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DISTRIBUTION OF BLOOD GROUPS IN 
PATIENTS AND CONTROLS
The pregnant with gestational diabetes had a sig-
nificantly greater percentage of blood groups AB 
(p value ≤ 0.05) than the pregnant women in the 
healthy control group. These findings suggested 
that the ABO blood type could be linked to some 
unfavorable pregnancy outcomes. Patients with 
AB-blood group were found to have higher risk of 
gestational diabetes by Karagoz [26]. Another study 
by Shimodaira suggested that AB-blood group el-
evate the risk for gestational DM [11]. Additionally, 
blood group O was found to be roughly the same in 
both groups, despite the fact that the percentage of 

high BMI, excessive (GWG), ethnic race, polycystic 
ovarian syndrome (PCOS), low stature, high parity, 
previous large-for-gestational (LGA) deliveries, and 
a family history of diabetes (DM) [23]. Mother’s age 
is a well-considered risk factor for GDM, since prior 
research has consistently indicated that older preg-
nant women have a higher likelihood of developing 
GDM [24]. However, there is disagreement over what 
constitutes a reasonable cut-off point. Americans 
Diabetes Association (ADA) state that age greater 
than 25 years considered as a risk factor, according to 
retrospective research of Japanese women (138,530), 
the incidence of GDM increase by age, in women over 
forty exhibiting a relative risk of 15.1% [25].

Fig. 2. Mean level of MDA among 
different blood groups category.

Fig. 3. ROC curve for MDA.
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DIAGNOSTIC ACCURACY OF 
MALONDIALDEHYDE BY RECEIVER 
OPERATING CHARACTERISTIC CURVE
An earlier work of Lappas M et al. [13] emphasized the 
crucial role oxidative stress plays in the development 
of GDM. An imbalance between the antioxidant and 
oxidizing systems is implicated in the development 
of gestational DM and its accompanying effects this 
is according to mounting evidence. It has been noted 
that pregnant GDM patients have decreased antioxida-
tive enzymes and an increase in circulating oxidative 
stress brought on by hyperglycemia. Both the mother 
and the fetus may suffer negative consequences from 
increased oxidative stress [34]. Under pathological 
circumstances, such as diabetes mellitus, reactive 
oxygen species induced phospholipid breakdown 
produces malondialdehyde, the byproduct of lipid 
peroxidation. It may be readily quantified in plasma 
and is frequently used to show oxidative stress and 
lipid peroxidation [35]. The ROC curve is a graph 
that may be used to analytically evaluate how well a 
binary diagnostic classification system is doing. One 
further way to evaluate a test’s diagnostic efficacy is to 
compare its findings to those of other tests using the 
ROC curve. Understanding the concept of sensitivity 
and specificity, which are used to assess a diagnostic 
test’s performance, is a prerequisite to comprehend 
the ROC curve. The percent of people who test +ve 
for a target disease that genuinely have it is known as 
sensitivity, while the percent of people who test -ve for 
the disease is known as specificity [36]. ROC-curve that 
has the greatest AUC was thought to perform the best 
diagnostics-performance when comparing the results 
of two or more diagnostic tests [37]. Figure 3 displays 
the ROC curve analysis for MDA in our study, with a 
p value of less than 0.001 and an AUC of 0.972, with 
threshold level of 78.7, exhibited 99% sensitivity, with 
41% specificity. Since there is no information available 
regarding the MDA ROC curve for GDM diagnosis, our 
work may be considered one of the first in this area. 
The big AUC value suggests a high accuracy of the 
MDA test, meaning it can be used to predict GDM in 
women in the future.

CONCLUSIONS
This research reveals that mother’s ABO blood group 
have a role in the development of GDM Blood group AB 
is more likely to develop GDM while blood group A & B 
are less likely to develop GDM and may be regarded as 
a protective factor. The other finding is that MDA can 
be used for the diagnosis of GDM but further studies 
are required to support this finding.

blood types A and B was much greater in the control 
pregnant women. These findings may indicate that 
people with blood groups A and B are less likely 
to acquire GDM. Like our study [26] investigation 
revealed that participants who have blood group 
B had a much-decreased chance of acquiring DM; 
as a result, blood group B may be thought of as a 
protective factor for the incidence of DM. It should 
be noted that the blood groups were normally dis-
tributed in Karbala Blood Bank for 2023 as follows 
(O+ 26.75 percent, O- 5.11 percent, AB+ 8.33 percent, 
AB- 1.18 percent, A+ 26.81 percent, A- 3.62 percent, 
B+ 24.83 percent, B- 3.37 percent).

THE LEVEL OF MALONDIALDEHYDE IN 
PATIENTS AND CONTROLS
In line with a study by Chen X. and Scholl T. [6], 
which found that gestational diabetes subjects had 
significantly higher MDA levels than those of uncom-
plicated pregnancies. We found in our study that the 
mean MDA was much more in GDM pregnant women 
than in healthy pregnant women. Higher levels of 
malondialdehyde show that GDM is linked to more 
oxidative stress than healthy pregnancy, in a study 
[27] the elevated MDA levels in the GDM participants 
point to the possibility of oxidative stress [27]. MDA 
levels, a marker of oxidative stress, have increased 
in the participants’ investigations by Pandey M et al. 
[28]. According to a study of Adeniji A and Oparinde 
D [29] patients with GDM had significantly higher 
MDA levels than those with uncomplicated preg-
nancies. According to the current study, there is 
more oxidative stress in GDM, which may increase 
the production of free radicals. Non-enzymatic pro-
tein glycation is one of the suggested mechanisms 
for oxygen free radical creation at higher glucose 
concentrations during pregnancy, and it may cause 
the production of oxygen free radicals. Enhanced 
oxidative stress and mitochondrial electron trans-
port chain flow and oxidative activities of the fetus. 
A major byproduct of lipid peroxidation is hydrop-
eroxides which have been demonstrated to modify 
prostaglandin production, which may be the cause 
of the emergence of   embryopathy associated with 
diabetes [30]. Another study of Grissa O et al. [31] 
provides more evidence that the reactive oxygen 
species produced during GDM combine with free 
lipid to produce lipid peroxidation products, which 
in turn induce harmful stress to cells by producing 
MDA. Similarly, lipid peroxidation and oxidative 
stress have been shown to significantly increase in 
some GDM studies [32, 33].
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INTRODUCTION
In Western nations, breast cancer is the most common 
cause of death for middle-aged and older women. This 
alarming statistic highlights the importance of early detec-
tion and effective treatment options available to combat 
this disease [1]. The use of tumescent local anesthesia 
[by infiltration of large volumes of local anesthetic and 
isotonic saline (25 ml of 1% lidocaine and 1 ml of 1:1000 
epinephrine in 1 L of isotonic saline)] can be an alluring al-
ternative method to general anesthesia in elderly women 
with breast cancer and medical comorbidities that made 
them at risk for general anesthesia like chronic obstructive 
pulmonary diseases [2].In both industrialized and develop-
ing nations, breast cancer is the most common reason for 
mortality for women in their middle years. Up to a quarter 
of a million new cases were diagnosed globally in 2010 [3]. 

It is the cause of 29% of all newly identified malignancies 
in females and accounts for 14% of all cancer-related 
fatalities in females [4].

ETIOLOGICAL FACTORS
Geographical: In the Western world, breast cancer 
affects more women than any other type of cancer. It 
is becoming more common in developing nations and 
annually kills hundreds of thousands of women globally 
[5]. Gender: Men make up less than 0.5% of breast cancer 
patients, yet their diagnosis often comes at a later stage, 
underscoring the importance of education and vigilance 
among all genders regarding the signs and symptoms 
of this disease [6]. Age: Breast cancer is extremely rare in 
those under the age of 20. After that, it becomes more 
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Conclusions: The use of tumescent anesthesia (which is safe and effective) is an attractive alternative method for general anesthesia in properly selected 
candidates (class IV according to American society of anesthesia).
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common, affecting 20% of women by the time they are 
90 years old [7]. Genetic: Women with a family history 
of breast cancer tend to experience it more frequently. 
Around 5% of all breast cancers are linked to a specific 
mutation, yet this has significant effects on tumor coun-
seling and prevention in these women [7]. Diet: Due to 
the high prevalence of breast cancer among women in 
developed nations, dietary variables may contribute to 
its genesis. Research suggests that diets high in saturated 
fats and low in fruits and vegetables may increase risk, 
while a balanced diet rich in antioxidants could offer 
protective benefits [8]. Endocrine: Breastfeeding appears 
to be particularly beneficial against breast cancer since 
it affects nulliparous women more than multiparous 
women. Additionally, it seems protective to have your 
first kid young, especially if it coincides with a late men-
arche and an early menopause. Furthermore, hormonal 
factors such as prolonged exposure to estrogen without 
the balancing effects of progesterone can elevate risk, 
highlighting the importance of understanding individual 
reproductive histories in cancer prevention strategies [9]. 
Previous radiation: This was thought to be interesting 
historically. However, it is a serious issue for women 
who have undergone mantle radiation therapy, which 
involves receiving high doses of radiation to the breast, 
as part of the treatment for Hodgkin’s lymphoma. The risk 
increases if radiation was administered while the breast 
was developing and manifests approximately ten years 
after treatment [10]. The most frequent type of anesthesia 
used in cutaneous surgery is localized anesthesia. Some 
patients, such as those with congestive heart failure and 
chronic obstructive pulmonary disease, have comorbid 
conditions that put them at risk for general anesthesia 
[11]. One of the earliest risk classification schemes was 
developed by the American Society of Anesthesiologists; 
it is divided into five strata [12].

I. A healthy, normal patient.
II. People who have a minor systemic illness.
III. Those who suffer from a serious systemic illness 

that restricts daily activity but is not life-threatening.
IV. People who suffer from incapacitating conditions 

that constantly endanger their lives.
V. It is unlikely that a morbidly ill patient will survive 

for 24 hours, with procedure or not.
A technique for localized anesthesia called tumescent 

anesthesia involves injecting large amounts of isotonic 
saline and local anesthetic into the skin. This method 
has the following benefits:

(1) Simplicity; 
(2) Postoperative analgesia; 
(3) Minimal incidence of bleeding; and 
(4) Ability to anesthetize a sizable portion of the 

body [13].

AIM 
In order to analyze the risks, advantages, safety, and limita-
tions of mastectomy under local anaesthetic with general 
anesthesia, this study will execute a mastectomy utilizing 
the tumescent technique under local anaesthetic.

MATERIALS AND METHODS
With approval from the scientific council of the board 
center and patient agreement for surgery, video record-
ing, and taking images while preserving patient’s dignity, 
the study was a prospective clinical experiment carried 
out from October 2020 to September 2023 at Al-Sader 
teaching hospital. Fifty patients in total, divided into two 
groups, under local anesthesia, 25 patients (LA group) 
with a mean age of 64 years (range 55-76 years) under-
went mastectomy for breast cancer, and additionally 
25 patients with a mean age of 64.9 years (range 55-75 
years) and unilateral breast carcinoma underwent mas-
tectomy under general anesthesia as the control group 
(GA group). All patients were diagnosed using the triple 
assessment method (history and physical examination, 
radiological examination, and histopathological exam-
ination, including fine needle aspiration and/or trucut 
biopsy), before being staged according to TNM staging. 
In our study, all patients fell into the [T3, N0, N1 and M0] 
in both groups. The tumescent technique uses (25 ml of 
1% lidocaine and 1 ml of 1:1000 epinephrines to 1 L of 
Ringers lactate) by manual infiltration technique. Every 
patient is followed up with routine visits to the private 
clinic and the breast clinic.

PROCEDURE
A mark is made on the skin ellipse before the procedure. 
Excellent access to the axillary region is provided by a low 
horizontal ellipse that rests in the skin folds with slight 
obliquity, keeping the medial end of the incision low and 
below the area of apparent cleavage. The breast is injected 
using a syringe (50 cc), infusion set, three-way valve, small 
caliber multirole blunt spinal needle, and the tumescent 
solution is manually infused along the lateral sternal line 
(T1-T6) and along the midaxillary line (T2-T7).Following 
solution infusion, the breast turns pale and tight. Using 
unipolar cautery and blunt dissection, the skin is excised 
as intended, and the incisions are then deepened through 
the subcutaneous fat. The optimal dissection plane lies 
between the subcutaneous fatty tissue and the mammary 
tissue, but with the help of hydrostatic dissection, which 
is made easier by tumescent solution; it is a very simple 
plane to follow. Too small skin flaps put the skin at risk of 
ischemia, whereas too thick skin flaps leave a significant 
amount of remaining breast tissue in place. The plane 
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descends onto the deep fascia with the upper flap raised 
first, followed by the lower flap. The bleeding vessels are 
then cauterized with unipolar cautery (occasionally do 
ligation of larger vessels) after the breast has been sepa-
rated from the chest wall by the pectoralis fascia from the 
top down. The axilla is treated either through dissection 
(19 patients) or sampling (6 patients), which is the most 
painful and sensitive place in the process. These pains are 
alleviated by using propofol or midazolam as a moderate 
sedative. Traditionally, subcuticular suturing over vacuum 
drainage is used to close skin flaps.

RESULTS
Twenty five patients (the mean age of LA group was 
64.0±6.3, range 55-76 years) as in Table 1 with breast 
cancer undergone a unilateral total mastectomy by lo-
cal anesthesia. All individuals encompassed within this 
study exhibit a significant prevalence of chronic medical 
comorbidities, which are meticulously detailed in the 
accompanying Table 2.The anesthesia is adequate in all 
25 patients with the use of mild sedation in 6 patients. 
The amount of blood loss intraoperatively measured 
by number of gauze used during the procedure, ap-
proximately 3 gauze, 20 cc of blood for each gauze 
was significantly lower in LA group than GA group, 
2.7±0.4, 5.4±0.4 gauze respectively P<0.001 as in Table 
3. There are no postoperative complications such as 
wound infection, hematoma or skin flap necrosis. The 
operation time was significantly longer in LA group 

48.9±14.3 minutes than in GA group 38.2±2.9 minutes 
P-value=0.001 as in Fig. 1. The patient was discharged 
in the first day after the surgery.

 

DISCUSSION
Tumescent anesthesia usually used in plastic and der-
matological surgeries, elderly female patient with breast 
cancer has comorbid conditions that might increase their 
operative risks if they underwent general anesthesia, so 
in the current study we try to use tumescent anesthesia 
as an alternative way for mastectomy and it is the first 
study in Iraq that concern the mastectomy under local 
anesthesia. The anesthetic infiltration effect and pain 
control in all 25 patients are excellent combined with mild 
sedation (6 patients) by using propofol or midazolam. 
Regarding intraoperative events the patients are fully 
conscious during the procedure and experience mild 
pain when doing axillary dissection that is overcome by 
mild sedation. The time of procedure is prolonged due 
to infiltration of tumescent solution. The bleeding during 
the procedure is little in comparison to procedures under 
general anesthesia due to the effect of adrenalin which 
causes vasoconstriction. The dissection is very easy due 
to the aid of hydrostatic dissection which is performed 
by tumescent solution. No patient develops lidocaine 
allergy or toxicity mainly due to the loss of most infiltrative 
solutions during the dissection and the excised breast 
tissue. Regarding the postoperative complications: no 
patient develops wound infection, hematoma or skin flap 

Table 1. Age distribution of the studied group

LA
Group

P
GA

Age(years)
Mean ± SD 64.0 ± 6.3 64.9 ± 6.9

0.67
Range 55 – 76 55 – 75

Table 2. Distribution of chronic diseases among the studied groups

Disease
LA GA

P-value
No. % No. %

HT 21 84.0 6 24.0 < 0.001

DM 16 64.0 7 28.0 0.011

HF 9 36.0 0 0.0 0.001

IHD 17 68.0 8 32.0 0.011

Valvular heart disease 4 16.0 0 0.0 0.037

Respiratory diseases 8 32.0 1 4.0 0.010

Table 3. Comparison of mean bleeding amount and operation time between the LA and GA groups
Variable LA GA P

Bleeding amount 2.7 ± 0.4 5.4 ± 0.4 < 0.001

Operation time 48.9 ± 14.3 38.2 ± 2.9 0.001
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necrosis with tumescent technique, one patient develop 
hematoma postoperatively in GA group. Regarding the 
pain, all patients with tumescent technique are pain free 
for at least 8 hours without the use of analgesia compared 
with the use of analgesia for all patients in GA group. 
Numerous publications have described modified radical 
mastectomy surgeries carried out under local anesthesia 
utilizing various techniques using scalpel, scissor, and 
electrocautery. Four patients aged 61 to 91 who were 
ASA class IV received a total mastectomy for breast cancer 
utilizing the tumescent procedure, according to Grant 
W. Carlson’s [14] description, there was no postoperative 
morbidity in the form of hematoma, skin flap necrosis, or 
wound infection. The patients were discharged from the 
hospital 1- 4 days after surgery, which is longer than in 
our study. The average operating time was 35 minutes, 
whereas in our study, the mean operating time for the 
LA group was 48.9 minutes. The operating time varied 
from 24 to 46 minutes according to Joseph et al., [15] a 
straightforward mastectomy was performed under local 
anesthetic and sedation on seven patients with ASA 
grades III or IV, their ages ranged from 80 to 94 years old 
(with a mean of 88 years), blood loss was minimal (mean = 
95.7cm3), compared to our study which is lower 54 cm3, as 
was operating time (mean = 62 min), while the operating 
time is 48.9 min in our study. Most patients were returned 
to their homes in day 2, compare to our study which is in 
day one after surgery. There were no complications related 
to the procedure as our study. Shoher et al. [16] described 
53 patients with multicentric disease, of the 53 cases, there 

have been no cases of flap necrosis or ‘button-holing’ of 
the skin flap, which is certainly a possibility with electro-
cautery compare to our study. There have been no cases 
of systemic complications from the tumescent solution. 
No patient developed bleeding requiring transfusion, nor 
did any patient develop a hematoma postoperatively. 
One patient developed a small, superficial stitch abscess 
2 weeks post-operatively. A knotted suture was removed 
and the patient recovered without further complication, 
as compared to our study also there is no systemic compli-
cation, wound infection, hematoma or skin flap necrosis.

CONCLUSIONS
It is concluded that use of tumescent anesthesia (which 
is safe and effective) is an attractive alternative method 
for general anesthesia in properly selected candidate 
(class IV according to American society of anesthesia).

RECOMMENDATIONS
1.	� Using tumescent anesthesia for mastectomy in pa-

tients has breast cancer with ASA IV who was unfit 
for general anesthesia.

2.	� Improvement technique by using infusion pumps 
to decrease time and effort of the procedure.

3.	� Further study with a larger sample size of patients 
to assess the possible side effect of the tumescent 
anesthesia and to assess the ability and benefit of 
application of tumescent technique for patients with 
ASA I & II.

Fig. 1. Comparison of 
operation time of the 
studied group.
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INTRODUCTION
Bacteria, viruses, fungi, protozoan parasites cause 
“Sexually transmitted diseases”.  The portals of entry 
for these pathogens involved the reproductive organs, 
skin, mouth, urinary tract, anus, and rectal region [1]. 
Normally, trichomoniasis is correlated to Sexually trans-
mitted disease, in addition, it is a common indicator of 
high-risk of behavior for sex [2, 3]. Trichomonas vaginalis 
has been increasingly recognized over the past decade, 
underlining the importance of this pathogen as a public 
health problem [4, 5]. Men and women of different ages 
are prone to infection with trichomoniasis, the disease 
connected with the hygienic practice, the use of rubber 
sheath worn (condom), and a sex hormone concentra-
tion in women. It is a clearly related to sterility, abortion 
and the low-weight of birth. As the disease is sexually 
transmitted, thus several partners are a main risk factor 
of infectious and its disseminate [6]. Metronidazole 
and tinidazole are the only drugs approved for treating 
trichomoniasis among infected subjects [7]. The overall 
public should be more knowledgeable about diseases 
that affect sexual and reproductive health in women so, 

they can take preventing and protective measures such 
as the use of acting contraceptives, avoiding the misuse 
of antibiotics, using condoms and improved healthier 
habits. In the cases of sexually transmitted infections, 
checking and treating both partners is also necessary 
[3]. Sexually transmitted infections have numerous 
consequences and understanding disease processes 
by nurses make them responsible for providing  “health 
education” to all people, irrespective their gender, age 
or sexual tendency on how to avoid sexually trans-
mitted infections. Nurses have a crucial role in the 
protection from sexually transmitted disease through 
providing exact information regarding these diseases, 
their barring, treatment and prospective complications, 
sobering researches revealed  to compel nurses to be 
part of the resolution [1]. 

AIM
The aim of our study was to assess nurses’ knowledge 
of the parasite, which is a sexually transmitted disease 
of public health relevance, and its long-term impact.
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ABSTRACT
Aim: This study included implementing an educational program to evaluate and promote nurses’ knowledge of trichomoniasis disease which caused by 
Trichomonas vaginalis parasite.
Materials and Methods: 100 randomly samples of nurses working in different units in Al-Zahraa Hospital – Najaf City, Iraq. This semi-experimental study 
was performed. The study was conducted from December 2023 until April 2024. It included a sample of different ages, gender and experience, working in 
different units in the hospital, married and unmarried, as well as those living in urban and rural areas. 
Results: The results show the total rating of sample knowledge concerning Trichomoniasis in primary test was a moderate with a mean (0.57) and the mean 
of next test was a good (0.84), also the results observed a highly significant difference (P <0.01) between pre-test and post-test assessments. In addition, 
according to their Socio-Demographic Characteristics, the study showed no significant difference in the knowledge scores in the next test. 
Conclusion: This study concluded that there was an improvement in knowledge after the program for all nurses.
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MATERIALS AND METHODS
The semi-experimental study was conducted on 100 
random samples of nurses working in different units 
in Al-Zahraa Hospital – Najaf City, after obtaining their 
agreement to answer the Socio-demographic item 
and training. The researchers get an acceptance from 
maternity and newborn department in the Nursing 
College, Kufa University, Health Directorate of Al-Najaf 
province, Al-Zahraa teaching hospital. The study began 
from December 2023 until April 2024. The study includ-
ed implementing an educational program to evaluate 
and promote nurses’ knowledge of the trichomoniasis 
disease which causes by Trichomonas vaginalis parasite. 
The nurses were divided into small groups. They were 
met in a private hall. A pre-test was conducted, followed 
by a workshop was to provide them with information. 

Then a brochure was distributed that included every-
thing related to the Trichomonas Vaginalis parasite, 
and after a specified and agreed-upon period, the 
post-test was conducted. The test included questions 
about the pathogenic cause of trichomoniasis, its 
method of transmission, its symptoms and effect on 
men and women, complications, risk factors, treatment 
and prevention.

THE STUDY INCLUDED FOUR PARTS
Part 1: Socio- demographic information about the 
nurses (age, gender, residence, occupational title, years 
of experience, marital status, working unit, and qualifi-
cation). This information was collected at the beginning 
of the study by interviewing them.

Table 1. Frequency of demographic and occupational characteristics for study contributors (n=100)
Socio-Demographic Characteristics Rating and Intervals frequency %

Age

21-29 56 56

30-28 26 26

39-47 14 14

48-56 3 3

57-66 1 1

Gender
Males 32 32

Females 68 68

Residence
Urban 75 75

Rural 25 25

Occupational Title
Technical nurse 37 37

Nurse 63 63

Years of Experience

1-12 71 71

13-24 22 22

25-36 7 7

Marital status
Single 36 36

Married 64 64

Working Unit

Emergency Department 30 30

Critical Care Unit 11 11

Operating Room 20 20

Others 39 39

Qualification

Technical Nursing 24 24

Institute 18 18

Diploma Nursing School 16 16

Bachelor Nursing 38 38

Master Degree 4 4

Total 100 100%
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Part 2: Included questions to test them and evaluate their 
knowledge of the disease before implementing the program

Part 3: Training: It included conducting a workshop 
and distributing the brochure, which aims to enhance 
their knowledge

Part 4: It included re-taking the test to evaluate the 
extent of the acquired knowledge, the role of the educa-
tional program in that, and achieving the specific goal 
of the study. The test includes 30 questions that contain 
general questions about Trichomonas Vaginalis; the first 

Fig. 1. Distribution of respondents by age groups 
(years) (n=100).

Fig. 2. Distribution of respondents by their gender 
(n=100).

Fig. 3. Distribution of respondents according to their 
residence (n=100).
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15 questions are short  questions, for each there are four 
answers, including one correct answer. But the other 
15 questions, the answer is true or false depending on 

the type of question. Validity of the study instrument is 
conducted through a panel of experts who have years 
of experience in nursing field.

Fig. 4. Distribution of respondents according to their 
occupation (n=100).

Fig. 5. Distribution of respondents according to their 
experience (n=100).

Fig. 6. Distribution of respondents according to their 
marriage (n=100).
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demographic data and Occupational Characteristics. 
This table explained that most of the contributors (56 

%) were in the ages group 21-29 years old, while the 
fewest contributors in the ages 57-66 years old where 
1%, (Fig.1). As well as, the table shows that the majority 
of contributors (68%) were female, and major part (75%) 
resided in urban areas, while the smallest percentages 
(32% and 25%) were males and residents of rural ar-
eas, respectively (Fig.2 and Fig.3). On the other hand, 
regarding occupational titles, 63% of the participants 
were nurses, and 37% were technical nurses (Fig.4).

The results regarding length of service in nursing 
show that the largest proportion (71%) of the sample 
had between 1 and 12 years of service (Fig.5). For marital 
status – 64% of the groups were married (Fig.6). Also, 
the majority  worked in the emergency department and 
working in others units, 30% and 39% respectively, in 
addition, concerning qualification, those with bache-
lor’s nursing was (38%) where represented more than 
others groups (Fig.7 and Fig.8).

STATISTICAL ANALYSIS
All the data in the current study were entered into the 
SPSS program (version 20). The minimum values, the 
maximum values, the means, and the standard deviation 
were calculated. Chi-square (non- parametric test) was 
used for qualitative data. One-way ANOVA, indepen-
dent t test, and Paired t test, were used for quantitative 
data according to the fulfillment of the conditions 
required for each test. P-value ≤0.05 was considered 
statistically significant.

RESULTS
Overall of 100 samples of nurses were included. System-
atically the study was an offered the results of the data 
analysis in tables and these were correlated with the aim 
of the study which was to evaluate the effectiveness of 
education program to enhancing nurses’ knowledge 
about trichomoniasis as follows: Table 1: Summarize the 
frequency distribution of the nurse contributors by their 

Fig. 7. Distribution of respon-
dents according to their working 
unit (n=100).

Fig. 8. Distribution of respon-
dents according to their qualifi-
cation (n=100).
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Table 2. Assessment of the sample’s knowledge regarding Trichomoniasis in the primary and next test 

Items Knowledge Regarding Trichomoniasis for the  
Study sample (n=100)

Pre-Test Post-Test

F. % MS SD F. % MS SD

Q1: Sexually transmitted diseases mean
Incorrect 32 32

.68 .47
11 11

.89 .31
Correct 68 68 89 89

Q2: Types of STDs are:
Incorrect 38 38

.62 .49
20 20

.80 .40
Correct 62 62 80 80

Q3: What is the causative agent of trichomoniasis?
Incorrect 51 51

.49 .50
23 23

.77 .42
Correct 49 49 77 77

Q4: What is the name of the parasite that causes 
trichomoniasis

Incorrect 40 40
.60 .49

7 7
.93 .26

Correct 60 60 93 93

Q5: What is the mode of transmission for trichomoniasis
Incorrect 37 37

.63 .49
4 4

.96 .20
Correct 63 63 96 96

Q6: Which statement about Trichomoniasis is TRUE?
Incorrect 51 51

.49 .50
15 15

.85 .36
Correct 49 49 85 85

Q7: What are the common symptoms of 
trichomoniasis in women?

Incorrect 47 47
.53 .50

16 16
.84 .37

Correct 53 53 84 84

Q8: Most men with this infection have which of the 
following symptoms

Incorrect 57 57
.43 .50

14 14
.86 .35

Correct 43 43 86 86

Q9: How long can someone be infected with 
trichomoniasis without showing symptoms?

Incorrect 67 67
.33 .47

39 39
.61 .49

Correct 33 33 61 61

Q10: Urine and vaginal test used to diagnose
Incorrect 40 40

.60 .49
17 17

.83 .38
Correct 60 60 83 83

Q11: Complication of trichomoniasis
Incorrect 47 47

.53 .50
9 9

.91 .29
Correct 53 53 91 91

Q12: Risk factor of trichomoniasis
Incorrect 49 49

.51 .50
16 16

.84 .37
Correct 51 51 84 84

Q13: How is trichomoniasis treated?
Incorrect 56 56

.44 .50
21 21

.79 .41
Correct 44 44 79 79

Q14: Treatment for Trichomonas Vaginalis includes:
Incorrect 73 73

.27 .45
42 42

.58 .50
Correct 27 27 58 58

Q15: You should abstain completely from while you take 
metronidazole and at least for 3 days after finishing 

the treatment course

Incorrect 46 46

.54 .50

8 8

.92 .27
Correct 54 54 92 92

Q16: Most STDs affect both men and women, but in many 
cases the health problems they cause can be more severe 

for women

Incorrect 41 41
.59 .49

12 12
.88 .33

Correct 59 59 88 88

Q17: Syphilis is one type of sexually transmitted disease
Incorrect 45 45

.55 .50
11 11

.89 .31
Correct 55 55 89 89

Q18: Can trichomoniasis be prevented?
Incorrect 65 65

.35 .48
24 24

.76 .43
Correct 35 35 76 76

Q19: Does trichomoniasis increase the risk of other STIs?
Incorrect 26 26

.74 .44
9 9

.91 .29
Correct 74 74 91 91
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in the percentage of correct answers for all questions 
in the posttest compared to the pre-test.

Concerning nurses’ knowledge of trichomoniasis in 
the primary test, the study recorded that the frequency 
of poor knowledge was 3%, moderate knowledge was 
76% and good knowledge was 21%, furthermore, the 
table in the next test demonstrated the frequency of 
poor knowledge was 0%, moderate knowledge was 6 
% and good knowledge was 94%, as shown in table 3.

In the table 4 the result showed the total assessment 
in the primary test was a moderate (0.57), while the next 
test was a good (0.84). As well as, the results revealed 
variances in nurses’ knowledge assessment, showing 
highly significant difference between primary and next 
test assessments (P <0.01). 

In addition, the statistical test for the relationship 
between age and the samples’ knowledge was 1.668. 
Regarding gender, residence, occupational title, and 
years of experience, were 1.355, 0.715, 1.472 and 0,649 
respectively. Also, the results showed the statistical 
test for marital status, working unit and qualification 
were 0.660, 1.713 and 1.094 respectively. The results 

Table 2 demonstrated the average percentages and 
assessment of contributors’ answers to the items related 
to knowledge about trichomoniasis. In the pre-test, 
this table showed that the correct answers to ques-
tions number 9, 14, 18 and 22 had lower percent were 
33%, 27%, 35% and 39% respectively compared with 
remaining questions. In the post-test, the table revealed 
that the correct answers to questions number 9, 14, 18 
and 22 increased with mean score 61%, 58%, 76% and 
74% respectively. Also the table observed that before 
the Program, the correct answers to questions number 
19, 20, 23, 27, and 28 had higher percentage of 74%, 
76%, 75%, 74% and 78% respectively, and in the next 
test, these percentages increased to 91%, 97%, 90%, 
91% and 91% mean score respectively, additionally, 
there was variation in nurses’ responses to the remain-
ing questions between primary and next test. Also, the 
finding revealed lower percentage of correct answers 
for questions 9 and 14 in the posttest with mean score 
of 61% and 58% respectively, and the majority of mean 
score of correct answers in the posttest of question 5 was 
96%.  However, the table showed there was an elevation 

Q20: Can trichomoniasis cause complications during 
pregnancy?

Incorrect 24 24
.76 .43

3 3
.97 .17

Correct 76 76 97 97

Q21: Can trichomoniasis be cured?
Incorrect 31 31

.69 .46
10 10

.90 .30
Correct 69 69 90 90

Q22: Metronidazole cannot cause certain side effects
Incorrect 61 61

.39 .49
26 26

.74 .44
Correct 39 39 74 74

Q23: Trichomoniasis may also cause a woman to 
deliver a premature

Incorrect 25 25
.75 .44

10 10
.90 .30

Correct 75 75 90 90

Q24: There is a vaccine for trichomoniasis
Incorrect 53 53

.47 .50
26 26

.74 .44
Correct 47 47 74 74

Q25: Trichomoniasis can cause infertility for men and 
women

Incorrect 35 35
.65 .48

12 12
.88 .33

Correct 65 65 88 88

Q26: Trichomoniasis can infect the bladder
Incorrect 52 52

.48 .50
25 25

.75 .44
Correct 48 48 75 75

Q27: Trichomoniasis can diagnose by culture analysis
Incorrect 26 26

.74 .44
9 9

.91 .29
Correct 74 74 91 91

Q28: Men suffer from pain during urination
Incorrect 22 22

.78 .42
9 9

.91 .29
Correct 78 78 91 91

Q29: The life cycle of trichomoniasis has trophozoite 
and the cyst

Incorrect 36 36
.64 .48

20 20
.80 .40

Correct 64 64 80 80

Q30: Heart palpitations, Nausea and vomiting, Chest 
pain, Sweating, Agitation, Anxiety, Difficulty breathing 

this side effect occurs if the patient drinks alcohol during 
treatment.

Incorrect 47 47

.53 .50

11 11

.89 .31
Correct 53 53 89 89

%: percentage, F: frequency, MS: Mean of score: poor (mean of scores 0-0.33), moderate (mean of scores 0.34-0.67), 
good (mean of scores 0.68 and more), SD: standard deviation, Assess: assessment.

Table 2. Cont.
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Sexually transmitted disease in of Mersin University in 
Turkey, and study of Sallam et al. [9] who conducted in a 
Military Hospital, Egypt, to asses and enhance the nurses’ 
knowledge about trichomoniasis with pre-posttest. Also, 
current study showed moderate knowledge in the risk 
factor, treatment and prevented approach at pretest while 
with the implementation of the educational program, 
nurses’ knowledge increased to better knowledge, (Table 
2). This result in agreement with results/ avaible in litera-
ture [9, 10]. The moderate level of nurses’ knowledge in 
this study before training may be due to the lack of inter-
est or the tendency of this group to develop their knowl-
edge of these diseases because of their connection to the 
issue of sex and what results from malpractices. The results 
in our semi experimental study differ from other descrip-
tive studies conducted on different groups of societies to 
measure their knowledge about the sexual transmitted 
disease. This variance might be due to differences in ed-
ucation, then awareness about a sexually transmitted 
disease [11], concluded in a study conducted to evaluate 
nurse’s Knowledge and Practice concerning sexually 
transmitted diseases in Sirajganj, Bangladesh, that the 
assessment of nurses’ knowledge was high, and 84.6% of 
respondents have awareness, but only 15% did not have 
knowledge about signs and symptoms. Performing of 
health professionals is well, according to their responsibil-
ities, but their knowledge about sexually transmitted 
disease was limited duo to not have sufficient information. 
Therefore, improvement of superiority of their services 
needs more training [12]. Also, Fred M. [13] mentioned in 
study conducted among graved women admitted to 
antenatal centers of General Hospital Luweero / Uganda, 
that the high level of knowledge established of midwives 
and nursing assistants, with the majority effective was 
16-25 age group. The outcomes regarding sexually trans-

demonstrated no significant difference in the nurse’s 
Knowledge according to their Demographic Charac-
teristics, as the p-values were more than 0.05, (Table 5).

DISCUSSION
Globally, sexually transmitted infections continue a signif-
icant public health subject, mainly between the younger 
populations. Despite being avoidable and treatable, sex-
ually transmitted infections remain prevalent. In many 
developing and undeveloped countries, absence of ad-
mission to treatment is a main factor. Another main factor 
is the absence of knowledge and awareness [8]. Develop-
ing periodic educational programs and evaluations re-
garding Trichomonas vaginalis on a regular basis would 
enhance competency to provide high quality nursing care 
[9]. The random sample in this study included male and 
female participants of different ages and qualifications, 
with experience ranging from 1 to 36 years and working 
in different units in Al-Zahraa Hospital – Al Najaf city (Fig-
ures 1-8). In present study, the effect of educational pro-
gram on the nurses’ knowledge about trichomoniasis was 
researched, the results show the total of study sample 
knowledge level regarding Trichomoniasis in the Pretest 
was a moderate (0.57), and in the post it was good (0.84), 
(Table 3), with highly important difference (P <0.01) be-
tween primary and next test level. At pretest findings in 
our study revealed that samples’ knowledge is moderate 
knowledge in symptoms and complication, in contrast, at 
posttest reported good knowledge (Table 2). This signifi-
cant rise in educational level of symptom and complication 
after training was in line with other studies and gave the 
same results as Börekçi et al.[10] that was conducted the 
pretest and post to determine the influence of the edu-
cation level of students basing peer on knowledge about 

Table 3. Overall assessment of the samples’ Knowledge Regarding Trichomoniasis in the primary and next test 
Overall Items Knowledge Regarding Trichomoniasis for the Study sample (n=100)

Pre-Test Post-Test

F. % MS SD Assess. F. % MS SD Assess

Knowledge Regarding 
Trichomoniasis

Poor 3 3

.57 .14 Moderate

0 0

.84 .09 GoodModerate 76 76 6 6

Good 21 21 94 94

%: percentage, F: frequency, MS: Mean of score: poor (mean of scores 0-0.33), moderate (mean of scores 0.34-0.67), good (mean of scores 0.68 and 
more), SD: standard deviation, Assess: assessment.

Table 4. Mean variance (Paired T-Test) of nurses’ knowledge at periods of measurements (pretest and posttest)
Overall Items Periods of Measurements M.S. SD t-value d.f. p-value

Knowledge Regarding Trichomoniasis
Pre-test .57 .14

20.334 99 0.0001HS

Post-test .84 .09

M.S. Mean of Score, SD. Standard deviation, d.f   degree of freedom, P = probability value. NS. Non-Significant at (P > 0.05), HS. High Significant at (P< 0.01).
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young single individual, the study was performed in 
Surulere, Lagos State, Nigeria between young single per-
sons. Vakilian K [16] observed that “the university students’ 
knowledge” is far from the wanted level. Also Mansor  et 
al. [17] determined in their study that the knowledge of 
sexually transmitted infections in higher education insti-
tutions among students was unacceptable, to strengthen 
existing sexual education programs might be transporting 
more information about other sexually transmitted infec-
tions rather than concentrating on HIV only, upcoming 
program should concentrate on students who have a skill 
certificate or diploma and others, then those remaining 
off-campus. Keizur et al. [18] mentioned knowledge con-
cerning sexually transmitted infections between under-
graduate women students was limited, educational pro-
grams and through the health center of university might 

mitted infections presented by Lagadinou et al. [14] 
highlighted emphasize the crucial need for best designed, 
ongoing programs of sexual education to raise students’ 
awareness around sexually transmitted infections and 
their avoiding, the researchers revealed that most of the 
contributors have an aware of the major sexually trans-
mitted infections and their mode of transmission in study 
designed to evaluate the knowledge and attitudes of 
nursing and medical students in study performed  at the 
University of Patras, western Greece. Osanyin et al. [15] 
mentioned that most of the participants  had awareness 
and had a positive attitude about protection of sexually 
transmitted infections, but the knowledge and practices 
remained not enough , so, the study recommended en-
hanced education to increase the knowledge and prac-
tices related to sexually transmitted infections between 

Table 5. Relationship among demographic characteristics of the sample and knowledge at the post-test
Socio-Demographic Characteristics Rating and Intervals Mean SD Statistical Test P-Value

Age

21-29 .83 .09

1.668# 0.164 NS

30-28 .86 .08

39-47 .86 .08

48-56 .79 .05

57-66 .93 .

Gender
Males .82 .10

1.355^ 0.179 NS

Females .85 .08

Residence
Urban .84 .09

0.715^ 0.476 NS

Rural .83 .07

Occupational Title
Technical nurse .82 .10

1.472^ 0.144 NS

Nurse .85 .08

Years of Experience

1-12 .84 .09

0.649# 0.525 NS13-24 .86 .08

25-36 .83 .07

Marital status
Single .85 .09

0.660^ 0.511 NS

Married .84 .09

Working Unit

Emergency Department .82 .09

1.713# 0.169 NS
Critical Care Unit .88 .06

Operating Room .85 .09

Others .84 .09

Qualification

Technical Nursing .86 .08

1.094# 0.364 NS

Institute .84 .08

Diploma Nursing School .86 .09

Bachelor Nursing .82 .10

Master Degree .85 .04

 NS: nonsignificant.
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Trichomonas vaginalis in non-pregnant female group at-
tending Basrah Teaching Hospital, Basrah Maternity and 
Children teaching Hospital and Al-Faihaa Hospital, showed 
a high rate of infection with Trichomonas vaginalis among 
partners in Al-Hamza province, Iraq, and recorded the high-
est rate with Trichomonas vaginalis among women who 
attended the hospitals and medical clinics from different 
regions of Karbala province [6, 26]. In addition Trichomonas 
vaginalis, can remain asymptomatic for long periods, which 
may result in severe complications. In women with pelvic 
inflammatory illness, trichomoniasis was strongly correlated 
with and predicted [27]. The occurrence of Trichomonas 
vaginalis and, its associated risk factors among the asymp-
tomatic population is very high [28]. Based on the findings 
of the Merdaw et al. [29] study, the genetic diversity in the 
Trichomonas vaginalis in Iraqi isolates can associate with 
clinical manifestations (infertility and cervical abnormalities). 
Therefore, increasing knowledge for nurses’ groups that 
come into contact with society is important for transferring 
and communicating information to the largest possible 
number of people, hospital visitors, studies have revealed 
that communicating information through peers is more 
effective. The education based on the peer education is 
effective, particularly among youths, who are normally 
under the effect by their peers in many habits counting in 
relations of “positive and negative health behaviors” [10].

CONCLUSIONS
Our study included an educational program that may 
be the first in Al-Najaf City to evaluate and promote the 
knowledge of a group of nurses about the risk factors, 
symptoms and complications of the disease, how to 
prevent and treat it, and methods of transmission of 
trichomoniasis. This study concluded that the knowl-
edge level improved from moderate to good after the 
program for all nurses in different age, gender, married, 
single, different working unit and years of experience, 
in the total assessment, the knowledge of nurses about 
trichomoniasis in the Pretest, was a moderate mean score 
(0.57) and the posttest was a good (0.84) mean score, 
with no significant difference in the nurse’s Knowledge 
according to their Demographic Characteristics. 

LIMITATIONS
One of the limitations of this study is that the sample 
size did not include the entire province and did not 
include all sexually transmitted diseases. Therefore, 
we recommend conducting similar studies of all dis-
ease transmitted by sexual method that include other 
groups and the nursing group that are much relevant 
and influential in society.

raise testing rates. The findings of Amakali  et al. [19] study 
revealed poor knowledge of sexually transmitted disease 
and negative attitudes towards the management of pa-
tients with sexually transmitted disease among the study 
respondents in the study performed to determine the 
knowledge among undergraduate diploma nursing stu-
dents regarding sexually transmitted diseases sexually 
transmitted disease at the University of Namibia. The 
conclusion  of Sunil  et al. [20] study indicate that most 
students of the high school have low knowledge of sexu-
ally transmitted infections, so it is important to introduce 
educational programs about sex to increase awareness of 
student around sexually transmitted infections and protec-
tive methods. There was a non- significant difference in the 
knowledge of male and female sample, no association in 
the knowledge according to ages and qualifications, and 
no difference in the knowledge with the experience years 
and married and single participant, also the nurses who 
work in different units have the same knowledge at posttest 
in our study (Table 5), this means that the program has an 
obvious impact on the all study sample. In this result, our 
study agreed and disagreed with other studies conducted 
in different countries as study conducted in the Medical 
Sciences/ Markazi University, Iran, to asses of healthcare 
staff’ knowledge, attitude, and practice linked to sexually 
transmitted infections revealed that there was the same 
knowledge in study sample (physicians midwives, and 
health professionals)  according to gender, ages, the expe-
rience years and marital status but the knowledge score 
different between occupational sample [12], and Alshem-
eili et al. [21] study conducted in the United Arab Emirates 
who found that male and female were not related to the 
level of knowledge and showed age and marital status were 
significantly related to the level of sample knowledge, ex-
actly, contributors who were slightly older, also literature 
date mentioned that men and women no difference asso-
ciated with knowledge [16]. Specific gaps of knowledge 
exist for HIV and non-HIV sexually transmitted infections, 
which should be addressed through educating sex, concen-
trating on high-risk groups exactly, passive attitudes and 
deafen behavior should be addressed through raising fo-
cused sexually transmitted infections knowledge [22]. In 
study conducted in Nigeria by Adekunle  et al. [23] revealed 
that the 172 female contributors more than 80% not know 
of trichomoniasis before the study, and did not hear the 
route of transmission or how to avoid it. The importance of 
the current study lies in the fact that the spread of sexually 
transmitted diseases is continuously and increasing, espe-
cially Trichomonas vaginalis parasite such recorded by many 
studies as Al-Abbas [24] when they researched the preva-
lence rats of Chlamydia trachomatis and Trichomonas vagi-
nalis in female  who visited Al-Zahraa Hospital, Al- Najaf city, 
Kadhum N [25] study reported  high rate of disease with 
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INTRODUCTION
SMI – is a special form of coronary artery disease (CAD), 
which is characterized by atherosclerotic damage to 
the coronary arteries and the occurrence of myocardial 
ischemia, in which the intensity of efferent nociceptive 
stimulation does not reach a level sufficient to cause 
pain [1]. In the SMI pathogenesis, at the same time, a 
lower degree of severity of ischemic and atherosclerotic 
changes is noted, compared to stable angina pectoris. 
The presence of SMI for a long time is the cause of local 
or diffuse damage to the heart muscle, disturbances 
in the kinetics of the left ventricle, and leads to the 
progression of heart failure. This is the reason why pa-
tients with SMI should be included into the group with 
a complicated course of CAD [2].

One of the most prognostically unfavourable com-
plications of CAD, including its silent form, is sudden 
cardiac death (SCD) [3]. The fight against the emergence 
of life-threatening arrhythmias and SCD is one of the 
most important tasks of the modern health care system 
of Ukraine and the world in general. The importance of 

this problem is due to high mortality, especially among 
young and working-aged people [4]. Current selection 
criteria for primary prevention of SCD in patients with 
SMI are insufficiently effective. In many cases, SCD is the 
first, but at the same time, it is the fatal manifestation of 
the disease [5]. Therefore, the main direction of modern 
research in medicine is to identify the silent form of 
myocardial ischemia, followed by the search for early 
risk markers and ways to effectively prevent SCD [6].

Research over the past three decades suggests a 
probable relationship between autonomic regulation 
and mortality from cardiovascular diseases (CVD), 
including SCD. There is experimental evidence [7] of 
a correlation between the frequency of occurrence of 
fatal arrhythmias and destabilization of the balance 
of the sympathetic and parasympathetic parts of the 
autonomic nervous system (ANS) [8]. This led to the 
discovery of quantitative markers of autonomic regula-
tion – heart rate variability (HRV), the analysis of which 
is one of the main quantitative methods of assessing the 
mechanisms of neurohumoral regulation of the heart, 

Features of complex medicamental therapy in patients with 
silent myocardial ischemia of high risk after myocardial 
infarction
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ABSTRACT
Aim: To determine the peculiarities of the course of silent myocardial ischemia (SMI) in patients with post-infarction cardiosclerosis depending on the risk 
factors (RFs); to reveal the interdependence between the presence of pathological turbulence of the heart rhythm and the peculiarities of the course of SMI in 
patients with post-infarction cardiosclerosis and the effectiveness of treatment applying S-amlodipine and enalapril in complex therapy.
Materials and Methods: There were observed 154 patients with SMI with a history of myocardial infarction, having received anti-anginal therapy. The 
diagnosis of SMI was made according to Holter ECG monitoring data. Among the additional indices of the severity of the patient’s condition, the maximum 
value of the ST segment deviation amplitude was evaluated. 
Results: It was determined that in patients with SMI with post-infarction cardiosclerosis, there is a positive correlation between the presence of RFs and Holter 
ECG monitoring indices, in particular, the average daily values of the number of ischemic episodes, the total daily duration of ST segment depression and the 
average duration of one ischemic episode. Enalapril and S-amlodipine are the effective means of pharmacotherapy in the SMI. 
Conclusions: The silent myocardial ischemia, which is associated with the presence of such Rfs as arterial hypertension, diabetes melitus, dyslipidemia or 
their combination, is characterized by a severe course of the disease, which is manifested by a worsening of the clinical condition, a decrease in tolerance to 
physical exertion, significant changes in hemodynamics.
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which allows establishing the relationship between the 
sympathetic and parasympathetic divisions of the ANS 
in temporal and spectral dimensions and quantitatively 
characterize the activity of different departments of 
the ANS. An imbalance of the ANS, which leads to a 
decrease in HRV, causes an increased risk of severe 
cardiovascular complications and death [9].

The lack of clear criteria for the detection of SMI, 
assessment of the risk of life-threatening arrhythmias 
and SCD provoked by modified (smoking, dyslipidemia, 
arterial hypertension (AH), etc.) and unmodified risk 
factors (RFs) of CVD, differentiated approaches to the 
application of basic methods of early diagnosis and 
treatment, do not allow in many cases achieve the de-
sired clinical effect during the treatment of patients with 
cardiovascular pathology. Thus, in-depth elucidation of 
the factors, mechanisms of their occurrence, formation 
and progression, and complications of SMI constitute 
an actual and important scientific problem for practical 
medicine [10,11].

One of the most relevant aspects of the study of 
CAD is the issue of effective and adequate anti-anginal 
therapy [12]. The choice of therapeutic tactics for each 
patient with CAD should be based on the clinical-patho-
genetic peculiarities of the course of the disease, the 
presence of concomitant pathology, and the individual 
effectiveness of the therapeutic regimen. At the same 
time, CAD should be considered as a multifactorial 
disease, in the development and course of which the 
patient’s lifestyle and environmental factors play a 
significant role. A number of scientific works prove the 
importance of these modified factors for assessing the 
prognosis of the course of CAD and determining the 
risk of its complications [13, 14].

AIM
To study and determine the peculiarities of the course 
of SMI in patients with post-infarction cardiosclerosis 
depending on the RFs. To reveal the interdependence 
between the presence of pathological turbulence of 
the heart rhythm and the peculiarities of the course of 
SMI in patients with post-infarction cardiosclerosis and 
their prognostic value for assessing the severity of the 
disease course and the effectiveness of treatment ap-
plying S-amlodipine and enalapril in complex therapy.

MATERIALS AND METHODS
The study was conducted on the basis of Regional 
Clinical Cardiology Center.

The members of the Ethics Commission at the Iva-
no-Frankivsk National Medical University decided that 

this study would not contradict the main provisions 
of the GCP, Convention Council of Europe on human 
rights and biomedicine, the Helsinki Declaration of the 
World Medical Association on ethical principles for the 
conduct of scientific medical research with the partici-
pation of man and the Law of Ukraine «On Medicines». 
All patients signed an informed consent to participate 
in a clinical trial.

There were observed 154 patients with SMI with a his-
tory of myocardial infarction (MI), having received an-
ti-anginal therapy. Among the examined patients there 
were 112 men – it was 72.7%, and 42 women – it was 
27.3%. The average age of the patients was (53.5±2.82) 
years: men – (51.2±1.2), women – (56.9±1.5) years old. 
The most numerous was the age group of patients aged 
30-44 and 50-59 years, respectively – 37.0% and 42.9% 
of the examined. During the clinical-functional exam-
ination of the above-mentioned patients, 30 healthy 
persons were also examined in order to form a control 
group. The homogeneity of the patients included into 
the study, was established by age and gender.

For a detailed study of the clinical-functional and 
laboratory peculiarities of SMI at different stages of 
its course and the influence of the medicines selected 
on the course of the disease, all the examined were 
divided into the following groups: І) – patients with 
SMI receiving basic therapy: metoprolol succinate 25 
mg/day, clopidogrel 75 mg/day and atorvastatin at a 
dose of 20 mg/day (n=39) – BT; ІІ) – patients with SMI, 
who in addition to the BT were prescribed enalapril at a 
dose of 2.5-10 mg per day (n=37) – BT+ E; ІІІ) – patients 
with SMI, who against the background of BT were pre-
scribed S-amlodipine 2.5-5 mg per day (n=40)– BT+sА; 
IV) – patients with SMI receiving combined treatment 
with medicines of BT together with enalapril 2.5-10 
mg/day and S-amlodipine at a dose of 2.5-5 mg/day 
(n=38) – BT+E+sА.

The diagnostic criteria were: episodes of SMI verified 
with the help of Holter ECG monitoring and a test with 
dosed physical load. The diagnosis of SMI was made 
according to Holter ECG monitoring data, using the 
rule of “three units”: deviation of the ST segment with 
an amplitude of 1 mm or more, lasting at least 0.08 s 
from point j, for 1 min or more, with an interval between 
episodes of at least 1 min.

Among the additional indices of the severity of the pa-
tient’s condition, the maximum value of the ST segment 
deviation amplitude was evaluated. In addition, the oc-
currence of accompanying rhythm disturbances during 
myocardial ischemia was noted, which is important not 
only for the diagnosis of SMI, but also makes it possible to 
differentiate arrhythmogenic ST segment shift. The total 
number of supraventricular and ventricular extrasystoles 
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(VE) was calculated, and the class of VE according to V. Lown 
was determined. The analysis of heart rate turbulence (HRT) 
parameters was carried out according to the criteria offered 
by G. Schmidt and co-authors [12] with the determination 
of indices of the “start” of HRT and the “slope” of HRT.

Determination of HRTO (%) and HRTS (ms/RR) was 
performed as follows. The HRTO index – is the ratio 
between the sum of the values of the first two RR sinus 
intervals occuring after extrasystole and the two RR 
sinus intervals preceding extrasystole to the sum of the 
two RR sinus intervals before extrasystole:

HRТО (%) = ((RR1+ RR2) – (RR-3+ RR-2))/(RR-3+ RR-2);
where RR1 ,RR2 – are the intervals that come after the 

compensatory pause; RR-3 , RR-2 – are the intervals that 
precede the VE. 

To determine HRTS (ms/RR), the slope of the change 
in RR intervals was calculated using straight regression 
lines for every 5 RR intervals out of 20 occurring after a 
compensatory pause. The HRTS value was taken as the 
maximum regression slope. Values of HRTO < 0% and 
HRTS > 2.5 ms/RR were considered normal, and HRTO 
> 0% and HRTS < 2.5 ms/RR – pathological ones.

Daily monitoring of heart rate variability (HRV) was carried 
out using the system of daily monitoring and analysis of HRV. 
Among daily HRV indices, statistical (SDNN-i, SDNN, rMSSD, 
pNN50), total power of heart rate fluctuations (TP) and spec-
tral indices (LF, HF) were studied, and the LF/HF ratio was 
calculated. Indices were calculated automatically for every 5 
minutes of recording. Five-minute intervals, which included 
non-stationary processes, artifacts and frequent extrasystoles, 
were excluded from the calculation in direct recording analysis.

For temporal analysis of HRV, the following indices 
were calculated: SDNN – standard deviation (SD) of 
values of normal NN intervals during 24 hours; SDАNN 
– standard deviation of the average values of NN inter-
vals for every 5 minutes of continuous ECG recording; 

and iSDNN – index – average of standard deviations of 
N-N intervals for every 5 minutes; rMSSD – standard 
deviation of the difference of N-N consecutive intervals; 
pNN50 – the percentage of consecutive N-N intervals, 
the difference between them exceeds 50 ms.

Spectral analysis made it possible to detect periodic 
changes in the frequency of the sinus rhythm using 
special mathematical methods, while the sequence of 
sinus contractions is transformed into a sequence of 
frequencies (in Hz), each of which corresponds to the 
amplitude of the oscillations. Thus, high frequencies 
(High Frequency – HF) – 0.15-0.40 Hz are the markers 
of the activity of the parasympathetic part of the ANS; 
low frequencies (Low Frequency-LF) – 0.04-0.15 Hz – 
sympathetic department. The ratio of sympathetic and 
parasympathetic effects on HRV was characterized by 
the LF/HF ratio (norm 1.5-2.0).

Spectral analysis of HRV was performed based on 
the study of the following indices: HF – high-frequency 
component of the spectrum (0.15-0.40 Hz), index of the 
activity of the parasympathetic part of the ANS; LF – a 
low-frequency component of the spectrum (0.04-0.15 
Hz), which reflects slow heart rate fluctuations, closely 
related to the heart’s response to vegetative influences; 
LF/HF – the coefficient of sympatho-parasympathetic 
balance, reflecting the balance of activity of the sympa-
thetic and parasympathetic divisions of the ANS; VLF – 
the power of very low-frequency waves (0.0033-0.04 Hz), 
reflecting the activity of the humoral mechanisms of 
slow-acting heart rhythm regulation; ТР – the total power 
of the spectrum, is an analogue of the SDNN index.

All the data of the work were processed using the package 
of applied and statistical programs STATISTICA 10. For all 
indices, the value of the average arithmetic sample (М), its dis-
persion and the average error (m) were calculated. To identify 
the probability of differences in research results, the Student’s 

Fig. 1.  A point- 
biserial correlation 
analysis between 
the presence of RFs 
and indices of Holter 
ECG monitoring in 
patients with SMI.
Note. The probabil-
ity of a difference 
in average values is 
*р<0.05.
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coefficient (t) was determined, after which the probability 
of sample differences (р) and the confidence interval of the 
average were determined according to Student’s distribution 
tables. Values with p<0.05 were considered probable. To 
determine the relationship between parametric indices, the 
correlation coefficient was determined.

RESULTS
In our study, the frequency of occurrence of the SMI was 
analyzed, taking into account the presence of RFs. It was 
found that in patients with dyslipidemia, AH, diabetes 
mellitus (DM) and the presence of two or more RFs, the 
formation of asymptomatic variants of MI was observed 
more often compared to patients without RFs. At the 
same time, it should be noted that the frequency of 
ventricular tachycardia (VT), syncopal conditions did 
not depend on the presence of RFs. The results obtained 
can be explained by the different degree of sensitivity 
of individuals to efferent nociceptive stimulation, which 
is partly determined by the individual characteristics of 
the patient and his/her lifestyle. The interrelationship of 
the RFs of CAD and the probability of the formation of 
asymptomatic MI indicate a significant influence of ex-

ternal factors on susceptibility to myocardial ischemia. 
An important aspect of the study was the investigation 
of lifestyle peculiarities of patients that increase the risk 
of dyslipidemia or carbohydrate metabolism disorders. 
It has been determined that DM is more often observed 
in people with hypodynamia and excess body weight.

A clinical-instrumental analysis was performed in patients 
with SMI with post-infarction cardiosclerosis. The evaluation 
of the data obtained of the ECG-study in 12 standard leads 
showed that in patients with SMI, in comparison with the 
subjects studied in the control group, rhythm disorder 
according to the type of supraventricular and VE, as well as 
sinus tachycardia, were more often detected. The peculiari-
ties of the course of the SMI in patients with post-infarction 
cardiosclerosis, depending on the RFs, were analyzed. When 
performing an ECG in people with dyslipidemia, compared 
to patients without RFs, focal cicatricial changes were de-
tected more often (76.5% vs. 9.1%; p<0.001), in studied with 
type II DM, VE (48.3% vs. 9.1%; p<0.05), and in patients with 
2 or more RFs had LV hypertrophy (73.8% vs. 9.1%; p<0.001) 
and focal cardiosclerosis (88.1% vs. 18 .2%; p<0.001).

The results of the standard ECG study provided the ne-
cessity for the performance of a Holter ECG monitoring. 
When analyzing Holter ECG monitoring indices, it was 

Table 1. The influence of the studied schemes of anti-ischemic therapy on the dynamics of heart rate variability analysis indices according to Holter ECG 
monitoring in patients with SMI 

Indices Norm
n=30

Basic therapy (І group),
n=39

Basic therapy + enalapril
(ІІ group), n=40

Basic therapy +
S-amlodipine (ІІІ group), n=37

Basic therapy + enalapril + 
S-amlodipine (ІV group), n=38

before 
treatment

after 
treatment, р

before 
treatment

after 
treatment, р

before 
treatment

after 
treatment, р

before 
treatment

after 
treatment, р

SDNN, ms 155,6± 
7,95

107,4±
5,61    

 р<0,001

123,32±
5,24*

Δ+14,8 

103,7±
5,34  

р<0,001

125,7±
7,1*

Δ+21,2

111,6± 
5,5  

р<0,001

139,7± 
5,68**  
Δ+25,2

105,2±
6,02

р<0,001

147,1±
8,16***  
Δ+39,8

RMSSD, ms 38,2± 
2,25

21,4 
±1,18  

р<0,001

25,3 
±1,16*  
Δ+18,2

23,5 
±1,21  

р<0,001

29,3 
±1,64**  
Δ+24,7

22,9 
±1,09  

р<0,001

34,7 
±1,51***  
Δ+51,5

20,8±
1,27  

р<0,001

36,5 
±1,38 *** 
Δ+75,5

pNN50, % 20,3± 
0,93

23,6 
±1,37  

р<0,05

18,3± 
1,58 *

24,1± 
1,75  

р<0,05

18,2± 
1,39 *

22,9± 
1,57  

р<0,05

16,9 
±0,64 **

23,5± 
1,93  

р<0,05

17,1± 
0,82 **

ТР, ms2 4120,6± 
194,34

2289,15± 
147  

р<0,001

2730,09±
161*  

Δ+19,3 

2179,27± 
183  

р<0,001

3174,3±
132***

Δ+45,65

2301,64± 
113  

р<0,001

3300,01± 
155***  
Δ+43,4

2259,35± 
101  

р<0,001

3645,85± 
179 ***  
Δ+61,4

ln ULF 10,8± 
0,49

11,92±
0,67

11,6± 
0,53  

р1>0,05

11,98±
0,78

11,57±
0,42  

р1>0,05

11,91±
0,71

11,26± 
0,68  

р1>0,05

11,89±
0,92

11,04± 
0,59  

р1>0,05

ln VLF 8,04± 
0,33

8,34± 
0,51

8,1± 
0,38  

р1>0,05

8,39± 
0,47

8,1± 
0,29  

р1>0,05

8,34± 
0,45

7,85± 
0,31  

р1>0,05

8,32±
0,69

7,73± 
0,4  

р1>0,05

LF, ms2 ∆ % 1103,9± 
67

1820,14± 
112  

р<0,001

1512,56±
89  

р1<0,05

1901,92± 
125  

р<0,001

1470,23± 
81 **

1813,35± 
94  

р<0,001

1205,28 ± 
69  
***

1793,03± 
138  

р<0,001

1050,48± 
61  
***

НF, ms2, ∆ % 631,7± 
28

674,1± 
53

657,4± 
46  

р1>0,05

678,9± 
39

653,4± 
32  

р1>0,05

636,4± 
48

602,5± 
29  

р1>0,05

649,6± 
36

617,6± 
31  

р1>0,05

LF/НF 1,75±0,1 2,7±0,16 2,3±0,1
*Δ-14,8

2,8± 
0,15

2,25± 
0,14

*Δ-19,6

2,83± 
0,19

2,0± 
0,07

***Δ-29,3
2,74±0,17 1,7±0,09

***Δ-37,95

Note. P – the probability of changes in relation to norm indices, the probability of a difference compared to the indices before treatment: *- р<0,05, 
**- р<0,01, *** – р<0,001.
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It is noteworthy that higher values of LV myocardial 
mass were recorded in patients with concomitant AH; 
they are characterized by a more intensive develop-
ment of LV hypertensive remodeling processes com-
pared to patients of other studied groups. The results 
obtained in this group may be due to a higher blood 
pressure and a higher value of the aortic stiffness index. 
It was found that for patients with SMI in the presence 
of concomitant hypertension, DM, two or more RFs, 
the average diastolic value of the thickness of the back 
wall of the LV and the interventricular septum was sig-
nificantly higher (p<0.001) compared to the group of 
patients with no RFs.

Evaluating the effectiveness of the used treatment 
regimens for six months, the advantages of the com-
bined use of S-amlodipine and enalapril against the 
background of BT were proven.

The study analyzed the dynamic indices of complaints 
in the examined patients under the influence of anti-an-
ginal therapy. It was noted that in all studied groups 
during the treatment, a positive dynamics of decreasing 
the frequency of manifestation of subjective clinical 
signs of the disease course was observed. A significant 
reduction in heart rate and the feeling of interruptions 
in the work of the heart during physical exertion and at 
rest was already observed after 3 months of medicinal 
treatment. Changes in tolerance to physical exertion in 
patients with SMI after treatment were studied. It was 
noted that the complex use of BT medicines in com-
bination with S-amlodipine and enalapril in patients 
with SMI was accompanied by the most pronounced 
increase in tolerance to physical exertion compared to 
other groups.

The results of Holter ECG monitoring proved that 
the investigated treatment regimens were effective 
in reducing ischemia indices. The total duration of 
ischemia, the number of ischemic episodes, and the 
mean and maximum depth of ST segment depression 
decreased in all four groups. A statistically significant 
decrease in the frequency of episodes of myocardial 
ischemia during the day under the influence of BT and 
enalapril, as well as when using BT in combination with 
S-amlodipine, was noted.

It was determined that the most intense anti-anginal 
effect was observed in the combined treatment with 
enalapril and S-amlodipine. The index of the average 
daily number of ischemic episodes before the start of the 
study in the group I decreased at 30.7% after the end of 
the treatment course (p<0.001). The average number of 
episodes of myocardial ischemia during the day in the 
group II decreased at 37.94% and amounted to (3.19±0.15) 
after therapy (p<0.001). It was proved that the addition of 
S-amlodipine to the basic therapy in patients of the group 

determined that patients with SMI with RFs such as AH, 
DM and dyslipidemia have higher average daily values 
of the number of ischemic episodes per day, total daily 
duration of ST segment depression, total ST depression 
amplitude, average duration of one ischemic episode 
in comparison with individuals without RFs (p<0.05). 
When analyzing the dynamics of the indices of the av-
erage value of maximum ST segment depression, the 
average depth of ST segment depression, the average 
heart rate during ST segment depression, the heart 
rate at the maximum depth of ST shift, no significant 
differences were found in various groups of studied 
patients (p>0.05). The frequency of SMI episodes is 
proportionally related to the RFs number of the com-
plicated course of CAD. 

A point-biserial correlation analysis was performed 
between the presence of RFs and the duration of myo-
cardial ischemia in patients with SMI.

As one can see from fig.1, a direct correlation of 
average strength was established between the daily 
duration of the ST segment and the presence of FRs. 
The point-biserial correlation coefficient (rpb) was +0.59 
(р<0.05). When analyzing the correlation interrelation-
ship between the average duration of one ischemic 
episode and the presence of FRs, a statistically signif-
icant correlation of the average strength was found. 
The point-biserial correlation coefficient was equal to 
+0.52 (p<0.05).

The obtained results proved that such RFs as AH, type 
II DM, dyslipidemia can negatively affect the condition 
of myocardial perfusion and provoke ischemia of the 
heart muscle in patients with SMI. This is manifested 
by more intense manifestations of ischemic changes 
detected during Holter ECG monitoring.

Analysis of the prevalence of VT and other ventricular 
rhythm disturbances did not reveal significant differenc-
es between the study groups (p>0.05). A significantly 
higher frequency of VE was noted in patients with 
concomitant type II DM, AH, lipid metabolism disor-
ders, and the presence of two or more RFs, compared 
to patients without RFs (p<0.05). When analyzing the 
dynamics of indices of the average value of heart rate, 
P-Q and Q-T intervals, no differences in these indices 
were found in different groups of the studied patients 
(p>0.05). The results of the echocardiographic study 
proved that the course of SMI in patients with dyslipid-
emia, DM and AH is accompanied by more pronounced 
hypertrophy of the LV and lower indices of its systolic 
function in comparison with patients with the absence 
of RFs. It was determined that when at least one RF was 
identified, higher indices of the volumes and sizes of the 
LV into systole and diastole were observed (p<0.01), as 
well as a decrease in LV ejection fraction (p<0.05).
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It is known that a significant decrease in HRV in-
creases the risk of developing acute cardiovascular 
disease. Analyzing the indices of the total HRV, it was 
found that almost all time indices characterizing the 
total HRV in patients with SMI compared to patients 
without ischemia, were reduced, however, significant 
differences between the groups were found only in 
relation to the index of total power (2263.15±126.05) 
ms2 and (4120.6±194.34) ms2 (p<0.05).

The rate of SDNN in patients with SMI was low be-
fore the start of anti-anginal therapy and probably 
increased in all groups of patients after 6 months of 
treatment (p<0.05). Characterizing the parameters of 
the spectral analysis of HRV, it was established that the 
LF level, which reflects the low-frequency component 
of HRV and characterizes the sympathetic tone, was 
significantly higher in patients with SMI than in the con-
trol group (p<0.05). The LF/HF index (sympathovagal 
index) in patients with SMI was significantly (p<0.05) 
higher compared to the group of healthy individuals, 
which characterizes a shift in the sympathetic-para-
sympathetic balance towards the predominance of the 
sympathetic division of the ANS. The absolute values of 
the HF index did not change significantly under the in-
fluence of anti-anginal treatment in all groups (p>0.05).

Thus, the investigated schemes of anti-anginal treat-
ment had a positive effect on HRV, which was confirmed 
by the dynamics of indices of time and frequency ana-
lyzes of Holter ECG monitoring. In the course of treatment 
with S-amlodipine and when combining this medicine 
with enalapril against the background of BT, sympathet-
ic-parasympathetic dynamic balance was restored.

DISCUSSION
Our study proved the importance of the influence of 
modified RFs on the characteristics of the clinical pic-
ture and on certain pathogenetic aspects in patients 
with CAD.

In the absence of clinically-manifest symptoms, 
SMI, nevertheless, is characterized by a complex of 
clinical-pathogenetic signs inherent in other forms of 
CAD. The study of SMI, the study of the peculiarities of 
its course allows to some extent deny the erroneous 
statement about the easier development of this dis-
ease in comparison with ischemic pathology, which is 
characterized by the pronounced anginal symptoms.

These research data allow us to consider SMI as a dis-
ease leading to a decrease in the electrical stability of 
the myocardium, the development of LV hypertrophy, 
and an increase in the thickness of its walls. The de-
scribed processes are accompanied by the pronounced 
phenomena of myocardial ischemia. Thus, in the ab-

III was accompanied by a more pronounced anti-anginal 
effect, reducing the average daily number of ischemic 
episodes at 49.2% (p<0.001). It should be noted that 
anti-anginal treatment of the group IV patients using a 
combination of BT, enalapril and S-amlodipine led to the 
most statistically significant change in this index in the 
studied patients, namely at 59.5% (р<0.001).

The dynamics of HRT in patients with SMI during their 
treatment was evaluated using the offered medicinal 
regimens. In the group of patients with pathological 
values of turbulence onset (TO), there was no trend 
towards pathological values of turbulence slope (TS), 
only 5 (3.2%) patients of all studied groups were regis-
tered both pathological parameters of HRT before the 
start of anti-anginal treatment. 

Normalization of HRT indices was established as a 
result of the use of BT and when using a combination 
of BT with S-amlodipine and enalapril. The analysis 
of the dynamics of HRT indices showed that under 
the influence of the studied treatment regimens, the 
degree of detection of the pathological value of HRT 
decreased in all groups of patients (p<0.05). In par-
ticular, in the BT group, the frequency of registration 
of the pathological value of the onset of turbulence 
after therapy was 10.3%, against 23.1%, in patients 
receiving BT with enalapril – 8.1%, against 18.9% 
(р<0.05 ), in patients treated with BT in combination 
with S-amlodipine – 5.0%, against 20.0% (p<0.05), and 
in patients of the group of combined therapy – 2.6%, 
against 23.7% (p<0.05). Therefore, the most effective 
for the normalization of HRT was the therapy based on 
the combination of BT with S-amlodipine and enalapril. 
The higher effectiveness of anti-anginal therapy with 
S-amlodipine and enalapril when added to BT for the 
elimination of pathological HRT has been proven.

HRV is an important index for evaluating the thera-
peutic effectiveness of the studied medicines. Analysis 
of HRV makes it possible to evaluate the effect of phar-
macotherapy on the activity of the ANS, and is also im-
portant for predicting the course of the disease. Patients 
with SMI were characterized by a significant decrease in 
daily HRV compared to practically healthy individuals. 
The dynamics of HRV parameters is shown in table 1.

They were observed a statistically significant decrease 
in the time indices of the total HRV: SDNNi, SDNN, 
rMSSD, pNN50 (р<0.05). A decrease in total HRV may 
be associated not only with an increase in sympathet-
ic activity, but also with a decrease in all autonomic 
influences on the heart, which is confirmed by a de-
crease in the total power spectrum (TP). A decrease in 
high-frequency oscillations of the heart rhythm (RMS-
SD, pNN50) in patients of the study group indicates a 
decrease in parasympathetic influence.
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CONCLUSIONS
The SMI, which is associated with the presence of such 
RFs as AH, DM, dyslipidemia or their combination, is 
characterized by a severe course of the disease, which 
is manifested by a worsening of the clinical condition, 
a decrease in tolerance to physical exertion, significant 
changes in hemodynamics and autonomic regulation, 
more intense manifestations of myocardial ischemia, 
pronounced remodeling of the LV (p<0.05), compared 
to individuals without RFs (p<0.05).

It was determined that in patients with SMI with 
post-infarction cardiosclerosis, there is a positive cor-
relation of medium strength between the presence of 
RFs and Holter ECG monitoring indices, in particular, 
the average daily values of the number of ischemic 
episodes, the total daily duration of ST segment depres-
sion and the average duration of one ischemic episode.

In patients with SMI with post-infarction cardiosclero-
sis and LV systolic dysfunction, chronic HF, in the pres-
ence of heart rhythm disorders, additional information 
obtained with the help of Holter ECG monitoring can 
be of significant importance in choosing the strategy 
and tactics of patient management.

Enalapril and S-amlodipine are the effective means 
of pharmacotherapy in the SMI. The combined use 
of these drugs with BT in the studied patients allows 
the reduction of daily myocardial ischemia at 55.1% 
(р<0.001), to normalize indices of HRT and HRV. There-
fore, the study of symptoms, as well as possible causes 
and circumstances contributing to the occurrence of 
SMI in patients with post-infarction cardiosclerosis, is 
still an urgent task, the solution of which would allow 
us to identify such patients, and modern anti-ischemic 
therapy would help to improve the prognosis.

sence of clinically-manifest symptoms, SMI is neverthe-
less characterized by a complex of clinical-pathogenetic 
signs inherent in other forms of CAD [5]. The study of 
SMI and of the peculiarities of its course allows to some 
extent deny the false statement about the easier devel-
opment of this disease in comparison with ischemic pa-
thology, which is characterized by pronounced anginal 
symptoms. The evaluation of the results of the Holter 
ECG monitoring showed that the presence of such RFs 
as AH, violation of carbohydrate and lipid metabolism 
in patients with SMI with a history of MI, is associated 
with a probable decrease in the electrical stability of 
cardiomyocytes and is capable ofinducing rhythm 
disturbances according to the type of supraventricular 
and VE. Thus, in the absence of clinically-manifest symp-
toms, SMI is nevertheless characterized by a complex 
of clinical-pathogenetic signs inherent in other forms 
of CAD. The study of SMI and of the peculiarities of its 
course allows to some extent deny the false statement 
about the easier development of this disease in com-
parison with ischemic pathology, which is characterized 
by pronounced anginal symptoms. 

A more pronounced intensive anti-ischemic effect 
was determined when using against the background 
of BT, combined adequate therapy with enalapril and 
amlodipine in comparison with the performed BT in a 
separate combination with each of these medicines 
[10]. The high anti-ischemic efficiency of the studied 
medicines makes their use justified in the therapeutic 
algorithm of management of patients with SMI. In the 
course of this work, the effectiveness of the studied 
schemes of antianginal therapy for the normalization 
of HRT and HRV indices was proven. The results of the 
study could be a fundamental step towards the devel-
opment of a clinical protocol for the SMI treatment. 
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INTRODUCTION
Health is a state of complete physical, mental and social 
well-being, and not merely the absence of disease or 
infirmity. If a person loses at least one link from this 
chain, which are interconnected and complement each 
other, he cannot be considered completely healthy [1].

A malocclusion negatively affects the psychological state 
of adults and adolescents, their social interaction, quality 
of life and self-esteem, which is directly proportionally 
reflected in the social adaptation of the patient, his 
behavior and self-perception [2]. Some patients may 
complain of discomfort and even pain, especially in the 
area of the temporomandibular joint [3]. But not only 
the function of the maxillofacial system suffers, but the 
aesthetics of the face, which has a direct impact on the 
patient’s mental health and social stereotypes can have a 
serious impact on the psychosocial status [4].

Nowadays, the demand for orthodontic treatment is 
constantly growing, especially among adults, who make 

up more than half of all orthodontic patients, for whom 
improving their appearance and social recognition 
is an important motive for undergoing orthodontic 
treatment [5, 6]. Early studies have shown that many 
adult patients with malocclusion have problems with 
social psychological adjustment, which interferes with 
the normal relationship between the doctor and the 
patient, despite the successful results of orthodontic 
treatment. An orthodontist, who cured a patient with 
malocclusion as a physical disability, can significantly 
improve his psychological condition [7].

The use of psychological tests in dentistry and 
orthodontics helps to identify emotional aspects, phobias, 
anxiety or discomfort that the patient may feel during 
orthodontic procedures. In cases of hearing-impaired 
patients, psychological tests are the only objective 
method of psychodiagnosis, which may allow developing 
an individual approach to each patient, providing more 
comfortable and effective orthodontic care [8].

Сonnection and assessment of the psychological status of 
orthodontic patients with various types of malocclusion
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ABSTRACT
Aim: Assessment of relationship between the psychological status of orthodontic patients and the type of malocclusion using the Eysenck Personality Questionnaire.
Materials and Methods: Interviews were conducted using the Eysenck test. After the survey, the results of the questionnaire were analyzed according to the 
openness scale and 206 people aged 12 to 38 years were included in the further study. All patients were divided into groups according to the classification of 
malocclusion according to Angle – I, II and III class.
Results: During the verification of the first hypothesis regarding the relationship between patients with malocclusion and the level of neuroticism, a relationship 
was established in patients with II class (χ2=8.87, p=0.064). When establishing a relationship between patients with different classes of malocclusion and 
personality traits, no correlations were found (χ2=1.72, p=0.787). According to the results of the Pearson’s Chi-square analysis, a relationship was established 
between patients with different classes of malocclusion and types of temperament (χ2=32.0 p=0.004).
Conclusions: According to the results of our research, patients with pathology of III class according to Angle most often have the temperament type of sanguine 
and melancholic with introverted personality traits, with II class – melancholic and choleric, with I class according to Angle – sanguine and choleric, who are 
characterized by extraversion traits.
According to the psychosocial status, patients with pathology of I and II class correspond to a high level of neuroticism, with III class – to an average level of 
neuroticism.
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The connection between personal traits and the 
psychological state of patients and the results of dental 
treatment has been recognized, which is important 
to know before the start of long-term orthodontic 
treatment, in which the patient himself takes an active 
part [9].

Patients with malocclusion have higher rates of 
neuroticism, psychological symptoms such as paranoid 
ideas, anxiety, self-deprecation, introversion, and 
shyness [10].

AIM
The aim of this study was to assess the relationship 
between the psychological status of orthodontic 
patients and the type of malocclusion using the Eysenck 
Personality Questionnaire.

 MATERIALS AND METHODS
This study was conducted at the Department of 
Postgraduate Education of Orthodontists at the Poltava 
State Medical University in the period from March to 
May 2023 and was approved by the Bioethics Problem 
Commission № 221 dated 12.21.2023. Written informed 
consent was obtained from all participating patients 
before the start of the study.

SELECTION OF THE RESEARCH METHOD
Interviews were conducted according to the Eysenck 
test [11]. The method makes it possible to evaluate 
the symptom complex of extraversion, introversion 
and neuroticism. The questionnaire contains 57 
questions to which the participants answered 
«yes» or «no» depending on the real situation, 24 of 
which assess extroversion-introversion, the other 
24 questions characterize stability-instability, and 
the last 9 are included in the scale of openness and 
probability of results.

This test helps to identify personal characteristics 
and possible psychological difficulties that can affect 
the behavior, interaction and perception of the patient 
before treatment and to find an approach to the patient 
with bite pathology depending on its form.

Processing of the questionnaire was carried out with 
the help of a key, starting with the openness scale. If 
the examinee has 5 or more points, the results of his 
surveys are not taken into account, and the reasons for 
the dishonest answers are searched. Then we define 
extroversion and introversion by the number of points 
(more than 12 and less than 12, respectively). The lower 
the score, the more introverted person, the higher the 

score, the more sociable person. The same scores are 
applied to the scale of neuroticism: if 12 points or more 
– neuroticism, less – emotional stability.

INCLUSION CRITERIA
Patients with malocclusion and permanent bite.

EXCLUSION CRITERIA
Congenital facial defects previously treated orthodon-
tically or individuals in whom aesthetic defects were 
eliminated by prosthetic or restorative methods,.

Before the further study 206 patients who applied 
to the Department of Postgraduate Education of 
Orthodontists with malocclusion, aged from 12 to 
38 years.

After the survey, the results of the questionnaire were 
analyzed according to the openness scale, which objectively 
assesses the reliability of passing the test. Patients who 
provided inaccurate information were also excluded.

Regarding orthodontic pathology, all patients were 
divided into groups according to the classification of 
malocclusion according to E. Angle- I, II and III class. This 
classification is internationally accepted and character-
izes malocclusion in the sagittal plane. The first class 
is characterized by a neutral relationship on the first 
molars and an anomaly of the teeth in the frontal area. 
The second class corresponds to the distal ratio on the 
first molars of the upper and lower jaw, the third class 
corresponds to their mesial ratio.

STATISTICAL ANALYSIS
Statistical data processing was carried out in open 
statistical software for the desktop Jamovi free license 
v. 2.3.28.0 [12, 13].

In order to establish the relationship between the 
classes of malocclusion and the type of temperament, 
the level of neuroticism and personality traits 
(extraversion and introversion), an analysis of the 
mutual distribution of frequencies by Pearson’s χ2 was 
conducted.

Тhe null hypothesis was that there is no relationship 
between the psychological status of patients and the 
type of malocclusion. The alternative hypothesis is that 
there is a relationship.

RESULTS
During the verification of the first hypothesis regarding 
the relationship between patients with malocclusion 
and the level of neuroticism, a relationship was 
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established in patients with II class (χ2=8.87, p=0.064) 
Table 1.

In general, for patients with I class (group 1) the 
inherent average degree of neuroticism of the personality 
type is 38 (42.2%), while for the II class malocclusion 
(group 2) the high level of neuroticism is 38 (47.5%). 
The average level of neuroticism of 21 (58.3%) is most 
often characteristic to III class. When dividing patients 
by gender, a relationship was established between the 
level of neuroticism and persons of the male category, 
χ2=35.36, p<0.001) Table 2.

When dividing patients by age, a relationship was 
established by the level of neuroticism in the age groups 
of 12-18 years (χ2=9.63, p=0.047) and older than 26 years 
(χ2=14.33, p=0.006). table 2.

The second hypothesis was characterized by the 
existence of a relationship between patients with different 
classes of malocclusion and personality traits (extraversion 
and introversion). During its inspection, it was found that 
there is no connection (χ2=1.72, p=0.787) table 3. Therefore, 
the analysis of the relationship between personality traits 
and age and gender was not conducted.

In general, when dividing patients with I and II class 
according to Angle, the most extroverts were found – 46 

(51.1 %) and 43 (53.7 %), respectively. At the III class according 
to Angle, the most introverts were found – 18 (50%).

The third hypothesis was to determine the relationship 
between patients with different classes of malocclusion and 
temperament types. In the group of patients with I class 
pathology according to Angle, there are most sanguine 22 
(24.4%) and choleric 23 (25.5%), slightly less phlegmatic and 
melancholic. There are 20 cholerics (25%) and 16 sanguine 
(20%) in group 2. And there are 15 (41.6%) sanguine and 9 
(25.0%) melancholics in group 3.

Regarding the combination of temperament types, they 
correspond to the following gradation: the same number of 
melanocholeric and cholerosanguinic, and a slightly smaller 
group of melanophlegmatic and phlegmatosanguinic.

Based on the results of the Pearson Chi-square analysis, 
a relationship was established between patients with 
different classes of malocclusion and types of temperament 
(χ2=32.0 p=0.004) Table 4. 

When dividing patients by gender, a connection was 
established between the type of temperament and the 
female persons (χ2=24.2, p= 0.044) Table 5.

When dividing the patients by age, a connection was 
established by the type of temperament in the age group 
of 12-18 years (χ2=40.9, p<0.001) Table 5.

Table 1. Analysis of the mutual distribution of frequencies between patients with malocclusion and level of neuroticism

Class according to Angle Number
of patients

Level of neuroticism (N, %)

High Medium Low

I 90 36 (42.8%) 38 (42.2%) 16 (17.8%)

II 80 38 (47.5 %) 24 (30.0%) 18 (22.5%)

III 36 9 (25.0 %) 21 (58.3%) 6 (16.7%)

χ2= 8.8 р=0.064

Table 2. Analysis of the established relationship between the level of neuroticism of patients with malocclusion by gender and age
Allocation criteria Сharacteristics by gender and age The value of ꭓ2 р

Sex
Female 6.48 0.166

Male 35.36 <0.001*

Age(years)

12-18 9.63 0.047*

19-25 7.79 0.100

More than 26 14.33 0.006*

χ2=35.36, р<0.001; χ2=9.63, р=0.047; χ2=14.33, р=0.006

Table 3. Analysis of the mutual distribution of frequencies between patients with malocclusion and personality traits

Class according to Angle Number of patients
Personality trait

Extrovert Medium Introvert

І 90 46 (51%) 7 (7.8%) 37(41.1%)

ІІ 80 43 (53.8 %) 7 (8.8%) 30(37.5%)

ІІІ 36 15 (41.7 %) 3 (8.3%) 18 (50%)

χ2=1.72, р=0.787
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DISCUSSION
An important part of diagnosing orthodontic 
patients and planning orthodontic treatment is their 
psychological assessment. The main motivating factors 
for patients starting orthodontic treatment are the 
desire to straighten their teeth and improve their smile. 
Orthodontists are looking for any clues that will help 
them treat patients successfully, which is why research on 
specific personality traits that can be used as predictors 
of patient satisfaction is an important factor. In this 
study, we aimed to gain some understanding of the 
personality traits of orthodontic patients that would be 
relevant in the treatment planning of adult patients with 
malocclusion, because understanding the motivation 
and psychological profile of adult orthodontic patients 
can help orthodontists improve their communication.

An individual’s personality is formed by a unique 
combination of the main four types of temperaments: 
choleric, sanguine, melancholic, and phlegmatic [14].

Each temperament can be described by the following 
characteristics. A choleric person is determined, explosive, 
intense, passionate, has low sensitivity, high reactivity 
and activity, impatient, has great perseverance, but may 
have difficulties in switching attention. Sanguines are 
communicative, enthusiastic, dynamic, with increased 
reactivity, lively, excitedly respond to everything that 
attracts their attention, have lively facial expressions and 

expressive movements, have a high threshold of sensitivity, 
able to quickly concentrate, disciplined, easily get along 
with new people, quickly get used to new requirements 
and circumstances, effortlessly not only switches from 
one job to another, but also retrains, mastering new skills. 
Melancholics are organized, perfectionists, are timid, 
restrained, overly vulnerable, painfully sensual, insecure, the 
slightest difficulties make them give up, lack energy, are not 
persistent, get tired easily and have little capacity for work, 
they are characterized by distraction and a slowed pace 
of all mental processes. Phlegmatics, on the other hand, 
are quiet, mystical, winged, restrained, slow, energetic and 
capable of working, patient, resilient, self-possessed, have 
difficulty getting along with new people, and respond 
weakly to external stimuli [15]. Extraversion, introversion 
mainly determines what a person’s reactions and activities 
depend on – from external impressions that arise at the 
moment (extrovert), or from images, representations and 
thoughts related to the past and future (introvert).

At the same time, there is an opinion that both 
character and facial features are the result of a person’s 
temperament [16].

According to the results of our study on the personal and 
phychological aspects of the characteristics of orthodontic 
patients, an almost equal level of distribution of patients 
with an extroverted personality type was established in 
patients with I and II classes and a high level of neuroticism, 

Table 4. Analysis of the mutual distribution of frequencies between patients with malocclusion and type of temperament
Тype of temperament Class according to Angle (N, %)

I class II class III class Total

sanguine 22 (24.4 %) 16 (20.0 %) 15 (41.7 %) 53 (25.7 %)

melancholic 17 (18.9 %) 9 (11.3 %) 9 (25.0 %) 35 (17.0 %)

melanophlegmatic 3 (3.3 %) 0 (0.0 %) 0 (0.0 %) 3 (1.5 %)

melanocholeric 4 (4.4 %) 19 (23.8 %) 3 (8.3 %) 26 (12.6 %)

choleric 23 (25.6 %) 20 (25.0 %) 3 (8.3 %) 46 (22.3 %)

phlegmatic person 16 (17.8 %) 12 (15.0 %) 6(16.7 %) 34(16.5 %)

cholerasanguinic 2 (2.2 %) 3 (3.8 %) 0 (0.0 %) 5 (2.4 %)

phlegmatosanguinic 3 (3.3 %) 1 (1.3 %) 0 (0.0 %) 4 (1.9 %)

Total 90 (100.0 %) 80 (100.0 %) 36 (100.0 %) 206 (100.0 %)

χ2=32.0 р=0.004

Table 5.  Analysis of the established relationship between patients with malocclusion and type of temperament and gender and age
The value of х² р

Sex
Female 24.2 0.044*

Male NaN NaN

Age(years)

12-18 40.9 <0.001*

19-25 NaN NaN

More than 26 NaN NaN

χ2=24.2,р=0.044; χ2=40.9, р<0.001
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CONCLUSIONS
The success in the treatment of any pathology is 
influenced by the psycho-emotional status of the 
patient and the degree of concern about his pathology.

According to the results of our research, patients 
with pathology of III class according to Angle most 
often have the temperament type of sanguine and 
melancholic with introverted personality traits, with II 
class – melancholic and choleric, with I class according 
to Angle – sanguine and choleric, who are characterized 
by extraversion traits.

According to the psychosocial status, patients with 
pathology of I and II class correspond to a high level 
of neuroticism, with III class – to an average level of 
neuroticism.

An orthodontist must be competent in psychology, 
because thanks to a correctly established psychological 
status and type of temperament, he can establish 
feedback with patient, which increases the probability 
of quality treatment and obtaining the desired result 
not only in the understanding of the «norm» from the 
point of view of medicine, but also in understanding 
and self-perception of the patient himself.

Psychological tests can detect both quantitative and 
qualitative changes, adding another dimension through 
which better treatment planning and implementation 
can be achieved through a more complete understanding 
of patients’ problems and expectations.

which is generally consistent with the results of other 
studies [17]. This suggests that adult orthodontic patients 
have high levels of anxiety, tension and depression.

At the same time, patients with III class are dominated 
by introverts. Such patients are withdrawn, may have 
difficulty adapting to their environment, and have 
higher levels of anxiety and depression.

According to the data of McKiernan et al. it is known that 
the perception of malocclusion in patients with neurotic 
features is significantly different from the perception of a 
«normal» group of adult patients, due to which such patients 
can create problems for clinicians regarding expectations 
both during and at the end of orthodontic treatment [10]. 
It is possible that these traits are related to differences in the 
perception of attractiveness and expectations of society.

Research by Phillips et al. shows that adults with 
malocclusion have a significantly stronger correlation 
with their neurotic personality [18]. Such individuals can 
easily become nervous, anxious, irritable and depressed; 
this can cause them to respond to their environment 
with poor emotional control and experience negative 
feelings during certain stressful situations.

In conclusion, we would like to note that more and 
more orthodontic research is moving away from the 
traditional biomedical model to a biopsychosocial 
perspective and assessment of the quality of life related 
to oral health. The importance of taking into account 
the inherent psychosocial parameters of orthodontic 
patients is increasingly being recognized [19].
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INTRODUCTION
When pathogenic organisms develop in a wound and 
cause both local symptoms and signs finally a systemic 
inflammatory reaction, causing surgical site infection 
[1]. A greater number of patient- or surgery-specific risk 
factors are associated with higher infection rates [2, 3]. 
Diabetes mellitus, rheumatoid arthritis, obesity, and 
smoking were risk factors for patients. Complications 
in association with total hip replacement which are till 
now very substantial include infection. During last thirty 
years, alternative management options have been intro-
duced to enhance clearance of infection while keeping 
on joint function during therapy and enhance results of 
reimplantation. The best course of treatment is typically 
thought to involve removing the implant, performing a 
complete debridement, and then administering systemic 
and local antibiotic therapy using impregnated spacers. 
The disease’s heterogeneity is one of the challenges in 
treating infected THA. Numerous bacteria types that are 
sensitive to different antibiotics, present a challenge for 
surgeons and medical professionals. Then, while juggling 

the patient’s comorbidities, the reconstruction must be 
planned in the context of an aberrant soft tissue and 
bone state. The gold standard that is suggested appears 
to be challenging to apply to the total patients, and there 
is a dearth of excellent literature discussing alternatives 
[4]. In general, individuals who have contraindication 
for revision surgery are treated with suppressive antibi-
otics. This is typically brought on by severe or numerous 
medical comorbidities and people with short life spans. 
Recent research on the exclusive use of antibiotic therapy 
is few. Trebse et al. [5] conducted a prospective follow-up 
of twenty-four individuals with culture-confirmed in-
fection. The only kind of treatment for seven of these 
individuals was combined antibiotic medication. Despite 
the fact that there were no recurrences over the three-
year period of follow-up, this sample size is too little to 
get firm results. In patients with early type I and type III 
infections, surgical debridement combined with therapy 
using antibiotic and retention of implant may be taken 
into consideration. According to reports, the eradication 
rate ranges from 26 to 71% [6]. 

Vancomycin powder as a preventive measure for wound 
infection in total hip arthroplasty: a prospective cohort study

Iskander Mahdi Alardi
DEPARTMENT OF SURGERY, COLLEGE OF MEDICINE, UNIVERSITY OF AL-QADISIYAH, AL-QADISIYAH, IRAQ

ABSTRACT
Aim: To compare the results of use of vancomycin powder in the prevention of wound infection in operations of hip replacement that is total to a control group. 
Materials and Methods: 40 patients undergoing total hips arthroplasty during period (January 2021 to January 2022). Patients were allocated in a random 
way into two categories so that one group received vancomycin powder and served a study group; the other group received no such intervention and served 
as a control group. Patients underwent steps: after completion of surgery, regular closure in layers was done; drain was inserted into sub-muscular layers while 
vancomycin powder (1 gm) was put in subcutaneous layer before skin closure; drain was closed for two hours and then reopened.
Results: Superficial infection was seen in 1 (5.0%) and 2 (10.0%), in vancomycin category & group of control and variation was insignificant statistically (p=1.0). 
Deep infection was seen in 0 (0.0%) and 3 (15.0%), in vancomycin category and group of control, and variation was insignificant statistically (p=0.231). Wound 
complication was seen in 2 (10.0%) and 0 (0.0%), in vancomycin group and group of control, respectively and variation was insignificant statistically (p=0.487). 
Return to operating room was seen in 1 (5.0%) and 1 (5.0%), in vancomycin category and category of control, respectively and variation was insignificant 
statistically (p=1.0). Peri-prosthetic fracture was not reported.
Conclusions: Utilization of powder of vancomycin is safe and efficient way in preventing deep wound infection accompanying total hip arthroplasty but small 
sample size herein suggested need for further future studies to validate our results.
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Consider using an open strategy that includes thorough 
debridement and lavage. A profound periprosthetic joint 
infection (PJI) is one of the more severe surgical conse-
quences. PJI risk is often estimated to be 1%. However, 
there is a lot of variation in this number in the research that 
is currently available, with numbers ranging from 0.57% 
to 2.23% [7]. An evaluation that is retrospective including 
265 subjects who underwent hip arthroplasty that is to-
tal was carried out by Dial et al. [8]. They followed 137 of 
them in a group of vancomycin powder as they received 
it at moment of closure of the wound, but the initial 128 
individuals in the group of control did not. They arrive at 
conflicting conclusions and suggested additional, larger 
sample size investigations. In Iraq, the information about 
the role of vancomycin powder in the protection against 
infection of wound in operations of hip replacement that 
is total is scares; therefore, the aim of the current study was 
to compare the results of use of vancomycin powder in 
the prevention of wound infection in operations of total 
hip replacement to a control group. 

AIM
The aim of this research is to compare the results of 
use of vancomycin powder in the prevention of wound 

infection in operations of hip replacement that is total 
to a control group.

MATERIALS AND METHODS
The current comparative interventional investigation 
was done in the orthopedic unit in the surgical de-
partment belonging to Adiwaniyah teaching Hospital, 
Adiwaniyah Province, Iraq. The study enrolled 40 pa-
tients undergoing total hips arthroplasty during the 
period extending from January 2021 to January 2022.  
Patients with rheumatoid arthritis or any condition with 
immune suppression were excluded from the study.  
Patients were allocated in a random manner into two 
categories so that one of them were given vancomycin 
powder and served a study group; whereas, the other 
group received no such intervention and served as a 
control group. In the study group, patients underwent 
the following steps: after completion of the surgery, 
regular closure in layers was done; drain was inserted 
into the sub-muscular layers while vancomycin powder 
1 gm was put in the subcutaneous layer before skin 
closure; the drain was closed for two hours and then 
reopened. Patients were followed up for a period rang-
ing from 5 to 15 months. The following variables were 

Table 1. Demographic characteristics and duration of follow up.
Characteristic Vancomycin group, n = 20 Control group, n = 20 p

Age (years)

Mean ±SD 59.05±10.02 60.35±8.15
0.655NS (I) 

Range 45 -78 44 -79

Gender

Male, n (%) 9 (45.0 %) 10 (50.0 %)
0.752NS (C) 

Female, n (%) 11 (55.0 %) 10 (50.0 %)

BMI (kg/m2)

Mean ±SD 26.85±5.11 27.05±4.81
0.899NS (I) 

Range 18 -36 18 -35

Duration of follow up (months)

Mean ±SD 9.00±3.36 9.85±2.37
0.361NS (I)

Range 5 -15 6 -14

n: number of cases, SD: standard deviation, BMI: body mass index, I: independent t-test, C: chi-square test, NS: not significant.

Table 2. Chronic medical illnesses and smoking
Characteristic Vancomycin group, n = 20 Control group, n = 20 p

DM, n (%) 3 (15.0 %) 4 (20.0 %) 1.000NS (Y)

HT, n (%) 8 (40.0 %) 9 (45.0 %) 0.749NS (C)

IHD, n (%) 3 (15.0 %) 4 (20.0 %) 1.000NS (Y)

COPD, n (%) 3 (15.0 %) 4 (20.0 %) 1.000NS (Y)

Smoking, n (%) 11 (55.0 %) 12 (60.0 %) 0.749NS (C)

n: number of cases, DM: diabetes mellitus, HT: hypertension, IHD: ischemic heart disease, COPD: chronic obstructive pulmonary disease, Y: Yates correction, 
C: chi-square test, NS: not significant. 
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taken into consideration: age, gender, body mass index 
(BMI), chronic medical illness, indications of operation 
and outcome and complications. Outcome measures 
included: superficial infection, deep infection, wound 
complication, return to operation room and peri-pros-
thetic fracture. 

STATISTICAL ANALYSIS
Data were analyzed based on statistical package for 
social sciences (SPSS, version 16). The variable demon-
stration was done using percentage, counts, average, 
range and standard deviation. Independent samples 
t-test was applied to contrast means of two groups. 
Chi-square, Yeats correction and Fischer exact tests were 
used to compare proportions between groups when 
statistical assumptions were established. The level of 
significance in the study was at p ≤ 0.05.

RESULTS
Demographic characteristics and duration of follow up 
are shown in table 1. Averages of age, body mass index 
and duration of follow up showed no statistical varia-
tion between vancomycin category and control group 
(p>0.05). No significant difference was also noticed 
in the frequency distribution of patients according to 
gender between vancomycin group and control group 
(p=0.752). 

The rates of chronic medical illnesses and smoking 
are shown in table 2. There was no significant difference 
in the rates of diabetes mellitus, chronic obstructive 
pulmonary disease, essential hypertension, smoking 
and heart disease (p>0.05). 

Indications of total hip replacement are shown in 
table 3. Osteoarthritis was the main indication as it 
accounted for 17 (85.0%) and 16 (80.0%) in vancomy-

cin group and control group, respectively and it was 
followed by avascular necrosis which was accounted 
for 3 (15.0%) and 4 (20.0%), respectively. There was no 
significant variation in the rate of indications between 
vancomycin group and control group (p=1.0). 

Outcome and complications are shown in table 4. 
Superficial infection was seen in 1 (5.0%) and 2 (10.0%), 
in vancomycin group and control group, respectively 
and variation was statistically insignificant (p=1.0). 
Deep infection was seen in 0 (0.0%) and 3 (15.0%), 
in vancomycin category and category of control, re-
spectively and variation was statistically insignificant 
(p=0.231). Wound complication was seen in 2 (10.0%) 
and 0 (0.0%), in vancomycin category and group of 
control, respectively and variation was statistically 
insignificant (p=0.487). Return to operating room was 
seen in 1 (5.0%) and 1 (5.0%), in vancomycin category 
and group of control, respectively and variation was 
statistically insignificant (p=1.0), peri-prosthetic fracture 
was not reported.

DISCUSSION
Surgical site infection is an important concern to all 
surgeons because of significant morbidity linked to 
that particular complication [9-11]. Contaminations 
at the operative site have a substantial participation 
in mortality and morbidity in postoperative care. Nu-
merous microbiological, patient-related, and proce-
dure-related variables might increase the risk of surgical 
site infection. Optimizing patient variables and the 
use of a range of evidence-based pharmacologic and 
non-pharmacologic interventions are key components 
in the prevention of postoperative infection. Antimicro-
bial prophylaxis, which has been demonstrated to be 
successful at lowering the risk of surgical site infection, 
is at the forefront of these precautions [9]. Following 

Table 3. Indications of total hip replacement
Characteristic Vancomycin group, n = 20 Control group, n = 20 p

Osteoarthritis, n (%) 17 (85.0 %) 16 (80.0 %) 1.000 NS (Y)

Avascular necrosis, n (%) 3 (15.0 %) 4 (20.0 %) 1.000 NS (Y)

n: number of cases, Y: Yates correction, NS: not significant

Table 4. Outcome and complications
Characteristic Vancomycin group n = 20 Control group n = 20 p

Superficial infection, n (%) 1 (5.0 %) 2 (10.0 %) 1.000 NS Y

Deep infection, n (%) 0 (0.0 %) 3 (15.0 %) 0.231 NS F

Wound complication, n (%) 2 (10.0 %) 0 (0.0 %) 0.487 NS F

Return to operating room, n (%) 1 (5.0 %) 1 (5.0 %) 1.000 NS Y

Peri-prosthetic fracture, n (%) 0 (0.0 %) 0 (0.0 %) ---

n: number of cases; Y: Yates correction; F: Fischer exact test; NS: not significant
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the use of spinal instrumentation, deep surgical site 
infections have been demonstrated to be reduced by 
vancomycin powder, according to extensive research 
in the spine literature [12, 13, 23, 24]. A recent study 
showing a decreased occurrence of PJI after revision 
TKA or THA utilizing vancomycin was published [14, 
21, 22, 25]. Vancomycin’s usefulness and safety during 
THA, however, are not well known. One of the problems 
specific to endoprosthetics is that the inclusion of van-
comycin results in a higher rate of wear of the implanted 
body. This subject was tackled by a mechanical in-vitro 
study, but the results did not show higher rates of third 
body polyethylene wear after cyclic administration 
with the vancomycin that was added intra-articularly 
[15-17]. In this investigation we found that vancomycin 
powder was able to prevent deep infection rate and re-
duce superficial wound infection, but because of small 
samples size, the difference did not reach statistical 

significance.  However, we found that sterile wound 
complications were more frequently encountered in 
study group when compared to control group; despite 
that, the difference was statistically not significant. In 
the study of Dial et al., [8] there was significant reduction 
in rate of deep wound infection following application 
of vancomycin powder; however, they noticed that 
formation of sterile seroma that require management 
surgically was more frequent in subjects given vanco-
mycin powder [18-20].

CONCLUSIONS
In conclusion, the administration of powder of van-
comycin is safe and efficient way in preventing deep 
wound infection accompanying total hip arthroplasty 
but the small sample size in this study suggested the 
need for further future studies to validate our results.  
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INTRODUCTION
In modern medical practice, opioids are widely used 
to manage pain in the postoperative period and to 
alleviate suffering of patients with oncological diseases 
[1-5]. However, the safety of opioid use and the impact 
on the structural organization of organs remains a con-
troversial issue. Scientific literature includes research 
papers emphasizing the positive effectiveness of opioids, 
particularly nalbuphine [6]. Nevertheless, most studies 
highlight the negative impact of opioids on the body 
[7-10]. Moreover, it is essential to consider not only 
the medical but also the social problem. The number 
of individuals with opioid addiction, whose lives are 
persistently tied to opioid consumption, continues to 
grow [11-13]. Studies focusing on the effects of opioids 
on the immune system are of particular interest. Research 
findings indicate suppression of immune responses 
under opioid use [14], while some authors describe the 
development of an inflammatory reaction in response 
to opioid exposure [15]. Opioids have also been shown 

to cause destructive changes in skeletal tissue [16]. Only 
comprehensive experimental studies can elucidate the 
mechanisms of opioid action at the organ, tissue, and 
cellular levels [17]. A significant number of experimental 
and clinical studies are dedicated to examining the skin 
layers under various factors in both experimental and 
clinical settings [18, 19], as the skin is a complex organ 
that directly interacts with the external environment, 
performing barrier and protective functions, as well as 
helping maintain the internal equilibrium of the body. 
The skin is the largest human organ, continuously 
affected by exogenous and endogenous factors. Thus, 
the morphofunctional organization of the skin during 
prolonged opioid use is currently of a particular interest.

AIM
To determine the microstructural and ultrastructural 
features of skin organization under conditions of opioid 
administration to experimental animals for four weeks.

Morphological condition of the skin following a 4-week opioid 
exposure in an experimental study

Ivan S. Diskovskyi, Orysya O. Syzon, Lesya R. Mateshuk Vatseba, Marta A. Kolishetska, Marianna O. Dashko, 
Iryna Ya. Vozniak, Iryna O. Chaplyk-Chyzho
DANYLO HALYTSKY LVIV NATIONAL MEDICAL UNIVERSITY, LVIV, UKRAINE

ABSTRACT
Aim: The study aimed to determine the peculiarities of the micro- and ultrastructural organization of the skin under conditions of a four-week administration 
of an opioid to experimental animals.
Materials and Methods: The study material included skin samples of white rats with injected vascular beds, histological preparations, and ultrathin skin 
sections. The research methods involved injection techniques, histological analysis, electron microscopy, morphometric measurements, and statistical analysis.
Results: The results of the study revealed that after four weeks of nalbuphine administration to experimental animals, blood stasis was observed in the lumen 
of the capillaries and venules, along with perivascular edema and perivascular infiltrates consisting of neutrophils, lymphocytes, macrophages, and tissue 
basophils. The electron density of the nuclei and cytoplasm of the granular layer keratinocytes was reduced, keratinocytes in the stratum spinosum acquired 
a rounded shape, with some nuclei appearing shrunken and hyperchromatic, and their cytoplasm exhibiting vacuolization. In the reticular layer, thickened 
bundles of collagen fibers were observed, with localized swelling and fragmentation of the collagen fibers. Excessive formation of scales was noticed in the 
stratum corneum. The papillary layer of the dermis contained numerous mast cells and lymphocytes near blood vessels. The shape of sebaceous and sweat 
gland cells was altered, with swollen cytoplasm, and lymphohistiocytic infiltration was observed around them. A decrease (p<0.05) in the density of capillary 
loops in the subpapillary vascular plexus of the skin in the gluteal region of white rats after four weeks of nalbuphine administration, along with an increase 
(p>0.5) in the trophic activity index of the skin, confirms profound destructive changes in the vascular architecture of the skin.
Conclusions: Four weeks of nalbuphine administration induces irreversible pathological processes in all skin components.
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MATERIALS AND METHODS
The study was conducted on 25 sexually mature male 
white rats, aged 3 months, with an initial body weight 
of 160–180 g.

All animals were kept in the vivarium of Danylo Halytsky 
Lviv National Medical University. The experiments were 
conducted in compliance with the humane treatment 
requirements for laboratory animals as regulated by 
the Law of Ukraine “On the Protection of Animals from 
Cruelty” (No. 3447-IV, dated 21.02.2006) and the trea-
ty of the European Convention for the Protection of 
Vertebrate Animals Used for Experimental and Other 
Scientific Purposes (Strasbourg, 18.03.1986).

The research material included skin samples from 
white rats with injected vascular networks, histological 
preparations, and ultramicroscopic sections of the skin.

The modeling of prolonged opioid exposure in 
white rats was performed through daily intramuscular 
administration (once per day) of the narcotic 
analgesic nalbuphine into the right gluteal region. 
The administration followed this schedule: week 1: 8 
mg/kg, week 2: 15 mg/kg, week 3: 20 mg/kg, week 4: 
25 mg/kg. The impact of the opioid was studied in four 
weeks from the start of the experiment. The control 
group consisted of 10 rats that received a 0.9% sodium 
chloride solution.

Euthanasia was per formed by overdose of 
intraperitoneal anesthesia with thiopental sodium (at 
a dose of 25 mg/kg of an animal’s body weight).

For the injection of the vascular network in a rat’s 
skin, an injectable gelatin microgel-based composite 
ink was used. A volume of 10–15 ml of the mixture 
was sufficient to fill the arterial network. After clearing 
the preparations in glycerin, the vascular segments of 
the skin were photographed under transmitted light 
using an MBI-1 microscope at magnifications of ×80 
(objective 10, eyepiece 8) and ×160 (objective 20, 
eyepiece 8). The images were captured with an Olympus 
FE 210 digital camera.

For morphometric analysis of the vascular architec-
ture of the rat’s skin, measurements of the diameter 
of arterioles, capillaries, and venules were taken. The 
density of the exchange vessel walls (specifically 
capillaries) was determined by counting the number of 
vessels per unit of area (with the area of the microscope 
field of view chosen as the unit of measurement). 
Additionally, the trophic activity index of the tissue, or 
the diffusion radius, was assessed.

For histological examination, skin samples from 
the white rat’s gluteal region were placed in Bouin’s 
solution. The material was embedded in paraffin, and 
5-7 μm thick sections were cut using a MС-2 sliding 
microtome. The histological sections were stained with 

hematoxylin and eosin, and benzopurpurin (diamino 
red) according to standard protocols. The preparations 
were studied under a light microscope (MBI-1) at 
magnifications of ×120 (objective 8, eyepiece 15), ×160 
(objective 8, eyepiece 20), and ×600 (objective 40, 
eyepiece 15). Micropreparations were photographed 
using the “AverMedia” computer system.

Electron microscopy of the white rat’s skin was 
performed using the UEMB-100K electron microscope 
at an accelerating voltage of 75 kV and magnifications 
of ×4000 to ×8000.

Statistical analysis of the research results was con-
ducted on a computer using the “InStat” statistical 
software package for medical, biological, and epide-
miological data processing.

RESULTS
After four weeks of nalbuphine administration to white 
rats, the lumen of the arterioles becomes uneven, 
with areas of both constriction and dilation. The 
venules expand, deform, and acquire irregular shapes, 
with some exhibiting aneurysmal bulges. Isolated 
aneurysmal sacculations in microvessels were observed. 
These changes result in alterations in the spatial 
configuration of the subpapillary and dermal vascular 
networks, as well as the subcutaneous venous plexus 
in the gluteal region of the white rat’s skin following 
four weeks of nalbuphine administration.

The subpapillary vascular plexus of the white rat’s 
skin at this stage of the experiment is characterized by 
the following morphometric parameters: the diameter 
of the intrapapillary capillary loop is 6.26±0.12 μm, the 
tissue trophic activity index of the skin is 22.47±2.44 μm, 
the diameter of the venules in the subpapillary vascular 
plexus is 59.65±0.83 μm, the diameter of the arterioles 
in the dermal vascular plexus increases to 55.18±4.18 
μm, the diameter of the venules in the dermal vascular 
plexus increases to 142.31±2.46 μm, the diameter of the 
venules in the subcutaneous venous plexus increases 
to 158.57±1.98 μm. 

After four weeks of the experiment, intensive keratinization 
processes take place, as evidenced by the thickening of the 
stratum corneum of the epidermis (Fig. 1).

In the stratum corneum, excessive formation of scales 
is observed. However, at this stage of the experiment, a 
reduction in folds and thinning of the epidermis are oc-
casionally noted. The secretory sections and excretory 
ducts of the sweat glands are dilated. The papillary layer 
of the dermis is infiltrated with polymorphonuclear 
leukocytes. Edema of the reticular layer and hypodermis 
is observed, with loosening of collagen fibers in the 
reticular layer (Fig. 2).
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After four weeks of nalbuphine administration to rats, 
changes in the vascular system of the skin were also 
observed. The lumens of the dermal blood vessels were 
dilated and filled with blood cells. The walls of some 
arterioles were thinned,  endothelial swelling was noted. 
However, the walls of other arterioles were thickened, 
and the endothelial cells were unevenly distributed 
along the inner surface of the vessels. “Varicose” 
dilation of hypodermal venules and perivascular 
polymorphonuclear infiltrates were also observed.

After four weeks of the experiment, keratinocytes 
in the stratum corneum form continuous layers, 

merging with one another. In some areas, vacuole-
like structures were detected between the cells. 
Dystrophic changes in the granular layer cells were 
predominantly manifested as nuclear pyknosis 
and cytoplasmic vacuolization (Fig. 3). Cells in the 
basal layer exhibited altered shapes and sizes, with 
condensed chromatin in some keratinocyte nuclei, 
absent nucleoli, invaginated nuclear envelopes, 
and vacuoles in the cytoplasm. Mast cell cytoplasm 
also displayed vacuolization, with hyperplastic and 
hypertrophic mitochondria showing widened spaces 
between cristae, the matrix is clarified.

Fig. 1. Skin of the gluteal region of a white 
rat after 4 weeks of nalbuphine adminis-
tration. Microphotograph. Staining with 
hematoxylin and eosin. Magnification: 
objective 8x, eyepiece 15x.

Fig. 2. Skin of the gluteal region of a 
white rat after 4 weeks of nalbuphine 
administration. Early atrophic changes in 
hair follicles and moderately pronounced 
round-cell infiltration in the hypodermis 
are observed. Microphotograph. Staining 
with hematoxylin and eosin. Magnifica-
tion: objective 20x, eyepiece 15x.
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In the papillary layer of the dermis, a decrease in the 
number of connective tissue cells was observed, along 
with clearing and widening of the intercellular spaces, 
indicative of edema. Fibroblasts exhibited low electron 
density in their cytoplasm and nuclei. Peripheral areas 
of fibroblast cytoplasm showed vacuolization, with 
loosened membranes of the endoplasmic reticulum tu-
bules, Golgi complex, and mitochondria. Disorganized 
ribosomes and polysomes were sporadically detected. 
Venules were congested with blood. The cells of the 
terminal secretory sections of sebaceous glands were 
hypertrophied, with enlarged nuclei, invaginated nucle-
ar envelopes, hyperplastic mitochondria, and destroyed 
mitochondrial cristae.

Thus, profound changes in the epidermis and struc-
tural components of the dermis were observed after 
four weeks of nalbuphine exposure.

DISCUSSION 
The results of our study confirmed the primary role of 
vascular reactions in response to opioid exposure [20]. 
Several studies in the specialized literature have been 
dedicated to investigating the mechanisms underlying 
reduced resistance of skin capillaries under various 
pathological conditions. The indicator of skin capillary 
permeability was the number of petechiae that appeared 
following the examination. Three degrees of skin vascular 
reactions were distinguished: first degree – on a slightly 
hyperemic skin, small and medium-sized hemorrhages were 

evenly scattered across the entire field; second degree – a 
hyperemic field with numerous small, medium, and large 
hemorrhages; third degree – confluent hemorrhages of 
various sizes scattered across the entire test field in unlimited 
numbers. The second and third degrees were considered 
a pathological permeability of the skin vessels [21, 22]. 
Our study confirms that the development of macro- and 
microangiopathies — such as skin hyperemia, the presence 
of small, medium, and large hemorrhages, arteriolar and 
capillary dilation, arteriolar tortuosity, thickening of arteriolar 
walls, thrombi in venules, enlargement of pericapillary 
zones, endothelial swelling, proliferation, loosening, and 
desquamation into the vascular lumen — under prolonged 
(four-week) nalbuphine administration can be considered 
the triggering mechanism for all subsequent profound 
changes in the structural organization of the skin. Chang-
es in the skin at the cellular level identified in our study, 
combined with comparisons to scientific literature on 
the effects of nalbuphine on cells of other organs [23, 24], 
allow us to outline the patterns of cellular reorganization 
resulting from nalbuphine exposure. These patterns include 
changes in cell shape, disruption of cytoplasmic electron 
density, organelle destruction (particularly of mitochondria), 
apoptosis, karyopyknosis, nucleolar deformation or lysis, and 
invaginations of the nuclear and cytoplasmic membranes.

CONCLUSIONS
1.	� After four weeks of nalbuphine administration, a 

noticeable impact on the morphological condition 

Fig. 3. Ultrastructure of the granular layer 
of the skin in the gluteal region of a white 
rat after 4 weeks of opioid administration. 
Electron micrograph. Magnification: 
x8000.
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lymphocytes, macrophages, and tissue basophils. 
The epidermal folds were slightly smoothed, while 
the cells of the stratum corneum appeared flat and 
elongated, occasionally losing their distinct contours 
and partially or completely merging with each other.

3.	 �The electron density of the nuclei and cytoplasm 
of keratinocytes in the stratum granulosum was 
reduced. Keratinocytes in the stratum spinosum 
acquired a rounded shape (in contrast to the polygonal 
shape observed in the control). The nuclei of some 
keratinocytes were shrunken and hyperchromatic, 
with cytoplasmic vacuolization noted. In the reticular 
layer, thickened bundles of collagen fibers were 
observed, along with localized edema and loosening 
of collagen fibers. Excessive formation of scales was 
detected in the stratum corneum. The papillary layer 
of the dermis showed numerous mast cells and 
lymphocytes near blood vessels. The shape of cells in 
sebaceous and sweat glands was altered, with swollen 
cytoplasm, and lymphohistiocytic infiltration was 
observed around them.

of the skin was observed. The arterioles and 
capillaries of the skin were dilated, with arterioles 
becoming tortuous. The diameter of the arterioles 
in the subpapillary arterial plexus increased to 
28.62±1.07 µm (control: 22.24±0.73 µm), while 
the diameter of the intrapapillary capillary loop 
increased to 6.20±0.11 µm (control: 5.91±0.26 µm). 
A reduction (p<0.05) in the density of capillary loops 
in the subpapillary vascular plexus of the gluteal 
skin and an increase (p>0.5) in the trophic activity 
index confirm profound destructive changes in the 
vascular architecture of the skin. The loops of the 
vascular plexuses lost their regular delicate pattern, 
with microaneurysms in the arterioles and saccular 
dilations of the venules being identified.

2.	� In the skin micropreparations of experimental animals 
after four weeks of nalbuphine administration, 
phenomena of blood stasis in the lumens of 
capillaries and venules were observed, along with 
endothelial swelling, perivascular edema, and 
perivascular infiltrates consisting of neutrophils, 

REFERENCES
	 1.	� Slat S, Yaganti A, Thomas J, Helminski D. Opioid Policy and Chronic Pain Treatment Access Experiences: A Multi-Stakeholder Qualitative 

Analysis and Conceptual Model. J Pain Res. 2021;14:1161–1169. doi: 10.2147/JPR.S282228.  DOI

	 2.	� Liu X, Hu J, Hu X, Li R. Preemptive Intravenous Nalbuphine for the Treatment of Post-Operative Visceral Pain: A Multicenter, Double-Blind, 
Placebo-Controlled, Randomized Clinical Trial. Pain therapy. 2021.  doi: 10.1007/s40122-021-00275-8.  DOI

	 3.	� Larsen D, Maani ChV. Nalbuphine. In: StatPearls. Treasure Island (FL) : StatPearls Publishing. 2021. https://pubmed.ncbi.nlm.nih.
gov/30484997/ [Accessed 15 April 2024]

	 4.	� Béliveau A, Castilloux A-M, Tannenbaum C, Vincent Ph. Predictors of long-term use of prescription opioids in the community-dwelling 
population of adults without a cancer diagnosis: a retrospective cohort study. CMAJ OPEN. 2021;9(1):E96–E106. doi: 10.9778/
cmajo.20200076.   DOI

	 5.	� Beck TC, Hapstack MA, Dix TA. Therapeutic Potential of Kappa Opioid Agonists. Pharmaceuticals (Basel). 2019;12(2):95. doi: 10.3390/
ph12020095.237.  DOI

	 6.	� Davis MP, Fernandez C, Regel S et al. Does nalbuphine have a niche in managing pain? J. Opioid Manag. 2018;14(2):143–151.  doi: 
10.5055/jom.2018.0441.  DOI

	 7.	� Seth P, Rudd RA, Noonan RK, Haegerich TM. Quantifying the Epidemic of Prescription Opioid Overdose Deaths. Am J Public Health. 
2018;108(4):500–2.  doi: 10.2105/AJPH.2017.304265.  DOI

	 8.	� Taqi MM, Faisal M, Zaman H. OPRM1 A118G Polymorphisms and Its Role in Opioid Addiction: Implication on Severity and Treatment 
Approaches. Pharmgenomics Pers Med. 2019;12:361–368. doi: 10.2147/PGPM.S198654.  DOI

	 9.	� Shekarchizadeh H, Khami MR, Mohebbi SZ et al. Oral health status and its determinants among opiate dependents: a cross-sectional 
study. BMC Oral Health. 2019;19(1):5. doi:10.1186/s12903-018-0691-3.  DOI

	10.	� Ciurylo W, Noh E. Opioid-associated amnestic syndrome. Cureus J. Med. Sci. 2021;13:16714. doi: 10.7759/cureus.16714.  DOI

	11.	� Kreek MJ, Reed B, Butelman ER. Current status of opioid addiction treatment and related preclinical research. Sci Adv. 2019;5(10):9140. 
doi: 10.1126/sciadv.aax9140.  DOI

	12.	� Hurtado I, Garcia-Sempere A, Peiro S, Sanfelix-Gimeno G. Increasing Trends in Opioid Use From 2010 to 2018 in the Region of Valencia, 
Spain: A Real-World, Population-Based Study. Front Pharmacol. 2020:11:612556. doi: 10.3389/fphar.2020.612556.  DOI

	13.	� Bedene A, van Dorp ELA, Faquih T, Cannegieter SC. Causes and consequences of the opioid epidemic in the Netherlands: a population-
based cohort study. Scie Rep. 2020;10(1):15309. doi: 10.1038/s41598-020-72084-6.  DOI

	14.	� Plein LM, Rittner HL. Opioids and the immune system – friend or foe. Br J Pharm. 2018;175(14):2717–2725. doi: 10.1111/bph.13750.  DOI

	15.	� Alasmari F, Alasmari MS, Assiri MA et al. Liver metabolomics and inflammatory profiles in mouse model of fentanyl overdose treated 
with Beta-lactams. Metabolites. 2023;13:965. doi: 10.3390/metabo13080965.  DOI

https://doi.org/10.2147/JPR.S282228
https://doi.org/10.1007/s40122-021-00275-8
https://pubmed.ncbi.nlm.nih.gov/30484997/
https://pubmed.ncbi.nlm.nih.gov/30484997/
https://doi.org/10.9778/cmajo.20200076
https://doi.org/10.9778/cmajo.20200076


Ivan S. Diskovskyi et al.

352

	16.	� Vandenbosch M, Pajk S, Van den Bogaert W et al. Post-mortem analysis of opioids and metabolites in skeletal tissue.  J. Anal. 
Toxicol. 2022;46:783–790. doi: 10.1093/jat/bkab095.  DOI

	17.	� Kirla KT, Erhart C, Groh KJ et al. Zebrafish early life stages as alternative model to study ‘designer drugs’: Concordance with mammals in 
response to opioids. Toxicol. Appl. Pharmacol. 2021;419:115483.  doi: 10.1016/j.taap.2021.115483.  DOI

	18.	� Li J, Zeng X, Yang X, Ding H. Lycopene ameliorates skin aging by regulating the insulin resistance pathway and activating SIRT1. Food 
Funct. 2022;13(21):11307–11320. doi: 10.1039/d2fo01111e.   DOI

	19.	� Korolev AI, Fedorovich AA, Gorshkov AY et al. Structural and functional state of various parts of skin microcirculation at an early stage of 
hypertension in working-age men.  Microvasc. Res. 2023;145:104440. doi: 10.1016/j.mvr.2022.104440.  DOI

	20.	� Feng T, Zeng S, Ding J et al. Comparative analysis of the effects of opioids in angiogenesis. BMC Anaesthesiol. 2021;21:257.  doi: 10.1186/
s12871-021-01475-7.  DOI

	21.	� Vereshchaka VV. Pathophysiological mechanisms of redusing resistance of skin capillaries in microcirculation impairments. Fiziol Zh 
(1994). 2000;46(6):116–118.

	22.	� Vereshchaka V. Vplyv hipertonichnoyi khvoroby na rozvytok morfolohichnykh zmin shkiry: histokhimichne doslidzhennya. [The influence 
of hypertension on the development of morphological changes in skin: histochemical investigation]. Biolohiya. 2014;2(67):9–13. 
(Ukrainian)

	23.	� Ivasivka KhP, Paltov YV, Kryvko YY. Vplyv molekuly opioyidnoho anal'hetyka na strukturu orhanu v mezhakh spektru diyi. [Influence of 
the opioid analgesic molecule on organ structure within the spectrum of action]. Svit nauky. 2019;2(9(49)):15–19. (Ukrainian)

	24.	� Fik VB, Paltov YeV, Kryvko YuYa.  Osoblyvosti ul'trastrukturnoyi orhanizatsiyi tkanyn parodontu pislya dvanadtsyaty tyzhniv opiodnoho 
vplyvu. [Ultrastructural organization features of periodontal tissues after twelve weeks of opiod influence]. Svit medytsyny ta biolohiyi. 
2020;3(73):234–237. (Ukrainain)

CONFLICT OF INTEREST
The Author declare no conflict of interest 

CORRESPONDING AUTHOR
Ivan S. Diskovskyi
Danylo Halytsky Lviv National Medical University
69 Pekarska St, 79010 Lviv, Ukraine
e-mail: diskovskuy@gmail.com

ORCID AND CONTRIBUTIONSHIP
Ivan S. Diskovskyi:0000-0003-2344-2461  
Lesya R. Mateshuk-Vatseba:0000-0002-3466-5276  
Orysya O.Syzon: 0000-0002-7011-2521  
Marta A. Kolishetska:0000-0001-9997-0688  
Iryna Ya. Voznyak: 0000-0001-7735-4358  
Marianna O. Dasko: 0000-0001-6441-5326  
Iryna O. Chaplyk-Chyzho: 0000-0001-6217-5226  

 – Work concept and design,  – Data collection and analysis,  – Responsibility for statistical analysis,  – Writing the article,  – Critical review,  – Final approval of the article

RECEIVED: 14.12.2024
ACCEPTED: 11.02.2025 C R E AT I V E  C O M M O N S  4 . 0



353

© Aluna Publishing    Wiadomości Lekarskie Medical Advances, VOLUME LXXVIII, ISSUE 2, FEBRUARY 2025

INTRODUCTION
Acute pancreatitis (AP) remains an urgent problem of 
modern medicine. Total mortality in acute pancreatitis 
ranging from 3,9% to 9,7% [1,2]. Mortality in sever acute 
pancreatitis is significantly higher and reaches up to 
30% in patients with infected necrosis [3,4]. Despite 
the global trend towards a constant increase in the 
incidence of acute pancreatitis in the world, there 
are differences between the incidence rates of this 
pathology both between continents and within the 
continent [5-8]. 

Understanding the geographical features of the 
burden and trends in different countries of the world 
will help to develop effective preventive methods. 
There is an increasing number of studies showing 
the impact of socio-economic, ethnic, and cultural 
differences on various factors in the development of 
pancreatitis [9-11].

A 2022 meta-analysis, which included the results 
of 34 studies, demonstrated a steady increase in 

the incidence of acute pancreatitis over the past 56 
years in most countries of the Western world [12]. 
For the countries of North America, the incidence 
rate of acute pancreatitis is high and is 34 cases of 
acute pancreatitis per 100000 population per year, for 
Europe the overall incidence rate is 29 cases of acute 
pancreatitis per 100000 population, which varies in 
different countries [13], and according to the 2016 
meta-analysis in Europe, this indicator was 33,7 cases 
of acute pancreatitis per 100000 population [14]. In the 
10-year literature we analyzed, we did not find clear 
data on the incidence of acute pancreatitis among 
population of Ukraine. 

However, in our opinion, the influence on many 
factors, including epidemiological factors related 
of the COVID-19 pandemic, long-term restrictions 
on the moment of associated with lockdown, the 
full-scale war caused by the Russian Federation in 
Ukraine, internal migration of population, related 
with this are significant influencing factors on the 
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ABSTRACT
Aim: The aim of the study was to analyze trends in incidence, etiology, gender distribution, morbidity and mortality for acute pancreatitis and to determine 
whether they correspond to the world trends and to identify changes in trends under the influence of the circumstances of recent years, in particular the 
COVID-19 pandemic and the full-scale war unleashed by Russia on the territory of Ukraine.
Materials and Methods: The retrospective study of the prospectively maintained data base of the incidence rate dynamics, mortality, age and gender dis-
tribution of AP at the regional level in the period from 2011 to 2022 was done. The data were obtained from the statistics services of the regional healthcare 
department and two clinical hospitals, Vinnytsia, Ukraine.
Results: Over the past 12 years, 18715 patients with AP have been treated at the regional level. Annually, 1559±259 people require inpatient treatment for 
this pathology, with an average annual length of hospital stay of 10850±856 days. The incidence rate of AP in 2022 consisted 134,4 cases/100000 population.  
During the studied period, the population of the region decreased by 8,02%. On the other hand, there is an increase in cases of AP, namely, in 2022, the num-
ber of patients with acute pancreatitis reached 177,83% from the level of 2011. There was also an increase in overall mortality from AP from 1,7% to 2,2%.
Conclusions: During the 12-year period under study, against the background of a decrease in the average population at the regional level, there was a tendency 
for the incidence and mortality of AP to increase.
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general incidence rates of many diseases, including 
acute pancreatitis.

AIM
The aim of the study was to analyze trends in incidence, 
etiology, gender distribution, morbidity and mortality 
for acute pancreatitis and to determine whether they 
correspond to the world trends and to identify changes 
in trends under the influence of the circumstances of 
recent years, in particular the COVID-19 pandemic and 
the full-scale war unleashed by Russia on the territory 
of Ukraine.

MATERIALS AND METHODS
At the first stage of our research the retrospective study 
of morbidity, mortality, gender distribution, etiology of 
acute pancreatitis for 12 years at the Vinnytsia region, 
Ukraine, was carried out on the basis of the data from 
the statistics department of the regional health care 
department of the Vinnytsia region.

At the second stage of our study, an analysis of data on 
incidence, etiology, gender distribution, and mortality 
in acute pancreatitis was conducted based on a pro-
spectively maintained database. This database includes 
medical records of hospitalized patients who received 
treatment from 2017 to 2022 in two medical institutions 
of the city. These institutions belong to secondary and 
tertiary healthcare centers, providing medical care to 
the majority of the city's patients. In total 677 patients 
were treated for acute pancreatitis in the period from 
2017 to 2022 on the basis of the Vinnytsia city clinical 
emergency hospital and Vinnytsia regional Pirogov me-
morial clinical hospital and were prospectively included 
in the study. All patients in hospitalization gave their 
consent to the processing of personal data and data 
obtained during their examination and treatment. 
The diagnosis of acute pancreatitis was formulated 
in accordance with the recommendations of Atlanta 
2012, the diagnosis of acute postoperative pancreatitis 
was formulated in accordance with the criteria of the 
International research group on pancreatic surgery 
(ISGPS) 2022 [15]. 

The patients data were entered in tabular form 
divided into several groups: demographic (age, gen-
der, place of residence), etiological (the reason for 
the development of AP was indicated), anamnestic 
(how much time it took from the moment of the first 
symptoms to hospitalization in a hospital), the main 
vital indicators during hospitalization (pulse rate, blood 
pressure, saturation, heart rate, body temperature, 
diuresis), laboratory indicators, which were determined 

on the day of hospitalization, as well as on the 3rd, 
5th, 7th, 9th, and 11th days of hospital stay, imaging 
methods (esophagogastroduodenoscopy, ultrasound 
examination of the abdominal organs and chest, 
radiological examination of the abdominal organs 
and chest, computer tomography of the abdominal 
organs and chest), clinical indicators (severity of the 
disease, the presence of complications of AP, the 
presence of concomitant pathology, the treatment 
performed). Among the laboratory indicators, 
routine indicators were determined: hemoglobin, 
blood sugar, leukocyte level and leukocyte formula, 
hematocrit, erythrocyte sedimentation rate, total 
protein level, total bilirubin level, serum/urine amylase, 
urine diastase, amylase/diastase of drainage fluid, 
electrolytes (sodium, potassium, calcium, chlorine), 
alanine aminotransferase, aspartate aminotransferase, 
urea, creatinine, platelet level, prothrombin index, 
plasma fibrinogen/fibrin.

Determination of the etiological factor of AP was 
carried out on the basis of a carefully collected 
anamnesis. When drinking alcohol on the eve of the 
disease, the genesis of the disease was interpreted 
as alcoholic. The biliary etiology of AP does not have 
a specific biochemical marker, so it was interpreted 
with the visualization of calculi in the gallbladder and/
or ducts, the presence of biliary colic attacks in the 
anamnesis, dysfunction of the sphincter of Oddi. In 
the modern generally accepted classification of AP 
according to the recommendations of Atlanta 2012, 
there is no alimentary genesis of AP. This may be due 
to the fact that nutritional factors closely interact with 
other etiological factors, such as alcohol or metabolic 
disorders, which makes it difficult to classify them 
separately. However, we consider that this etiological 
form of AP is important, so we signled it separately. 
Therefore, the consumption of a large amount of fatty, 
fried, spicy food on the eve of the disease was interpreted 
as an alimentary factor. If in the anamnesis the patients 
noted the simultaneous consumption of alcohol and 
fatty/fried food, in such a case the etiological factor 
was interpreted as alimentary-alcoholic. Postoperative 
pancreatitis was treated according to the classification 
system proposed in 2022 by the international study 
group on pancreatic surgery (ISGPS). In patients with 
polytrauma, the development of AP was interpreted 
as post-traumatic. A rare cause of AP was the taking 
of certain medications by patients. The presence of a 
stress factor in the absence of all other causative factors 
was interpreted as the psychoemotional genesis of 
AP. In the absence of visible causative factors in the 
anamnesis, the etiological factor was interpreted as of 
unknown etiology.
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All patients underwent a comprehensive clinical 
and laboratory examination, esophagogastrodu-
odenoscopy, X-ray examination of the chest and 
abdominal organs, and computerized tomography 
of the abdominal and chest cavities, if necessary. 
Among the imaging methods during hospitalization, 
all patients underwent ultrasound examination of the 
abdominal organs, which was also performed during 
the inpatient treatment of patients in dynamics. If 
necessary, an ultrasound examination of the chest 
cavity was performed. Computed tomography of the 
abdominal organs and retroperitoneal space, enhanced 
by intravenous contrast, was performed in all patients 
with severe pancreatitis, as well as in doubtful cases 
during diagnosis, when infection of fluid accumulations 
is suspected. 

The main criteria for including patients in the 
group were: 
1.	� The patient’s age ≥ 18 years on the day of signing 

the informed consent; 
2.	� Women of reproductive age, in whom pregnancy is 

excluded; 
3.	� Patients must have a diagnosis of acute pancreatitis 

of one of the following etiologies: alcoholic, 
alimentary, biliary, postoperative (including 
ERCP-induced), post-traumatic, drugs-induced, of 
unknown etiology;

4.	� Patients must have at least two of the following 
three symptoms of pancreatic inflammation 
(according to the criteria for the diagnosis of acute 
pancreatitis, according to the Atlanta guidelines, 
2012): abdominal pain corresponding to the disease, 
biochemical signs of pancreatitis (serum amylase 
and/or lipase more than three times the upper 
limit of normal), characteristic imaging data of the 
abdominal cavity [15].

5.	� Patients with postoperative pancreatitis should 
have an increase in the level of serum amylase 
in the first 0-2 days of the postoperative period, 
corresponding clinically significant signs of 
acute pancreatitis and radiological changes 
corresponding to acute inflammation of the 
pancreas or its remnant (according to the criteria 
of the International research group on pancreatic 
surgery (ISGPS), 2022) [16].

6.	� Written, voluntary, signed informed consent must 
be obtained from the subject or a legally authorized 
representative in accordance with local regulations 
for the processing of information and data obtained 
in the process of examination and treatment. The 
subject or legally authorized representative must 
be able to read and understand the informed 
consent form. 

Exclusion criteria: 
1.	� The age of patients at the time of hospitalization is 

less than 18 years; 
2.	� Women who are pregnant; 
3.	� The diagnosis of acute pancreatitis indicated in the 

medical record does not meet the criteria for diag-
nosis Atlanta, 2012; 

4.	� A serious disorder of the immune system, for 
example: known absolute neutropenia (absolute 
number of neutrophils < 500 cells/μL), a known 
infection caused by the human immunodeficiency 
virus (HIV), chemotherapy or radiation in the past 3 
months;

5.	� A positive test for COVID-19 at the time of 
hospitalization or during the hospital stay.

Patient data were entered into the prospectively sup-
ported database in Excel. Patients of the study cohort 
were divided into groups according to the following 
criteria: sex distribution (men and women), etiology 
of the disease (nutritional, alcohol, biliary factor, 
postoperative pancreatitis, post-traumatic, drug, stress 
factor or unknown etiology), severity of the disease 
according to the Atlanta 2012 classification (mild 
course, moderately severe, severe), morphological form 
of the disease (edematous, aseptic necrotic, infected 
necrotic), presence of complications (with and without 
complications), treatment outcomes (survived or died).

Statistical analysis of the results was performed 
using SPSS version 24.0 software. Data visualization 
was performed using the R software package version 
4.3.3. The normality of the data distribution was 
assessed using the Shapiro-Wilk test (W-test). For 
normally distributed data (p-value from the W-test 
> 0,05), the mean (M) ± standard deviation (σ) was 
used. Such data includes patient age, length of stay, 
and other quantitative variables. A significant part of 
the data, including the prevalence of etiologic factors, 
complication rates, mortality rates, and some others, 
was presented as percentages for the convenience of 
comparing categorical variables and visualizing their 
distribution between patient groups. 

If the data were normally distributed, a parametric 
t-test for independent samples was used. This test 
allowed us to assess the presence of statistically 
significant differences between the mean values in 
two independent groups (e.g., patient age). Categorical 
variables (e.g., etiologic factors, disease severity, 
presence or absence of complications) were analyzed 
using Pearson’s χ² test to determine whether there were 
statistically significant differences in the distribution of 
variables between groups.

The analysis of dynamic series was conducted to 
assess changes in the incidence of acute pancreatitis 
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during the study period. To do this, the following 
indicators were calculated: absolute increase/decrease 
– to assess changes in the number of cases, increase/
decrease rates – to assess the relative change in 
morbidity compared to the previous period, and the 
fixed-base index – to compare changes over years with 
a fixed base (2011) to determine morbidity trends in 
the region.

Results with a p-value of less than 0,05 were 
considered statistically significant.

RESULTS
Over the past 12 years, 18715 patients have received 
inpatient treatment for AP in the Vinnytsia region. An-
nually 1559±259 people require inpatient treatment 
due to this pathology with the average annual hospital 
stay 10850±856 days. The incidence rate of AP in 2022 
consisted 134,4 cases/100000 population. 

The dynamics of the population and the number of 
patients with acute pancreatitis at the regional level 
in the period from 2011 to 2022 are shown in graph. 
There is a significant increase in the incidence of acute 
pancreatitis during this period against the background 
of a decrease in the population (Fig. 1). 

Changes in the absolute number of the population, 
cases of acute pancreatitis and growth/decrease 
rates during 2011-2022 are shown in Table 1. During 
the study period, there was a steady decline in the 
population. On average, the population decreased by 
12-14 thousand people annually, with an acceleration 
of the decline in the following years. In the first years, 
such as 2012 and 2013, the population decline rate was 
the lowest – about -0,43% and -0,44%, respectively. The 
largest decline occurred in 2022, when the population 
decreased by 19,6 thousand people and the highest rate 
of population decline was observed – -1,28%. It is also 
worth noting that since 2017, the population decline 
has become more noticeable, from 11,8 thousand in 
2017 to almost 20,0 thousand in 2022.

As for the change in the absolute number of cases of 
acute pancreatitis, the number of patients with acute 
pancreatitis increased from 1141 in 2011 to 2029 in 
2022 (Table 1). During the entire study period, there 
were only three years when the number of cases of 
acute pancreatitis decreased, in particular in 2016 
(-32 patients), 2017 (-14 patients), and the largest 
drop occurred in 2018, when the number of patients 
decreased by 199 people. In 2020-2022, the number of 
patients with acute pancreatitis increased sharply, with 
the largest increase (+254 patients) in 2021. Regarding 
the growth rate of the number of patients with AP, the 
highest growth rates were observed in 2014 (+16,21%) 

and 2021 (+16,30%), indicating a significant increase 
in the number of patients with AP in these years. The 
largest decrease in the number of patients with AP 
occurred in 2018 (-11,81%), indicating a sharp decrease 
in the number of patients (Table 1).

 The analysis of the table 2 with dynamic indices (2011 
= 100%) shows a steady decline in the population every 
year. In 2022, the population amounted to 91,98% of 
the 2011 level, which indicates a significant reduction 
in its size. Throughout the entire observation period, 
there was a stable downward trend in population size. 

In contrast to the population, the number of patients 
with acute pancreatitis has increased significantly over 
the entire observation period (Table 2). The dynam-
ics index shows that in 2022 the number of patients 
reached 177,83% of the 2011 level. Moreover, until 2018, 
the number of patients had slight fluctuations, with 
some declines. However, since 2020, there has been a 
sharp increase, especially in 2021 and 2022. 

Regarding the dynamics of the number of surgical 
interventions for acute pancreatitis in patients at 
the regional level, the overall trend is unstable, with 
fluctuations in the proportion of operated patients 
during this period. In particular, in 2011-2013, there 
was an increase in the proportion of operated patients 
to about 4% of all patients with AP. From 2014 to 2015, 
there was a significant decrease in the proportion of 
operated patients with AP to about 2%, after which 
this figure gradually increased again in 2016-2019. In 
2020, there was a significant peak when the proportion 
of operated patients reached about 5%. Since 2021, 
the proportion of operated patients with AP has been 
decreasing, and in 2022 the lowest point of the graph 
is observed, which is less than 3% (Fig. 2).

Analysis of the database of 677 patients who were 
treated for acute pancreatitis in two hospitals during 
2017-2022 found that among the study cohort 
of patients there were 411 (60,7%) men and 266 
(39,3%) women. The average age of the patients was 
49,99±13,38 years. Men with acute pancreatitis were 
significantly younger than women: the average age of 
men was 47,34±14,32 years, women – 54,15±16,31 years 
(p<0,05). Only 9,9% (67) of patients were hospitalized 
early from the onset of the disease – up to 6 hours. The 
vast majority of patients – 90,1% (610) were hospitalized 
6 hours after the onset of the disease (Table 3).

The length of the hospital stay depended on the 
severity of the disease, the presence of complications, 
concomitant pathology and varied from several days to 
several months, which can explain the wide confidence 
interval of this indicator – 10,77 ± 6,65 days. 

The classification of acute pancreatitis into mild, 
moderate and severe forms of the course by severity 
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cases, and an infected necrotic form in 33,3% (43) of 
cases.

According to the development of different 
morphological forms in different age ranges, the 
distribution is as follows: the edematous form of acute 
pancreatitis affected all age categories of patients 
from 18 to 88 years. The more severe the course of 
acute pancreatitis, the in later age it developed in 
patients. In particular, with the aseptic necrotic form, 
the age of the patients varied from over 20 years old 
to 88 years old. For the infected necrotic form, the age 
range of patients started after 30 years and up to 84 
years (Fig. 3).

was performed according to the criteria of the Atlanta 
2012 classification. More than half of all patients had a 
mild form of acute pancreatitis – 52,6% (356) of cases, 
which included only the edematous morphological 
type of the disease. In 28,4% (192) of patients, acute 
pancreatitis had a moderate severity of the course and 
was represented in the vast majority by an edematous 
morphological form – 69,8% (134) of cases, in 29,2% 
(56) of cases –  by an aseptic necrotic form, and in 
1,0%(2) – infected necrotic form. A severe form of acute 
pancreatitis developed in 129 (19,0%) patients and was 
represented by an edematous form of the disease in 
9,3% (12) cases, an aseptic necrotic form in 57,4% (74) 

Fig. 1. Dynamics of the population and number of patients with acute pancreatitis at the regional level in 2011-2022.

Table 1. Dynamics of the number of population and patients with acute pancreatitis in 2011-2022 in absolute terms and their growth/decrease rates 
at the regional level

Years Population 
(thsd) 

Absolute increase 
/ decrease (thsd)

Growth rate 
(%)

Patients with acute 
pancreatitis (persons)

Absolute increase / 
decrease (persons)

Growth rate 
(%)

2011 1641,2 - - 1141 - -

2012 1634,2 -7,0 -0,43% 1168 +27 +2,37%

2013 1627,0 -7,2 -0,44% 1326 +158 +13,53%

2014 1618,0 -9,0 -0,55% 1541 +215 +16,21%

2015 1610,6 -7,4 -0,46% 1732 +191 +12,40%

2016 1602,2 -8,4 -0,52% 1700 -32 -1,85%

2017 1590,4 -11,8 -0,74% 1686 -14 -0,82%

2018 1575,8 -14,6 -0,92% 1487 -199 -11,81%

2019 1560,4 -15,4 -0,98% 1535 +48 +3,23%

2020 1545,4 -15,0 -0,96% 1558 +23 +1,50%

2021 1529,1 -16,3 -1,05% 1812 +254 +16,30%

2022 1509,5 -19,6 -1,28% 2029 +217 +11,98%
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acute pancreatitis occurred in patients of both sexes 
from 20 to 80 years of age. The vast majority of fatal 
cases occurred in patients with alimentary and alcoholic 
genesis of the disease – 62,7%(37). The alcoholic acute 
pancreatitis occurred most frequently in patients from 
30 to 60 year age groups in both lethal and survival 
cohorts. The age range of surviving patients in most 
cases was also between 30 and 60 years old, that is, 
working age, which emphasizes the socio-economic 
burden that this disease has on society (Fig. 5).

The reason of acute pancreatitis, such as post-
traumatic, postoperative and ERCP-pancreatitis 
deserves special attention. There was gender variability 
too: in men, post-traumatic pancreatitis significantly 
prevailed, while in women, postoperative genesis and 
ERCP-induced factor prevailed. In particular, men have 
post-traumatic pancreatitis in 0,9%(4), postoperative 

The genesis of acute pancreatitis differed significantly 
in the groups by gender and severity of the course. Thus, 
in women, the dominant factors of acute pancreatitis, 
regardless of the severity group, were alimentary and 
biliary, which together accounted for 61,3% (163). 
In the group of women with a mild course of acute 
pancreatitis, ERCP-induced pancreatitis occurred more 
often than in men – 13 cases and 4 cases, respectively 
(p<0,05). In men, the biliary factor was represented 
to a lesser extent than in women in all three severity 
groups. On the other hand, the dominant factors of 
acute pancreatitis in men in all three severity groups 
were food and alcohol – 61,8% (254) (Fig. 4).

Among all 677 patients with acute pancreatitis, there 
were 59 (8,7%) deaths, of which 31 (52,5%) were men, 
28(47,5%) were women. The age distribution of fatal 
cases is characterized by a wide range – fatal cases from 

Fig. 2. Dynamics of the share of operated patients with acute pancreatitis at the regional level in 2011-2022

Table 2. Dynamics of the number of population and patients with acute pancreatitis with a fixed base (2011) at the regional level

Years Population 
(thsd)

Dynamic index with fixed 
base (2011 = 100%)

Patients with acute 
pancreatitis (persons)

Dynamic index with fixed base 
(2011 = 100%)

2011 1641,2 100,00% 1141 100,00%

2012 1634,2 99,57% 1168 102,37%

2013 1627,0 99,13% 1326 116,21%

2014 1618,0 98,59% 1541 135,06%

2015 1610,6 98,14% 1732 151,80%

2016 1602,2 97,62% 1700 148,99%

2017 1590,4 96,90% 1686 147,77%

2018 1575,8 96,02% 1487 130,32%

2019 1560,4 95,08% 1535 134,53%

2020 1545,4 94,16% 1558 136,55%

2021 1529,1 93,17% 1812 158,81%

2022 1509,5 91,98% 2029 177,83%
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death due to septic complications in 18(30,5%) cases 
(Fig. 7).

249 (36,8%) of all patients with acute pancreatitis 
developed complications, both early and late. In 
72,3%(180/249) of them it was a combination of 
several complications simultaneously. According to 
the number of complications, pleurisy was the most 
common – 80 cases, fluid accumulation – 59 cases, 
peritonitis – 37 cases. Among purulent complications 
of acute pancreatitis, phlegmon of the retroperitoneal 
space developed in 25 cases, parapancreatic abscess – in 
14 cases. Pancreatic pseudocyst developed in 31 cases. 
The development of pancreatogenic diabetes mellitus, 
as a result of the destruction of pancreatocytes and the 
impossibility of their endocrine function, occurred in 14 
patients. Due to a severe general condition, 89(13,1%) 
patients with acute pancreatitis required hospitalization 
in the intensive care unit and resuscitation (Table 3).

DISCUSSION

CHANGES IN THE POPULATION AND THE 
INCIDENCE OF ACUTE PANCREATITIS AT THE 
REGIONAL LEVEL IN 2011-2022
This study analyzed the population and its incidence 
of acute pancreatitis at the regional level during 2011-
2022. According to our estimates, a 12-year temporal 

pancreatitis – in 3,9%(16), ERCP – in 1,7%(7). There 
was no post-traumatic pancreatitis in women, instead, 
postoperative pancreatitis developed in 4,3%(11) of 
cases, and ERCP-induced pancreatitis – in 4,3%(11).

By gender and age, the distribution among patients 
of study cohort with acute pancreatitis in the general 
group was as follows: in the group of surviving patients, 
men dominated – 380 (61,5%), whose average age was 
47,02±14,45 years. There were less women than men 
– 238 (38,5%), but their average age was higher than 
men and amounted to 53,02±16,55 years (p<0,05). In 
the group of patients who died, more than half of the 
cases were also men – 31 (52,5%), their average age 
was lower than the average age of women who died – 
49,76±13,24 years and 61,46±12,6 years, respectively 
(p<0,05). So, in the group of men over the age of 50, a 
decrease in both morbidity and mortality from acute 
pancreatitis was noted, whereas in women over 50, an 
increase in both indicators was noted (Fig. 6).

The vast majority of fatal cases occurred in patients 
with the necrotic form of the disease – 56(94,9%), but 
there were also 3(5,1%) fatal cases in patients with the 
edematous form of the disease. The cause of death 
in the early stage was the development of enzyme 
endotoxemia and multiple organ failure. Aseptic 
necrotic form was the cause of death in more than half 
of all deceased patients with acute pancreatitis – 38 
(64,4%) cases, infected necrotic form was the cause of 

Fig.3. Distribution of patients of the study cohort with acute pancreatitis depending on age, severity of acute pancreatitis and morphological form of 
the disease.
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Table 3. Baseline characteristics upon admission of patients of the study cohort with acute pancreatitis (n=677)
Output data

Age, years, M ± SD 49,99 ± 13,38

Gender, male/female 411\266

Duration of inpatient treatment, days, M ± SD 10,77 ± 6,65  

Time from the moment of the first symptoms to the hospitalization of the patient 

• Until 6 Hours 67(9,9%)

• 6-24 hours 212(31,3%)

• 24-48 hours 184(27,2%)

• > 48 hours 214(31,6%)

Etiology

• Alimentary 254(37,5%)

• Alcoholic 71(10,5%)

• Alcoholic-alimentary 24(3,5%)

• Biliary 126(18,6%)

• Drugs-induced 9(1,3%)

• Postoperative 27(3,9%)

• Posttraumatic 4(0,6%)

• ERCP-induced 25(3,7%)

• Provoked by psycho-emotional stress 3(0,4%)

• Of unknown etiology 134(19,8%)

The result of treatment

Patients who survived 618(91,3%)

Patients who died 59(8,7%)

Morphological type of acute pancreatitis (Revised Atlanta classification, 2012)

Oedematous interstitial acute pancreatitis 502(74,2%)

Necrotizing acute pancreatitis 175(25,8%)

• Aseptic necrotic 130 (0,74)

• Infected necrotic 45 (0,26)

Severity (Revised Atlanta classification, 2012)

Mild 356(52,6%)

Moderate 192(28,4%)

Sever 129(19,0%)

The presence of concomitant pathology, the number of patients 586(86,6%)

Complication of acute pancreatitis

There are no complications 428(63,2%)

          Complication 249(36,8%)

• Fluid accumulations 59

• Pleurisy 80

• Peritonitis 37

• Postoperative pancreatic fistula 2

• Phlegmon of the retroperitoneal space 25

• Pancreatic pseudocyst 31

• Parapancreatic abscess 14

• Pancreatogenic diabetes mellitus 14

• Other complications 154

Hospitalization to the department

Surgery 582(86,0%)

Intensive care and resuscitation 89(13,1%)

Another department 6(0,9%)

M±SD, where M is the mean, SD is the standard deviation.
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a declining population. In particular, during the study 
period, the population of the region decreased by 
8,02%. It should be noted that every year the population 
decline became more and more significant, reflecting 

analysis of the population dynamics and the number 
of patients with acute pancreatitis at the regional level 
revealed a statistically significant increase in the number 
of cases of acute pancreatitis against the background of 

Fig. 4. Distribution of patients of the study cohort with acute pancreatitis by gender, genesis and severity of acute pancreatitis.

Fig. 5. Distribution of the patients of the study cohort with acute pancreatitis according to treatment results, genesis of acute pancreatitis and age.
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which had a relatively stable level of growth, mainly 
due to migrants, and Eastern Europe, which includes 
Ukraine, is different [18]. During the 20-year period from 
January 1, 2003 to January 1, 2023, the total population 
of the EU increased from 431,2 million to 448,8 million, 
a growth of 4%. Thus, in our opinion, the decline in 
the population of the region under study may be not 
only a consequence of demographic problems, such 
as aging, high mortality after the COVID-19 pandemic 
and low birth rates, but also a consequence of migration 
processes that have increased significantly since the 
outbreak of the war in Ukraine unleashed by Russia.

the national trend of depopulation. For example, at 
the time of independence, Ukraine had 51,5 million 
inhabitants, and in 2019 – 37 million [17]. As for the 
population dynamics of European countries, according 
to the official website of the European Union, over 
the past two decades, from 2003 to 2023, the total 
population of the EU increased from 431,2 million to 
448,8 million, i.e. by 4% [18].

It is worth noting that against the backdrop of 
population growth in the EU countries over the 
past decade, there has been a slowdown in natural 
population growth. Also, the picture in Western Europe, 

Fig. 6. Distribution of patients 
of the study cohort with acute 
pancreatitis depending on 
age, gender and results of 
treatment.
 

Fig.7. Distribution of patients 
of the study cohort with acute 
pancreatitis depending on 
age, treatment results and 
morphological form of acute 
pancreatitis.
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population and the abandonment of home cooking 
in favor of fast food. The emergence of clear unified 
criteria for the diagnosis of acute pancreatitis in 
accordance with the Atlanta 2012 recommendations 
reduced the number of overdiagnosis and misdiagnosis 
of acute pancreatitis in upper abdominal pain of other 
etiology and made it possible to accurately collect 
statistically reliable data. The rapid development 
of laboratory diagnostic and imaging methods, 
the possibility of 24-hour x-ray examinations at the 
emergency department level in emergency clinics, 
the high availability of these methods for patients 
contributed to high and accurate diagnosis of acute 
pancreatitis in the last decade [24]. The increase in the 
level of stress among the population, associated with 
a full-scale war in Ukraine, is a factor in the increase in 
morbidity, including acute pancreatitis.

GENDER, AGE, ETIOLOGICAL AND SOME 
CLINICAL CHARACTERISTICS OF PATIENTS 
WITH AP OF THE STUDIED COHORT
The gender distribution of patients with acute pan-
creatitis in our study cohort showed that the number 
of men exceeded the number of women with acute 
pancreatitis by 1,5 times. Our data are in line with the 
global data, which also indicate the prevalence of 
men over women among patients with AP – 68,9% vs. 
31,1% [19]. Regarding age characteristics, in our study 
cohort of patients with AP, the average age of men was 
lower than the average age of women – 47,34±14,32 
vs. 54,15±16,31 years, respectively (p<0,05). This may 
indicate a difference in the influence of risk factors 
between the sexes or that acute pancreatitis in men 
often manifests itself at a younger age. Further research 
may help to better understand these gender and age 
differences in the development of AP.

In the top three most common causes of the develop-
ment of this pathology in the study cohort of patients, 
without taking into account the gender distribution, the 
nutritional factor was in the first place – 37,5% (254), in 
the second place was biliary factor – 18,6% (126), in the 
third place was alcohol factor – 10,5% (71). There were 
differences in the dominant causes of AP in men and 
women. In particular, in men, the dominant causes of 
AP were nutritional and alcohol factors, which together 
accounted for 61,8% (254), in contrast to women, in 
whom the dominant causative factors were nutritional 
and biliary factors, which together accounted for 61,3% 
(163). The predominance of the alcohol factor in men 
coincides with the general global trend, according 
to which in 45,7% of men the cause of death was an 
alcohol factor [19]. It logically follows that health care 

As for the dynamics of the incidence of acute 
pancreatitis, during the study period there was an 
increase in cases of acute pancreatitis. In particular, 
the index of dynamics shows that in 2022 the 
number of patients with acute pancreatitis reached 
177,83% of the level of 2011, which amounted to 
134,4 cases/100000 people. Thus, a clear contrast in 
the dynamics has been revealed – on the one hand, 
the population of the study region is decreasing, 
on the other hand, the number of cases of acute 
pancreatitis is increasing. The increase in the frequency 
of this pathology at the regional level was in line with 
global trends. The literature analyzed by us reports 
an increase in the incidence of acute pancreatitis in 
recent decades worldwide, regardless of continent 
[8,9,12,19]. For example, in Germany, according to 
a systematic analysis of 516618 hospitalized cases 
between 2008 and 2017, there was an increase in the 
annual incidence of AP from 48858 (2008) to 52611 
(2017), mainly due to an increase in the incidence of 
biliary AP [20]. In England, according to the results of 
the population-based observational study of acute 
pancreatitis, the incidence of AP in 2000 was 20,5 
cases/100000 population, and data from 2019 show 
that this rate has approximately doubled in this region 
[21]. We did not find clear data on the incidence 
of acute pancreatitis in Ukraine per 100 thousand 
people in the available literature. The incidence of 
AP in 17 other European countries ranges from 4,6 to 
100 per 100000 [22]. Thus, the incidence of AP in the 
region we studied, which in 2022 amounted to 134,4 
cases/100000 people, is significantly higher than the 
incidence of AP in other European countries.

In addition to morbidity, there has also been an 
increase in overall mortality from 1,7% to 2,2% over 
the past 12 years due to this pathology among the 
population we studied at the regional level. At the 
same time, in other European countries, there is a 
decrease in the overall mortality rate from AP. For 
example, in Germany, according to a systematic analysis 
of standardized data of patients with AP during the 
study period from 2008 to 2017, the average hospital 
mortality was 2,85% and has improved significantly 
over time, which, according to the authors, is due to the 
improvement of interdisciplinary treatment concepts 
[20]. An observational study conducted between 2008 
and 2015 based on data from one of the largest hospital 
databases available in the United States also found a 
decrease in overall mortality rates from 2,9% to 2,0% 
during study period [23].

In our opinion, this fact can be explained only by 
multifactorial factors. In recent years, in Ukraine, 
there has been a change in the eating habits of the 
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the end of the survey period, which is fully consistent 
with current trends of refraining from open surgical 
interventions in favor of wait-and-see tactics in acute 
pancreatitis [27].

CONCLUSIONS
This study revealed a significant increase in the inci-
dence of acute pancreatitis in Vinnytsia region during 
2011-2022, reaching 134,4 cases/100 thousand people 
in 2022, which is 177,83% of the 2011 level and is in line 
with global trends towards an increase in the number 
of cases of acute pancreatitis. At the same time, the 
population of the region decreased by 8,02% between 
2011 and 2022, which is part of the all-Ukrainian demo-
graphic crisis caused by both natural decline and active 
migration, in particular as a result of the COVID-19 
pandemic and the full-scale war. The main etiologic 
factors for the development of the disease were nu-
tritional (37,5%), biliary (18,6%) and alcohol (10,5%) 
factors. Men suffered from acute pancreatitis more 
often than women, and the average age of men was 
lower (47,34 ± 14,32 years) compared to the average 
age of women (54,15 ± 16,31 years). The mortality rate 
from acute pancreatitis in Vinnytsia region increased 
from 1,7% to 2,2% in 2011-2022, while the global trend 
is downward. This indicates a discrepancy in local and 
global trends in mortality from acute pancreatitis. In 
terms of treatment tactics, the general trend shows 
a decrease in the number of operations for AP by the 
end of the observation period, which is in line with the 
latest global recommendations. The results emphasize 
the importance of further research and development of 
preventive programs to reduce morbidity and mortality 
from acute pancreatitis in Ukraine.

measures aimed at reducing alcohol consumption 
among the population can effectively reduce the in-
cidence and mortality of acute pancreatitis, especially 
among male patients.

The severity of acute pancreatitis has a wide variability 
from mild forms, which need conservative treatment 
to sever forms with life-threatening complications 
and mortality. Studies by other authors demonstrated 
a wide variability in the overall mortality of AP from 
2,22% in the mild form to 45,63% in the severe form 
[24]. In our study in the vast majority of patients, acute 
pancreatitis had a mild course – 52,6%(356) of cases, 
the morphological type of acute pancreatitis in the vast 
majority was edematous interstitial – 74,2%(502). The 
overall mortality rate for acute pancreatitis in the stud-
ied group was 8,7%(59), had a wide range of variability 
with different severity, and corresponded to similar 
indicators in other studies that demonstrated overall 
mortality rate from 5,5% till 7,14% [19,26]. Thus, our 
results confirm the general global trends in the inci-
dence of complications and mortality in various forms 
of acute pancreatitis.

During 2011-2022, there was an unstable dynamics 
of the proportion of patients with acute pancreatitis 
undergoing surgery. Periodic fluctuations in the 
number of surgical interventions may be due to 
various factors, such as changes in approaches to 
the treatment of acute pancreatitis, availability of 
new therapies or improved diagnostics that allow 
avoiding surgery. The high peak in 2020 may be 
due to certain circumstances, such as the COVID-19 
pandemic, which may have affected medical practices 
or forced more aggressive treatments due to late 
hospitalization of patients. However, the overall trend 
indicates a decrease in the number of surgeries by 
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INTRODUCTION
Chronic diseases are a significant global health challenge 
with a strong correlation to lifestyle factors. Despite medi-
cal advancements, prevalence remains high, necessitating 
further research to identify specific risk factors and inform 
prevention strategies [1-4]. This research explores the link 
between chronic diseases and lifestyle choices, drawing 
on theories like Planned Behavior and Social Change to 
understand individual and societal influences on health be-
haviors [5, 6]. While the Theory of Planned Behavior focuses 
on individual factors, the Theory of Social Change examines 
societal influences on behavior [7-10]. The Health Promotion 
Model emphasizes the influence of individual characteristics, 
environmental factors, and behavior-specific cognitions on 
health-promoting behaviors, aligning with the study’s focus 
on lifestyle choices and chronic disease management [11-
12]. The Health Promotion Model provides a framework to 
assess how factors like health awareness, knowledge, and 
socio-demographic characteristics influence lifestyle behav-
iors of chronic disease patients, suggesting that improving 
health literacy can lead to better health outcomes [13-16]. A 
literature review shows a strong link between lifestyle choic-
es and chronic disease prevalence, with healthy behaviors 
reducing disease risk. Educational interventions targeting 
lifestyle modifications have proven effective in improving 
health outcomes [3,17-20]. Unhealthy lifestyles, including 
poor diet and sedentary behavior, significantly contribute 

to the development and progression of chronic diseases like 
diabetes, hypertension, and cardiovascular disease [24-25].  
Comparative studies show disparities in health outcomes 
linked to lifestyle behaviors, with educational interventions 
improving health-related quality of life for chronic disease 
patients [26-27].  Understanding socio-demographic factors 
influencing lifestyle choices can help tailor interventions to 
promote healthier behaviors and mitigate the impact of 
chronic diseases across populations [28]. Unhealthy lifestyle 
choices, significantly increase the risk of developing chronic 
diseases like diabetes, hypertension, and cardiovascular 
disorders [29]. Comparing different population groups, 
this study aims to explore the correlation between lifestyle 
factors and chronic diseases, highlighting the impact of 
lifestyle interventions on health outcomes [30-31]. Compar-
ative studies reveal disparities in lifestyle practices between 
populations, with higher education levels linked to better 
health literacy and healthier choices. Interventions targeting 
lifestyle modifications can enhance disease management 
and quality of life [32]. Understanding the intricate rela-
tionship between lifestyle and chronic diseases is vital for 
developing effective health promotion strategies to mitigate 
the burden of these conditions [33-34]. 

AIM
This study aims to compare lifestyle factors between two 
distinct groups, identify lifestyle-related risk factors for 
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Aim: To identify lifestyle factors associated with chronic diseases and explore the biological mechanisms linking these behaviors to disease development. 
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chronic diseases, and understand the biological mecha-
nisms linking lifestyle and chronic disease development.

MATERIALS AND METHODS

RESEARCH DESIGN
This study employs a quasi-experimental design to evalu-
ate the impact of an instructional program on promoting 
healthy lifestyle changes among chronic disease patients. 
The study involves two groups: a study group that receives 
the intervention and a control group that does not.

STUDY SAMPLE
A sample size of 222 participants was determined through 
G- power analysis to ensure adequate statistical power. The 
study included 111 individuals in the study group and 111 
individuals in the control group. Participants were selected 
using non-probability purposive sampling [35].

DATA COLLECTION
Data was collected at three time points: pretest, posttest 
1, and posttest 2. The Health Promotion Lifestyle Profile II 
(HPLP II) was used to assess participants’ engagement in 
health-promoting behaviors across six domains, including: 
health responsibility, physical activity, nutrition, spiritual 
growth, interpersonal relations, and stress management [36].

 PROGRAM DESIGN
A researcher-developed five-session instructional program 
was implemented and evaluated using a pretest-posttest1 
and posttest 2 design. An instructional program designed 
for this study was an educational program focusing on 
promoting healthy lifestyle behaviors among patients 
with chronic diseases. The program consisted of a series 
of sessions covering topics such as health responsibility, 
physical activity, nutrition, spiritual growth, interpersonal 
relationships, and stress management as health promotion 
model. The program was implemented on two groups: the 
study group, which received the instructional program, 
and the control group, which received no instructional 
program. Data was collected through pre- and post-pro-
gram questionnaires to assess the program’s effectiveness 
in improving lifestyle behaviors. These factors were influ-
enced by an instructional program aimed at promoting 
healthy behaviors, as the results showed a significant 
improvement in these factors among the study group 
after the implementation of the instructional program. 
This methodology aims to rigorously evaluate the impact 
of the instructional program on the health behaviors of 

patients with chronic diseases, providing valuable insights 
into effective health promotion strategies 

DATA ANALYSIS
Data analysis will involve descriptive and inferential sta-
tistics, such as paired sample t-tests and correlation co-
efficients, to determine the effectiveness of the program.

ETHICAL CONSIDERATIONS
The study obtained ethical approval from the Research 
Ethics Committee and the Diwaniyah Health Depart-
ment in No. 227, June 2, 2024. Informed consent was 
obtained from all participants.

TIMELINE
The study will be conducted from August 1, 2024, to 
November 1, 2024. 

RESULTS
The results of the study are presented in a clear and 
organized manner using tables and figures to facilitate 
understanding. Below are the key findings of the research 
regarding the effectiveness of the instructional program 
on the healthy lifestyle of patients with chronic diseases. 
Building upon the findings of the doctoral dissertation.

Table 1 summarizes the age, sex, educational level, and 
other demographic variables of participants in both groups, 
showcasing significant differences in age and education level.

This table 2 shows the distribution of Body Mass Index (BMI) 
categories across pretest, posttest 1, and posttest 2 for both 
study and control groups, indicating significant improve-
ments in the study group.

In table 3, compares smoking behavior changes among 
participants before and after the intervention, showing an 
increase in attempts to quit smoking in the study group.

Table 4 that presents levels of physical activity in the study 
and control groups, indicating an increase in moderate activ-
ity levels in the study group after the instructional program.

Table 5 that summarizes Health Promotion Lifestyle 
Profile II scores for the study group, reflecting significant 
improvements in healthy lifestyle dimensions from pretest 
to posttest 2.

Table 6 displays Health Promotion Lifestyle Profile II scores 
for the control group, showing minimal changes in lifestyle 
behaviors across testing periods.

Table 7 that compares the effectiveness of the instruc-
tional program on healthy lifestyle for patients with 
chronic diseases between the study and control groups, 
highlighting significant improvements in the study group.
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Table 1. Socio-demographic characteristics of study and control groups

Socio-demographical 
characteristics

Study group
(n=111)

Control group
(n=111) Type-test (sig)*

F % M± SD F % M ± SD

Age

30-39 8 7.2

3.459±1.204

9 8.1

3.621±1.160 CFT=0.00

40-49 15 13.5 8 7.2
50-59 32 28.8 25 22.5
60-69 30 27.0 43 38.7

70-79 25 22.5 26 23.4

Total 111 100.0 111 100.0

Sex
Male 69 62.2

1.378±0.487
83 74.8

1.252±0.436 CFT= 0.812Female 42 37.8 28 25.2
Total 111 100.0 111 100.0

Edu. Level

Reads and writes 11 9.9

3.783±1.816

11 9.9

4.135±1.885 MT= 0.21

Primary 20 18.0 14 12.6
Medium 22 19.8 18 16.2

Preparatory 19 17.1 16 14.4
Institute 17 15.3 23 20.7
College 17 15.3 22 19.8

Higher Diploma  1 0.9 3 2.7
Master 3 2.7 2 1.8

PhD 1 0.9 2 1.8
Total 111 100.0 111 100.0

Marital status

Single 5 4.5

2.225±0.759

4 3.6

2.387±0.906 CFT= 0.002

Married 90 81.1 83 74.8
Divorced 5 4.5 6 5.4
Widow 8 7.2 13 11.7

Separated 3 2.7 5 4.5
Total 111 100.0 111 100.0

Occupation

Employee 51 45.9

2.072±1.255

54 48.6

2.270±1.420 CFT=0.00

Earner/Freelancer 17 15.3 20 18.0
Retired 16 14.4 16 14.4

Unemployed 16 14.4 17 15.3
Housewife 11 9.9 4 3.6

Total 111 100.0 111 100.0

Work per week

Fulltime >=35 hr. 17 15.3

2.945±1.043

22 19.8

2.702±1.058 MT= 0.9
Part time 15-34 hr. 12 10.8 17 15.3

Part time<15 hr. 42 37.8 44 39.6
Not Working 40 36.0 28 25.2

Total 111 100.0 111 100.0

Place of 
residence

Urban 92 82.9
1.171±0.378

84 75.7
1.243±0.430 CFT= 0.350Rural 19 17.1 27 24.3

Total 111 100.0 111 100.0

Monthly family 
income

Less than 300,000 21 18.9

2.594±1.123

35 31.5

2.387±1.214
MT= 0.00

300,000-600,000 33 29.7 22 19.8
601,000-900,000 31 27.9 38 34.2

901,000-1,200,000 23 20.7 9 8.1
1,201,000-
1,500,000 2 1.8 6 5.4

1,501,000 or more 1 0.9 1 0.9
Total 111 100.0 111 100.0

N: Sample size, F: Frequency, %: Percentage, M+SD: median +standard deviations * – statistically significant method as 2 nominal variables that use 
fisher test (CFT) and 2 ordinal variables that use median test (MT).  Statistically significant is 0.01 that confidence level at 0.99 in 2 tailed. 
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DISCUSSION
Table 1 presents demographic data including age, gender, 
education, marital status, occupation, work hours, residence, 
and monthly income for both the study (n=111) and con-
trol (n=111) groups. Notably, most participants were 60-69 
years old (27% in the study, 38.7% in the control), and a 
large percentage of the control group were male (74.8%). 
The study compared two groups, finding significant differ-
ences in demographics like age, education, marital status, 
and income. Table 2 presents the changes in BMI categories 
for both groups across three time points (pretest, posttest 
1, and posttest 2). The study group showed significant 
improvements, particularly in reducing the number of 
participants classified as overweight and obese from pre-
test to posttest. The educational intervention significantly 
reduced obesity rates in the study group. Additionally, table 
3 compares smoking habits among participants before and 
after the program. It indicates an increase in the number 
of participants attempting to quit smoking in the study 

group, highlighting the effectiveness of the instructional 
program. Table 4 displays the change in physical activity 
levels between the study and control groups. Notably, the 
study group’s moderate activity levels increased signifi-
cantly, whereas the control group maintained lower levels 
of physical activity throughout the study. Overall, table 
5 shows the scores reflecting significant improvements 
in the study group across various dimensions of healthy 
lifestyle behaviors from pretest to posttest1 posttest 2, 
moving from “weak” to “good” levels, particularly in health 
responsibility (total score improved significantly). Table 6 
reflects minimal changes in the control group’s lifestyle 
scores, remaining at “weak” levels throughout the study. It 
emphasizes the lack of significant improvement compared 
to the study group. Table 7 presents statistical comparisons 
between study and control groups regarding the effec-
tiveness of the instructional program on healthy lifestyles. 
The statistical significance of improvements in the study 
group is highlighted, with p-values less than 0.01, indicat-

Table 2. Frequency of the BMI for the study and control groups

Groups Classification BMI
Pretest Posttest 1 Posttest 2

M±SD F (%) M±SD F (%) M±SD F (%)

Study
N (111)

Underweight (18.5)

4.0±1.2

2 (1.8%)

4.0±1.1

0

4.0±1.2

0

Normal weight (18.5-24.9) 3 (2.7%) 3 (2.7%) 14 (12.6%)

Pre-obesity (25.0-29.9) 41 (36.9%) 46 (41.4%) 47 (42.3%)

Obesity Class I (30.0-34.9) 26 (23.4%) 25 (22.5%) 21 (18.9%)

Obesity Class II (35.0-39.9) 20 (18.0%) 19 (17.1%) 15 (13.5%)

Obesity Class III (Above 40.0) 19 (17.1%) 18 (16.2%) 14 (12.6)

Control
N (111)

Underweight (18.5)

4.1±1.2

2 (1.8%)

4.2±1.2

2 (1.8%)

4.3±1.2

2 (1.8%)

Normal weight (18.5-24.9) 2 (1.8%) 2 (1.8%) 2 (1.8%)

Pre-obesity (25.0-29.9) 39 (35.1%) 36 (324%) 32 (28.8%)

Obesity Class I (30.0-34.9) 25 (22.5%) 23 (20.7%) 20 (18.0)

Obesity Class II (35.0-39.9) 22 (19.8) 25 (22.5%) 28 (25.2%)

Obesity Class III (Above 40.0) 21 (18.9%) 23 (20.7%) 27 (24.3%)

N: Sample size, F: Frequency, %=Percentage, M+SD= median +Standard deviations.

Table 3. Smoking behavior change

Groups Smoking status
Pretest Posttest 1 Posttest 2

sig*

F % f % F %

St
ud

y 
G

ro
up

Never smoked 43 38.7 43 38.7 43 37.8

0.00
Currently smokes 54 48.6 46 41.4 36 32.4

Quit smoking 14 13.5 22 20.7 32 29.7

Total 111 100.0 111 100.0 111 100.0

Co
nt

ro
l 

G
ro

up

Never smoked 45 40.5 45 40.5 44 39.6

0.02
Currently smokes 55 49.5 55 49.5 57 51.4

Quit smoking 11 9.9 11 9.9 10 9.0

Total 111 100.0 111 100.0 111 100.0

N: Sample size, F: Frequency, %: Percentage, * – statistically significant: non parametric T-test- Mann-Whitney U, statistically significant is 0.01 that 
confidence level 0.99 in 2 tailed.
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to lifestyle modifications, as highlighted by Van den et al. 
[39]. The current study observed a significant difference in 
educational levels between the groups, suggesting that 
education may influence intervention effectiveness. Addi-
tionally, a higher proportion of married individuals in the 
study group, aligning with previous research by Balaj et al. 
(2024) on the positive impact of social support on health 
outcomes, may have contributed to their increased motiva-
tion and support for healthier lifestyles [40]. Socioeconomic 
factors, particularly income, significantly influence chronic 
disease prevalence and lifestyle choices. Individuals with 
higher incomes are more likely to engage in health-pro-
moting activities. The current study found a correlation 

ing strong evidence of the program’s effectiveness. These 
findings highlight the effectiveness of the instructional 
program in promoting healthy behaviors among chronic 
disease patients. This study aligns with previous research, 
highlighting the effectiveness of educational interventions 
in promoting healthy lifestyles and the significant impact 
of demographic factors, particularly age, on health behav-
iors and chronic disease prevalence [37]. This study aligns 
with Graf et al. (2024) in recognizing gender differences in 
chronic disease prevalence, though no significant gender 
disparity was observed between the study and control 
groups [38]. Individuals with higher education levels have 
been associated with better health literacy and adherence 

Table 4. Changes in physical activity levels in the study and control groups at Pretest, Posttest 1, and Posttest 2 following the intervention.
Scale Pretest Posttest 1 Posttest 2

M±SD Level 
Qs C F % F % F %

St
ud

y 
gr

ou
p

Q1

1 6 5.4 21 18.9 22 19.8

2.780±1.898 Moderate
Activity

2 7 6.3 18 16.2 19 17.1

3 6 5.4 21 18.9 24 21.6

4 36 32.4 28 25.2 25 22.5

5 56 50.5 23 20.7 21 18.9

Total 111 100.0 111 100.0 111 100.0

Q2

1 41 36.9 42 37.8 44 39.6

2 5 4.5 18 16.2 20 18.0

3 6 5.4 23 20.7 21 18.9

4 59 53.2 28 25.2 26 23.4

Total 111 100.0 111 100.0 111 100.0

Q3

1 16 14.4 31 27.9 33 29.7

2 13 11.7 28 25.2 32 28.8

3 82 73.9 52 46.8 46 41.4

Total 111 100.0 111 100.0 111 100.0

Co
nt

ro
l g

ro
up

Q1

1 6 5.4 11 9.9 1 0.9

1.732±1.520 Weak
activity

2 5 4.5 12 10.8 12 10.8

3 17 15.3 25 22.5 31 27.9

4 43 38.7 37 33.3 38 34.2

5 40 36.0 26 23.4 29 26.1

Total 111 100.0 111 100.0 111 100.0

Q2

1 45 40.5 33 29.7 28 25.2

2 5 4.5 20 18.0 19 17.1

3 27 24.3 26 23.4 25 22.5

4 34 30.6 32 28.8 39 35.1

Total 111 100.0 111 100.0 111 100.0

Q3

1 7 6.3 17 15.3 10 9.0

2 12 10.8 17 15.3 19 17.1

3 92 82.9 77 69.4 82 73.9

Total 111 100.0 111 100.0 111 100.0

Qs: Questions, C: Choice answers, F: Frequency, %: Percentage, M+SD: median +standard deviations.
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chronic diseases, necessitating their implementation in 
clinical settings. However, the study faces limitations relat-
ed to a specific sample and a quasi-experimental design, 
which affects the generalizability of the results and limits 
conclusions about causal relationships. Additionally, the 
short follow-up period restricts understanding of the sus-
tainability of behavioral changes and their impacts.

CONCLUSIONS
The program significantly improved participants’ lifestyle 
behaviors, as measured by the HPLP II. This was evident 
in increased physical activity and decreased BMI. The 
control group, lacking the intervention, showed no 
significant changes. Higher education levels correlated 
with better health outcomes. The findings emphasize the 
importance of health education in promoting healthier 
lifestyles among chronic disease patients. Future research 
can explore the impact of socioeconomic factors on 
health behaviors to develop targeted interventions.

between income levels and health outcomes, suggesting 
that lower-income individuals may have limited access to 
resources for a healthy lifestyle [41]. The study’s findings 
align with previous research emphasizing the importance 
of structured health education programs in managing 
chronic diseases and improving lifestyle choices [3, 4, 14]. 
The connection between BMI, chronic diseases, and lifestyle 
interventions is further reinforced by these studies [42-43].  
The study also supports previous research on the role of 
health education in reducing smoking rates and increasing 
physical activity [44]. These findings collectively highlight 
the positive impact of instructional programs on health 
behaviors and outcomes in chronic disease patients [45-47].  
These findings collectively highlight the positive impact of 
instructional programs on health behaviors and outcomes 
in chronic disease patients [48-50]. Overall, the study’s find-
ings underscore the critical importance of tailored health 
interventions in managing chronic diseases. The discussion 
in this study indicates that structured instructional programs 
enhance healthy lifestyle behaviors among patients with 

Table 5. Health Promotion Lifestyle Profile II Scores for Study Group
HPLP II scores for study group

*Levels

Total M ScoreMeasure of Scale5-Likert
D

om
ai

ns

Ty
pe

 te
st

SDM
Always Often Sometime RarelyNever

MMMMM

Weak0.412.060.30.61.64.63.2HR

Pr
et

es
t

Weak0.432.210.40.71.94.753.3PA

Weak0.421.990.340.61.34.113.6N

Weak0.452.010.330.61.564.113.45SG

Weak0.392.00.30.41.15.13.1IR

Weak0.422.00.330.672.43.72.9SM

Weak0.422.040.330.591.644.393.25Total

Good0.423.575.345.713.81.91.1HR

Po
st

 te
st

 1

Good0.463.925.95.34.82.41.2PA

Good0.53.654.65.92.63.651.5N

Good0.53.884.85.85.61.71.5SG

Good0.483.65.15.94.61.31.1IR

Good0.514.015.886.44.51.71.57SM

Good0.473.775.275.834.312.11.32Total

Good0.544.25.75.94.82.81.8HR

Po
st

te
st

 2

Good0.433.415.95.32.42.111.34PA

Good0.413.885.86.62.42.71.9N

Good0.463.995.86.93.751.91.6SG

Good0.534.115.86.94.751.71.4IR

Good0.523.95.96.82.82.41.6SM

Good0.483.915.816.43.482.261.6Total

*Interval of mean score; Very weak 1.00-1.49, Weak 1.50-2.49, Moderate 2.50-3.49, Good 3.50-4.49 and Excellent 4.50-5.00,  HR=Health responsibility, 
PA=Physical activity=Nutrition, SG=Spiritual growth, IR=Interpersonal relations, SM=Stress management.
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Table 6. Health Promotion Lifestyle Profile II Scores for control Group
HPLP II scores for control group

*Levels

Total M ScoreMeasure of Scale5-Likert
D

om
ai

ns

Ty
pe

 te
st

SDM
Always Often Sometime RarelyNever

MMMMM

Weak0.341.80.41.81.42.52.9HR

Pr
et

es
t

Weak0.382.30.51.31.74.73.3PA

Weak0.311.80.30.50.74.53N

Weak0.372.020.240.11.94.463.4SG

Weak0.572.260.570.321.834.883.7IR

Weak0.311.90.40.51.93.92.8SM

Weak0.382.010.400.751.574.153.18Total

Weak0.471.90.270.71.13.334.1HR

Po
st

 te
st

 1

Weak0.41.70.40.52.13.12.4PA

Weak0.422.060.330.21.553.822.6N

Weak0.422.060.30.91.44.33.4SG

Weak0.381.780.20.51.93.72.6IR

Weak0.51.90.170.21.734.23.2SM

Weak0.431.90.270.51.633.743.0Total

Weak0.331.80.20.30.84.92.8HR

Po
st

te
st

 2

Weak0.971.80.70.61.52.14.1PA

Weak0.31.90.270.781.962.593.4N

Weak0.31.90.30.61.94.52.2SG

Weak0.281.910.220.331.54.33.2IR

Weak0.561.70.20.31.63.33.1SM

Weak0.451.830.310.481.543.613.13Total

* Interval of mean score; Very weak 1.00-1.49, Weak 1.50-2.49, Moderate 2.50-3.49, Good 3.50-4.49 and Excellent 4.50-5.00, HR=Health responsibility, 
PA=Physical activity=Nutrition, SG=Spiritual growth, IR=Interpersonal relations, SM=Stress management.
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INTRODUCTION
At this time, the French Academy of Medicine prohib-
ited thyroid surgery. Similar sentiments prevailed on 
the other side of the English Channel when Liston an-
grily said that it was “impossible to remove the thyroid 
gland from a living organism in a sound state without 
running the risk of the patient dying from bleeding.” It 
is definitely not a procedure to be considered. [1] Even 
farther away, on the other side of the Atlantic, Gross 
criticized thyroid surgery, calling it “horrid butchery” 
and saying that “no honest and sensible surgeon would 
ever engage in it.” [2] At the moment, a number of 
methods are used to accomplish surgical hemostasis, 
such as suturing and ligation (using threads, clips, and 
staplers), coagulation (both monopolar and bipolar 
electrocoagulation), ultrasonic coagulation (Ultracision, 
Harmonic Scalpel®; Ethicon EndoSurgery, Cincinnati, 
OH), and electro-migration sealing (LigaSure® Vessel 
Sealing System; Valleylab, Boulder, CO).Electrosurgical 
instruments utilise heat energy to denature proteins, 

but the resulting lateral thermal dispersion can po-
tentially damage critical structures in the surgical 
area. In recent years, researchers have been exploring 
innovative devices that minimize thermal spread to 
reduce operation times and decrease the likelihood 
of intraoperative complications. The Harmonic Scalpel 
FOCUS Shears System from Ethicon and the LigaSure 
Precise from Covidien are two prominent energy-based 
ligation technologies utilized in thyroid surgeries. In 
2000, both the FDA in the United States and the Eu-
ropean Medical Device Directive approved ultrasonic 
coagulating-dissection systems and electrothermal 
bipolar vascular sealing as effective methods for sealing 
the vasculature and tissue of the thyroid gland. [3-6] 
The vessel ligation technologies of these two devices 
are based on different principles. The Harmonic FOCUS 
Shears (HF) operate using mechanical vibrations, while 
the LigaSure Precise (LP) functions as a closed-loop 
bipolar device. Recent innovations in shear designs, 
such as the Precise® and Focus®, have been developed 
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ABSTRACT
Aim: This study aims to evaluate the exact and harmonic focus of ligature with the traditional suture ligation approach with respect to surgical problems, 
hospital stay, drainage volume, and time spent in the operating room during open thyroidectomy.
Materials and Methods: Between February 2018 and March 2020, 180 patients suffering from thyroid disease underwent an open total thyroidectomy at 
Al-Sader Medical City’s general surgery department. These patients were divided into three groups at random: 60 patients were assigned to Group 1 (Ligasure 
precise) (LS), 60 patients to Group 2 (harmonic FOUCS) (HF), and 60 patients to Group 3 conventional (CAT).
Results: Regarding age, sex, or histological diagnosis, the three groups did not differ statistically significantly. The mean operative time for the Ligasure (LS) 
group was 34 minutes, while the Harmonic focus (HF) group was 38 minutes, which was less than that of the Conventional technique (CAT) group. The CAT 
group had a significantly larger mean drainage volume than the other 2 groups (P<0.001). The three groups’ postoperative hypocalcaemia levels did not differ 
statistically significantly. (p= n.s.). The HF group had a shorter mean hospital stay than the LS group, while the CAT group had the longest hospital stay (P <0.05).
Conclusions: LigaSure Precise and Harmonic FOUCS are energy-based technologies that are equally safe and efficient when used for vascular dissection.
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to enhance surgical efficiency. The safety of surgery and 
the impact of perioperative blood loss reduction cannot 
be overstated, even with a slight increase in cost [7]. This 
ultimately led to a lower rate of perioperative problems 
and a clearer understanding of the anatomy of the 
parathyroid gland and recurrent laryngeal nerve. [8] 

AIM
This study compares LigaSure Precise and Harmonic 
Focus with conventional suture ligation techniques 
regarding operative time, hospital stay duration, drain-
age volume, and complications from surgery while 
removing the whole gland.

MATERIALS AND METHODS
Between 2019 and March 2023, open total thyroidec-
tomies were performed on 180 consecutive patients 
with benign or malignant thyroid diseases at Al-Sadder 
Medical City’s General Surgery Department and Al Furat 
General Hospital in Najaf. These procedures were per-
formed by a single surgical team renowned for their 

expertise in thyroid surgery. The patients were divided 
into three groups at random: the Ligasure (LS )group, 
which consisted of 60 patients who underwent the 
majority of the procedure using LigaSure precise ; the 
harmonic focused (HF) group, which consisted of 60 pa-
tients who underwent the majority of the procedure us-
ing Harmonic FOCUS; and the Conventional technique 
group, which consisted of 60 patients who underwent 
the procedure using tools like the traditional clamp and 
tying method, absorbable ligature, bipolar diathermy, 
and clips (Table 1). We employed the FOCUS LigaSure 
precise LS (Vessel Sealing System; Valleylab, Boulder, 
CO, USA) and Ultracision Harmonic Scalpel (Ethicon 
Endo-Surgery) Level 3_5, which is the setting most 
frequently utilized during thyroid surgery, is selected 
for the generator. There are two sites on the hand-piece: 
a maximal site for denser tissue and a minimal site for 
delicate tissue. All 180 patients were blinded to the 
surgical procedure used and signed informed consent 
forms before being included in the study. Under gen-
eral anesthesia and with endotracheal intubation, each 
patient underwent a total thyroidectomy. Every patient 
was positioned in a supine position with their necks 

Table 1. Criterion for inclusion and exclusion
Inclusion standards

Before participating in the study, the patient will complete an informed consent form.

People with multinodular goiters or thyroid cancer who are scheduled for a total thyroidectomy

Exclusion standards

 Malignant aggressive cancer patients require dissection of lymph node block 

individuals suffering from coagulation issues

Goiters in the cervical region prior to neck surgery

coexisting parathyroid disorders

history of neck radiation

Fig. 1. Gender distribution of total 180 
patients of the study with female to male 
ratio of 7.2 to 1 (p<0.001)
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outstretched, and a soft cushion was usually used to 
support and wrap their shoulders. A 4–6 cm incision 
was made across the thyroid isthmus, depending on the 
size of the thyroid. Due to the possibility of retraction 
and the difficulty in controlling hemostasis in the event 
of bleeding, the superior thyroid arteries were first split 
using LigaSure and then ligated with 0 silk suture for 
further safety. LigaSure was used to create subplatysmal 
flaps in the LS group, and the strap muscles were divid-
ed midline and laterally reflected. The duration of the 
procedure, the amount of fluid in the suction balloon 
(drainage volume) in the first 24 hours after the proce-
dure, the length of hospital stay, and the frequency of 
issues (such RLN injury and hypocalcaemia rate) were all 
included in the study’s findings. Suction drainage was 
used to calculate the actual difference in loss of blood 
between the groups and to assess the overall amount 
of blood lost after the procedure; 24 hours following the 
treatment, the drains were withdrawn. The RLN statuses 
were evaluated both before and immediately following 
surgery using direct laryngoscopy.

RESULTS
The 180 patients’ average age who were enrolled in 
this study was 38.3 ± 10.1 years, with a range of 20 
to 70 years. In addition, there were 46 patients there 
were 22 patients over 50, 45 patients between 41 and 

50, 67 patients between 31 and 40, and 21 patients 
between 21 and 30. The female-to-male ratio was 7.2 
to one, and the females were significantly dominating 
(P value <0.001) (Fig. 1). The average operating time 
for the LigaSure, harmonic, and conventional groups 
was 75, 71, and 109 minutes, respectively; however, the 
mean operating time for the conventional group was 
significantly longer than that of the other two groups 
(P <0.001), but not significantly different from that of 
the LigaSure and harmonic groups (P >0.05) (Table 2). 
The Ligasure group had an average drainage volume 
of 48 ± 13 (range: 20–70 ml), the harmonic group had 
an average drainage volume of 38 ± 14 (range: 10–70 
ml), and the conventional group had an average drain-
age volume of 130 ± 39 (range: 75–200 ml). The mean 
drainage volume was substantially bigger in LigaSure 
than in the harmonic group (P = 0.022), but it was much 
smaller in the traditional group than in the other two 
groups (P<0.001), according to the ANOVA test and 
repeated pairwise comparisons. As it shown in (Table 3), 
It was found that the harmonic group had the shortest 
hospital stay, with an average of 20 ± 4 hours, followed 
by the LigaSure group (29 ± 16) and the conventional 
group (35 ± 13 hours). The differences were statistically 
significant in all comparisons (P <0.05). Regretfully, 
one case (1.7%) in the Harmonic group and one case 
(1.7%) in the LigaSure group experienced temporary 
RLN damage; both cases recovered after two months

Table 2.  Comparison of mean operative time among the studied groups

Statistics
Operative time (minutes)

Ligasure Harmonic Conventional

Mean 75 71 109

SD* 12 11 16

Range 50 – 90 60 – 90 90 - 150

P. values      

P1: Ligasure vs. Harmonic = 0.144 (NS)

P1: Ligasure vs. Conventional < 0.001 (S)

P1: Harmonic vs. Conventional < 0.001 (S)

*SD: standard deviation of the mean

Table 3. Comparison of mean  Hospital stay among the studied groups

Statistics
Hospital stay (hours)

Ligasure Harmonic Conventional

Mean 29 20 35

SD* 16 4 13

Range 18 – 73 16 – 36 18 - 72

P1: Ligasure vs. Harmonic : < 0.001 (S)

P1: Ligasure vs. Conventional =  0.0017(S)

P1: Harmonic vs. Conventional < 0.001 (S)

*SD: standard deviation of the mean
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DISCUSSION
The use of energy-based tools in thyroid surgery has led to 
the development of an experienced phrase that includes 
understanding the tool’s mechanism of action, safety 
distance, activation, and lag durations as essential com-
ponents for carrying out a safe procedure and avoiding 
damage to surrounding structures. [9]. Harmonic FOCUS 
treatment lowers the rate of symptomatic hypocalcemia, 
according to Anandaravi et al. [10], but it has no discern-
ible effect on the incidence of recurrent laryngeal nerve 
palsy. Ferri et al. [11] found the same results in their similar 
trial, while Ciftici et al. [12] found no difference in post-
operative complications between LigaSure precise, Har-
monic FOCUS, and conventional technique, despite the 
fact that these studies noted a decrease in postoperative 
hypocalcaemia linked to these devices. While Cosenza et 
al. [13] revealed that, in comparison to the conventional 
group, the ligasure and harmonic groups operating times 
were noticeably shorter, Ciftici et al. [12] discovered that 
the working time was shorter in the harmonic group than 
the conventional group, with the ligasure group falling in 
between the two other groups. Our results revealed that 
the mean duration of surgery in the conventional group 
(CAT group) was significantly longer than the other two 
groups (LS group and HF group) (P <0.001), even though 
the mean duration of surgery in the HF group was short-

er than the LS group (P > 0.05). The Harmonic Focus’s 
lower working time is most likely a result of its special 
ultrasound technology, which enables simultaneous 
cutting and coagulation. Despite reducing the overall 
duration of surgery compared to traditional methods, 
these technologies do not demonstrate an improvement 
in the ratio of complications [14,15]. Numerous studies 
have produced contradictory findings, and prior research 
has not offered definitive data comparing the expenses 
of various novel procedures. [16,17]. The reason for this 
shift is that hospitals and health centers employ different 
target parameters to measure costs. This is particularly 
true in specialized centers where operating rooms are 
packed and longer workdays are a significant influence 
technologies require additional positive indicators to 
justify their use [18].

CONCLUSIONS
We support both the safety and effectiveness of the 
LigaSure Small Jaw and Harmonic Focus vessel sealing 
systems for routine thyroid surgery.

The real advantage of these devices in thyroid surgery 
is the related time savings, and less drainage volume 
making the application of these techniques a matter of 
balance between efficiency and price.
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INTRODUCTION 
ATP-binding cassette transporters play a function in 
the way medicines are processed and how the frame 
responds to them in unique conditions. There had been 
several recognized versions in ATP-binding cassette 
transporter genes that are related to adjustments within 
the way prescription drugs are transported. A world-
wide incidence rate of 41 to 187 per 100,000 persons 
is associated with epilepsy, a common neurological 
disorder in children [1-2]. The incidence is higher in de-
veloping nations, particularly in rural areas [2]. Twenty 
percent of patients still experience severe drug-resistant 
seizures, even though several antiseizure medications 
(ASM) have been developed in the past few years [3]. 
The inability to gain seizure control or independence 
after adequate trials of two properly chosen antiseizure 
medication (ASM) regimens, either alone or in combina-
tion, is a hallmark of drug-resistant epilepsy (DRE) [4-5]. 
The pathophysiology of epilepsy, the pharmacokinetics 
of the ASM, the interaction between the ASM and its 

target(s), and genetic variables are the primary deter-
minants of the response to antiseizure medicine (ASM) 
[6-7]. To understand the biological process behind 
DRE, two related theories have been put forward, the 
“target” and the “transporter” hypotheses [8-9]. Genetic 
variations have the potential to affect the pharmacoki-
netics and pharmacodynamics of ASMs at every step of 
their process, from gastrointestinal absorption to drug 
distribution to the brain, pharmacological activity at 
brain sites, disposal, and metabolism [10]. The efficacy 
of the therapy can be altered by these variables, which 
can affect transporters and target proteins [10]. An 
essential physiological role of the Blood-Brain Barrier 
(BBB) is to protect and stabilize the central nervous 
system (CNS) [11]. Members of the superfamily of ATP 
binding cassette (ABC) transporters allow chemicals to 
pass through the blood-brain barrier (BBB) [12]. A crucial 
member of the ABC superfamily of transporters, the 
ABCG2 protein is encoded by the ABCG2 gene located 
on chromosome 4q22. One possible explanation for 
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the difficulty in administering pharmacological therapy 
for seizures is that the brain acts as a barrier, blocking 
the entrance of ASMs and other pharmacological sub-
stances [13]. Although the transporter theory does not 
completely explain its origin, it is considered that the ac-
tivation of efflux transporters in the blood-brain barrier 
(BBB) contributes to the establishment of antimicrobial 
drug resistance [14]. A large number of antiseizure 
medicines (ASMs) work by influencing sodium channels. 
Consequently, the SCN1A gene has been suggested as a 
possible locus to investigate SNPs’ role in drug-resistant 
epilepsy (DRE) [16-17]. Another possible element that 
might be involved in drug recognition exams (DRE) 
is drug metabolism. The CYP3A subfamily, and more 
especially CYP3A4 and CYP3A5, is responsible for the 
majority of ASM metabolism [18-21]. There is more ge-
netic diversity in the CYP3A5 gene than in the CYP3A4 
gene, which causes variations in expression and cata-
lytic activity from person to person. Antiseizure medi-
cation (ASM) response may thus be affected by CYP3A5 
genetic variants [22]. Recent studies have highlighted 
the critical role of ATP-binding cassette (ABC) transport-
ers in drug pharmacokinetics and pharmacodynamics. 
These membrane proteins significantly influence the 
absorption, distribution, and elimination of various 
pharmaceuticals. The [23] demonstrated that ABC 
transporters, particularly P-glycoprotein (P-gp), breast 
cancer resistance protein (BCRP), and multidrug resis-
tance-associated proteins (MRPs), actively efflux drugs 
from cells, potentially limiting their therapeutic effica-
cy. This research has led to the development of novel 
strategies to overcome transporter-mediated drug 
resistance and improve drug delivery to target tissues. 
For instance, Chen et al. (2024), [24] reported the suc-
cessful use of nanoparticle-based drug delivery systems 
to bypass ABC transporter-mediated efflux, enhancing 
the efficacy of anticancer drugs in multidrug-resistant 
tumor cells. The impact of ABC transporters on drug 
response has gained significant attention in the field of 
personalized medicine. Genetic polymorphisms in ABC 
transporter genes have been associated with variations 
in drug response and toxicity among individuals. The 
[25] reported on a large-scale implementation of ABC 
transporter genotyping in a major healthcare system, 
demonstrating improved treatment outcomes and 
reduced adverse effects through personalized drug 
selection and dosing strategies.

AIM
To evaluate useful variations in ABCG2 gene in relation 
to reaction of epileptic tablets in people with partial 
epilepsy. Additionally, explore opportunity of blended 

outcomes of variations in more than one transporter 
genes. 

MATERIALS AND METHODS 

SAMPLES COLLECTION
Participants with epilepsy were surveyed in order to 
get samples. Polymorphism testing involved DNA 
extraction from the sample. Data pertaining to studies 
that examined the correlation between ABCG2 poly-
morphisms were sought out. A total of 105 individu-
als, 65 of whom were patients and 40 of whom were 
healthy controls, were enrolled from October 2023 to 
April 2024 in this case-control research that took place 
in a hospital setting.

DNA EXTRACTION AND GENOTYPING 
Before genomic DNA extraction, blood samples were 
taken from participants and kept at 4 degrees Celsius 
in Ethylene-diamine-tetra-acetic acid (EDTA) tubes. 
Using the traditional salting-out method, genomic DNA 
was isolated from whole blood. The most significant 
SNPs in the candidate genes were selected, including 
ABCG2 chr4:88139962 C>T (rs2231137). In this study, we 
genotyped SNPs using the Primer1 ARMS-PCR primer 
generation programme and the NCBI-SNP database, 
scientific Researcher Co. Ltd. Iraq provided the primers, 
as shown in Table 1.

STATISTICAL ANALYSIS 
In a study of Egyptian epileptic patients, the chi-square 
test was used to evaluate the Hardy-Weinberg equilibri-
um of three ABCG2 gene SNPs coupled with drug resis-
tance. We conducted the Chi-square test to see if there 
was a statistically significant relationship between the 
95% CI and the observed odds ratio (OR). An estimate 
was considered significant if its P value was less than 
or equal to 0.05, after the data were examined using 
bilateral probability.

RESULTS 
A total of sixty-five patients and forty healthy controls 
were included in the present investigation. Table 2 
shows the demographic information of the control 
group and the patients. In contrast to the control 
group, which had an average age of 19.24 ± 3.77 years, 
the patients’ average age was 22.51 ± 5.89 years. The 
average ages of the patients and the control group did 
not differ significantly (P = 0.277). Again, when looking 
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at the frequency distribution by age, we could not find 
any significant difference between the control group 
and the patients (P = 0.598). While the control group 
included 21 females (52.5%) and 19 males (47.5%), 
the patients’ group included 33 men (50.76%) and 32 
females (49.23%). Patients and controls did not differ 
significantly (P = 0.299) in terms of gender distribution. 
Furthermore, when considering the amount of medica-
tion used to treat seizures, The patient group included 
28 people (or 43.17% of the total) who were using more 
than 2 antiseizure medications, 11 people (16.92%) who 
were taking 2 drugs, and 26 people (40.0%) who were 
using 1 drug. The gender distribution of the patients 
and control individuals did not differ significantly (P = 
0.0621). This class of antiepileptic medications of the 
patients surveyed, 31 (or 47.69%) were found to not 
induce enzymes, whereas 34 (or 52.30%) were found 

to induce enzymes or both. The gender distribution of 
the control individuals and patients did not differ signifi-
cantly (P = 0.524). Just how many patients were given 
ASMs? Eleven people (34.61%) in the patient group 
took carbamazepine, twenty-four people (39.21%) 
took valproic acid, and sixteen people (24.61%) took 
oxycarbazepine. The gender distribution of the control 
individuals and patients did not differ significantly (P 
= 0.741). The data presented above show that the sick 
group and the control group are statistically equivalent.

GENOTYPIC ANALYSIS FOR STUDIED GENES 
IN PATIENTS AND CONTROL GROUPS
Table 3 displays the correlation between the ABCG2 C>T 
(rs2231137) POLY gene variant and the probability of 

Table 1. Primer sequences used for high-resolution melting method
SNPs Sequencing

ABCG2 C>T (rs2231137)
F AAACCTGTGAGGTTCACTGTAGG

R CTGCAGAAAGATAAAAACTCTCCAG

Table 2. Demographic characteristics of patients and control subjects
Characteristic Patients n = 65 Control n =40 P value

Age (years)

Mean ±SD 22.51 ± 5.89 19.24  ± 3.77
0.277 † NS

Range 18-22 19-22

18-19 n (%) 19 (29.23%) 15 (37.5%)

0.598 ¥ NS20-21 n (%) 24 (36.92%) 11 (27.5%)

>22 n (%) 22 (33.84%) 15 (37.5%)

Gender

Male, n (%) 33 (50.76%) 19 (47.5%)
0.299 ¥ NS

Female, n (%) 32 (49.23%) 21 (52.5%)

Epilepticus history status

Positive 41 (63.07%) 0 (0.00%)
0.001 ¥ S

Negative 14 (21.87%) 0 (0.00%)

Number of antiseizure medication therapy

1 antiseizure medication 26 (40.0%) 0 (0.00%)

0.0621 ¥ NS2 antiseizure medications 11 (16.92%) 0 (0.00%)

>2 antiseizure medications 28 (43.07%) 0 (0.00%)

Type of antiseizure medications

Non-enzyme inducing 31 (47.69%) 0 (0.00%)
0.524 ¥ NS

Enzyme inducing and combination 34 (52.30%) 0 (0.00%)

ASMs used in patients (%)

Carbamazepine 25 (38.46%) 0 (0.00%)

0.741 ¥ NSValproic acid 24 (36.92%) 0 (0.00%)

Oxcarbazepine 16 (24.61%) 0 (0.00%)

n: number of cases; SD: standard deviation; †: independent samples t-test; ¥: Chi-square test; NS: not significant at P > 0.05; HS: highly significant at P ≤ 0.05.
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acquiring epilepsy. The frequency of the heterozygous 
genotype CT was 33 occurrences in the patients group 
and 20 occurrences in the control group. The statistical 
significance of this difference was determined to be 
P=0.019. The odds ratio for patients with epilepsy who 
had genotype CT was 1.0667 (95% CI: 0.4634-2.4554), 
indicating that it was a risk factor. 

Table 4 shows the association between the ABCG2 
C>T (rs2231137) polyallele polymorphism and the risk 
of epilepsy. Allele C occurred more frequently in the 
sick group (89 instances) than in the control group (50 
instances). A statistical analysis revealed a significant 
difference (P = 0.035).

DISCUSSION 
This case-control research aimed to determine whether 
there was a correlation between three genes thought to 
have a role in the development of drug-resistant epilep-
sy (DRE) and certain single nucleotide polymorphisms 
(SNPs). As the number of T alleles in the ABCG2 gene 
increases, we found that the single nucleotide polymor-
phism (SNP) rs2231137 is associated with a higher risk of 
drug resistance epilepsy (DRE). For the first time in this 
particular cohort, the finding and the high link provide 
evidence that the ABCG2 gene may be involved in the 
development of drug-resistant epilepsy (DRE). Research 
using prospective methodologies and bigger sample 
sizes may be stimulated by these findings. The results 
show that among Egyptians, the ABCG2 (rs2231137) 
polymorphism is significantly associated with epilepsy 
and Pharmaco-resistant epilepsy. Previous studies have 
failed to discover a connection between the ABCG2 
rs2231137 SNP and drug-resistant epilepsy (DRE) [26], 
which contradicts our findings. Research by Shen et al. 
sought to determine how the ABCG2 rs2231137 poly-

morphism affected Lamotrigine’s efficacy in treating 
seizures in Chinese individuals. There was shown to be 
no statistically significant relationship between the two 
variables [27]. Additionally, for epilepsy patients, the 
existence of genetic variants in the ABCG2 transporter 
(rs2231137) does not significantly affect the prediction of 
treatment response, as [28] showed. In this groundbreak-
ing study, we use a systematic review of the literature to 
show that the ABCG2 rs2231137 SNP is associated with 
an elevated risk of DRE in children. A number of studies 
have shown that genetic polymorphisms cause an over-
expression of ABC transporter proteins like ABCG2 [29], 
but no one has yet provided a clear explanation for this 
phenomenon. Excessive synthesis of ABC transporters, 
particularly ABCG2, at the blood-brain barrier (BBB), 
is a pathophysiological mechanism of drug-resistant 
epilepsy (DRE). Inhibiting the entrance of several anti-
seizure drugs (ASMs) including gabapentin, lamotrigine, 
levetiracetam, and phenobarbital, ABCG2 is expressed at 
greater levels in endothelial cells, astrocytes, and neu-
rons of the blood-brain barrier (BBB). Pharmacokinetic 
parameters such as distribution, action, and excretion 
are significantly affected by cytochrome P450 genes, 
which are involved in the metabolism of most antisei-
zure drugs. Therefore, these genes can affect how well 
these drugs work to suppress seizures generally [30]. 
Several cytochrome P450 proteins, including as the CY-
P3A5 enzyme, are involved in the metabolism of ASMs. 
A mutant allele known as CYP3A5*3 (rs776746) causes 
the enzyme CYP3A5 to not function as a catalytic agent 
[31]. Multiple criteria indicate that CYP3A5*3 is not as-
sociated with pharmacoresistance. Other cytochrome 
P450 proteins metabolize ASMs in addition to CYP3A5. 
They can make up for each other’s diminished activity 
since CYP3A4 and CYP3A5 are structurally and substrate 
selectivity-wise quite similar. A single nucleotide poly-

Table 3. Genotypes frequency in patients and control group
C>T (rs2231137)

Genotype Patients n=65 Control n=40 P1 P2 OR 95% CI

CC 28 15

0.019 ¥ S

0.625 ¥ S 1.0667 0.4634- 2.4554

CT 33 20 0.553 ¥ NS 2.0625 0.4949- 8.5954

TT 4 5 Reference Reference Reference

P1: overall comparison; P2: Individual genotype comparison versus reference; n: number of cases; ¥: Chi-square test; OR: odds ratio; CI: confidence interval; 
EF: etiologic fraction; NS: non-significant.

Table 4. POLY allele frequency in patients and control group
rs1354742084 A>C

Genotype Patients n=130 Control n=80 P OR 95%CI

C 89 50
0.035 ¥ HS

1.3024 0.7259 - 2.3369

T 41 30 0.7678 0.4279 - 1.3776

n: number of alleles; ¥: Chi-square test; OR: odds ratio; CI: confidence interval; EF: etiologic fraction; PF: preventive fraction; HS: highly significant at P ≤ 0.01.
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also did not look for a connection between the potential 
SNPs and ASM concentrations, mainly because clinical 
settings seldom monitor ASM concentrations. Children 
from Iran were the subjects of our case-control research, 
which took place in a single referral hospital. Hence, to 
make the results more generalizable, further research 
in groups with different genetic patterns is needed. 
Our research has shown that there is evidence linking 
a specific genetic variation in the ABCG2 gene-more 
specifically, an increase in the frequency of the T allele-to 
an increased risk of drug-resistant epilepsy in children. 
The implications of this finding for understanding the 
role of ABCG2 gene variation in drug-resistant epilepsy 
in children are substantial. To find more SNPs associated 
with drug-resistant epilepsy (DRE) on a genome-scale, 
genome-wide association studies are required. 

CONCLUSIONS 
The study found that the ABCG2 C>T (rs2231137) 
polymorphism is associated with an increased risk of 
epilepsy. Specifically, the patient group was more likely 
to have the heterozygous genotype CT, with the allele 
C, compared to the control group.

ABBREVIATION
ABC:	 ATP-Binding Cassette (ABC)
ASM:	 Antiseizure Medications
DRE:	 Drug-Resistant Epilepsy
CNS:	 Central Nervous System
BCRP:	Breast Cancer Resistance Protein
MRPs:	Multidrug Resistance-Associated Proteins
BBB:	 Blood-Brain Barrier

morphism (SNP) in the gene may have less of an impact 
due to this compensatory [32]. There is polymorphism 
in both the CYP3A5 and CYP3A4 enzymes, although 
only the latter shows inducible effects [33]. The effect of 
inductions on enzymes that metabolize drugs is thought 
to be larger than that of polymorphisms. Our population 
of drug-resistant patients may be taking many drugs, 
each of which may include a chemical that increases 
CYP3A activity and, by extension, the influence of CY-
P3A5 variants on treatment efficacy. This is similar to the 
findings of other studies [34-35]. Because drug-resistant 
epilepsy (DRE) has such far-reaching consequences in 
neurological, psychological, educational, social, and oc-
cupational domains, investigating its causes is essential 
for the creation of alternative seizure medicines (ASM) 
and treatment approaches [36]. The study’s findings 
can help clinicians apply precision medicine principles 
to tackle these specific problems, such as unregulated 
emergencies and high quantities of ineffective antimi-
crobial drugs (ASM), which lead to significant neuro-
psychiatric consequences like depression and anxiety 
disorders, social harm, reduced quality of life, increased 
occurrence of other medical conditions like intellectual 
disability and attention and learning difficulties, and an 
elevated risk of death [37]. Depending on the patient’s 
reaction to medications, this helps choose the best 
course of therapy and can also shed light on how to 
personalize treatment for certain genotypes. However, 
before drawing any conclusions, it is critical to identify 
and resolve the study’s shortcomings. Odds ratio (OR) 
confidence intervals are wider and the marginal p-val-
ue is 0.05 because of the study’s small sample size. This 
means that bigger sample sizes and prospective study 
methodologies are required to confirm the results. We 
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INTRODUCTION
Experiments have employed the chick experimental 
model as a xenograft host for decades. Developmental 
biology’s last uncharted territory is the study of early 
human development, which can now be done with 
the chick system [1, 2]. Comparative gene expression 
profiling between humans and chickens has been done, 
and the results show that cDC subsets are homologous 
[3]. Human and chicken dendritic cells link innate and 
adaptive immune responses, yet these diverse cell 
types are known to differ significantly. For example, the 
bursal secretory DCs in the bursa of Fabricius contain a 
particular subgroup of DCs found in birds but not mam-
mals [4]. The chorioallantoic membrane of the chicken 
embryo has resurfaced for various uses. Compared to 
classical models, this one is more advantageous due to 
its cost-effectiveness, time efficiency, and ease of use. 
Because the chicken embryo eventually develops an 
embryonic immune system that is functionally similar 
to the human immune system, this review illustrates 
how the chicken embryo can be utilized as a model 
for immunological-based studies [5]. The chorioallan-
toic membrane assay for LD50 in chick embryos might 
provide a quick and low-cost substitute for rodents. It 
also has minimal bureaucratic barriers and is simple to 

execute. In addition, this model makes it possible to 
use a wide range of analytical techniques in Nano tox-
icological studies, from other side, chick embryo model 
was the pathogenic and immunization evaluation for 
a lot of drugs [6, 7]. Numerous studies have shown 
that the formation of coronary arteries starts when PE 
mesothelial cells migrate from the liver primordium 
to the surface of the heart, where they differentiate 
into a range of cell lineages that constitute different 
parts of the heart [8]. Thus, the technique that can si-
multaneously characterize non-invasively the cardiac 
and body movements (heartbeats) in terms of both 
strength and frequency could be applied to improve the 
development of precision poultry production systems 
and monitor embryos in physiological studies by using 
ballistocardiography methodology to investigate the 
non-invasive behavioral pattern of the cardiac and body 
movements of embryos during the incubation period 
that relies on an eggshell that has electric charges on it, 
or a single capacitor plate [9, 10]. A few embryos expe-
rienced cardiac failure and passed away in a matter of 
hours; intriguingly, these embryos have a cardiac failure 
pattern resembling that of end-stage heart failure in 
humans [11]. The primary mechanism of electrophysiol-
ogy and ionic currents in the fertilized egg (embryonic 
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chicken) is similar to those of mammalian hearts. On 
the other hand, little is understood about the heart 
repolarization mechanism during development [12]. 
By developing ischemic data, the chick embryo model 
can further our understanding of pathophysiology 
and help us explore the fundamental mechanisms or 
possible therapeutic approaches in ischemia-associated 
disorders. This will increase our ability to treat ischemic 
stroke in humans [13].

AIM
The aim is to estimate the effect of normal saline on 
early development stage of embryo during pregnancy 
after LD50 dose determination and to record of heart 
electrocardiogram ECG for chick embryo and make his-
topathological sections for the heart to find if it suitable 
for pregnant women.

MATERIALS AND METHODS

STUDY DESIGN
Two separate experiments were conducted in two parts: 
first, for the LD50 study as shown in Fig. 1, and second, 
the same groups were selected for the cardiovascular tox-
icology study with control and saline as shown in Fig. 2.

Fertile eggs (Gallus domesticus) were selected for 
this project by incubate 75 eggs after air sac injection 
with normal saline (locally produced i/v 0.9% normal 
saline solution) to determine the LD50 dose (by use 
Hamilton syringe), and all embryo were monitored by 
non-invasion electrocardiography (ECG), vision test for 
blood vessels and heartbeat. 

The same strain was selected for second experiment 
(about 105 fertilized eggs) with selected dose and after 
42h ECG monitoring, vision test and make histopatho-
logical slides to diagnosis of the lesions.

The following measurements, instruments and meth-
ods were used: 

•	Incubation: using a Cimuka PD30 SH incubator with 
well-calibrated heater and humidity for both experiments; 

•	ECG: using a IWX214 working physiological system 
with three electrodes for non-invasive testing 0.3-35 
Hz, millivolts; 

•	Vision testing: after recording the ECG, the same 
eggs are examined to diagnose changes in blood ves-
sels and heartbeats and compare with the ECG results.  

HISTOPATHOLOGICAL STUDY
Embryos from the same tested eggs were dissected 
using a microtome (3 microns) after formalin fixation 

and drying to create a block. Whole body eosin/hema-
toxylin staining was prepared, and cardiac tissue and 
cell analysis was performed.

RESULTS
In examining the ECG of chick embryo we focused 
particularly on the relationship between amplitude, 
QRS segment, between QRS, and heart rate [14], (Fig.3). 
As indicated in Table 1, a Kruskil-Wallis nonparametric 
one-way ANOVA test was performed to see if the LD50 
differed significantly (p<0.05).

Table 1 illustrates how the increased mortality as-
sociated with the higher doses, 8µl and 10µl, reduced 
the doses utilized in the lethal dose in subsequent 
studies. In addition, not fertile eggs add to the results 
for accuracy [15]. 

Table 2 obviously show the ECG reading parameters 
with significant differences (P value <0.05) between 
control and doses 2µl ,4µl ,6µl respectively for all selec-
tive embryo except in two doses 8 µl and 10 µl due to 
death in early stage (before 42h). On the other hand, 
clear significant differences between all parameters in 
amplitude, QRS segment, between QRS, and heart rate.

The mean rank by group interaction (Fig. 4) revealed 
significant differences (P value < 0.05) between control 
and 4 µL dose (mean range 23 and 53) in magnitude, 
with the same p value (< 0.05) between 2 µL, 4 µL and 6 
µL doses (mean range 38, 53 and 8, respectively).On the 
other hand, the QRS segment values show a significant 
difference between (p<0.05) between all doses and 
control (average rate 28.83, 32.17, 8 and 53) with one 
exception between control and dose 2µl. Similar rhythm 
can be clarified for both parameters: between QRS 
segments and heart rate with significant differences 
(p<0.05) between control and both doses 2µl and 6µl, 
also p value (<0.05) between 4µl and 6µl doses.

After recording the ECG, a visual inspection of control 
and chicken embryos injected after 42 hours was carried 
out. However, the embryo injected with 2 μl showed 
some malformations compared to the control, while 
at doses of 4 μl, 6 μl, 8 μl and 10 μl, signs of teratology 
could be clearly diagnosed (Fig. 5), with a small liga-
tion-like shape in the right vitelline artery. Image (Fig.5B) 
illustrates the precise method to stop blood flow to 
the specified area of the chicken embryo vascular bed, 
thereby blocking blood flow in the surrounding vascular 
bed. While, in image (Fig.5C) showed the ischemic area 
of the vascular bed with complete growth retardation. 
On the other hand, image (Fig.5D) clarified bleeding in 
the area vascular and surround with clotting was seen 
at the edge of area pellucid and area vascular. Curvature 
in the neural tube was seen in some embryos. Image 
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(Fig.5E) of a completely dead embryo. The control 
group’s hearts were seen to be developing typically. On 
the other hand, the regular saline-injected group had 
poorly grown hearts, as seen by the shorter transverse 
cardiac diameter (Fig. 6A). A histopathological analysis 
identified certain variations in the morphology of car-
diomyocytes and ventricular structures. The embryos in 

the injected group showed a disordered arrangement 
of trabecular muscles in the left and right ventricles (Fig. 
6B), along with some modifications in the tubular devel-
opment of the heart. Cardiomyopathy in ventral aorta 
with primitive cardiac tube enlargement with partial 
ischemic sign as it shown in figure 7B. These findings 
suggested that normal saline impeded early embryos’ 

Fig. 1. LD50 study design.

Fig. 2. CVS toxicology study design.

Fig. 3. Chart’s surface displays online-calculated heart rate (HR) in BPM below and recordings of ECG signals above in μV.
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ability to build their hearts typically, which may be a 
crucial factor in embryonic demise.

 

DISCUSSIONS
An attempt is made to determine each test group’s 
LD50 based on the data on embryo mortality (Table 
1). Since mortality below and above 50% was occurred 
in various strains on different days, the LD50 values 
shown in Table 3 are derived on different dosages and 
days, it’s obviously show the increasing of mortality 
rate start from normal saline group until completely 
lethal calculation for dose 10µl group compare with 
control group [16]. The estimated doses at LD50 for 
the inoculation of chicken embryos with the normal 
saline was 2µl, 4µl, 6µl, 8µl and 10µl respectively. This 
result is the first to report the appropriate dose inoc-
ulate these chicken embryos lines [17]. It should be 
taken into account that the embryo mortality on the 
dose. Therefore, determining the proper infectious 
dose is crucial; it should not be too high to prevent 
significant embryonic mortality [18]. Almost the 
whole incubation period was spent with the chicken 
embryos moving, but their pattern, pace, and type of 
movement varied during that time. The data in Fig. 
3 show that two distinct forms of embryonic activity 
were observed during the incubation period: body and 
heart movements. Since the embryos were still small 
and immature during the early stages of incubation, 
body motions had little effect on the signal, which 
had a frequency between 0.3 and 0.8 Hz and 19–50 

beats per minute [19]. The heart activity of chicken 
embryos causes micro-movements throughout the 
egg, which alters the lengths between the plates 
and, consequently, the potential difference between 
the receiving signal and the shell. At 42 hours after 
incubation, the first cardiac work single signals were 
recorded. The signal amplitude climbed non-steadily 
from 0.042 to 0.232 mV/s, and then abruptly dropped 
to 0.017 mV/s as the heart rate increased from 139 
to 299 beats per minute. They were seen in the ear-
ly hours before the high-dose group’s embryonic 
fatalities [20]. The QRS segment during embryonic 
development in fertilized chicken eggs observed a 
gradual increase in QRS from 0.008 to 2.323mV/s; 
these results may be related to the expression during 
embryonic development of the genes encoding the 
cardiac potassium channels affected in repolarization 
[21]. On the other hand, visual test shows venous con-
striction, and after 48 hours of incubation, bleeding 
and clotting segments obtained from shell-free culture 
were obtained by transplantation of embryos at the 
early stage of cardiac loop formation using time-lapse 
analysis of chicken embryos with normal (left) and 
defective (right) vasculogenesis. Image series shown 
starts with embryos show a normal development of 
the extraembryonic vasculature except for groups 4µl 
and more after incubation. Nevertheless, the embryo 
on the right, which received a dose of 4 µl, died from 
end-stage heart failure with decompensated cardiac 
function for the group that received a 6 µl dose. A 
few hours later, the embryo showed signs of cardiac 

Table 1. Lethal dose (LD50) for saline solution on chicken embryo
Dose Numbers Dead Live Not fertile

Control 15 0 15 0

Normal saline 15 2 13 0

2 µl 15 5 5 5

4 µl 15 10 1 5

6 µl 15 10 5 0

8 µl 15 15 0 0

10 µl 15 15 0 0

Table 2. One-way ANOVA test for ECG recordings on chicken embryos

Dose

Parameters

Amplitude QRS segment Between QRS Heart rate

Mean SDs Mean SDs Mean SDs Mean SDs

Control 0.042 0.003 0.008 0.033 16.73 0.047 139.2 5.185

2 µl 0.145 0.001 1.888 0.023 5.069 0.017 218.2 1.334

4 µl 0.232 0.019 2.323 0.017 7.143 0.018 179.4 1.454

6 µl 0.017 0.001 1.424 0.015 1.042 0.012 299.6 2.063

*The mean difference is significant at the 0.05 level.



Rafid A. Doulab, Esraa A. Qory

392

saline was insufficient to cause death. Because the 
disturbed hemodynamics during the development 
of the heart valve and ventricle are so important, the 
results show an immediate decrease in the levels of the 
left atria ventricle (AV) canal, which leads to a further 
reduction in wall shell stress levels (WSS) in the left 
AV canal and relatively increased WSS levels in the 
right AV canal. According to Syamantak et al., a novel 
ex vivo ischemia model might be derived from the 
chick embryo partial ischemia paradigm. As a result, 

failure, including peripheral vascular stasis and con-
gested organs due to central pooling. According to 
the Histopathological investigation, the experimental 
groups (4µl and 6µl) experienced lesions in their heart 
tissue due to the doses utilized, which could poten-
tially account for the high dose-related death rate of 
chicken embryos. The chicks probably died in the early 
hours, which resulted in histopathological lesions in 
the heart muscle chicken embryos. However, the other 
chicken embryos survived since the effect of normal 

Fig. 4. Pairwise comparison between doses for both amplitude and QRS in chicken embryo.

Fig. 5. Morphology (visual test) of chicken embryo at 42h: (A) Control embryo (2.0X); (B) Dose 2µl; (C) dose 4µl; (D) dose 6µl; (E) dose 8µl of normal 
saline solution.
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lated to the water source used to manufacture it, such 
as chlorine in tap water, or may be due to uncontrolled 
storage conditions that result in some toxic substances 
being released from the container itself. Therefore, for 
intravenous prophylaxis, the solution should be used 
with caution, especially during pregnancy due to its 
life-threatening effects on embryos in the early months 
of pregnancy, resulting in sudden embryonic death due 
to heart problems.

the current model can be utilized with established 
in vivo ischemia models to assess the effectiveness 
of anti-ischemic medications and gain a mechanistic 
understanding of the onset of ischemia.

CONCLUSIONS
Normal saline, especially 0.9% NaCl, contains more 
minerals than the solution itself. Some of these are re-

 Fig. 6. Microtomes of control group of chicken embryos stained with eosin/hematoxylin: (A) control group 42h with normal tubular heart development 
(E&H); (B) ventral aorta (yellow), Primitive cardiac tube (Red), Vitelline vein development (E&H) (Blue).

Fig. 7. Microtomes of 2 μl group of chicken embryos stained with eosin/hematoxylin: (A) dose 2, group 42h with moderate changes in tubular heart 
development (E&H) (Red), (B) ventral aorta cardiomyopathy (yellow), primitive cardiac enlargement (Blue), vitelline vein partial ischemia sign (E&H) 
600x (Blue).
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ABBREVIATIONS
AMs:	 Antimicrobial medicines
AMR:	 Antimicrobial resistance
HAIs:	 Hospital-Acquired Infections
WHO:	World Health Organization
PPS:	 Point Prevalence Study
HRT:	 Hormone Replacement Therapy

INTRODUCTION 
Antimicrobial medicines (AMs) are the pharmacologi-
cal standard of care for infectious diseases. Any use of 
antimicrobials, especially antimicrobials (antibiotics), 
contributes to antimicrobial resistance (AMR), but mis-
use and overuse exacerbate resistance [1]. Antimicro-
bial-resistant infections can lead to severe illness and 
longer hospital stays, resulting in higher healthcare 
costs, medical errors, and mortality [2]. A systematic 
review found that antibiotic use was significantly high-
er in hospitals outside of Europe compared with those 
in Europe [3]. In hospitals, antibiotic therapy often 
has inadequate drug selection with respect to type of 
microorganism, route of administration, or duration of 
treatment [4]. As a result, most hospitalized patients 

either face potentially serious side effects or develop 
infections with resistant or difficult-to-treat pathogens 
(e.g., Clostridium difficile) without therapeutic response 
[5]. Hospitals can enhance their selection against an-
tibiotic-resistant organisms through the frequent use 
of broad-spectrum antibiotics (e.g., cephalosporins, 
carbapenems), they also focus on common pathogens 
of hospital-acquired infections (HAIs), such as the 
group of (Enterococcus faecium, Staphylococcus aureus, 
Klebsiella pneumoniae, Acinetobacter baumannii, Pseu-
domonas aeruginosa, and Enterobacter spp.), leading 
to a vicious cycle of increased broad-spectrum anti-
biotic use [6]. The World Health Organization (WHO) 
Global Action Plan on Antimicrobial Resistance aims 
to strengthen surveillance and optimize antimicrobial 
prescribing [7]. These measures are being scaled up 
through interventions such as antimicrobial stew-
ardship programmers (ASPs) in hospitals to improve 
clinical outcomes, ensure cost-effectiveness of anti-
microbial therapy, and reduce the consequences of 
unintended use [8], however, the effort, coordination, 
and resources required to actively monitor hospital 
antimicrobial prescribing practices are high. Continu-
ous collection of antibiotic prescribing data is not easy 
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due to the high workload and resource requirements 
[9]. A feasible alternative is to collect data at specific 
time points. This can be done using a point prevalence 
study (PPS) approach, such studies can:
-	� Measure antibiotic consumption over time and 

assess changes in prescribing trends,
-	� Set quality improvement targets in different hospital 

departments,
-	� Evaluate the effectiveness of interventions imple-

mented on response indicators identified in previous 
studies [10].

Point Prevalence Study evidence supports improving 
responsible use of antibiotics. Surveillance of hospi-
tal-acquired infections (HAIs) demonstrates the need 
for improved infection prevention and control, which 
forms the basis for combating antimicrobial resistance 
in healthcare settings. Point prevalence studies (PPS) 
are a useful approach to examine antibiotic prescribing 
patterns and identify targets for optimizing antibiotic 
use [11], therefore, the Global PPS Initiative and the 
WHO (WPPS) have proposed standardized methods 
for conducting PPS in hospitals [12]. 

AIM 
The aim of this study is to describe antibiotic use in 
Al-Ramadi hospitals using the Biomérieux VITEK2 
compact system.

MATERIALS AND METHODS

ISOLATION AND DETECTION OF BACTERIA
According to conventional procedures [13-14], all spec-
imens were diagnosed microscopically (using Gram 
stain), morphologically, and biochemically. Commercial 
kits (VITEK2 gram negative and positive colorimetric 
identification kit) were used to perform several bio-
chemical assays (BioMerieux, France). 

ANTIBIOTICS SUSCEPTIBILITY 
Antibiotics susceptibility tests by using the Biomérieux 
VITEK2 compact system (BioMerieux, France) against 
the following antibiotics: Cefotaxime, colistin, ceftazi-
dim, cefipim, imepenem, meropenem, amikacin, tobra-
mycin, gentamycin, trimethoprim / sulfamethaxazole, 
and ciprofloxacin.

STATISTICAL ANALYSIS 
Data were analyzed using SPSS version 16 and Micro-
soft Office Word and Excel 2007. Nominal data were 
expressed as number and percent. Independent sample 
T-test was used for comparison of mean. 

RESULTS
Out of 67 specimens obtained from different infection, 
52 isolates were E. coli, 8 isolates were Klebsiella pneumo-
niae, 4 were Burkholderia cepacian, 2 were Raoultella spp 
and only one isolate Acetobacter aceti (Fig. 1). The data 

Fig 1. Distribution of bacteria from Urinary Tract infec-
tions (UTIs) patients

Fig. 2. Distribution of bacteria from Urinary tract infections (UTIs) patients. 
The data is presented in percentages based on gender criteria. 
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analysis revealed that females had a higher prevalence 
of infection than males, with 41(68.30%) and 26(38.80 
%), respectively Figure 2.

ANTIBIOTIC RESISTANCE PATTERN OF 
GRAM-NEGATIVE BACTERIA
As shown in Figure 3, the pattern of resistance was 
Burkholderia spp. resistant to cefotaxime, ciprofloxacin 
and colistin. E. coli was resistant to cefotaxime with 
moderate resistant to ciprofloxacin, K. pneumoniae 
were highly resistant to cefotaxime and colistin with 
moderate resistant to ciprofloxacin and gentamicin. 
Acetobacter spp and Raoutella spp show highly resistant 
to cefotaxime, ciprofloxacin, colistin and gentamicin. In 
general, Gram-negative bacteria were more resistant to 
cefotaxime, with several species resistant to multiple 
antibiotic classes

Klebsiella pneumoniae, Burkholderia cepacian, 
Raoultella spp and Acetobacter aceti highly resistance 
to most of antimicrobial agents mainly cefotaxime, 
ciprofloxacin, colistin while E. coli show moderate re-
sistance to ciprofloxacin and sensitive to gentamycin 
and colistin. The percentage of resistant isolates to each 
antibiotic is shown in Figure 3.

Age is a significant risk factor for UTI in both MDR 
and non-MDR patients. In the MDR group, the highest 
incidence of UTI was found in people aged 55-64 years 
as shown in Table 1 that represent the highest inci-
dence of UTIs among MDR patients was observed in 
those 55-64 years old. In general, women had a higher 
incidence of UTIs in both MDR and non-MDR patients 
compared to men. Additionally, the primary bacteria 
responsible for infections in both MDR and non-MDR 
patients were Gram-negative E. Coli. 

DISCUSSION
Through our research conducted between 18, Nov. 
2024 to 10 Dec. 2024 in Ramadi hospitals, we detected 

antibiotic-resistant bacteria mainly E. coli and Klebsiella 
pneumoniae. We found significant resistance of bacteria 
to antibiotics, indicating the misuse of antibiotics and 
improper prescription by physicians and healthcare 
professionals in acute cases. These findings suggest a 
serious responsibility in handling antibiotics in hospitals 
in terms of frequent prescription, cases where these 
drugs are not prescribed according to guidelines, and 
pharmacists dispensing these antibiotics illegally with-
out a prescription, leading to the widespread spread 
of bacterial resistance through transmission or misuse 
[15], therefore, we propose that the Iraqi Ministry of 
Health install legal signage and monitor improper 
prescriptions by physicians and pharmacists, holding 
violators accountable. This resistance is projected to be 
fatal to millions of people by 2050, with an estimated 
10 million deaths due to antibiotic resistance. E. coli, K. 
pneumoniae, and Acinetobacter spp., all Gram-negative 
bacteria, were prevalent in UTI patients in our study 
[16]. Among these, E. coli was the most common. After 
comparing our results with the study “Prevalence and 
pattern of antibiotic use and resistance among Iraqi 
patients: a cross-sectional study” published in the 
African Health Sciences which examined a number 
of bacteria in 850 patients, we found similar infection 
rates for the same types of bacteria we detected: Esche-
richia coli: 123(14.5%), Klebsiella Pneumonia: 11(1.29%), 
Gentamycin: 103(12.11%), Ciprofloxacin: 345(40.58%), 
Cefotaxime: 209(24.58%) [17]. Our research has revealed 
a significant increase in antibiotic resistance among 
bacteria, a trend that poses a serious threat to public 
health. A comparison of our findings with previous 
studies shows a concerning disparity, with resistance 
rates in Ramadi hospitals being notably higher for 
Cefotaxime at 75% compared to the 24.58% reported 
in compared study and for Ciprofloxacin we see that 
our research note 50% comparing with compered 
study 40.58% it higher, but for Gentamycin we note 
0% resistance but in compared study we see it 12.11% 
and that mean there is no resistance of gentamycin in 
Ramadi hospital and it good for patient who used it to 
treating from E-coli [16]. As our study showed, gender 
plays a crucial role in the risk of UTI. Escherichia coli and 
Klebsiella pneumoniae were the most common bacteria 
found in both male and female patients. Notably, E. coli 
was more frequent in females 45% than in males 30%. 
This observation is consistent with previous studies 
[18] suggesting that anatomical differences, especially 
the proximity of the anus to the female urethra, may 
facilitate bacterial migration and colonization [19]. 
Hormonal changes, such as the decline in estrogen 
after menopause, can also increase the risk of UTI, 
which is why hormone replacement therapy (HRT) 

Table 1. Distribution of infection according to the age
Age No. of isolate [%] of isolate

55-64 28 41.80%

45-54 14 20.90%

35-44 7 10.44%

25-34 5 7.46%

15-24 4 5.97%

5-14 4 5.97%

1-4 3 4.40%

<1 2 2.98%
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is a valuable preventive measure in postmenopausal 
women [20]. Hormone replacement therapy (HRT) 
can affect urinary tract infections (UTIs), especially in 
postmenopausal women. Decreased estrogen levels 
after menopause can affect urinary tract health and 
may increase the frequency of UTIs. HRT, particularly 
estrogen therapy, can relieve menopausal symptoms 
and improve urinary tract health, potentially reducing 
the incidence of UTIs. However, the link between HRT 
and UTIs is complex and varies from person to person. 
Some studies have shown a benefit, while others have 
shown no significant effect or a possible increased 
risk of UTIs. Multiple factors, including urine patterns, 
hygiene habits, and underlying health conditions, 
contribute to the risk of UTIs [21]. Good hygiene and 
hydration are other effective strategies to minimize the 
risk of infection [18]. Our study found that Gram-nega-
tive bacteria, including E. coli, are multidrug resistant, 
and the resistance these bacteria exhibit is mainly 
due to β-lactam resistance. The thick peptidoglycan 
coating of E. coli and the production of biofilms help it 
adhere to the walls of the urinary system and develop 
antibiotic resistance [22]. The presence of β-lactamases 
in E. coli provides protection against antibiotics [23]. 
In addition, excessive use of antibiotics can cause side 

effects such as diarrhea and allergic reactions, making 
treatment ineffective [24]. Age is a significant risk fac-
tor for UTI in both MDR and non-MDR patients. In the 
MDR group, the highest incidence of UTI was found 
in people aged 55-64 years. Elderly people are more 
susceptible to comorbidities due to known risk factors 
for UTI such as diabetes and hypertension. In addition, 
gender and bacterial etiology play an important role 
in the risk level of UTI, with women facing a higher risk 
due to anatomical differences, and Gram-negative bac-
teria being the leading cause of UTI in both MDR and 
non-MDR cases [24]. Our research aligns with findings 
from Özlem Aytaç, who discovered that K. pneumoniae 
exhibited the highest resistance to cefixime at 53.3%, 
while its lowest resistance was noted against imipen-
em at 12.1%. The samples collected from outpatients 
showed the least resistance, whereas the ward patients 
exhibited the greatest resistance rates, particularly to 
cefixime at 81% and ciprofloxacin at 72.1%. Additional-
ly, higher resistance levels were observed in intensive 
care patients for ertapenem at 48.9%, meropenem at 
50.2%, and piperacillin-tazobactam (PRP) at 57.3%.

Our study identified MDR in Gram-negative bacteria, 
including E. coli, which exhibited 100 % resistance, 
primarily due to beta-lactam resistance, The thick 

Fig. 3. Antibiotic resistance pattern of Gram-negative bacteria.
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by established antimicrobial stewardship programs. Our 
findings reveal another worrying issue associated with 
these broad-spectrum antibiotics, which were previously 
considered a last resort. Among urinary pathogens, 
resistance to cephalosporins, fluoroquinolones, and 
aminoglycosides was high (100%). Thus, despite being 
considered last-resort agents, these agents might be-
come increasingly ineffective in the treatment of resistant 
infections under current prescription practices.

This study highlights the significance of using an-
tibiotics rationally, the need for vigilant monitoring 
of local epidemiological data, and the importance of 
implementing necessary precautions. Additionally, 
it is essential to remember that reevaluating each 
treatment based on the antimicrobial susceptibility 
profile is vital for enhancing treatment success and 
reducing resistance rates, especially given the elevated 
resistance rates associated with antibiotics commonly 
employed in the empirical management of UTIs.

ETHICAL APPROVAL 
This study has been approved by Al Maarif University, 
College of Pharmacy Research Ethics Committee (ap-
proval date 9/12/2024, number 388).

peptidoglycan coating of E. coli, along with biofilm pro-
duction, contributes to its ability to adhere to urinary 
system walls and develop antibiotic resistance [21]. The 
presence of beta-lactamase enzymes in E. coli provides 
defense against antibiotics, in addition, overuse antibi-
otics have side effects such as diarrhea, allergic reaction 
and become ineffective in treating [23].

CONCLUSIONS
The current study showed high rates of resistance among 
clinical isolates of urine origin. In particular, resistance to 
cefotaxime, ciprofloxacin, and colistin was high (100%) 
across all crop species. That represent the highest in-
cidence of UTIs among MDR patients was observed in 
those 55-64 years old. In general, women had a higher 
incidence of UTIs in both MDR and non-MDR patients 
compared to men with 41(68.30%) and 26(38.80 %), 
respectively .The gradual replacement of drugs once 
considered first-line treatment with broad-spectrum 
drugs such as cephalosporins, fluoroquinolones, and 
aminoglycosides remains an ongoing challenge in Iraq, 
an issue that has led to poor antimicrobial stewardship, 
especially in resource-poor primary health care settings. 
Scarce and excessive antimicrobial drugs are less affected 
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INTRODUCTION
Calcium pyrophosphate dihydrate deposition disease 
(CPPD) is a metabolic arthropathy characterized by 
gross calcium pyrophosphate crystals deposition within 
articular cartilage, both hyaline and fibrocartilage in the 
periarticular and articular tissues. The disease is also 
called by other names such as pseudogout or chon-
drocalcinosis [1-3]. It is the third most common inflam-
matory arthritis. Deposition of calcium pyrophosphate 
dihydrate crystals provokes an inflammation within the 
synovial membrane followed by degenerative changes 
in cartilage, bone and tendon sheath. Symptoms and 
signs, as well the course of CPPD resembles gout, hence 
its former name – pseudogout. Although the diseases 
have similar symptomatology, the cause of their occur-
rence is different. The CPPD prevalence in the general 
population is around 5-15% and increases with age, 
so that about 30% of population older than 80 years is 
affected by this condition [1, 4, 5]. The knee joint is the 
most commonly involved, followed by shoulder and 
wrist. Clinical course of CPPD is usually mild and about 
70% patients is asymptomatic, while in 25% of cases the 
disease manifests in acute episodes, in a gout-like form. 
About 5% of patients with CPPD deposition develops a 
chronic rheumatoid arthritis-like condition [1-6]. 

REVIEW AND DISCUSSION

ETIOPATHOGENESIS
The underlying mechanism for increased intra-articular 
accumulation of calcium crystals is not known. 

Basic calcium phosphate (BCP) crystals have been 
shown to provoke inflammatory and cartilage-damag-
ing responses, similar to sodium urate crystals in gout. 
Calcium crystals are able to induce an inflammatory 
response resulting in the production of interleukin IL-1β 
after nuclear factor-Kb (NF-Kb) activation and through 
the NLRP3 inflammasome. Inflammatory response in-
duced by monosodium urate, calcium  pyrophosphate 
dihydrate and basic calcium phosphate crystals affects 
three distinct leukocyte populations: polymorpho-
nuclear cells, monocytes and lymphocytes. Of these 
three, calcium  pyrophosphate dihydrate crystals were 
found to be the most potent stimulators of inflamma-
tory cytokines [2, 5]. The possible mechanisms leading 
to development of CPPD are shown in Table 1. Older 
people who have a genetic predisposition are more at 
risk for developing the condition [1, 2, 6]. An association 
between CPPD and osteoarthritis has been shown in 
some studies [3, 7]. Recent epidemiological studies 
have suggested that CPPD has been associated with an 

Calcium pyrophosphate dihydrate deposition disease 
(chondrocalcinosis): a review

Andrzej Żyluk
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ABSTRACT
Calcium pyrophosphate dihydrate deposition disease (CPPD) is a metabolic arthropathy characterized by gross calcium pyrophosphate crystals deposition within 
articular cartilage, in the periarticular and articular tissues. The disease is also called by other names such as pseudogout or chondrocalcinosis. Deposition 
of calcium pyrophosphate dihydrate crystals provokes an inflammation within the synovial membrane followed by degenerative changes in cartilage and 
bone. The underlying mechanism for increased intraarticular accumulation of calcium crystals is not known. CPPD is fairly common condition affecting mostly 
older people. It manifests in three clinical forms: asymptomatic (the most common), acute and chronic. Diagnosis is made on the basis of X-ray or ultrasound 
examination, but definitive confirmation requires demonstration of calcium pyrophosphate dihydrate crystals in the synovial fluid. Treatment of acute CPPD is 
similar to treatment of gout attack and consists in physical measures and medication with NSAIDs, colchicine or sometimes steroids. This review summarizes 
recent findings about the etiopathogenesis, diagnosis and management of CPPD.
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elevated risk for nonfatal cardiovascular disease events, 
however this association is still in clinical trials [2, 5].

CLINICAL PRESENTATION AND COURSE 
The disease manifests in three clinical forms, including: 
•	�Asymptomatic CPPD (the most common, signs 

present only in images),
•	�Acute CPPD (self-limited synovitis, formerly known 

as pseudogout), 
•	�Chronic CPPD 
These forms differ from each other in some aspects 
which will be discussed in this section [1-7]:

a.	� The asymptomatic form is the most common, con-
stituting about 70% of all cases. In asymptomatic 
disease, radiological features may be found in X-rays 
performed for other reasons, but they have not 
translation into clinical symptoms; 

b.	� The acute form is the second common, constitut-
ing about 25% of all cases. It presents typically 
as an acute arthritis involving one joint, and less 
frequently 2-3 joints at the same time. Large joints 
such as knees, ankles, shoulders and wrists are 
more frequently involved than small joints, but the 
disease may affect any other joint. Presentation as 
migratory, polyarticular or bilateral arthritis is much 

Fig. 1. X-ray of the hand demonstrating 
CPPD involving the metacarpo-phalan-
geal joints II-V (white arrows). Note also 
degenerative changes in the wrist and all 
joints of the thumb.

Fig. 2. X-ray of the hand demonstrating 
CPPD involving the multiple hand joints 
and ulno-carpal joint (white arrows).
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less common. The disease typically affects older 
patients, over 65 years of age. The acute CPPD is 
characterized by rapid onset, and typical symptoms 
and signs include: 

• 	Pain (local, confined to the affected joint/joints), 
• 	Local increase of temperature, 
• 	Swelling around the affected join(s),
• �Redness over the affected joint(s),
• 	Reduction of movements in the affected joints.
The rapid onset in a form of attack resembles attack of 
a gout and can be confused with this condition. The 
course of an acute CPPD is usually self-limiting and 
symptoms and signs typically resolve slowly within 
one or two weeks. Attacks may be triggered by some 
conditions such as trauma, infection or concomitant 
systemic disease. Between acute episodes, most of 
patients remains asymptomatic. Attacks can affect the 
same joint or a different one in each episode. In case of 
involving a large joint such as hip, knee or shoulder, the 
patient can present systemic symptoms such as fever, 
chills and feeling unwell (malaise). This symptomatol-
ogy may suggest septic arthritis, and if the patient has 
risk factors such as diabetes, history of trauma or sys-
temic infection, septic arthritis should be considered in 
differential diagnosis. As it has been already mentioned, 
this condition can produce symptoms resembling gout, 
and therefore, despite differences in clinical patterns 

between the diseases, the definite diagnosis relies 
upon the microscopic examination of the synovial fluid 
and demonstration of the specific crystal deposits. As 
aspiration of the synovial fluid from small joints is not 
always available, other diagnostic modalities include 
X-ray and ultrasound examination (this will be discussed 
later in the article);

c.	 Chronic CPPD is the rarest form, constituting 
about 5% of all cases. It may present as bilateral, 
symmetrical, and deforming inflammatory arthritis. 
It lasts months or years, and destruction occurs over 
time resulting in degenerative changes of the affected 
joints which resembles osteoarthritis. Wrists and meta-
carpophalangeal (MCP) joints are commonly affected, 
although the disease can involve also extensor tendon 
sheaths. Development of wrist tenosynovitis can in-
crease pressure in the carpal tunnel and produce symp-
toms of median nerve compression and may require 
synovectomy [8]. Similar changes around the elbow 
joint can produce symptoms and signs of ulnar nerve 
compression. When located in the wrist it can cause 
carpal instability (i.e. scapholunate) [9]. Radiographic 
findings are characterized by  subchondral sclerosis, 
epiphyseal geodes, osteophytes, but with no marginal 
erosions [1-8].

Less frequently the joints of the spine may be involved 
in CPPD, particularly in the cervical and lumbar spine, 
leading to limited mobility and lower back pain (in 
lumbar spine involvement) [1, 2].

DIAGNOSIS
Diagnosis of the CPPD is not easy in asymptomatic 
patients, as it can be only recognized in an accidentally 
taken the X-ray. Moreover, radiologic changes are not 
specific and if not strongly expressed, can be easily 
missed (a proportion of patients with CPPD has neg-
ative X-rays). The definitive diagnosis of the condition 
can be made by examining of the synovial fluid. Other 
imaging modalities include ultrasonography, X-ray, 
computed tomography (CT) and magnetic resonance 
(MRI). Effectiveness and availability of these imaging 
modalities will be discussed below: 
a.	� Examination of the synovial fluid

As it has been mentioned, the definitive diagnosis of the 
CPPD is made by the visualization of rhomboid-shaped crys-
tals in the synovial fluid taken form the affected joint. This 
obviously requires performing aspiration of the joint, what 
may be demanding in small joints of the hand (it is easier in 
big joints such as knee or shoulder). The identification of cal-
cium pyrophosphate dihydrate crystals in synovial fluid by 
light microscopy, compensated polarized light microscopy, 
or phase contrast microscopy is the reference standard for 

Fig. 3. X-ray of the knee demonstrating CPPD involving the menisci (white 
arrows). 
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CPPD diagnosis. Calcium pyrophosphate dihydrate crystals 
have characteristically a parallel-epipedic form, and are 
usually located intracellular, with absent or weak positive 
birefringence. In some cases more sophisticated methods 
are necessary such as, chemical analysis of the synovial fluid 
or atomic force microscopy [1, 2, 5]; 

b.	 X-ray examination
Calcium pyrophosphate dihydrate crystals may be 

seen on X-rays in the fibrocartilage of the joints (Fig. 

1-3). Typical localization include the meniscus of the 
knee (Fig. 3), triangular fibrocartilage of the wrists, 
labra of the acetabulum, symphysis pubis and annulus 
fibrosus of the intervertebral discs. Synovial calcification 
is almost always seen in knee, metacarpophalangeal 
(Fig. 1), metatarsophalangeal joints, radiocarpal and 
distal radioulnar joints of the wrists (Fig. 2) [1, 2, 5, 10, 
11]. Tendon calcifications are frequently seen in the 
quadriceps, triceps, and the Achilles tendon Obviously, 

Table 1. Etiopathogenesis of calcium pyrophosphate dihydrate deposition disease (CPPD) 
Pathogenetic mechanism

Calcium pyrophosphate dihydrate crystals deposition in the pericellular matrix of cartilage is considered a primary first step of the disease

Concomitant disease effect. CPPD be a manifestation of metabolic or endocrine disorders leading to abnormal Ca and P metabolism, 
such as hyperparathyroidism, hypothyroidism, hypomagnesemia, hypophosphatasia, hemochromatosis, gout and osteoarthritis.

Micro-trauma effect. Calcium pyrophosphate dihydrate crystals deposition may be provoked by micro-injuries that deteriorate 
collagen and other cartilage proteins.

Genetic predispositions. Polymorphisms in the ANKH gene which encodes a transmembrane 
inorganic pyrophosphate shuttle protein.

Other causes can be a lack of magnesium, excess calcium or iron

Table 2. Treatment of calcium pyrophosphate dihydrate deposition disease (CPPD) 
Acute CPPD

Physical measures: cool packs, temporary rest of the affected joint (limb).

Non-steroid anti-inflammatory drugs (NSAIDs)

Colchicine (orally)

Systemic steroids

Intraarticular steroid injection.

Chronic CPPD

Generally the same as in acute form.

In refractory cases: Methotrexate or Hydroxychloroquine 

Novel treatments: Anakinra and histone deacetylase inhibitors (HDACis).

Fig. 4. US of the MCP joint affected with CPPD. Note 
thin, hyperechoic band within hyaline cartilage, parallel 
to the surface of the cartilage.
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longitudinal ligament, can results in myelopathy, cord 
compression and spinal stenosis. Thus, MRI may be 
useful in diagnosing these rare complications of CPPD 
involving the spine [2, 5];

f. Practical tips for extended diagnostics of suspected 
chondrocalcinosis 

Chronic chondrocalcinosis is rarely confused with 
rheumatoid arthritis, more often with degenerative and 
inflammatory changes of the joints (osteoarthritis). In 
such cases, extended diagnostics may not be needed, 
because the treatment of both diseases is basically 
similar. This may only be necessary if the treatment 
used fails. Similarly, differentiation of the acute phase 
of chondrocalcinosis and a gout attack is relatively 
easy, due to the elevated concentration of uric acid in 
gout. Only in doubtful cases, e.g. normal or borderline 
uric acid levels, or in cases of treatment failure, such 
diagnostics may be necessary.

DIFFERENTIAL DIAGNOSIS
The acute phase of the disease is usually differentiated 
from gout attack or septic arthritis. It is relatively easy to 
distinguish the CPPD from gout, as the patient usually 
presents with history of gout (diagnosed earlier). Addi-
tionally, uremic acid concentration in serum is elevated 
in an acute gout episode. Septic arthritis presents with 
more severe symptoms and, if involves big joints, is 
associated with systemic reaction (fever, chills, elevated 
inflammatory parameters – leucocyte rate, CRP). Move-
ment of the affected joint is very painful and range of 
motion is limited. Ultrasonographic and radiological find-
ings can help in making the confident diagnosis [1, 2, 5]. 

The chronic phase, CPPD is usually differentiated 
from osteoarthritis (OA) and rheumatoid arthritis (RA). 
Differentiating CPPD form OA can be challenging based 
upon clinical signs and symptoms, however, US and X-ray 
studies may help in making a proper diagnosis. Both of 
these diseases can occur simultaneously and overlap 
each other, so that their unambiguous distinguishing 
may be possible only after synovial fluid examination. 
Osteoarthritis combined with CPPD generally affects 
knees, has an atypical distribution (radiocarpal joint, 
glenohumeral joint, hindfoot/midfoot involvement) and 
may be associated with more severe signs and symp-
toms. In contrast, rheumatoid arthritis history and clinical 
presentation is usually enough different form CPPD, that 
confusion between these two diseases is rare.

TREATMENT
At present, there are no widely accepted, dis-
ease-modifying therapies which reduce the articular  

only a proportion of patients with symptomatic CPPD 
is radiologically positive. Abhishek et al., demonstrated 
that almost 40% of individuals with CPPC do not present 
with calcific radiographic findings on knees, despite 
being the most common site of CPPD involvement. 
The authors found that only 80% of patients with CPPC 
could be identified on the basis of radiographs of knees, 
pelvis, wrists or hands [7];

c.	 Ultrasound examination
Ultrasound evaluation has been studied extensively in 

the last 10 years, and has been  proposed as a primary 
diagnostic method for CPPD by the European League 
against Rheumatism [1, 4, 6, 10]. This is because syno-
vial fluid aspiration or synovial biopsy in small joints 
is difficult to perform. In these cases use of widely 
available ultrasonography to diagnose CPPD is very 
be useful. Ultrasonography can demonstrate calcium 
pyrophosphate dihydrate crystals in peripheral joints, 
appearing typically as thin hyperechoic bands within 
hyaline cartilage, parallel to the surface of the cartilage 
and hyperechoic sparkling spots in fibrocartilage (Fig. 
4) [4, 10, 12]. Calcifications within the cartilage usually 
have not a posterior shadow because linear calcium 
pyrophosphate dihydrate crystals have not sufficient 
compactness to stop the ultrasound beam progression. 
The range of possible expression ranged from isolated 
hyperechoic spots to extended deposits, which might 
involve a great portion of the hyaline cartilage [4, 10, 
12]. The sensitivity of US in diagnosing CPPD is esti-
mated at 80% and specificity is even higher, reaching 
93%-100% [2, 4, 10, 12]. Due to wide availability, US is 
now a first line imaging technique in diagnosing CPPD;

d. Computed tomography (CT)
CT is less frequently used in diagnosing CPPD and 

its use is limited to suspected disease in the spine, 
which is often asymptomatic. Calcium pyrophosphate 
dihydrate crystals may accumulate in the transverse 
ligaments of the atlas or alar ligaments, what results 
in formation of so called “crowned dens syndrome” [2, 
5]. The syndrome relies on calcifications of odontoid 
articular structures. In the “crowned dens syndrome”, 
CT is the first line imaging that allows identification of 
the different radiographic features of the disease: 

o	 Simple band of calcification or double band of 
thin calcifications in the transverse ligament, 

o	 Irregular calcifications crowning the dens apex,
o	 Bone erosions of the dens itself;
e. Magnetic resonance imaging (MRI)
Likewise CT, magnetic resonance imaging is rarely 

used in diagnosis CPPD and its usefulness is confined to 
the disease involving the spine. Calcium pyrophosphate 
dihydrate crystals uptake in ligamentous structures of 
the spine such as ligamentum flavum and posterior 
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of severe pancytopenia and death. The duration of 
therapy for the acute episode may range from one to 
several weeks, depending on how early colchicine has 
been introduced [2, 5]. For the prophylaxis of recurrent 
acute CPPD, low-dose oral NSAIDs, or low-dose (0,5 mg 
daily) oral colchicine is recommended. 

TREATMENT OF CHRONIC CPPD 
Patients with chronic CPPD require a continuous 
treatment with low-dose NSAIDs or colchicine and 
sometimes with low-dose oral steroids. This therapy 
is usually effective, however it may be confused  by 
acute episode of the condition. In patients who fail to 
improve, in whom such treatments are contraindicated 
or not well-tolerated, alternative therapeutic modalities 
can be used such as   methotrexate and hydroxychlo-
roquine [2]. Methotrexate could be considered as an 
for patients with severe CPPD who failed to respond to 
standard therapy. The drug works not only as an immu-
nosuppressant but also as a potent anti-inflammatory 
agent. Hydroxychloroquine has shown some beneficial 
effect in chronic CPPD arthritis with no significant ad-
verse effects [2, 4, 5].

NOVEL TREATMENTS: ANAKINRA AND 
HISTONE DEACETYLASE INHIBITORS 
(HDACIS)
Anakinra is a biologic immunosuppressant that is an 
antagonist of human interleukin-1 (IL-1) type I recep-
tors. Anakinra blocks the biological activity of IL-1α and 
IL-1β and is approved for the treatment of rheumatoid 
arthritis, COVID-19 infection, periodic fever syndromes 
and Still’s disease. Effectiveness of anakinra was com-
pared to prednisone in the treatment of acute CPPD 
in a randomized controlled study. Results of this study 
demonstrated similar effectiveness between anakinra 
and prednisone, but anakinra showed faster onset of 
action than prednisone [13].

Histone deacetylase inhibitors (HDACis) have been 
shown to downregulate calcium pyrophosphate 
dihydrate crystal formation in human articular chon-
drocytes. Extracellular pyrophosphate, calcium and 
extracellular matrix  are essential components of CPP 
crystal formation [5, 14]. A high concentration of ex-
tracellular pyrophosphate in synovial fluid is positively 
correlated with the formation of CPP crystals. Histone 
deacetylase inhibitors (HDACis) were able to decrease 
extracellular pyrophosphate and CPP formation by 
regulating ankylosis human (ANKH), ectonucleotide 
pyrophosphatase 1 (ENPP1), and tissue nonspecific al-
kaline phosphatase (TNAP) genes expressions in human 

deposition of calcium pyrophosphate dihydrate  
crystals. Therefore, at present the goal of treatment 
in CPPD is reducing the inflammatory response, the 
frequency and severity of clinical symptoms caused 
by the disease [1, 2, 5]. Patients with asymptomatic 
CPPD do not require any treatment. Treatment of 
symptomatic patients requires both non-pharmaco-
logical and pharmacological measures, according to 
clinical presentation and risks factors. Proper treat-
ment should include prompt resolution of the acute 
episode, prevention of chronic joint damage and 
management of concomitant diseases. Unfortunately, 
most treatment approaches are based upon clinical 
experience, but not on scientific evidence based on 
results of prospective, controlled studies. The list of 
treatment modalities is shown in Table 2.

TREATMENT OF ACUTE CPPD 
The majority of CPPD patients who require intervention 
are those with acute form of the disease. 

In such a situation, the treatment is similar to treat-
ment of gout attack, and includes cool packs, temporary 
rest of the affected joint (limb), non-steroid anti-in-
flammatory drugs (NSAIDs), low dose oral colchicine, 
and sometimes systemic steroids. Joint aspiration 
with intraarticular long-acting steroid injection might 
be necessary if primary treatment fails in relieving the 
symptoms [1, 2, 5]. NSAIDs and colchicine are relatively 
effective, but limited by toxicity and adverse effects 
which may be dangerous in older patients. A short 
course of oral or parenteral steroids is recommended 
in patients who failed to improve after NSAIDs or col-
chicine treatment, or who have contraindications to 
use these drugs [2, 5]. 

Colchicine is relatively old drug, but it has been still 
used in acute gout attacks.  The mechanism of action is 
through stabilizing activity on the cytoskeleton and cell 
membranes, but it also inhibits the neutrophil’s motility 
and activity, leading to an anti-inflammatory effect. 
Colchicine is effective in acute CPPD and in preventing 
recurring attacks. Likewise in acute gout, colchicine  is 
most effective if treatment is started within 12-24 hours 
after onset of symptoms. The earlier the treatment is 
started, the more rapid and complete resolution occurs. 
Small doses of colchicine (3x0,5 mg daily, per os) are 
recommended at the beginning of therapy, because it 
reduces adverse effects of the drug on gastrointestinal 
tract such as diarrhoea and abdominal cramping. In 
most patients, the effect of this therapy is rapid and 
strong, and symptoms usually begin to subside in 12-24 
hours [2, 5].  Intravenous administration of colchicine 
is not recommended, because it is associated with  risk 
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to treatment of gout attack and consists in physical 
measures and medication with NSAIDs, colchicine or 
steroids. Calcium crystal deposition diseases are in-
creasing in incidence due to aging of the population. 
They are associated with a high burden of disability. 
Despite this, they remain under-studied with lack of 
evidence based treatment guidelines.

In conclusion, this review demonstrates several new 
findings with regard to CPPD, such as development of 
more precise classification criteria and improvements 
in the accuracy of diagnostics, particularly examination 
of the synovial fluid taken from the affected joint. New 
findings include identification of factors associated with 
acute flare of disease and an association with increased 
cardiovascular risk. New treatment modalities, i.e. with 
histone deacetylase inhibitors still remain controversial, 
however advances in understanding the underlying 
molecular mechanisms of disease suggest potential 
targets for future drug development.

chondrocytes. The underlying molecular mechanisms 
of HDACis – mediated regulation of ANKH, ENPP1, and 
TNAP expression is probably associated with the his-
tone acetylation status of the promoters of these three 
genes [5, 14]. Histone deacetylase inhibitors may have 
the potential to be developed into drugs to prevent 
calcium pyrophosphate dihydrate crystals formation 
or treat CPPD related diseases in the future.

CONCLUSIONS
Calcium pyrophosphate dihydrate disease (chondro-
calcinosis, pseudogout) is a fairly common condition 
affecting mostly older people. Diagnosis is made on the 
basis of X-ray or ultrasound examination, but definitive 
confirmation requires demonstration of CPP crystals 
in the synovial fluid. Most of patients is asymptomatic, 
but when symptomatic, the disease presents in acute 
or chronic form. Treatment of acute CPPD is similar 
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INTRODUCTION
Osteoporosis (OP) is a systemic skeletal disease character-
ised by a decrease in bone mass and impaired bone quality 
(microarchitecture), which leads to bone fragility and mani-
fests itself in fractures following minor trauma [1]. The most 
common manifestations of OP are vertebral compression 
fractures, fractures of the distal forearm, proximal femur, and 
proximal humerus. In recent years, OP has not only become 
a significant public health concern, but also one of the most 
common causes of disability and mortality among patients. 
The International Osteoporosis Foundation (IOF) has pub-
lished a report on the prevalence of osteoporosis in the 
European Union. In the report, ‘Improving the Assessment 
of Fracture Risk’, it was noted that after the age of 50, this 
disease is diagnosed in every third woman and every fifth 
man. Of these, 24% of women and 33% of men die within 
the first year after a hip fracture [2]. 

Given the high prevalence of osteoporosis in patients of 
various profiles, the role of the dentist in the diagnosis and 
correction of this pathology is becoming increasingly im-
portant. It is of particular importance to direct attention to 
older patients, given the increased risk of developing post-
menopausal and senile osteoporosis [3]. Furthermore, in 

men with androgen deficiency, bone mineral density loss is 
more pronounced than in women with hypogonadism [4].

A number of studies have demonstrated a strong cor-
relation between estrogen deficiency and the onset of 
periodontitis and osteoporosis [5, 6]. In recent years, an 
increasing number of researchers have proposed that 
postmenopausal osteoporosis contributes to the devel-
opment and progression of periodontitis [7]. It has been 
demonstrated that periodontal bacteria contribute to the 
loss of alveolar bone tissue in periodontitis by increasing 
the activity of osteoclasts and/or by releasing toxins and 
pro-inflammatory cytokines [8]. Nevertheless, the precise 
mechanisms remain uncertain.

Bone tissue, like all other tissues, responds to a general 
or local pathological process and has a great adaptive 
response to variations in functional load [9]. As a conse-
quence of alterations in the orientation and thickness of 
bone plates, the structure of bone tissue in general and in 
the jaw system in particular is remodelled. The eruption of 
milk and permanent teeth, tooth loss, and the use of pros-
thetics result in alterations to the load on specific areas of the 
alveolar processes, which in turn lead to the restructuring 
(remodelling) of the bone structure of the jaws [10].
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AIM
A review and analysis of contemporary professional 
literature on the impact of systemic osteoporosis on 
the bone structure of the alveolar processes, with a 
particular focus on the pathogenetic mechanisms of 
disorders of bone remodelling processes.

MATERIALS AND METHODS
The bibliosemantic method was used to clarify the state 
of the problem, to study the analysis of the results of 
previous scientific research based on the sources of 
literature and electronic resources.

REVIEW AND DISCUSSION
The bone tissue of the jaws is not much different in 
structure and chemical composition from other bones of 
the skeleton [11]. However, the alveolar bone is unique 
in that the processes of internal restructuring are more 
active than in other bones of the skeleton. The height 
of the alveolar ridge is maintained by a physiological 
balance between bone formation and resorption. This is 
regulated not only by systemic factors but also by local 
factors [12, 13].

In accordance with the change in functional load on the 
dentition, remodelling modifies the structural anatomy of 
bone tissue so that the trabeculae and structures under 
load are strengthened to the maximum extent possible. 
Conversely, in the absence of load, bone tissue resorbs 
(Wolf’s law). Systemic and local regulatory mechanisms 
frequently conflict with one another. Studies have demon-
strated that even in instances of calcium deficiency, mas-
ticatory load can regulate bone mass [14].

In recent years, there has been a great deal of interest 
in elucidating the relationship between metabolic bone 
diseases and alterations in the jawbone tissue. It appears 
that systemic processes occurring within the body inevi-
tably impact the condition of the dentition. Nevertheless, 
the relationship between osteoporosis and oral health 
remains a matter of contention [15].

The precise role of osteoporosis in the reduction of jaw 
bone mass, the pathogenesis of periodontal disease, tooth 
loss, and other changes remains unclear. According to 
[16], there may be three possible relationships: 1) systemic 
osteoporosis may act as a risk factor for periodontitis; 
2) systemic osteoporosis may act as a risk factor for jaw 
osteopenia, regardless of the presence of periodontitis; 
3) periodontitis may act as a primary (exclusive) risk fac-
tor for jaw osteopenia. Despite the numerous scientific 
studies conducted over the past two decades, certain 
issues remain controversial and insufficiently studied. For 
instance, [17] discovered a correlation between systemic 

osteoporosis, diminished jaw bone mass, and tooth loss. 
Furthermore, there is evidence that treatments aimed 
at increasing bone mineral density, such as hormone 
replacement therapy or bisphosphonate administration, 
help to preserve teeth and slow down alveolar bone loss.

A number of authors have conducted analyses of the 
relationship between systemic osteoporosis and alveo-
lar bone volume, as well as the effect of estrogen on the 
condition of alveolar bone and teeth [18, 19]. The authors 
observed a positive correlation between systemic bone 
loss and the degree of alveolar bone resorption. The 
administration of estrogen has a similar effect on the 
jawbone as it does on other parts of the skeleton.

In a study conducted by M. Tezal and J. Wactawski-
Wendè (2010), a correlation was established between 
the mineral density of bone tissue, different parts of the 
skeleton and the height of the alveolar ridge in the inter-
proximal parts. The study involved 70 women aged 51 to 
78 years. A reduction in skeletal bone mass was found to 
be correlated with a reduction in the height of interdental 
bone septa and gingival recession. The findings permit the 
authors to conclude that postmenopausal osteoporosis 
represents a risk factor for periodontal disease [20].

Balshi TJ and Wolfinger GJ (2007) conducted a compre-
hensive literature review to investigate the interrelation-
ship between osteoporosis and periodontitis. A number 
of studies have indicated that osteoporosis results in 
both a loss of bone mass in the supporting skeleton and 
a decrease in jawbone density. Although the aetiologies 
of these diseases are distinct, some studies have demon-
strated that the treatment of osteoporosis can improve 
the condition of periodontal tissues [21].

J. Wactawski-Wende et al. posit that the loss of alveolar 
height and the number of lost teeth in postmenopausal 
women is contingent upon the severity of osteopenia 
[22]. As stated by E.A. Krall (2011) and M.S. Reddy (2012), 
a reduction in bone mineral density in patients with 
osteoporosis, both in men and women, represents a risk 
factor for the development of periodontitis. Conversely, 
drugs used to treat osteoporosis have a favourable effect 
on the state of the oral cavity [23, 24].

In a study published in 2018, J.S. Mattson and colleagues 
investigated the relationship between systemic osteopo-
rosis and periodontal status. Their findings indicated that 
the correlation between mandibular bone loss and tooth 
loss is observed in only a subset of patients. Furthermore, 
it is acknowledged that a multitude of potential factors 
contribute to the development of osteoporosis and peri-
odontal disease, rendering it challenging to establish a 
direct correlation between the reduction in bone mineral 
density observed in osteoporosis, tooth loss, alveolar bone 
loss, and periodontitis. This highlights the necessity for 
further research in this area [25].
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M. Jeffcoat et al. (2015) presented a synthesis of the find-
ings from 15 clinical trials with the objective of elucidating 
the relationship between jaw bone loss and systemic 
osteoporosis. Indeed, 13 of the 15 studies demonstrated 
a positive correlation between systemic and local bone 
loss, specifically in the bones of the facial skeleton. The 
author considers that the interpretation of the literature 
is complicated by the variety of methods used to assess 
the severity of osteopenia, alveolar bone mass, and peri-
odontitis [26].

The objective of Dervis E. (2019) was to analyse the 
described research methods, which were dedicated to 
the following areas: The following research methods were 
employed in the study:1) assessment of bone mineral 
density (BMD); 2) assessment of osteoporosis-induced 
changes in the oral cavity; 3) identification of the rela-
tionship between mandibular BMD and skeletal BMD; 
4) identification of changes in the jaws and periodontal 
tissues in osteoporosis; 5) diagnosis of changes in oral 
tissues in conditions of estrogen deficiency; 6) study of 
the effect of hormone replacement therapy, calcium and 
vitamin D preparations on the state of the oral cavity. A 
meta-analysis of 97 studies conducted globally revealed 
that systemic osteoporosis is associated with a heightened 
risk of reduced jawbone density. However, this association 
has not been definitively established [27].

In a study published in 2016, M.A. Amorim and col-
leagues found no correlation between systemic osteopo-
rosis and densitometric parameters of mandibular bone 
quality. A study by W. Becker et al. (2020) demonstrated 
that a simple visual assessment of bone quality at the im-
plant site may be a more informative predictor of implant 
osseointegration than mineral density values obtained 
from peripheral skeletal bone examination [28].

Yu B & Wang CY (2022) postulates that osteoporosis and 
periodontal disease share several common risk factors, 
including advanced age, tobacco consumption, and 
deficiencies in calcium and vitamin D within the body. 
The author concurs with the assertion that osteoporo-
sis, irrespective of periodontitis, results in a reduction 
in alveolar bone height. Furthermore, it is posited that 
pharmacological intervention for osteoporosis serves to 
maintain alveolar bone volume [29].

A number of studies have been conducted in recent 
years with the objective of assessing mandibular bone 
structure in the context of osteoporosis. For instance, in-
vestigated the correlation between skeletal bone mineral 
density, mandibular alveolar bone mass, structure, and 
thickness. The authors posit that a reduction in the trabec-
ular pattern of the alveolar bone on intraoral radiographs 
represents a significant clinical indicator of skeletal BMD. 
This is superior to densitometric parameters of the alveolar 
bone in predicting the value of bone mineral density. A 

dense trabecular pattern is indicative of high BMD, where-
as a sparse pattern is indicative of low bone mass [30].

The correlation between skeletal bone mineral densi-
ty and alveolar bone mass was relatively weak, likely due 
to the significant influence of local functional factors 
on jaw bone. Subsequent studies have demonstrated 
that, although alveolar bone mass and thickness are 
primarily influenced by masticatory load, in women 
with postmenopausal osteoporosis, measurement of 
alveolar bone thickness in the premolar region can be 
employed to estimate the probable level of bone min-
eral density. The reduction in alveolar bone size with 
age and in women with postmenopausal osteoporosis 
is likely to be due to periosteal resorption, which is 
associated with skeletal bone loss. The authors posit 
that alveolar bone thickness can be utilized as one of 
several parameters to predict skeletal bone density [31].

S. Sidiropoulou-Chatzigiannis et al. (2017) highlight 
that osteoporosis results in a reduction in alveolar bone 
density and loss of jaw bone mass due to a disruption in 
the coordination of bone resorption and remodelling. 
Both bone resorption and bone formation are acceler-
ated, and excessive bone resorption typically results in 
bone loss [32].

The bone tissue of the jaw, as an integral part of the 
skeletal system, responds to exogenous and endogenous 
factors affecting the human body. D. Knezovic Zlataric 
et al. (2007) analysed the systemic and local factors as-
sociated with alveolar bone loss. The study showed that 
osteoporosis, kidney disease and hormonal disorders were 
closely correlated with bone loss among systemic factors, 
and chronic periodontitis, early tooth loss and inadequate 
prosthetics among local factors [33, 34, 35].

The bone tissue of the alveolar ridge, as well as the 
skeleton, has been shown to be highly sensitive to hor-
monal disturbances in the body. Studies by dentists and 
osteologists have identified the role of hypoestrogenism 
in postmenopausal women in the development of sys-
temic osteoporosis and pathological processes in the 
periodontium. Data from F. Sanfïlippo, A.E. Bianchi (2013) 
confirm that ageing and oestrogen deficiency have a 
negative impact on tooth stability and residual alveolar 
ridge resorption. However, the authors emphasise that the 
change in the morphological structure of the edentulous 
maxilla is mainly due to mechanical factors as a result of 
changes in its function [36, 37].

Choël L. et al. (2016) assessed bone mineral density be-
fore implant placement. According to the authors, the cor-
tical and trabecular bone of the mandible is more sensitive 
to systemic effects in women, whereas it is more sensitive 
to local effects in men. This is consistent with studies that 
have shown an association between osteoporosis and jaw 
bone loss [38, 39].
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CONCLUSIONS
Thus, the literature shows that the resorptive processes 
associated with osteoporosis not only alter the bones 
of the supporting and peripheral skeleton, but also 

alter the structure of the bone tissue of the jaw. The 
introduction of a pathogenesis-based approach to 
treatment will allow significant progress to be made in 
the dental care of patients with primary osteoporosis.
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INTRODUCTION
Leiomyoma of the uterus is a hormone-dependent 
benign tumor that develops from the smooth muscle 
tissue of myometrium and connective tissue, which 
is one of the most common tumors of female genital 
organs.

In the structure of gynecological morbidity, leiomy-
oma ranks second afte inflammatory processes of the 
uterus and its appendages [1]. The literature provides 
data on which every 5th woman in the world is ill with 
leiomyoma of the uterus [2]. It has been established 
that 20-50% of women of reproductive age suffer from 
this pathology, although the true morbidity is much 
higher, since only half of the patients have symptoms 
associated with leiomyoma [3]. It was believed that leio-
myoma was a disease of premenopausal age, because 
the maximum percentage of the incidence was due to 
this period of life of a woman.

However, more recently, the facts of “rejuvenation” of 
uterine leiomyomas are becoming more common, more 
frequent cases of the disease occur in 18-22-year-old 
women [4].

Moreover, in most cases, not only one, but several 
tumor nodes of different sizes appear in the wall of 
the uterus. If one node appears, then wait for both the 
second and third ones.

Therefore, doctors call leiomyom a multiple tumor. 
So, as the main cause of the disease – a hormonal 
shift, leiomyomas almost never bother young girls and 
women in menopause [5]. It is suggested that 80% of all 
women between the ages of 30 and 40 have a high risk 
of leiomyoma in the uterus . Unfortunately, in 20-30% 
of cases, the latter is an etiological factor in infertility 
and another 15-30% causes miscarriage of pregnancy 
[6]. It is also worth noting the fact that 70-80% of all 
gynecological interventions occur in this particular 
disease [7]. After the onset of menopause, leiomyoma 
of the uterus is regressed [8].
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MATERIAS AND METHODS
Pubmed, Google Scholar, Web of Science, and Scopus 
databases were used to search for materials on current 
aspects of the clinic, diagnosis, and treatment of uterine 
leiomyoma in women of reproductive age.

REVIEW AND DISCUSSION
This disease was included in the International Classi-
fication of Illnesses X, called leiomyoma, and not the 
“myoma” of the uterus, although the latter term is more 
common in clinical medicine as the generalized name 
of benign tumors of myometrium, and the term “leio-
myoma” was considered to be a histological term for a 
long time (for tumors , where the stromal fibroblastic 
component is completely absent, unlike the “myoma” 
where it is present, but to a lesser extent, and “fibromy-
om”, where the latter is substantially expressed). The 
achievements of the world’s medical genetics over the 
last two decades have proven that uterine leiomyoma is 
a benign tumor of the uterus that develops from myo-
metrium smooth muscle, regardless of the presence or 
absence of the fibroblastic component in the tumor site 
and the level of hormone dependence.

 Mashal et al. [14] proved that each node of the uterine 
leiomyomy is a monoclonal tumor originating from one 
mutant smooth muscle cell of myometrium (mutant 
leiomyocyte): one mutant - one node, many mutant 
myocytes - diffuse leiomyoma of the uterus, multiple 
nodes. The role of genetic factors on chromosomal 
and gene levels in the etiology of uterine leiomyomas 
is beyond doubt, although not fully understood. The 
significance of chromosomal aberrations, namely, 
translocation ofregions of the 12th and 14th chromo-
somes, has been determined reliably: these sites change 
places [t (9)], deletions in the 7th chromosome [del (7) 
(q22q32), and also mutations of certain genes (NMGIC 
and NMGIY) responsible for encoding proteins that 
regulate DNA transcription.

SOME MECHANISMS OF MORPHOGENESIS 
OF UTERINE LEIOMYOMAS AT THE 
MOLECULAR CELLULAR LEVEL
The main mechanisms of pathological cell proliferation, 
hyperplasia and neoplasia in the organs of the female 
reproductive system are schematically depicted in Fig.1.

As shown in Fig.1, at present, at least three main 
mechanisms of activation of signaling pathways stimu-
lating leiomyocyte to pathological growth and division 
[8] have been clarified.

One of them involves cytokines that regulate prolif-
eration, cell growth and apoptosis (interferon alpha, 

some interleukins, tumor necrosis factor, etc.) [9, 13]. 
The nuclear transcription activation factor (NF-kB) 
coming from the cytokines is a terminal cytoplasmic 
signal conductor. Penetrated into the nucleus of the 
cell, it includes the genes needed for active cell division 
(see Fig. 1).

The second way of stimulation of proliferation is 
closely related to growth factors that are involved in 
the processes of cell division of oncogenes and the 
factors that stimulate the formation of vessels neces-
sary for tumor growth. The most potent cell division 
stimulants are: epidermal growth factor, insulin-like 
growth factor (type 1), epithelial and fibroblast growth 
factors. The most potent stimulant for neoangiogenesis 
is endothelial growth factor. The third way of stimulat-
ing myocytes to pathological growth and division is 
through the hormone-dependent channels. Sex steroid 
hormones, namely: excessive estrogenic effects com-
bined with insufficient progesterone - play one of the 
key positions. There are 3 main fractions of estrogen: 
estron (E1), estradiol (E2) and estriol (E3). In the first two 
- pronounced proliferative activity, in the third - is com-
pletely absent. It should be noted that E2 is evaluated as 
the main regulator of the cell cycle. Progesterone (P) is 
not related to the activation of cell division stimulation 
pathways, which is associated with proliferative activity 
(in this case, it acts as an antagonist of estradiol and 
estrone), but it has a direct and indirect effect on the 
hyperplasia of target cells of steroid hormones, includ-
ing leiomyocytes. Its effects are realized after binding to 
the receptors of two types: the antiproliferative effect 
is realized through the alpha receptors (P - antipode 
E2 and E1), and through receptors beta -hyperplastic 
effect (see Fig. 1).

Consequently, estradiol and estrone can be converted 
into 2 forms of metabolites: 2-OH-estrone and 16-al-
pha-ON-estrone as a result of catalysis by various forms 
of the cytochrome P-450 enzyme and cause ambiguous 
effects on the proliferative activity of cells: 

2-OH-estron normal cell division regulator and does 
not stimulate excessive (proliferative) activity, while 
16-alpha-ON-estrone, on the contrary, is an inducer of 
over active cell growth and cell division and an estro-
gen agonist.

All three levels of activation of signaling pathways to 
the cell, which subsequently lead to pathological prolif-
eration and tumor transformation, are interrelated. This 
means that the biological effects of hormones, growth 
factors and cytokines are interrelated. Thus, interfer-
ons are antagonists for the action of E2 and E1 on cells. 
Therefore, in the case of a local (in a pathological center) 
reduction of the factors regulating the antiproliferative 
activity of tissues, the influence of factors that stimulate 
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proliferative activity - E2, E1, interleukin-8, epidermal 
growth factor, will necessarily be increased, which in-
dicates the local growth of the proliferative potential. 
It is in the focus of the localization of the myoma that 
changes that determine the pathways of the disease 
- either in the direction of its progression, or in the 
direction of stabilization and regression. In this regard, 
the dynamics and intensity of the production of vari-
ous cytokines, especially in the area of the myomatous 
nodes, as well as the microenvironment cells, may be 
of great importance [10].

MORPHOGENESIS AND 
MORPHOSTRUCTURE OF  
LEIOMYOMAS AT THE TISSUE LEVEL
Morphogenesis and further growth of the myomatous 
node undergo three stages of development:

1. Formation of active growth zone in myometrium 
near the microvessels in the form of accumulation of 
immature myocytes of different levels of differentiation, 
still unorganized in the beam. In contrast to the normal 
growth zone, in the active - much more intense metab-
olism and vascular-tissue perfusion.

2. Growth of a tumor without signs of differentiation 
(the node is identified only by microscopy).

3. Growth of the tumor with its differentiation and 
ripening (the node can already be determined mac-
roscopically).

According to cytogenetic studies, all leiomyoma cells 
of the uterus are the descendants of a single maternal 
myogenic precursor cell. Recently, the possibility of 
formation of myoma nodules at the embryonic stage 
is confirmed by induction of mutagenic effects in the 
lessdifferentiated cells located in the zones of growth 
in myometrium (the “precursors of uterine leiomyo-

Fig. 1. The main mechanisms of pathological cell proliferation, hyperplasia and neoplasia in the organs of the female reproductive system.
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mas”). These focal points do not prolong themselves 
and activate only after menarche under the influence 
of sexual tropical and steroid hormones, growth factors 
and various altering factors of the endo- and exoge-
nous environments of the body [11]. The factors that 
trigger this process are not fully understood, and they 
are numerous [12].

The original transformed mutant cell passes its prop-
erties only to its descendants. That is why multiple 
leiomyomas in one uterus are not clonally related [10].

According to the classical works of Uelzeko-Stro-
ganova KP on morphology of the female reproductive 
system in the 30th years of the last millennium, the 
formation of precursors of myomatous nodes occurs 
at the embryonic stage. These data are confirmed in 
moder scientific research. The most recent confirmation 
is the theory of Fujii S., according to which smooth 
muscle cells of mesodermal origin are formed at the 
embryonic stage: from the 14th to the 30th week of fetal 
pregnancy [15]. That is why these undifferentiated cells 
can be exposed to many factors from the mother’s body 
(trophic hormones, sex steroids, growth factors, etc.) 
and the environment (xenobiotics), epigenetic factors. 
These precursor cells (already with apparent mutations) 
are stored in myometrium and begin to grow under the 
influence of trigger factors, and predominantly after 
28 menarche. The growth of these cells lasts for many 
years against the background of the marked activity of 
the ovaries under the influence of estrogens, proges-
terone and other hormones [11]. The development of 
uterine leiomyomas occurs in areas of growth, located 
mainly around the thin-walled vessel (active growth 
zones) [12].

Thus, leiomyoma of the uterus is a tumor of mono-
clonal origin. Primitive cells of myoma are transformed 
into myoblasts and fibroblasts. Active areas of growth 
are characterized by high levels of exchange and high 
vascular-tissue permeability. Leiomatous node repeats 
in its development parenchymal-stromal features of the 
layer of myometrium, from which it develops. Clinically, 
this is manifested by the fact that numerous leiomatous 
nodes in one uterus develop independently of each oth-
er. Their different growth rates are due to cell division, 
which is not clonally linked [10].

Most scientists [11,12,14] believe that leiomyoma of 
the uterus meets the criteria for a true tumor. The latter 
is confirmed by its monoclonal developmental nature, 
large size, autonomous growth of the tumor under the 
influence of growth factors and cytokines, activation 
of the process of angiogenesis, genetic instability. As a 
result of mutations, the accuracy of the reproduction 
of the genetic apparatus decreases, the mechanism of 
DNA repair is violated, the regulation of the cell cycle 

in the deformed cells changes, which leads to tumor 
progression.

There are two theories of the occurrence of precursors 
of uterine leiomyomas:

the first one is ontogenetic second - secondary so-
matic mutation in the normal cell myometrium under 
the influence of various factors [12].

The literature data of recent years (Khadartsev A. A. et 
al., 2013) reveal the value of stem cells (SC) in the onset 
and growth of uterine leiomyomas.

Researchers believe that the cause of adenomyosis, uter-
ine leiomyomas is the tissue of the endometrium, which 
was formed even in the embryonic development period. 
Stem cells of the bone marrow can penetrate myometrium, 
resulting in diffuse changes and pathology development. 
The reason is the tissue cells of the endometrium, which 
remained in the myometrium during the period of intra-
uterine development. Such cells may be stem cells (SC).

Many years ago it was established that SC is located just 
in the basal layer of the endometrium. It is proved that 
there is an imbalance between the index of proliferation 
in different layers of the endometrium [9]. SC is a cell of 
mesenchymal origin that produces a growth factor.

According to most scientists, uterine leiomyoma 
occurs due to numerous somatic mutations in normal 
cells of myometrium, which leads to a gradual decrease 
in regulation and their growth. The tumor grows from 
the precursor cell in which the initial mutation occurred, 
and is a consequence of a violation of tissue homeosta-
sis, supported by the balance between cell proliferation 
and the process of apoptosis.

The ontogenetic development of smooth muscle 
cells of ectodermal origin (digestive system, excretory 
system) runs faster than smooth muscle cells of me-
sodermal origin, to which the sexual system belongs. 
Undifferentiated cells, which are further differentiated 
into uterine smooth muscle cells, have a longer unsta-
ble period, during which they are exposed to various 
maternal factors (sex hormones, growth factors, viruses, 
toxins, etc.), resulting in their structure defects.

Such defective cells are referred to as precursor cells 
for the leiomatous node. The activity of cells begins with 
the presence of trigger factors. Regardless of when the 
precursor cell is formed, mutations in it promote the 
stimulation of proliferative processes.

Yakovleva IA, Kukute BG. (1979) have shown that in 
most myomatous nodes (about 75% of all cases) stroma 
predominates over parenchyma, and the mitotic activ-
ity of myocytes is practically equal to 0 (no mitoses are 
present), while in other nodes (about 25%) myogenic 
elements are more numerous. The second group of 
leiomyome clinically manifests itself in rapid growth, 
multiple nodes [10]. 
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much more often in women with a rapid growth of 
tumors, whereas for simple leiomyoma of the uterus 
more characteristic of slow and moderate growth rates.

A simple uterine leiomyoma is macroscopically repre-
sented by nodes of dense fibrous white fibers with clear 
boundaries. The sizes of knots can be different: from 1 
to 4 cm in diameter. Placed nodes are mostly sub-serous 
and intramuscular. A simple leiomyoma is composed of 
smooth muscle bundles that are chaotic. The macroscop-
ic node of the uterine leiomyomas has small dimensions, 
dense consistency, clear boundaries, pseudocapsule. 
With a pseudocapsule cut, the knot can easily be re-
moved to its base, where the vessels are located.

By correlation of parenchyma and stroma in simple 
leiomyoma of the uterus, connective tissue elements 
predominate. Myocytes in these zones of myometrium 
show increased synthetic activity due to extracellular 
matrix production. Leiomyoma of a simple type is charac-
terized by active processes of ripening, differentiation of 
tumor myocytes with their subsequent aging. Synthetic 
functions prevail, namely the production of elements 
of the extracellular matrix over proliferative activity. The 
stroma is presented of connective tissue with a large 
amount of collagen fibers. Vessels are sinusoid type [8].

Leiomyoma proliferative type is characterized by large 
sizes (up to 9 10 cm in diameter) of numerous nodes. 
Localization of nodules is predominantly submucosal, 
intramural.

Myocytes of these tumors are characterized by rapid 
proliferation (hyperplasia, hypertrophy). The consisten-
cy of the nodes of the fibroids is more softer than the 
simple ones. Cells of proliferation of tumor myocytes 
are localized in the perivascular spaces around the 
vessels. Proliferative myocytes are represented by large 
complex muscle cells with “juicy” hyperchromic nuclei. 
Stroma in proliferative zones contains predominantly 
connective tissue.

The tissues of myometrium outside the zones of 
nodes are represented by hypertrophied muscle fibers 
with a large number of cells of “active growth zones” [9].

THE MAIN MECHANISMS OF PATHOGENESIS 
OF LEIOMYOMAS
 Of great importance in the pathogenesis of uterine 
leiomyomas is given to the central mechanism of reg-
ulation of menstrual function. It is believed that the 
basis of the development of leiomyomas of the uterus 
is the syndrome of psychoemotional stress, which leads 
to the disruption of adaptive-compensatory respons-
es at different levels of the circulatory system of the 
hypothalamus-pituitary-ovary-uterus due to the viola-
tion of macro and microcirculation and tissue hypoxia. 
Emotional shocks or craniocerebral traumas often (in 

Hyperplasia of the connective tissue (fibroplastic) 
component of myometrium is secondary and can be 
expressed in the nodes of the uterine leiomyomas to 
a greater or lesser extent, depending on the nature 
and intensity of the harmful effects of the factors of 
the exogenous and endogenous environments of the 
organism on the genetic fund of its cells.

CLASSIFICATION OF UTERINE LEIOMYOMAS 
ACCORDING TO CLINICAL AND 
MORPHOLOGICAL TYPE AND ACTIVITY  
OF PROLIFERATIVE PROCESSES
1. �Simple myoma, develops as benign muscular hyper-

plasia - slow growth, proliferative processes are not 
expressive.

2. �Proliferating myoma is a vertebral tumor with high 
mitotic activity.

3.  �Pre-sarcoma - characterized by the presence of mul-
tiple atypical elements, heterogeneity of cell nuclei 
with large hyperchromic nuclei.

The tumor node repeats the morphological structure 
of one of the three layers of myometrium from which 
it originally developed. That is why, according to the 
histological evaluation of the tissues of the site, the com-
position of the parenchyma and stroma is different [11].

The morphostructure of the uterine fibroids is not 
constant. Depending on the number of muscle cells, the 
degree of their proliferation, differentiation and the pres-
ence of signs of atypia, there are three forms of uterine 
leiomyomas: simple, proliferative and pre-sarcomatous. 
According to clinical and morphological studies, leiomy-
oma of the uterus of a simple type is benign, inactive, 
slowly growing and contains mainly connective tissue 
elements [12]. This form of the tumor is characterized 
by a phenotypic transformation of  myocytes, a decrease 
in blood flow in myometrium and myomatous nodes. 
The proliferative form of uterine leiomyomas is benign, 
active, multiple, rapidly growing by a tumor with a high 
proliferative potential and is often accompanied by pro-
liferative processes in the endometrium, cervix, benign 
and malignant ovarian, mammary glands [9].

The precursor to proliferative distinguishes the 
presence of multicentric centers of proliferation with 
signs of atypia (heterogeneity of nuclei and cells, rarely 
occurring multicore cells with enlarged hyperchromic 
neclei of round or oval form). Cells with figures of mito-
sis often occur in it, including and atypical ones - this is 
an obvious path to the malignancy of the

uterine leiomyomas. In a simple leiomyoma of the 
uterus, there is virtually no mitosis, in

proliferative - mitotic activity is elevated. The latter 
form and, moreover, pre-sarcomatous are diagnosed 
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than in the endometrium. Dependence of the content 
of the receptors of estradiol and progesterone on the 
magnitude and rate of growth of myomatous nodes was 
revealed: the highest content of estradiol receptors and 
the smallest - progesterone receptors were detected in 
nodes of large sizes with pronounced signs of prolifera-
tion; in the case of prolonged existence of myomatous 
nodes without a tendency to increase, the increase in 
the concentration of progesterone receptors in both 
the tissues of the host and in myometrium, while the 
content of estrogen receptors is relatively low, and in 
nodes it is lower than in the cells of myometrium sur-
rounding them [10].

Under the influence of treatment with progestogens, 
increased receptor activity of all tissues [9]. However, it 
should be noted that in the case of rapid growth of 
uterine leiomyomas, as well as with the size of a leio-
myomatous uterus in the size of 12 and more weeks of 
pregnancy, degenerative degenerative changes in the 
receptor apparatus occur, that the proliferative process 
(local or diffuse) loses sensitivity to the effects of hor-
mones medication correction, which makes the latter 
inappropriate. Low-dose oral contraceptives, although 
not increasing the risk of developing uterine leiomy-
omas, do not prevent the growth of already existing 
nodes of the uterine leiomyomas.

Three pathogenetic variants of the development 
of leiomyomas of the uterus according to the level 
of primary lesions and perimondal background are 
commonly known:

The 1st variant is caused by violations of the function 
of the hypothalamic-pituitary system (with an increase 
or decrease in the production of gonadotropins);

2nd – develops against the background of impaired 
ovarian function due to inflammatory, atrophic and 
other changes;

3rd – occurs on the background of violations of the 
structure and function of the receptor apparatus of the 
uterus, which was usually the result of abortions, man-
ual and instrumental studies of the uterus, the long-
term use of the intrauterine devices (IUD), chronic 
metroendometrites.

However, it should be kept in mind that primary 
lesions may occur at any level, at any age and under 
the influence of numerous damaging factors on a 
different premorbid background, but sooner or later 
will necessarily induce the development of the disease 
all three levels, indicating that that the leiomyoma of 
the uterus is a systemic disease, not a local one. In his 
presence, psycho-vegetative, vegetative-vascular and 
metabolic-endocrine disorders are often observed.

The commonality of certain disorders in the regu-
lation of the functional state of various organs of the 

73% of patients) are found in premorbid background 
in patients with leiomyoma of the uterus [10].

	 Violations of the functional state of the hypotha-
lamic-pituitary system lead to changes in the cyclic 
secretion of the gonadotropin nucleus gonadotropin 
releasing-hormone (GnRH), as a result - the rates of peak 
exacerbations of luteinizing hormone (LH) and follicle 
stimulating hormone (FSH) increase substantially be-
yond the ovulatory, which can be observed in different 
phases of the menstrual cycle. Data on the content of 
blood in patients with LH and FSH in the presence of 
uterine leiomyomas are ambiguous, indicating several 
pathogenesis of uterine leiomyomas and corresponds 
to the assumption about possible (as an option of one of 
the ways) damage to the limbicoreticular structures of 
the brain that precede the development of the disease.

The largest number of studies is devoted to the study 
of estrogen-progesterone relationships in patients with 
leiomyoma of the uterus. There are also ambiguous 
data: possible variants of absolute, relative or combined 
hypertrophy; biphasic (2/3 cases) or single-phase (1/3 
cases) menstrual cycles; with signs of progesterone de-
ficiency (more often) or at elevated baseline gestagenic 
stimulation (less often). Significant prevalence of cases of 
systemic and local hyperestrogenism, rhythm changes 
and displacement of estrogen secretion peaks, estrogen 
conjugation disorders, qualitative changes in the concen-
tration of various metabolites of these hormones, with 
the advantage of the formation of active substances in 
a proliferative relationship with metabolic fractions such 
as, for example, 16-α-Hydroxyestron and others.

Comparing the concentration of steroid hormones 
in the systemic and local (uterine vessels) streams in 
patients with leiomyoma of the uterus and endometrial 
hyperplasia, the researchers concluded that the myo-
matous nodes and the hyperplastic processes of the 
endometrium can serve as stimulators of relative local 
hyperteriogenicity and contribute to the formation of a 
false circle by type of stimulation of consumption, that 
is, the greater the mass of myometrium and endome-
trium, the greater the estrogen-consuming substrate, 
which is an active regulatory factor in the tumor system, 
is the tumor carrier [11].

The activity of the specific receptive state and the 
density of the receptor distribution of various sex 
hormones in the tumor (uterus) and, especially in the 
tumor itself, determines the final result of the hormon-
al action. In myomatous uterus, the higher activity of 
estrogen receptors compared with progesterone: the 
amount of bound estradiol reaches 60-65%, whereas in 
the normal uterus - only 37% [12]. Consequently, the 
content of estradiol and progesterone in the myometric 
uterus is higher than in normal myometrium, but lower 
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causes of this phenomenon are not fully understood, 
but it is established that it is stimulated by hormones 
and is connected with all with increased secretion of 
estrogens [9]  However, the normal content of estro-
gen and progesterone in the blood does not always 
clearly indicate the absence of leiomyomas. This is 
due to the fact that local changes in the level of es-
trogen in the uterus are not reflected or very slightly 
reflected in the content of hormones in this group in 
the blood [10].

However, from 25 to 50, the chances of getting it are 
quite large. It appears only in the reproductive period, 
when the ovaries produce estrogens. While ovaries are 
functioning, leiomyoma grows, at best - is in a stable 
condition. In postmenopausal leiomyomas no longer 
occur, and those small nodes, which by that time have 
already been in women, begin to decrease in size [11]. 
The fact that leiomyomas began to occur more often 
is connected with the obvious way of life - with high 
tempo, high loads. Especially sharply this probability 
grows during pregnancy, inflammatory processes of 
genital organs and general decrease of immunity [12].

Leiomyoma of the uterus can provoke hereditary 
predisposition, problems with the menstrual cycle, 
infertility, miscarriage, metabolic disorders (obesity, 
diabetes mellitus), multiple abortions, besides that, 
scientists have recently discovered that there is a direct 
relationship between leiomyoma uterus and stress [11]. 
The uterine leiomyoma predominantly runs asymptom-
atic, but sometimes women may be disturbed by ex-
cessive bleeding during menstruation, cycle disorders, 
abdominal pain or lower back. there are some signs that 
a woman may suspect in my uterus. Significant bleeding 
can lead to anemia, the tumorous node can compress 
adjacent organs, and sometimes there is pain, problems 
with urination, there are constipation [10].

If leiomyoma is not completely immersed in the wall 
of the uterus, then it is possible torsion of “legs”; in this 
case, a woman is at risk of necrosis of the tumor, its 
inflammation and rupture; from the outside it is mani-
fested by bleeding, acute abdominal pain and a sharp 
increase in temperature.

Other problems of leiomyomas are problems with 
conception, pregnancy and delivery  [9]. To determine 
the size of leiomyomas, an analogy with pregnancy 
is used. The treatment of leiomyomas depends on 
the age and the patient’s plans. If during many years, 
leiomyoma does not increase, and the woman is not 
going to get pregnant, most doctors propose to treat 
the tumor conservatively. Hormonal drugs can slow 
down and, in some cases, stop tumor growth. Young 
women who want to have a baby, doctors advise not 
to delay the operation.

reproductive system leads to a frequent combination 
of uterine leiomyomas with hyperplastic processes, 
including endometrial cancer, endometriosis, ovarian 
polycystic ovary, fibro-cystic mastopathy, and other 
variants of hormone-dependent breast pathology, as 
well as cervical diseases (including dysplasia and neo-
plasia), with pathology of the thyroid gland, adrenals 
and other endocrinopathies with metabolic disorders. 
This circumstance emphasizes the necessity of onco-
logical alertness and conducting of a comprehensive 
examination for the active detection of pre-tumor, be-
nign and malignant neoplasms of various localizations 
in organs of the reproductive system, as well as related 
somatic diseases, especially of the liver, intestines, 
cardiovascular and urinary systems, in patients under 
dispensary supervision over leiomyomas of the uterus.

MUTUAL INFLUENCE OF UTERINE 
LEIOMYOMAS AND PREGNANCY
It is known that during pregnancy the growth of nodes 
of uterine leiomyomas is accelerated; Pregnancy con-
tributes to a violation of hemodynamics in the tumor 
and, as a result, hemorrhages in the node, swelling of the 
tumor, necrobiosis and necrosis of the nodes, rupture of 
the capsule, secondary local and generalized suppura-
tive complications. On the other hand, pregnancy with 
leiomyoma of the uterus is aggravated by various compli-
cations in the 1-st, 2-nd, 3-rd trimesters and in childbirth 
[8]. Thus, in the early stages of pregnancy, the likelihood 
of not being worn (due to the violation of the migration 
processes and the implantation of the pond egg in the 
localization of nodes near the isthmic parts of the fal-
lopian tubes) increases; In the 1st and 2nd trimesters 
(due to increased tonus and excitability of myometric 
myometric biopsy, as well as hormonal dysfunctions), the 
risk of involuntary miscarriage is increased. Later leiomy-
oma of the uterus can cause premature birth, placental 
insufficiency, abnormalities in placental placement, for-
mation of false posture and fetal pregnancy. Occasionally 
placement of nodes, especially in the cervical orthopedic 
region of the uterus, may become a barrier to birth per 
vias naturalis. Often, there is a weakness of labor, untime-
ly departure of around-vegetative waters, hypoxia of the 
fetus in childbirth, and in the third period of childbirth, 
the delay of detachment of the placenta and its parts and 
hypotonic bleeding. In the postpartum period, women 
with leiomyoma of the uterus also significantly increase 
the risk of hypotonic bleeding, uterine subinvolution, 
endometritis, and damage to the trophic nodes of the 
uterine leiomyomas.

It occurs as a result of the fact that the cells of the 
uterus spontaneously begin to actively share. The 
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management of uterine fibroids involves both con-
servative and surgical treatment (Fig. 3).

It should be noted that treatment tactics should be 
selected individually based on the following factors:
• presence and severity of symptoms;
• the patient’s desire to receive radical treatment;
• the desire to preserve childbearing function;
• the importance of preserving the uterus;
• �infertility associated with deformation of the uterine cavity;
• �complications during a previous pregnancy related 

to leiomyoma.

Organ-preserving surgery is a myomectomy, when 
only the nodes themselves are cut out: the uterus is not 
damaged while normal pregnancy is possible [8]. If the 
tumor nodes are very large, or too much, then you have 
to remove the entire uteru.

The impact on reproductive health is often accompanied 
by infertility, miscarriage, placental dysfunction (distress and 
growth retardation, pregnancy loss), a high probability of 
surgical delivery with removal of the uterus [14].

According to the recommendations of authoritative 
international publications [15], modern 

Fig. 2. The type of uterine 
leiomyoma during the re-
view laparoscopy of patient 
O., 41.

Fig. 3. Modern management of uterine 
fibroids
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history, and the presence of concomitant genital and 
somatic pathology.

3. �The use of modern conservative and operative meth-
ods of uterine leiomyoma treatment makes it possible 
to reduce the number of its complications, preserve 
the uterus and reproductive function of a woman, 
increase the effectiveness of uterine leiomyoma 
treatment, and the quality of life of patients.

CONCLUSIONS
1. �80% of women between the ages of 30 and 40 have 

a high risk of developing uterine leiomyoma, which 
is the cause of infertility in 20-30% of cases.

2. �In the tactics of patient management, an individual 
approach prevails with a combination of surgical 
and conservative methods of treatment, taking into 
account the age of the patients, their reproductive 
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INTRODUCTION
Colorectal cancer (CRC) is the third most common 
cancer worldwide. More than 85% of CRC cases occur 
in high- and upper middle income countries. However, 
in lower middle- and low income countries, there is an 
insufficient level of detection of CRC, as a result, there 
is a gradual increase of mortality rates from this disease.

However, CRC can be treated if detected at an early 
stage. By removing polyps and pre-cancerous lesions 
during colonoscopy it is possible to prevent the de-
velopment and progression of the disease. The high 
incidence of CRC and its late detection is a threat to 
the public health that requires systemic solutions at 
the national level.

AIM
 To explore the potential for preventing cancer devel-
opment through CRC screening programmes.

MATERIALS AND METHODS
A number of foreign articles, international guidelines 
were analysed using PubMed,Google Scholar, Web of 

Science, and information from national government 
websites about the aspects of CRC screening pro-
grammes in countries with high rates of participation 
among average-risk population as well as the stages 
of their implementation for the prospective design 
of a national CRC screening programme in Ukraine. 
Articles and reviews were selected which contained 
information of existing CRC screening programmes 
and their successful variants. The publications were 
analysed using a non-systematic review method with 
the aim of compiling a brief overview of the collected 
information.

REVIEW AND DISCUSSION
In 2022, CRC is the third most common oncological dis-
ease worldwide among men (1,069,446 cases, 10.4% of 
all cases) and women (856,979 cases, 8.9% of all cases)
[1] (Fig. 1).

More than 85% of CRC cases occur in high- and up-
per-middle income countries (according to the World 
Bank classification): 41.9% in high income countries and 
43.3% in upper middle income countries and 81.7% of 
deaths (37.1% in high income countries and 44.6% in 

Experience in implementing effective programs of colorectal 
cancer screening for the development of an appropriate model 
in Ukraine – a literature review
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ABSTRACT
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upper middle income countries). In contrast, 14.8% of 
CRC cases occurred in lower middle- and low income 
countries (13.2% in lower middle income countries and 
1.6% in low income countries) and 18.3% of deaths 
(15.9% in lower middle income countries and 2.4% in 
low income countries)[1] (Fig. 2).

The incidence rates of CRC in high- and upper middle 
income countries are 30/100,000 and 20.1/100,000, 
while the mortality rates of CRC in these countries 
are 10.2 and 9.0/100,000, respectively. Meanwhile, 
the incidence rates in lower middle- and low-income 
countries are: 8.1 and 8.0/100,000, while mortality rates 
are 4.6/100,000 for lower middle income countries 
and 5.6/100,000 for low income countries. This reflects 
the limited access to healthcare services, absence of 
screening programmes in these countries, and low de-
tection rates of disease, which leads to higher mortality 
rates[1,2] (Fig. 3).

However, CRC can be treated if detected at an early 
stage. The overall 5-year survival rate for CRC diagnosed 
at stage I is 90%, and for metastatic stage IV, this figure 
drops to 10%. In Europe, on average, only 13-15% of 
patients are diagnosed with pre-cancer or at stage I, 
more than 55% of cases are diagnosed at stages III – IV, 
of which 24% are still diagnosed at late stage IV [3,4] 
(Table 1).

Polyps and precancerous lesions can be removed 
during colonoscopy, preventing the development and 
progression of the disease. The cost of screening is less 
than for treatment, ranging from 3,000€ for stage I treat-
ment, to up to 170,000€ for a late stage treatment[4]. 
Overall, the average difference in the cost of treatment 
for early and late stages of CRC is tenfold between 
4,000€ and 40,000€[5].

The high incidence of CRC and its late detection is a 
problem for public health that requires systemic solu-
tions at the national level. Performing screening only 
for symptomatic patients do not provide the required 
results in the management of the disease burden, 
therefore, organised population-based screening is 
designated for population of certain age group with no 

symptoms of the disease, which is a potential solution 
of this problem[6-11]. Screening programmes should 
be accessible, safe, and integrated into the healthcare 
system at an economically reasonable price. Thus, 
effectiveness, quality and accessibility are the key re-
quirements for screening programmes[12,13]

The Council of the European Union (EU) recommends 
that CRC screening programmes have to be imple-
mented with systematic monitoring of quality at all 
levels[14,15]. The programmes are financed from bud-
get or by reimbursement through health insurance[16].

In Austria, a population-based screening programme 
has been implemented in the federal state of Burgen-
land since 2003. In the rest of the country, screening is 
opportunistic. As part of the opportunistic screening, 
gFOBT is offered annually, and colonoscopy is offered 
once every 10 years[16].

The population programme in the Wallonia-Brussels 
was launched in 2009 and in the Flanders in 2013. 
Since 2016 Wallonia-Brussels replaced gFOBT with FIT. 
Patients with a positive test result are informed through 
the treating physician to have colonoscopy [17].

In Lithuania, the population based programme start-
ed in 2009 in two regions, and became nationwide 
in 2014. Invitations are sent via primary healthcare 
centres[16].

In 2019, the Romanian Colorectal Cancer Screening 
Programme (ROCCAS) was launched, by the Ministry of 
Health and the National Institute of Public Health, fund-
ed by the European Social Fund, that lasted 60 months 
until the end of 2023 and consisted of two phases. The 
first phase was to create the organisational and legal 
framework to implement the CRC screening programme. 
The second phase consisted of the pilot testing of the 
programme in 4 of 8 regions of Romania. By September 
2023, 169,052 people were invited to screening in all four 
regions. The preliminary results revealed a high rate of 
FIT acceptance, between 89% and 99%, with a good rate 
for FIT return ranging 79-95%. All the information about 
the patient (demographics, comorbidities, antithrom-
botic medication), the procedure (findings, preparation, 

Fig. 1. Top 5 most frequent cancers. Number of new cases worldwide in 2022.
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therapeutic approach, adverse events, sedation), histopa-
thology results were collected in a standardized format 
in the Electronic Screening Record System according to 
the EU General Data Protection Regulation. The results 
of the ROCCAS programme have confirmed the effec-
tiveness of CRC screening at the national level, and will 
be implemented in Romania in 2024[18].

In Poland, CRC is the third most common cancer 
among the population. In 2022, the estimated mortality 
rate in Poland was 30/100,000 women and 64.3/100,000 
men, while the incidence rate is 53/100,000 women and 
104.8/100,000 men [19].

The National CRC Screening Programme started in 
2000 and is funded by the Ministry of Health of Poland 
and the National Health Fund within the framework of 
the National Cancer Strategy. The programme includes 
two types of screening: population-based targeted 
screening (through personal invitation letters) and op-
portunistic screening [20]. As part of the CRC screening, 
it is possible to undergo colonoscopy every 10 years. 
Participants are people aged 55-64 years (regardless 
the presence of clinical symptoms). Opportunistic 
screening includes four target groups: (1) people aged 
50-65, regardless of family history; (2) people aged 

Fig. 2. Incidence and mortality data in countries according to their income levels _ World Bank classification_ in 2022.

Fig. 3. Age-standardised incidence 
and mortality rates from CRC per 
100_000_ both sexes_ in 2022 in 
countries according to their income  
(World Bank classification).
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40-49 who have a first-degree relative diagnosed with 
CRC; (3) people aged 25-49 from a family with Lynch 
syndrome; (4) people aged 20-49 from a family with 
familial adenomatous polyposis syndrome. [20].

Despite improvements of CRC screening programme 
implemented by 2021, participation rate remains low. 
In 2018, less than 15% of those who received a personal 
invitation underwent a colonoscopy, which is lower 
than the 23-70% achieved in other EU countries[21,22].

To involve people to take part in screening tests, a 
national campaign called “Planning for a long life” was 
implemented as part of the National Cancer Strategy 
2020-2030[22], which includes information campaigns 
promoting the importance of screening, including CRC, 
promoting people to participate and informing them 
about risk factors, symptoms and prevention strategies 
through media. In addition, the programme includes 
educational campaigns involving primary care physi-
cians and nurses to inform the population at the local 
levels about the importance of screening and to spread 
information materials about screening programmes.

The results of a recent study in Poland demonstrated that 
the inclusion of primary health care staff in the organisation 
of a CRC screening programme was found to be a key factor 
in increasing the level of participation. Especially important 
factors were invitations in the form of a personal letter or 
phone call from primary care staff [21].

The programme improves the knowledge and skills of 
medical staff, with a particular focus on screening. The 
competence of medical staff is an irreplaceable element 
that allows for an early diagnosis of CRC. It is important 
to ensure continuous professional development by 
creation of training programmes of different levels of 
detalisation. Collaboration between oncologists and 
doctors of other specialties and precise detection of 
disease will speed up the diagnosis and treatment. By 
the end of 2024, the Public Health Centres would also 
invite Polish citizens to undergo screening. Due to the 
National Cancer Strategy, it is planned to increase the 
rate of the target population covered by CRC screening 
from 18% to 30%, and by the end of 2027, it is planned 
to increase this figure to 45%. From 2028, the use of 
high-definition endoscopes will become an obligatory 
technical requirement for colonoscopy. Improvements 
to the existing cancer data collection system have to 
ensure efficient data exchange, verification and access 
to the collected information for decision-making at 

early stages of the disease [22].
The pilot programme “Prevention 40 PLUS”, which 

started in July 2021 consists of a diagnostic package 
of tests that also includes a FIT. The purpose of this 
programme is to involve people over 40 years old to 
preventive examinations 

Thus, thanks to the efficient organisation Poland has 
made significant progress in the early detection of CRC 
and prevention of its development in asymptomatic 
individuals.

Every year, about 13,000 people are diagnosed with 
CRC in the Netherlands, of whom about 5,000 dies. 
The 5-year survival rate for this pathology is 65%, but 
it depends on which stage the disease was detected. 
According to WHO data, the mortality rate from CRC 
in the Netherlands in 2022 was 30.3/100,000 women 
and 43.8/100,000 men, while the incidence rate was 
79.2/100,000 women and 117.4/100,000 men [19].

In the Netherlands, the national CRC screening 
programme (Bevolkingsonderzoek Darmkanker) was 
launched in 2014, and the implementation process 
from pilot studies to full integration took about 13 
years. Its phased realisations allowed to build the re-
quired capacity for screening and treatment within the 
healthcare system.

On behalf of the Dutch Ministry of Health, Welfare 
and Sport, the screening programme is funded by the 
Population Screening Centre of the National Institute 
of Public Health. The costs of diagnosis, treatment and 
surveillance are part of the insurance package. The legal 
framework of the screening programme are: the Public 
Health Act and the Population Screening Act.

People aged 55-75 years are invited to participate 
in the screening programme every two years. Each 
participant receives an individual FIT test kit to take 
a stool sample at home. This test uses antibodies 
against human globin, which allows for quantitative 
measurement of haemoglobin in the material[23]. The 
advantage of FIT over gFOBT is its higher sensitivity 
and specificity, and its use does not require dietary or 
medication limitations [24,25]. The sample is sent by 
mail to the designated laboratory in a return package. 

Implementation of the CRC screening programme 
at the local level is entrusted to five regional screening 
organisations that are responsible for programme 
execution, coordination and quality. These organisa-
tions have signed agreements with:

Table 1. 5-year survival rates of patients with colorectal cancer per stage and the proportion of patients diagnosed per stage.
Stage І Stage ІІ Stage ІІІ Stage IV

5-year survival rate 90% 75% 70% 10%

Rate of diagnosed patients 13% 31% 32% 24%
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If a patient refuses to undergo colonoscopy a CT 
colonography can be performed and the results will 
be sent to the GP and the patient. After a positive CT 
colonography, it is recommended to undergo colonos-
copy. When pathology is detected during colonoscopy, 
histological samples are sent to a certified laboratory. 
The results are registered in ScreenIT via nationwide 
network and registry of histo- and cytopathology to 
monitor the results of the screening programme and 
are provided to the participant in written form within 
15 working days after the procedure. In case of a can-
cer diagnosis, treatment is usually started within four 
weeks [27].

Before the screening programme was launched, 17% 
of patients were diagnosed at stage I, and thanks to 
screening, this figure increased to 48% [27]. In 2017, a 
study was performed in the Netherlands, where among 
people from the target group 55-75 years old – 42% 
had adenomatous polyps – people who had absolute-
ly no complaints about their health and considered 
themselves to be absolutely healthy. 70% of those who 
were invited took part in the primary screening with 
FIT, which is the highest rate in the world for screening 
programme [28-31]. 97.6% of patients with a positive 
FIT wanted to be consulted before having a colonos-
copy. After consultation, they agreed to undergo the 
procedure, which confirms its importance.

In 2022, 2102881 people were invited to participate in 
the CRC screening programme. The coverage rate of the 
target group was 93.2%. 67943 people (4.7% of invited) 
had a positive result of FIT and were sent for colonos-
copy. Out of them, 56847 people (83.7%) underwent 
the procedure. The participation rate in colonoscopy 
was higher among those who were first invited to the 
programme (86.5%), compared to those who partici-
pated in the programme again (83.3%). Perhaps this is 
due to the lower age of first-time participants. During 
colonoscopy, 2243 cases of CRC (3.9%) and 14373 of 
advanced adenomas (25.3%) were detected. In 29.2% 
of patients with a positive test result, colonoscopy re-
vealed colorectal pathology – the indicator of positive 
predictive value[32].

The Dutch government set clear goals, expecting 
that by 2031 the screening programme will save 2,400 
lives per year, with the estimated cost of the screening 
programme at €2,200 per year of life gained, which 
shows that the cost of screening is reasonable for the 
healthcare system by increasing life expectancy and 
reducing healthcare spendings [3,26].

In Slovenia, CRC is the second most common can-
cer by incidence and mortality. In 2022, the mortality 
rate from CRC in Slovenia was 36.2/100,000 women 
and 79.3/100,000 men, while the incidence rate was 

- laboratories;
- colonoscopy centres;
- �the national postal operator of the Netherlands 

(PostNL);
- the FIT-kit packing centre;
- a transport company;
- �FIT manufacturer;
The screening organisations are responsible for:  
- selecting and reviewing the list of the target group; 
- �inviting and reminding the target group to undergo 

the screening; 
- sending the FIT to the participants; 
- �informing about the results and guiding the patient 

for further diagnostics, if necessary;
Laboratory diagnostics specialists, endoscopists and pa-
thologists undergo accredited learning and advanced 
training to be allowed to work within the CRC screening 
programme. According to the protocol, the laboratories 
and its employees are audited every three months. 
There is a programme of continuing professional 
development for GPs on the basic principles of the 
screening programme. The content of the educational 
programmes is updated every two years [26].

Individuals of the target group are invited biennially, 
resulting in approx. 2.2 million invitees each year. The 
personal data is obtained from the Personal Database 
(Basisregistratie Personen). Citizens receive an invitation 
package, which contains invitation letter, information 
folder, reply envelope, FIT test kit with instructions for 
use. If the invitee didn’t respond, the screening organ-
isation sends reminder per invitation set. If the invitee 
remains unwilling to participate, a new invitation is sent 
after two years, unless they have reached age 75. They 
may also unsubscribe from the current round or the 
entire program via phone, email, or the client portal [27].

The participant sends a sample of the material in a 
reply envelope by post to the laboratory, which is the 
starting point for the screening. The laboratory receives 
and performs analysis of the sample and sends the re-
sults digitally within 48 hours. If the screening laboratory 
determines the stool sample as unsuitable for the test, 
the Screening Organisation sends a new invitation set to 
the participant. If the result is negative, the participant is 
informed of this and will be invited to participate in the 
screening programme again in two years. If the FIT test is 
positive, the participant will be informed and scheduled 
for a colonoscopy. The participant can change or cancel 
his/her previous visit (time and/or place) via client portal 
or by phone. If a colonoscopy is cancelled for medical rea-
sons, this is recorded in the ScreenIT system, indicating 
when the examination will take place (from 2-10 years, till 
the age of 75) or will not at all, depending on the reason 
for not having it [27].
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- in-house mailing service;
- laboratory;
- call centre;
- analyses and quality control;
- information technology.
The programme involves healthcare professionals 
throughout Slovenia: pathologists, endoscopists, GPs 
and healthcare professionals who provide consultations 
at Svit contact points. They cooperate with the regional 
units of the National Institute of Public Health, which 
are responsible for the promotion, implementation and 
coordination of the programme in their region. A spe-
cial role is played by the media, which is an important 
partner in raising awareness and informing the public 
about CRC [35].

Presentation events are organised for citizens at the 
local level to inform them about the screening pro-
gramme, boosting public awareness and prompting 
social discussion on off-limited topic. The population 
avoids talking about digestion, referring to existing 
stereotypes. This is one of the main reasons for late 
treatment. Therefore, attention is also paid to inform 
children and adolescents who are not burdened with 
various prejudices and taboos. School events promote 
open discussion of the problem and understanding of 
the importance of proper digestion, which will encour-
age the younger generation to pay more attention to 
their health [35].

Lectures and presentations with inflatable colon 
model and information materials are provided to em-
ployers and employees to promote health awareness 
and knowledge about prevention. These measures have 
been well accepted by employers, as they decrease 
the incidence of CRC among the workforce, providing 
economic benefits [35].

People aged 50-74 years who are covered by com-
pulsory health insurance in Slovenia are eligible to 
participate in the Svit programme. About 600,000 
residents are invited to undergo screening every two 
years. The process of engaging citizens is a step-by-step 
process: first, they receive an invitation to participate 
in the screening programme along with participating 
statement, which they have to sign and send to the 
central office. The Svit programme’s internal post service 
processes an average of about 3,000 shipments per 
working day [35].

The difference in numbers between those who agree 
to participate in the programme and those who actually 
send samples for analysis after receiving the test kits is 
insignificant. In 2018, among those who were invited 
to participate in the screening programme, 64.63% 
agreed, of whom more than 92% sent samples. The 
participation rate of men is on average 10% lower than 

68.6/100,000 women and 136/100,000 men[19]. The 
change in CRC incidence in Slovenia is caused by the 
implementation of the national CRC screening pro-
gramme Svit. Since 2010, the overall incidence of CRC 
has been decreasing annually by 3.0% among men 
and 2.1% among women. In contrast, before the intro-
duction of the screening programme in 1999-2008, it 
increased by an average of 3.6% per year among men 
and 3.4% among women[33].

The screening programme reached participation 
rate of 64.63% (59.38% men and 69.60% women), with 
5,9% of citizens having a positive test result, of which 
92% underwent colonoscopy. Today, 49% of patients 
are diagnosed in stage I, which is a significant success 
[3,34]. Since 2011, Slovenia has recorded a decrease of 
new cases of CRC. This is mainly due to the removal of 
precancerous lesions during colonoscopies [33].

When the Svit programme started in 2008, a commu-
nication strategy based on the theory of planned be-
haviour and informed decision-making was implement-
ed. The advertising agency created the programme’s 
style and design, whose ideas and approaches proved 
to be successful. In particular, the materials avoided 
frightening messages, motivating the target group to 
participate in the programme. Attention was focused 
on a wide audience through communication activities, 
since the topic of digestion and excretion is still a deli-
cate one for the society. Therefore, in order to increase 
the level of participation in the screening programme, 
it is crucial to stimulate an open discussion of the topic. 
The majority of the population needs to modify their 
behaviour, reconsider their attitude to health and ac-
quire new skills[35].

The Svit programme was established by the Ministry 
of Health and organised as a Centre for Early Detection 
of Cancer at the National Institute of Public Health. The 
goals, structure and execution of the programme are 
described in the Rules for the Implementation of Na-
tional Screening Programmes for the Early Detection of 
Pre-Cancerous Conditions and Cancer and in National 
Cancer Control Plan. The Svit programme is funded by 
the Health Insurance Institute of Slovenia. On the basis 
of the Health Care and Health Insurance Act and Health 
Databases Act, it obtains data on the target population 
from the Central Population Register and the Health 
Insurance Institute of Slovenia. The acquired informa-
tion is protected in accordance with the Personal Data 
Protection Act [35].

The high quality of the Svit programme, its acces-
sibility are the result of the involvement of a large 
numerous specialists. The programme is organised by 
the National Institute of Public Health and consists of 
the following teams:
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medical staff in various institutions. People with hearing 
disabilities are provided with instructions in printed 
form. In the media information about screening is avail-
able in sign language with subtitles, and people with 
visual disabilities can listen to the instructions in audio.

The role of GPs has a significant impact on increasing 
the level of engagement in the screening programme. 
Providing information to the population by GPs, recog-
nition of potential obstacles and assistance in resolv-
ing them creates more possibilities for the patient, as 
GPs have the highest level of trust among citizens. To 
further involvement of the target group to participate, 
a communication algorithm (reminder system) was 
developed to ensure regular screening.

GPs are informed about the coverage rate and the 
results of their patients. Notification of a positive result 
is sent to the GPs one day before the result is sent to 
the participant, and notification of a negative result is 
sent to the GPs within a year. Three times a year, all GPs 
receive a list of people who did not participate in the 
programme.

The programme participants need not only the in-
volvement but also the survaillance after receiving a 
result that confirms pathology. This can cause anxiety, 
so it is important to explain to them what this means 
and what their current cancer risks are. If colonoscopy 
is cancelled for medical reasons, the GP can choose an 
alternative method to determine the cause of hidden 
blood in the stool, such as CT colonography.

CONCLUSIONS
The ultimate goal of CRC screening is to reduce mor-
tality by detecting pathology at early stages, which 
increases the effectiveness of treatment and gives a 
better prognosis, as well as reducing morbidity in the 
long term. 

Countries that have implemented an organised pop-
ulation-based CRC screening programme have seen an 
increase in incidence (mainly due to the detection of 
early stages of CRC) in the first years after the imple-
mentation of the screening programme, followed by a 
gradual decrease (both in early and late stages of CRC) 
in the future [36]. Screening has increased the num-
ber of detected asymptomatic cases, which without 
screening might have been undetected until symptoms 
appeared, which may take years.

After the implementation of the screening pro-
gramme, the incidence of CRC is reduced compared to 
its implementation before, by detecting and removing 
polyps and precancerous lesions, which leads to a 
decrease in the incidence of CRC in the long term [37-
39]. This reduction in CRC incidence is the result of a 

that of women, therefore, additional informational 
campaign is being conducted to promote men’s par-
ticipation in the screening programme[35].

Those who have responded to the invitation are sent 
a test kit for two stool samples by post. The samples are 
analysed in the Svit Programme laboratory to maintain 
quality standards, and the results are recorded digitally 
Before carrying out the test, the applicant’s data is cross-
checked with the data in the information system. If the 
sample does not meet the criteria for the analysis, it is 
excluded and the person is informed of the type of error. 
Samples received by the laboratory must be analysed 
within 14 days from the date of sampling. During the 
implementation of the screening programme, only 3% 
of samples were collected incorrectly by participants. 
After phone call or counselling at the Svit contact point, 
in the chosen personal physician practice or during a 
visit from the community care nurse, the proportion 
of persons with inappropriate sent samples is approx-
imately 0.3%. The samples are tested for the presence 
of antibodies to human haemoglobin. If the level of 
haemoglobin is exceeded in at least one of the two 
samples, the test is considered as positive[35].

The results are sent by mail directly to the participant 
and his/her GP. Individuals with a positive result are 
referred for a colonoscopy, which is carried out in ac-
credited centres.The contact centre staff is responsible 
for communication with the target group and for giving 
information to participants about the following steps. 
They are the link between the accredited colonoscopy 
centres and participants, coordinating examination 
schedules and sending instructions on how to prepare 
for the procedure. The contact centre staff plays an 
important role in motivating people to undergo the 
examination, and as a result, 92% of people with a 
positive test result undergo colonoscopy[35].

The analysis of the questionnaires shows a very high 
level of satisfaction of the participants with the pro-
fessionalism of the medical staff. Respondents rate the 
work on a scale from 1 to 5, with 1 being the worst and 
5 being the best, with an average score of 4.7 for doc-
tors and 4.8 for nurses. More than 91% of respondents 
agreed to undergo a colonoscopy again if necessary.

The Svit programme foresees the involvement of 
people with physical disabilities to the screening pro-
gramme. For example, people with limited mobility are 
provided with home care by a nurse, most colonoscopy 
centres are equipped with ramps and lifts, and there 
is also an option of preparing for the examination in a 
hospital. People with cognitive disorders are provided 
with illustrated instructions of how to participate in the 
programme. Besides, a support is provided to involve 
them in the programme, through cooperation with 
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database of the target population, the development 
of the system of invitations and reminders about the 
stages of screening and results tracking, as well as 
continuous monitoring of each stage of screening to 
identify weaknesses within the healthcare system and 
make the necessary corrections.

massive detection of early asymptomatic cases before 
they progress to advanced stages.

The implementation of a CRC screening programme 
is a task that requires the involvement of the state’s re-
sources and the creation of an appropriate information-
al and technical infrastructure, primarily an electronic 
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INTRODUCTION
Modern trends in criminality indicate that violent 
crimes are increasingly the result of neurocognitive 
and mental disorders. Such disorders lead to aggres-
sive, inadequate, and sometimes sadistic behavior of a 
person. The socially dangerous consequences of such 
behavior consist of causing physical and moral harm to 
the victim. This actualizes the need for timely provision 
of competent medical, psychological, and sometimes 
psychiatric assistance to victims and suspects. Investi-
gating such criminal offenses is also impossible without 
the qualified support of doctors, psychiatrists, and 
psychologists. The legal and organizational basis for 
the participation of experts and specialists in criminal 
proceedings is currently unresolved. This is the situa-
tion based on the principles of their interaction with 
the investigator, the prosecutor, the attorney, etc. This 
direction of scientific research is determined by the 
need to develop an optimal balance between ensur-
ing the rights of a person who has become a criminal 
proceedings participant and providing criminal justice 

with objective scientific knowledge in the context of 
gathering evidence and proving certain circumstances 
of a court case.

AIM
This article aims to determine the standards of in-
teraction of medical professionals, psychiatrists, and 
psychologists with participants in criminal proceedings 
during the implementation of various forms of use of 
special knowledge, as well as update their adherence 
in medical practice and criminal procedural activities.

MATERIALS AND METHODS
As empirical material, the decision of the ECHR, the 
practice of the judicial bodies of Ukraine, the results of 
scientific research by scientists, dedicated to the related 
subject of research, were used. These are, in particular, 
16 decisions of the ECHR. Judicial decisions of the courts 
of general jurisdiction of Ukraine, adopted during 
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2014-2023, in violent crimes, as well as the results of 
research by scientists from Europe and other countries 
of the world, were also subjected to systematic analysis. 
Such empirical material was chosen for the purpose of 
improving the legal tools of the best practices for the 
observance and restoration of violated human rights 
and legitimate interests. The results of research in the 
fields of medicine, psychiatry, criminology and crim-
inology are also taken into account. Open data from 
the Unified State Register of Court Decisions was also 
subjected to statistical analysis.

In order to realize the set goal, the authors used a 
whole complex of general scientific and special meth-
ods of cognition, namely: system-structural method, 
method cognitive realization, methods of analysis 
and synthesis, methods of analysis of quantitative 
indicators.

Methods of analysis and generalization were used 
for textual analysis of decisions of the ECHR and courts 
of Ukraine. The method of comparison contributed to 
the comparison of the results obtained by us and the 
data reflected in the studies of scientists selected by us 
based on the subject of the study.

The system-structural method, as well as the synthe-
sis, made it possible to determine second principles 
that are universal in nature and must be observed in 
the context of the application of medical and psychi-
atric knowledge in criminal proceedings. Dogmatic, 
comparative-legal, logical and generalizing methods, 
as well as the method of legal analysis, were also used 
to formulate the research conclusions.

REVIEW AND DISCUSSION
The expert and a specialist are the subjects authorized 
to use special knowledge according to the Ukrainian 
doctrine of criminal procedural law. In violent crimes 
forensic medical experts, psychiatrists, and psychol-
ogists in criminal proceedings most often keep such 
procedural statuses. The prosecution and the defense 
have the right to receive qualified specialist and expert 
assistance. Such a guarantee contributes to implement-
ing parties’ equality and competitiveness principles in 
criminal proceedings. 

In addition, Recommendation No. R (87) 18 of the 
Committee of Ministers of the Council of Europe de-
fines prosecutorial, investigative, and judicial bodies 
that need the help of experts should use the help of 
specialists in such fields as psychology, medicine, psy-
chiatry, accounting, economics, finance, and forensic 
medicine in a sufficient volume to face the growing 
technical complexity of crimes and ensure the collec-
tion of evidence [1]. The most important thing is that the 

participation of an expert and a specialist is connected 
with the objective realization of a person’s right to a fair 
trial, which is proclaimed in Art. 6 of the European Con-
vention on Human Rights (after this – the Convention) 
and other conventional guarantees [2]. In addition to 
conventional guarantees, it is also necessary to consider 
several other legal and organizational principles.
1.	� The validity of appointing expert studies, collecting 

confidential medical data, and conducting investiga-
tive actions. To fulfill the requirements of convection 
regarding the fairness and impartiality of the court, 
the Criminal Procedure Code of Ukraine defines the 
grounds for which the examination is mandatory 
and regulates the compulsory participation of spe-
cialists in certain investigative (search) actions. When 
deciding whether to involve competent specialists 
in criminal proceedings, it is necessary to determine 
whether sufficient grounds exist.

The involvement of specialists must be justified in 
cases where confidential medical information will be 
collected, regardless of whether they contain a specific 
medical diagnosis (see Surikov v. Ukraine, No. 42788/06) 
[3]. Such information includes information about a per-
son’s mental state. The disclosure of such information 
will be recognized as a violation of the right to privacy 
guaranteed by Art. 8 of the Convention [2]. Given this, 
the collection of such information by state authorities in 
the absence of sufficient grounds is subject to violation 
of Article 8 of the Convention [2].

The validity of the grounds for the appointment of a 
psychiatric examination is a debatable issue. Increasing-
ly, scientists pay attention to the fact that the presence 
of behavior disorders in a person, his aggressiveness, 
and neurolinguistics disorders become factors that pro-
voke a person to commit violent crimes [4;5]. Scientists 
indicate that murderers with mental disorders are 3.19 
times more motivated by revenge than non-disordered 
and undiagnosed offenders [6]. An analysis of 70 cases 
based on the facts of the murders in Iraq gave reasons to 
state that almost 40% of the killers did not have mental 
illnesses, more than 17% had personality disorders, 
nearly 33% had mental disorders, and 9% had neurotic 
disorders [7]. Psychotic symptoms are reported in 11% 
of US criminals, including 18% of mass murderers who 
did not use firearms and 8% of those who did [8]. 49 out 
of 79 French citizens who committed murders were di-
agnosed with paranoia, which is a mental disorder, but 
this did not excuse them from legal responsibility [9].

A separate group of persons, the psyche of which should 
become the subject of a psychiatric examination in the 
event of their committing violent crimes, are persons who 
have committed violent crimes and have a syndrome of 
dependence on alcohol, narcotic drugs, or psychotropic 
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substances. This is explained by the fact that the use of 
these substances and means weakens or in general para-
lyzes the inhibitory processes of the psyche, and therefore, 
personality and behavior disorders develop more quickly 
in such persons. In particular, L. Eriksson, S. Bryant, S. 
McPhedran, P. Mazerolle, R. Wortley received a favorable 
conclusion after testing 302 people convicted of murder 
in Australia. The researchers found that 38.8% of people 
had a high level of alcohol problems, and 30.8% had drug 
problems. At the same time, a large proportion of criminals 
who committed murders abused these substances in the 
year preceding the crime [10].

As for the practice of Ukraine, during 2014-2023, 
on average, 7.46% of criminal proceedings on violent 
crimes are sent to court annually, with a request for 
the application of coercive measures of a medical 
nature. The data we obtained correspond to other 
studies conducted by Ukrainian scientists. As for those 
convicted of murder, 14% of such persons had mental 
and behavioral disorders due to the use of alcohol, or 
narcotic drugs (syndrome of dependence on alcohol, 
opioids, amphetamine, etc.), 8% of the accused were in 
a state of simple alcohol intoxication, 4% of persons had 
a syndrome alcohol dependence (chronic alcoholism), 
2% of persons had an emotionally unstable personality 
disorder, 2% suffered from a mental illness, 1% of the 
defendants had a personality and behavior disorder due 
to organic brain damage, and 1% had clinical signs of 
post-traumatic stress disorder [11]. This shows that the 
specific weight of persons who took the lives of other 
people while being in a state of insanity or another mor-
bid state of mind is quite significant. In our opinion, such 
practice indicates the need to revise the presumption 
of mental health, which operates in Ukraine.

We agree that individuals’ criminal responsibility and 
legal capacity may vary depending on the legal situa-
tion. When applying for a forensic psychiatric examina-
tion of these patients with mental comorbidities, the 
patients should not be biased in terms of their level of 
cognitive competence, and each case should be evalu-
ated individually [12]. At the same time, we believe that 
the grounds for appointing forensic psychiatric exam-
inations in criminal proceedings should be expanded 
at the level of national legislation. A person suffering 
from a mental disorder has a double role in the judicial 
process: he or she is an interested person and, at the 
same time, the main object of the judicial investigation 
[13; 14]. The national legislation of Ukraine should be 
supplemented with the grounds for the appointment 
of a forensic psychiatric examination. Yes, in the case 
of the suspect receiving injuries to the head and spine, 
brain discoloration, or damage to the spinal cord, as 
well as in the case of committing a violent crime by a 

person who was under the influence of alcohol or drugs 
or who was under the supervision of a narcologist. This 
approach corresponds to the principles of adaptation 
and integration into the social life of people diagnosed 
with psychopathology, as well as the provision of emer-
gency psychiatric care [15].

Adherence to the validity of the grounds is also 
required during investigative (search) actions. Ex-
humation of the body of the deceased is a common 
investigative action in which medical professionals 
participate. In the context of the validity of the grounds 
for conducting an examination or investigative (search) 
actions related to the application of special medical 
knowledge, it should be taken into account that the 
exhumation of a person’s body without the voluntary 
consent of relatives can also be recognized as a violation 
of the right enshrined in Article 8 of the Convention [16]. 
In this regard, it is also important to enshrine a legal 
mechanism in the national legislation, which provides 
for obtaining consent from relatives to conduct this 
investigative (search) action.

Considering the diversity of methods that suspects 
resort to, during the investigation there is a need to 
examine the suspect’s body, which is connected with 
examining his body cavities. A systematic analysis of 
the provisions of the Criminal Procedural Code and 
separate Judgements of the ECHR allows us to conclude 
that the physical integrity of a person is covered by the 
concept of “private life” protected by Article 8 of the 
Convention for the Protection of Human Rights and 
Fundamental Freedoms (hereinafter referred to as the 
Convention) [2] and concerns the most intimate aspects 
of private life, and compulsory medical intervention, 
even insignificant, constitutes an interference with this 
right (Decision “X and Y v. the Netherlands” [17]), but 
such interference is usually justified in accordance with 
Clause 2 of Art. 8 of the Convention as urgency to pre-
vent a crime (“Tirado Ortiz and Losano Martin v. Spain” 
[18]) or as the only possible way to save a person’s life.

However, any recourse to coercive medical interven-
tion to obtain evidence of a crime must be convincingly 
justified by the facts. This is especially relevant when a 
procedure involves gaining access to a person’s body 
cavities to extract evidence.
2.	� Independence and impartiality of judicial experts and 

specialists. One of the legal bases of activity and inter-
action of participants in criminal proceedings with 
experts is their independence and unpredictability. 
The ECHR rules that the procedural guarantees that 
ensure their formal and factual independence and 
unpredictability are the independence of the judicial 
expert from the persons involved in the events that 
became the subject of the trial [18].
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The independence requirement is essential when 
obtaining medical opinions from experts, who must 
have formal and factual independence from those in-
volved in the events (see Bačić v. Croatia, no. 41108/10, 
§ 95, November 13, 2012) [19]. In its practice, the ECHR 
has determined that the demonstration of the un-
predictability of a court-appointed expert in specific 
characteristics may lead to a violation of the principle 
of equality of parties admitted to a fair trial (see Bonisch 
v. Austria, May 6, 1985) [20]. In addition, such a factor as 
the procedural position/status of the expert and his role 
in the relevant proceedings should be obtained (see 
Sara Lind Eggertsdóttir, cited above, § 47, and Letinčić, 
mentioned above, § 51) (para. 60 of the judgment) [21, 
22], his relations with other participants in criminal pro-
ceedings. Any doubts about the unpredictability of the 
expert and specialist leave the public’s trust in the judi-
cial system at risk; therefore, “visibility” is essential [23].

In Ukrainian realities, when the investigator or the 
defense engages an expert, it isn’t easy to implement 
the requirements for checking the excellence and in-
dependence of the expert. When the decision on the 
appointment of expertise is sent, the head of the expert 
institution or the head of the relevant department of 
this institution reviews it and actually determines the 
executor. Therefore, the exact verification of the expert’s 
incomparability is carried out at the stage of familiar-
ization with the received opinion, and the defense side 
in other cases – at the stage of familiarization with the 
materials by Art. 290 of the CPC of Ukraine [24]. This 
practice requires verification of findings at all stages of 
criminal proceedings.
3.	� Inadmissibility of disclosing the secret of the pre-tri-

al investigation. One of the legal bases for the use 
of an expert’s special knowledge is the secrecy of 
a pre-trial investigation or the principle of the in-
admissibility of disclosing information of criminal 
proceedings, which imposes on the expert the duty 
not to disclose without the permission of the party 
to the criminal proceedings, which involved him or 
the court. He knew this information in connection 
with the performance of the duties assigned to 
him. The possibility of their disclosure is allowed 
only with the written permission of the investigator 
or prosecutor within the limits determined by the 
latter (the decisions “Bédat v. Switzerland”, “Sellami 
v. France”) [25, 26].

4.	� Rule of law. Regarding the forced hospitalization of a 
person in a psychiatric institution, clear and effective 
guarantees against arbitrariness must necessarily 
be provided, given the vulnerability of persons 
suffering from mental disorders and the need to 
give excellent reasons to justify any restrictions on 

their rights (see the decision of 2 May 2013 in the 
case “Zagidulina v. Russia,” application No. 11737/06, 
paragraph 53) [28]. This applies to forced treatment 
and inpatient psychiatric examinations. The task of 
the court is not to re-evaluate the above conclusions, 
which were drawn up by professional psychiatrists 
and which contain opposite conclusions, and to 
decide which of them were correct and which were 
incorrect. However, its task is to verify whether the 
national courts have examined the relevant findings 
with the necessary care and whether they have 
correctly justified their decision regarding the com-
pulsory treatment of the applicant in a psychiatric 
institution (see the decision in the case “Raudevs v. 
Latvia”, application No. 24086/03, paragraph 71) [29].

Most studies suggest that people with mental disorders 
and illnesses are hospitalized longer than necessary to 
fulfill two functions: 1) to care for and treat the patient 
(for their own sake, as well as to reduce future risk); 
and 2) to protect society from harm by the offender. 
Clinical experience and research show that safe forensic 
services are not always the most effective when patients 
remain in overly restrictive conditions for too long, no 
longer needing or benefiting from the services offered 
[30]. For example, among the 1.2 million population 
of North London in 1999, the average length of stay in 
non-forensic beds was 79 days, while for forensic beds 
the figure was 1367 days. Overall, 23.4% of general 
psychiatric patients were in for more than one year and 
17.9% for more than 5 years, while the corresponding 
figures for forensic patients were 81.2% and 39.1% 
respectively [31].
5.	� Principle of legality. This principle requires that all 

actions carried out by experts and specialists comply 
with legal regulations. It is also important that the 
same principles guided all experts and specialists 
and that their conclusions were without contradic-
tions or disagreements.

In this context, the presumption of mental health 
should be addressed. The mandatory basis for the 
appointment of a forensic psychiatric examination is 
the presence of a person with a disorder of mental 
activity or a mental illness, which is certified by a rel-
evant medical document (Part 1 of Article 509 of the 
Criminal Procedure Code of Ukraine) [24]. In 64% of the 
criminal proceedings we analyzed, it became the basis 
for a forensic psychiatric examination appointment. 
The ECHR indicates that a person cannot be considered 
“mentally ill” and deprived of liberty if three minimum 
conditions are not met. First, this objective examination 
must reliably show that the person has a mental illness; 
secondly, the mental disorder must be such that it 
causes the forced detention of a person in a psychiatric 
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instrument of the crime, emotions during the crime, 
evasion of responsibility for the offense, concealment 
of the truth during the investigation, disguise, under-
standing the nature of the crime, assessment of the 
consequences of the crime, impairment of vitality, 
impairment of study or work, impairment of insight, 
impairment of reality testing and impairment of 
self-control. This scale can be applied to all cases and is 
easy to use, according to the results of its application, in 
almost 89% of cases; similar conclusions were obtained 
in the cases studied [35]. 
6.	� Guarantee of obtaining another independent opinion. 

It is important to guarantee the opportunity for 
patients to get a second opinion from indepen-
dent experts. This principle also included in the UN 
Principles for the Protection of Persons with Mental 
Illness and the Improvement of Psychiatric Care (see 
paragraph 63). It is an essential guarantee against 
possible arbitrariness when making decisions re-
garding the continuation of the application forced 
treatment (see the decision in the case “X v. Finland,” 
application No. 34806/04, paragraph 169, ECHR 
2012, and the decision in the case “M. v. Ukraine” 
(M. v. Ukraine), item 66) [36, 37]. The same principles 
should be observed when using medical knowledge, 
particularly when conducting forensic examinations. 
This approach is consistent with the principle that 
no evidence has a predetermined force.

CONCLUSIONS
The use of medical and psychiatric knowledge must be 
carried out in compliance with several legal principles. 
All participants in criminal proceedings are required 
to comply with them. The main criteria for the use of 
special knowledge include the validity of the grounds 
for the implementation of certain forms, the impartiality 
and independence of the person entrusted with the 
examination or other form, the rule of law, the inadmis-
sibility of disclosing the secret of the pre-trial investiga-
tion, the right to receive another independent opinion.

The practice of many European countries and oth-
ers is still not perfect and does not always fully agree 
with convection principles. That is why certain norms 
need revision and improvement. The grounds for the 
appointment of psychiatric examinations and the 
interpretation of the presumption of mental health, 
and approaches to assessing a person’s insanity 
need revision. After all, behavioral disorders against 
the background of alcohol and drug addiction, neu-
rocognitive disorders, and others are increasingly 
becoming a factor characterizing a person convicted 
of a violent crime.

hospital; thirdly, the need for continued detention in a 
psychiatric hospital depends on the persistence of such 
a disease (see the decision in the case “Winterwerp v. 
the Netherlands”, paragraph 39, Series A No. 33) [27].

It is also important that all experts follow the same 
approach when formulating their conclusions. The 
scientific literature indicates that such approaches are 
not unambiguous. For example, scientists who evalu-
ated the approaches of experts in France to establish 
the mental state of murder suspects diagnosed with 
schizophrenia indicated the presence of several incon-
sistencies. Such disagreements between experts are 
at the level of forensic interpretation and discussing 
the relationship between pathology and offense. Sci-
entists stated that the differences are often associated 
with personal beliefs or different schools of thought 
that influence the interpretations and conclusions of 
experts. According to their approach, it is necessary to 
strengthen training, increase experience, and ensure 
knowledge exchange between professionals [32].

Scientists from Brazil indicate that the key points 
in ensuring a unified approach when conducting a 
psychiatric examination are detailed knowledge of 
psychopathological concepts inherent in legal capacity, 
standardization of the examination, use of psychomet-
ric indicators developed specifically for forensic psychi-
atry (in particular, those that assess exclusively legal 
capacity), and concise drafting of the expert opinion. 
Other key points are the preferential use of established 
scientific terms, the avoidance of jargon and buzzwords 
in the expert report, and the simultaneous assessment 
by professionals with the same education and experi-
ence in the field [33].

Such discrepancies may lead to different legal conse-
quences in similar cases. Therefore, a position is being 
formed according to which inter-expert reliability in 
forensic psychiatric/psychological matters is the basis 
for the court to regularly receive the opinions of several 
experts to reduce the risk that a single expert opinion 
may be misleading [34]. The use of different approach-
es is contrary to the principles of law since the law 
requires that the same legal procedure be applied to 
everyone. In this regard, all approaches of experts and 
specialists must be based on scientific provisions, and 
their application and activities in general must comply 
with legal principles.

As a positive example of developing unified ap-
proaches to solving expert tasks, we can cite the “Rat-
ing Scale of Criminal Responsibility for the Mentally Ill 
(RSCR)”, developed by Chinese scientists. Its essence is 
that the scale includes eighteen items, namely: criminal 
motivation, aura before the offense, incitement to the 
crime, time and place and selectivity of the object and 
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INTRODUCTION 
The term artificial intelligence (AI), first coined in 1956, 
refers to digital systems that attempt to solve prob-
lems and continuously improve their data processing 
skills by using algorithms that mimic human intellect. 
These days, artificial intelligence has expanded too 
many industries and started to help them thanks to 
the rise in data entry, the usage of more potent cod-
ing languages, and the application of sophisticated 
algorithms [1]. This implies that they should also play 
a bigger role in bacterial epidemiology. For instance, 
at major hospitals, machine learning algorithms can 
forecast patients’ likelihood of contracting Clostridium 
diffusible infection in advance, enabling medical staff to 
take proactive precautions before an infection happens 
[2, 3]. Contact tracing in the emergency room can be 
done more quickly and effectively with real-time locator 
devices than with tracing techniques that depend on 
electronic medical data. This maximize the utilization 
of time and money while significantly increasing the 
number of potentially susceptible individuals iden-
tified. Selling hospitals and payers on the usefulness 

of sophisticated microbiology diagnostics is one of 
the largest problems facing the clinical microbiology 
community. It would be highly beneficial to provide 
explicit guidance on how to identify and demonstrate 
treatment value [4, 5]. There are two technologies used 
in medicine: visual and artificial intelligence, the latter of 
which is related to web design. These features include 
electronic health records, appointment scheduling, pre-
scribing, drug interactions, imaging and osteoporosis, 
and score systems for diagnosis and verification. Con-
versely, physical components include post-operative 
technical support, social assistive technology used in 
elder care, rehabilitation, and televiewing [6, 7]. Artificial 
intelligence  is the imitation of human intelligence via 
the use of computers. This new science explores and 
creates ideas, methods, instruments, and strategies to 
duplicate, improve, and broaden human knowledge. 
Machine learning, a branch of artificial intelligence, 
allows machines to learn tasks by identifying patterns 
in data. Neural networks are adaptable mathematical 
models that can use a range of methods to express intri-
cate relationships in big data sets. Artificial intelligence, 
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particularly its variations like as deep learning and con-
volutional neural networks (CNNs), is currently the most 
used machine learning technique. Data is sent to the 
input layer, which uses a hidden multi-layer algorithm 
to process it. The outcomes are displayed in the results. 
Instead of being a straightforward neural network with 
one or a few convolutional layers between the input 
and output layers, deep learning may be thought of as 
a computational process with several hidden layers. The 
hidden layers can be piled endlessly to create a machine 
with greater sensitivity and accuracy as processing 
power increases [8]. 

AIM
This study sought to investigate how AI can raise the 
degree of individualized treatment and the precision 
and effectiveness of clinical diagnosis in light of the 
potential obstacles to its clinical deployment. It was 
based on a careful examination of existing literature 
and findings from recent studies. By providing medical 
professionals with an in-depth understanding of how AI 
can be used to diagnose and treat infectious diseases, 
by working together to advance the use of AI to com-
bat infectious diseases, and by providing patients with 
more accurate and efficient healthcare , this will not 
only be important in improving global public health.

MATERIALS AND METHODS

METHODOLOGY AND INTEGRATION OF THE 
SEARCH 
Indexed databases, such as EMBASE, Scopus, and 
PubMed/Medline, were separately searched in English 
only, without regard to time constraints. Cross-referenc-
ing of important articles led to additional references. 
This study reviews important clinical applications and 
provides an overview of several Artificial intelligence 
algorithms used in diagnosis of diseases caused by 
pathogenic microorganisms.

REVIEW AND DISCUSSION

USING ARTIFICIAL INTELLIGENCE TO 
DIAGNOSE MICROORGANISMS
Every diagnostic method, from sample collection to 
identification and susceptibility testing, poses chal-
lenges to traditional microbiology. Improper sample 
processing causes problems and can lead to incorrect 
conclusions [9]. The presence of antibiotics in clinics 
makes the process of cultivating and isolating germs 

more difficult and prone to false negative results (Fig.1-
2). The inherent delay in traditional microbiological 
detection can result in antibiotic resistance through 
empirical therapy by letting diseases deteriorate [10]. 
The early detection of pathogens and the development 
of successful prevention measures depend on AI algo-
rithms’ ability to quickly and accurately identify trends 
and abnormalities in large microbial datasets [11, 12]. 
Artificial intelligence’s predictive modeling predicts 
microbial activity based on historical data, which aids 
in improving treatment approaches, anticipating illness 
outbreaks, and better understanding patterns in anti-
biotic resistance [13].

STRUCTURE AND ROLE OF ARTIFICIAL 
INTELLIGENCE IN CLINICAL MEDICINE
Artificial intelligence in healthcare can be separate into 
two collection depending connected how it works: vi-
sual and physical [14]. The term “physical AI” describes 
devices that may help with and carry out a range of use-
ful functions, such as surgery and the deployment of ro-
bots in medical procedures. Virtual artificial intelligence 
includes any program that can process, analyze, and 
pass on with other inclination connected to a system 
(Fig.3). More precisely, artificial intelligence computes 
data and provides a deterministic response using two 
methods. AI software may be able to make accurate 
decisions about a patient’s health and treatment in 
“real-time” thanks to machine learning (ML), which is the 
capacity of an AI system to develop suitable algorithms 
that generate decisions and/or predictions based on the 
data generated [15]. This method, known as the “flow 
chart technique,” mimics how a doctor would compile 
information from a patient’s medical history and clinical 
test results. AI programs can also use a more complex 
type of flow chart.

MONITORING AND IDENTIFYING 
EMERGENCIES 
By gathering and examining data on risk factors, clini-
cal outcomes, and patterns of disease transmission, AI 
can also be a helpful tool in case analysis. Healthcare 
practitioners might use this to pinpoint high-risk 
groups, track the transmission of illnesses, and antic-
ipate any outbreaks. This tends to maximize resource 
use while improving early intervention tactics [16]. 
Thus, as has been emphasized throughout history, 
detection and management of disease outbreaks are 
critical. Conventional surveillance techniques require 
manual data collection, which eventually results in 
underreporting or delays in the reporting of infectious 
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disease cases. AI-based surveillance systems, on the 
other hand, automatically gather information from 
social media and medical records while evaluating 
real-time data streams to improve public health 
response and situational awareness [17]. At the ex-
tremely least, machine learning-based alert systems 
have been created that detect deviations in disease 
rates or the ways infectious diseases are spread, alert-
ing health authorities to potential outbreaks [18]. 
AI has shown great potential in the tract of learned 

profession imagination, which is essential for diag-
nosis. Profound eruditeness systems, a different kind 
of artificial intelligence, have demonstrated accuracy 
in analyzing medical pictures, including X-ray and 
histopathology CT scans. All things considered, the 
application of AI in TDM may lead to improved patient 
outcomes. Improve the precision and effectiveness of 
medical care delivery to lower medical expenses. It is 
anticipated that AI will become more significant in 
TDM as it develops [19].

Fig. 1. Flow chat of future 
diagnostics microbial infec-
tion identification of diseas-
es by traditional methods 
of detection and current 
(modern methods of iden-
tification). 

Fig. 2. Flow chat of future 
diagnostics microbial infec-
tion identification of diseas-
es by Artificial Intelligence.
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RISKS, ETHICS, AND LEGAL ISSUES RELATED 
TO AI IN MEDICAL FIELD 
Developing AI technology for use in healthcare, safe 
practices, services, and policies is costly  and risky. It 
is becoming more and more crucial to safeguard the 
financial interests of AI and data-driven healthcare 
advances [20]. Previously, vital signs such as blood 
pressure, heart rate and glucose levels could only be 
monitored by medical personnel [21], however, the 
ongoing collecting of this data is now made possible 
by contemporary mobile applications. The ethical 
issues surrounding the application of AI technology 
must be addressed, particularly those pertaining to 
patient autonomy, informed consent, and abuse of data 
privacy and confidentiality [22]. The GDPR introduces 
comprehensive data protection legislation within the 
EU, causing a shift in data protection globally, whereas 
HIPAA primarily protects sensitive health information 
processed by lawful organizations [23-26]. The intro-
duction of AI into the healthcare system may distort 
patient data and affect important medical examination 
results. Cyber-attacks have increased [27]. Certain cyber 
threats can be identified and avoided with the use of 
predictive algorithms. A comprehensive examination 
of cyber security and the cyber risk environment of 
healthcare systems is necessary to protect data pri-
vacy and preserve system integrity [27]. It is possible 
to mitigate the risk of relying solely on one solution 

by utilizing multiple reliable AI algorithms. Artificial 
intelligence in healthcare offers numerous benefits, 
including process simplification, increased productivity, 
time and resource savings, support for research, and 
a reduction in medical stress, despite concerns about 
data privacy and security breaches. The impact of digital 
technologies on healthcare supply chain stakeholders 
was assessed using an epistemological framework for 
ethical assessment that places a high priority on ethical 
awareness, transparency, and accountability [28].

CUSTOMIZATION OF TREATMENT 
AAI can provide creative answers for monitoring epi-
demics and providing individualized care. Algorithms 
in microbial identification powered by artificial intelli-
gence have shown impressive accuracy and efficacy in 
identifying pathogenic microorganisms from a variety 
of clinical samples [29]. These algorithms swiftly and 
accurately diagnose infections by analyzing massive 
databases of genomic, proteomic, and clinical data, 
enabling healthcare to create individualized treatment 
programs [30]. Epidemic surveillance has been greatly 
enhanced by the quick identification and analysis of 
trends in epidemiological data. AI systems can identify 
new epidemics, monitor the spread of illnesses, and 
identify possible hotspots by processing and analyzing 
real-time data from several origin, including medical 

Fig. 3. Structure and func-
tions of artificial intelligence 
in clinical medicine. 
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and cost-effectiveness of clinical laboratory testing and 
disease detection. As AI is incorporated, the method for 
diagnosing microorganisms is changing. It makes it possi-
ble to identify pathogens quickly and accurately, identify 
antibiotic resistance early, and develop better diagnostic 
methods. AI is also crucial for drug research, outbreak detec-
tion, early disease diagnosis, and individualized treatment. 
Consequently, there have been significant improvements 
in healthcare results and public health benefits. But as AI 
becomes more prevalent in medical decision-making, 
ethical concerns like patient privacy, algorithmic biases, 
data security, transparency, accessibility, and human over-
sight must be addressed. Further improvements in illness 
prevention and treatment are now acceptable due to the 
development of AI in microbiological detection, which also 
ensures ethical and equitable healthcare practices.

records, and environmental detector. During infectious 
disease emergencies, this proactive approach helps 
containment and mitigation efforts by enabling prompt 
intervention measures. Essentially, artificial intelligence 
in microbial diagnosis and epidemic monitoring plays a 
critical role in protecting public health globally in addi-
tion to improving healthcare by optimizing treatment 
approaches [31].

CONCLUSIONS 
The methods for diagnosing microbial infectious diseases 
have evolved from serological techniques to advanced 
molecular approaches [32,33]. Today, AI has become a 
powerful tool applicable across all fields of life. AI-driven 
predictive analytics can improve the accuracy, efficiency, 
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INTRODUCTION
Criminal procedural activities are often associated 
with intrusions into the sphere of human rights and 
fundamental freedoms. One such example is the dis-
closure of medical information without the patient’s 
consent. Therefore, achieving a fair balance between 
the public interest in investigating criminal offenses 
to hold perpetrators accountable and the individual’s 
right to confidentiality of health information as part of 
the right to privacy is impossible without establishing 
certain guidelines. Searching for such guidelines for 
states that uphold European values is entirely justified 
in the practice of the ECHR. 

 AIM 
This article aims to raise awareness and stimulate sci-
entific discussion on the issue of protecting medical 
confidentiality during criminal proceedings, with the 
goal of further improving legal tools to ensure compli-
ance with ECHR standards in this field.

MATERIALS AND METHODS 
The basis for the preparation of the article was inter-
national legal acts (in particular: the Convention on 
Human Rights and Biomedicine (1997); the Interna-
tional Code of Medical Ethics (1949); the Declaration 
on the Promotion of Patients’ Rights in Europe (1994); 
the Convention for the Protection of Human Rights and 
Fundamental Freedoms of (1950)), as well as empirical 
material – the judicial practice of the ECHR. The selec-
tion of specific ECHR rulings was determined by their 
significance in assessing the legality of intrusions into 
the right to respect for private and family life through 
the disclosure of information constituting medical con-
fidentiality. A total of 9 ECHR decisions were analyzed. 
Supplementary materials included rulings of national 
courts in Ukraine and scientific articles by domestic 
and foreign scholars. During the investigation, a com-
bination of general scientific and specific methods of 
cognition was used, including the method of gener-
alization, and methods of analysis and synthesis. The 
generalization method was employed in studying 
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ECHR practice to formulate criteria for the legality of 
disclosing health-related confidentiality in light of 
convention standards. The methods of analysis and 
synthesis facilitated the identification of key motives in 
the ECHR’s positions, which subsequently allowed for 
the development of a comprehensive understanding 
of generally accepted standards for protecting medical 
confidentiality in criminal proceedings.  

REVIEW AND DISCUSSION 
International legal instruments guarantee everyone the 
right to confidentiality of health information (Article 10 
of the Convention on Human Rights and Biomedicine 
of April 4, 1997; the International Code of Medical 
Ethics (1949); and the Declaration on the Promotion of 
Patients’ Rights in Europe of 1994). The ECHR considers 
medical information as part of the right to respect for 
private and family life, which is protected under Article 
8 of the Convention for the Protection of Human Rights 
and Fundamental Freedoms of 1950 (hereinafter re-
ferred to as the Convention): “The Court has held that 
the protection of personal data, not least medical data, 
is of fundamental importance to a person’s enjoyment 
of his or her right to respect for private and family life as 
guaranteed by Article 8 of the Convention. Respecting 
the confidentiality of health data is a vital principle in 
the legal systems of all the Contracting Parties to the 
Convention. The disclosure of such data may dramat-
ically affect an individual’s private and family life, as 
well as his or her social and employment situation” [1].

It should be noted that at the level of national legal 
regulation, the legislator has adopted European values 
and established mechanisms for protecting health-re-
lated confidentiality. At the same time, this right is not 
absolute and may be restricted by the state in certain 
areas to achieve public objectives. One such example 
is criminal procedural activity.  

The provisions of the Criminal Procedure Code (here-
inafter referred to as the CPC) of Ukraine prohibit the 
questioning of medical workers and other individuals 
who, in the course of their professional or official du-
ties, have become aware of a person’s illness, medical 
examinations, evaluations, and their results, as well as 
intimate and family aspects of a person’s life—informa-
tion constituting medical confidentiality (para. 4, part 
2, Article 65 of the CPC of Ukraine). Similar prohibitions 
are provided for in the criminal procedure laws of other 
European countries (e.g., Article 72 of the Estonian CPC, 
Article 53 of the German CPC, and Articles 155 and 157 
of the Austrian CPC). However, in Ukrainian judicial prac-
tice, there have been cases where courts have granted 
motions from parties in criminal proceedings to sum-

mon medical workers for questioning as witnesses [2-4] 
or issued orders to compel the attendance of medical 
workers, despite the prohibition established by part 3 
of Article 140 of the CPC of Ukraine [5-7]. 

The CPC of Ukraine also establishes a procedural order 
for obtaining a court order to access information that 
may constitute medical confidentiality (para. 2, part 
1, Article 162 of the CPC of Ukraine). In this case, the 
patient’s consent, who entrusted the information, is 
not required.  

At the same time, scholars have repeatedly argued 
against the unacceptable absolutization of medical 
confidentiality due to: a) cases where participants in 
criminal proceedings manipulate their health condition 
to delay investigative, procedural actions, or judicial 
proceedings (V. Mykhailenko) [8]; b) the need for the 
rehabilitation of a deceased participant in criminal pro-
ceedings (D. Shynharov) [9]. Some scientists also sug-
gested the possibility of interrogating a medical worker 
as a witness by a court decision using mechanisms to 
protect confidential information (for example, by con-
ducting interrogation in a closed court session) [10].

At the same time, to find a fair balance between the 
objectives of criminal proceedings and the right to 
confidentiality of health information, it is advisable to 
rely on the criteria established by the practice of the 
European Court of Human Rights (ECHR). Therefore, 
let us examine them in more detail, focusing on the 
following areas of research:  1) obtaining information 
about a person’s health condition through questioning 
a medical worker as a witness or obtaining a court order 
for access to information that may constitute medical 
confidentiality; 2) interaction between medical workers 
and the media regarding the health status of patients 
who may be participants in criminal proceedings;  3) 
storage of biological material outside the scope of 
criminal proceedings.
1.	� Obtaining information about a person’s health condi-

tion through questioning a medical worker as a witness 
or obtaining a court order for access to information 
that may constitute medical confidentiality. Interfer-
ence with the right to respect for private and family 
life, including the right to confidentiality of health 
information, is justified if: a) medical information im-
pacts the comprehensive, complete, and objective 
investigation of the case circumstances (for example, 
the qualification of a criminal offense) [11]; b) med-
ical information is requested within the framework 
of criminal proceedings to fulfill its objectives and in 
relation to individuals who have acquired procedural 
status in the criminal proceedings, rather than for 
preventive purposes [2]; c) the pre-trial investigation 
body has used alternative methods to obtain infor-
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mation about the health status before requesting 
a court order for access to medical documentation 
[2]; d) the state has ensured the confidentiality of the 
health information obtained within the framework 
of criminal proceedings [11, 12].

For example, in the case of Z. v. Finland (Application No. 
22009/93), the applicant considered the questioning of 
doctors as witnesses regarding her health circumstanc-
es to be an interference with the right provided under 
Article 8 of the Convention. The ECHR, in turn, noted 
that such actions undoubtedly constitute a restriction 
of the right under Article 8 of the Convention but are 
justified in a democratic society. The purpose of this 
measure was solely to obtain information from the 
doctors about when the applicant’s husband knew or 
had grounds to believe that he was HIV-positive. Their 
testimony, at the time of the investigation, could have 
been decisive in determining whether the applicant’s 
husband was guilty of committing only sexual offenses 
or additionally guilty of attempting intentional murder 
when the test results indicating his HIV-positive status 
were already known (para. 102). Moreover, the ques-
tioning was conducted before the city court with video 
recording, and the court had previously decided that 
the court hearing minutes, including the transcript, 
were not subject to disclosure. Individuals involved in 
the process were required to treat the information as 
confidential and not subject to disclosure (para. 103). In 
this regard, the ECHR concluded that the various orders 
requiring the applicant’s medical consultants to testify 
were based on relevant and sufficient grounds aligned 
with the legitimate aim pursued. There was a reasonable 
proportional relationship between the measures and 
the legislative purpose, which did not violate Article 8 
of the Convention (para. 105) [11]. 

In the case of Avilkina and Others v. Russia (Application 
No. 1585/09), the applicants complained that the prosecu-
tor’s office had requested doctors to disclose information 
from their medical files without their consent and without 
any criminal investigation justifying such disclosure. As a 
result, confidential medical information was disclosed [2]. 
The prosecutor’s interference significantly complicated 
the second applicant’s treatment, obstructing the use 
of alternative non-blood treatment methods, including 
erythropoietin. The attitude of medical personnel towards 
her noticeably worsened. Additionally, an article appeared 
in the media in which one of the doctors openly discussed 
the second applicant’s case. The fourth applicant was 
unable to consult the medical institution where she had 
previously been treated due to the threat of repeated 
disclosure of her medical records (para. 41) [2].

Thus, the ECHR found a violation of Article 8 of the 
Convention because:  1)  the applicants were neither 

suspects nor accused in any criminal investigation; 
2)  the prosecutor was merely conducting an inquiry 
into the activities of the applicants’ religious organiza-
tion following complaints received by his office; 3) the 
medical facilities where the applicants underwent 
treatment did not report any alleged criminal behav-
ior to the prosecutor’s office; 4)  the prosecutor had 
alternative options besides ordering the disclosure of 
confidential medical information, such as seeking the 
applicants’ consent or questioning them regarding the 
matter (paras. 47–48) [2].  
2.	� Interaction of Medical Personnel with the Media Re-

garding the Health Status of Patients Involved in Crim-
inal Proceedings. There have been cases in practice 
where medical personnel provide comments to the 
media about the health status of patients involved in 
criminal proceedings that attract public interest or 
even share excerpts from medical records (including 
photographs or video materials) with journalists. 
Two key questions arise in this context: 1. Does 
a doctor have the right to take photographs of a 
patient for medical purposes?  2. In what ways can 
such materials be used?

According to I. Seniuta, a medical professional, when 
it is necessary to photograph a patient in order to doc-
ument clinical results before and after an intervention, 
must obtain written consent. The statement should in-
clude the following key provisions: 1) the patient grants 
permission for photography for clinical purposes, with 
the understanding that these images will be placed 
in their medical records; 2) if the medical professional 
intends to share these photographs on social media 
to present their work or publish them at conferences 
for scientific purposes, the patient must give explicit 
consent for such publication, specifying the purpose 
and ensuring that personal identification details are 
included [13]. 

In the case of Ageyevy v. Russia (Application 
no.  7075/10), the applicants, who were accused of 
failing to fulfill their parental duties, complained that 
doctors had provided journalists with photographs 
of their son, information about his health condition, 
and granted the film crew unrestricted access to 
the child, including the possibility of further inter-
views. Subsequently, various national media outlets 
published articles with titles such as “Mother with a 
devil’s heart,” “I was beaten by my Mum,” “Mummy 
beat me up with a hot kettle full of boiling water,” 
“Monster-mummy is facing jail for ill-treatment of 
child,” and “Mummy tortured adopted child,” among 
others (para. 65). The government argued that the 
photographs, which showed the victim’s burns, were 
taken for medical purposes, and that the media had 
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received permission to film only in the hospital lobby. 
However, the ECHR found a violation of Article 8 of the 
Convention, as such interference was not foreseen by 
law (para. 183) [14]. 
3.	� Storage of biological material outside the scope of 

criminal proceedings. The criminal procedural leg-
islation outlines the procedure for collecting bio-
logical samples for forensic examination (part 3 of 
Art. 245 of the CPC of Ukraine). However, the issue 
of storage remains unregulated at the level of the 
CPC of Ukraine. On the other hand, Article 5 of the 
Law of Ukraine “On the State Registration of Human 
Genomic Information” stipulates that information 
about individuals convicted of intentional crimes 
(the legislator narrows this list to crimes against 
the foundations of national security of Ukraine, 
life, health, liberty, honor, dignity, sexual freedom 
and integrity of the person, property, public safe-
ty, the circulation of narcotic drugs, psychotropic 
substances, their analogues or precursors, crimes 
against peace, the security of mankind, and inter-
national law and order) (clause 3, part 1, Art. 5 of 
the Law) must be registered, and this information 
is stored in the Electronic Register for 50 years (part 
2, Art. 18 of the Law) (the genomic information is 
to be stored for 50 years. The biological material, 
based on which this information has been gener-
ated, is destroyed after the person has served their 
sentence, but no later than the expiration of the 
retention period set by the manufacturer of the 
means (systems) for collecting biological samples 
(para. 2, part 1, Art. 14 of the Law)). The pretrial in-
vestigation authorities and the court have the right 
to use this information for identifying individuals 
who have committed criminal offenses (part 1, Art. 
16 of the Law), and the oversight of human rights 
compliance is entrusted to the relevant Ombuds-
man of the Verkhovna Rada of Ukraine (part 1, Art. 
19 of the Law) [15].

It should be noted that during the legislative process, 
the conclusions of the Main Scientific and Expert De-
partment dated May 31, 2021, criticized these provi-
sions due to: 1) excessive storage periods for genomic 
information; 2) an insufficiently effective control mech-
anism, since the Verkhovna Rada Commissioner for 
Human Rights does not have real powers to influence 
the Ministry of Internal Affairs of Ukraine’s system of 
bodies [16]. Supporting these observations, we would 
also add that certain provisions of the Law of Ukraine 
“On the State Registration of Human Genomic Informa-
tion” may be contradictory from an ethical standpoint 
in terms of adhering to the principles o f the presump-
tion of innocence and non-interference in private life. 

Therefore, let us examine some ethical aspects of their 
relationship (this issue has already been addressed by 
some scholars [17]).

Scholars highlight five criteria that the ECHR consid-
ers when balancing the right to respect for private life 
(Art. 8 of the Convention) with the storage of biological 
samples: 1)  type of biological samples; 2)  severity of 
the criminal offense; 3) procedural status of the person 
(acquitted or convicted); 4) presence of previous convic-
tions; 5) age. Moreover, scholars note that these criteria 
can be used to assess compliance with the principle of 
presumption of innocence [17].

Considering the conclusions already formed by 
scholars[17], it should be noted that in the practice of 
the ECHR, the approach has developed that the mere 
storage of biological samples cannot be equated with 
the expression of suspicion [18], and the assumption 
about a person’s involvement in criminal offenses (re-
ferring to a tendency towards unlawful behavior) does 
not fall under the concept of “accusation” as defined in 
Art. 6 of the Convention [19]. 

At the same time, the storage of materials of individ-
uals who: (a) were initially suspected of committing a 
minor crime or (b) had criminal proceedings closed or 
had a judgment of acquittal become final [18-21], leads 
to treating them as guilty [18]. On the other hand, the 
storage of materials of individuals convicted of com-
mitting crimes of a certain level of severity is necessary 
in a democratic society, and therefore does not violate 
the principle of the presumption of innocence [19, 20]. 

In its turn, national judicial practice sets its own 
trends in law enforcement. Unlike the ECHR, Ukrainian 
courts, when deciding on the storage of samples out-
side of criminal proceedings, are guided solely by the 
first criterion – the type of biological samples (in the 
following, only guilty verdicts are analyzed. It should 
be noted that when studying law enforcement prac-
tice, the authors did not find any acquittal verdicts in 
which the court decided to keep biological samples 
in the criminal proceedings. This trend is positive 
from the standpoint of observing the principles of 
the presumption of innocence and non-interference 
in private life). For example, in case No. 344/22140/19, 
the court, having found the person previously con-
victed of serious criminal offenses guilty (criminal law 
qualification: Part 1 of Art. 115, Part 3 of Art. 357, Part 
1 of Art. 358, Part 3 of Art. 358, Part 4 of Art. 358, Part 
2 of Art. 190 of the Criminal Code of Ukraine) ruled to 
destroy biological samples, specifically blood samples, 
buccal epithelium, nail clippings, and hand swabs [22]. 
It should be noted that this approach contradicts the 
Law of Ukraine “On the State Registration of Genomic 
Information,” which provides for the storage of biolog-
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medical confidentiality was addressed by I.V. Shatkovs-
ka [40]. The legal nature of medical confidentiality, as 
well as the balance between medical confidentiality 
and criminal justice, was studied by Polish scholars, 
including Burdziak, Konrad, Kowalewska-Łukuć, 
Magdalena [41], A. Kaminska-Nawrot, D. Bienkowska, 
J. Falecki, R. Depczynski, D. Czarnecki [42], A. Pilarska, 
A. Zimmermann, A. Zdun-Ryzewska [43], K. Michalak 
[44]. However, the scientific works demonstrate a lack 
of comprehensive understanding of the implement-
ed convention standards regarding the fair balance 
between the objectives of criminal proceedings and 
the confidentiality of health information as part of the 
right to privacy. This article provides an overview of 
the main standards established by the case law of the 
ECHR regarding the protection of medical confidenti-
ality in the course of criminal proceedings. However, 
this overview is not exhaustive, indicating the need for 
further research. 

CONCLUSIONS
1.	� The right to the confidentiality of health informa-

tion may be restricted in the course of criminal 
procedural activities, specifically in the following 
forms:  a)  obtaining information about health 
status through the interrogation of a medical pro-
fessional as a witness or obtaining a court order for 
access to information that may constitute medical 
confidentiality; b) interaction between medical 
professionals and the media regarding the health 
status of patients who may be involved in criminal 
proceedings; c) storage of biological material out-
side of criminal proceedings. 

2.	� Interference with the right to the confidentiality of 
health information as part of the right to respect for 
private and family life is justified if: a) the medical 
information affects the comprehensive, complete, 
and objective investigation of the circumstances of 
the case (for example, the qualification of a criminal 
offense); b) the medical information is requested 
within the framework of a criminal proceeding to 
fulfill its objectives and pertains to individuals who 
have acquired a procedural status in the criminal 
proceedings, rather than for preventive purposes; 
c) the pre-trial investigation body has used alterna-
tive methods of obtaining information about the 
health status before requesting a court order for 
access to medical records; d) the state ensures the 
confidentiality of the health information obtained 
within the framework of criminal proceedings; e) the 
dissemination of information about health status is 
provided by law.

ical material of convicted individuals until they have 
served their sentence (paragraph 2, part 1 of Art. 14 
of the Law). A similar approach was applied in other 
cases, both for those previously convicted [23-25] and 
for those not previously convicted [26, 27], before the 
adoption of Law No. 2391-IX.  

In contrast, fingerprint samples are stored after a 
conviction has been issued, both for individuals who 
have been previously convicted [28, 29] and for those 
who have not been convicted [30-32].

In scientific discourse, these trends are explained by 
the gradation of biological samples based on the de-
gree of interference with the right to respect for private 
life, which has developed within the first criterion: (a) 
highest level – cellular material, as it contains informa-
tion that not only allows identification of a person but 
also reveals details about their health and potential dis-
eases, which goes beyond the needs of criminal inves-
tigations; (b) medium level – DNA profile, which, while 
including a more limited amount of private information 
than cellular material, still provides the possibility of 
revealing cellular connections or ethnic origin, also 
going beyond the scope of criminal investigations; (c) 
lowest level – fingerprint samples, which only allow for 
identification of a person and do not disclose any other 
confidential information about them [17].

In summary, the storage of biological material outside 
the scope of criminal proceedings may conflict with 
the principles of the presumption of innocence and 
the right to privacy if the material is stored and used 
to identify individuals who have committed a crimi-
nal offense after an acquittal, the closure of criminal 
proceedings, or the completion of the punishment 
by the person from whom the material was collected. 
On the other hand, the storage of biological material 
from individuals who have already been convicted 
and subsequently found guilty of committing serious 
or particularly serious criminal offenses (for the entire 
period of serving the sentence – until the conviction 
is expunged) is necessary in a democratic society and, 
therefore, largely justified.  

It is noteworthy that general issues of medical confi-
dentiality (including some criminal procedural aspects 
in individual studies) were studied by Daria I. Klepka, 
Iryna O. Krytska, Anna S. Sydorenko [33], Philip Ried-
er,  Micheline Louis-Courvoisier, Philippe Huber [34], 
Kristin E. Schleiter [35], Keren Semyonov-Tal [36], D.O. 
Shynharov [9], T. Korcheva, O. Nevelska-Hordieieva, 
D. Voitenko [37]. The criminal-legal assessment of the 
protection of medical confidentiality is highlighted in 
the dissertation by L. Karpenko [38], and the scientific 
article by T. Mykhailychenko, O. Horpyniuk, and V. Rak 
[39]. The administrative-legal context of understanding 
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from whom the material was taken. However, the 
storage of biological material from individuals 
who have already been convicted and are again 
found guilty of committing serious or particularly 
serious criminal offenses (for the entire period of 
sentence – until the conviction is expunged) is 
necessary in a democratic society and, therefore, 
largely justified.  

3.	� The storage of biological material outside of crim-
inal proceedings may conflict with the principles 
of the presumption of innocence and non-inter-
ference with private life if the biological material 
is stored and used for the identification of indi-
viduals who have committed a criminal offense 
after an acquittal, closure of the criminal case, or 
the completion of a sentence by the individual 
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INTRODUCTION
Myocardial infarction is a serious complication of isch-
emic (coronary) heart disease and hypertension, which 
leads to a high level of disability and mortality of the 
working-age population in most developed countries 
of the world. This indicator at the age of 50–54 years is 
404–367 per 100,000 population [1-3].

A modern effective method of treating patients with 
myocardial infarction is the use of cardiovascular inter-
ventions with stenting of coronary vessels [4]. The use 
of cardiovascular interventions during the treatment of 
patients with acute myocardial infarction contributes 
to increasing the effectiveness of treatment results and 
reducing patient mortality.

This type of medical care in Ukraine is included in the 
package of state medical guarantees [5].

AIM
The aim is to investigate the level of use of cardiovascu-
lar interventions during the treatment of patients with 
acute myocardial infarction in Ukraine.

MATERIALS AND METHODS
Object of the study: use of cardiovascular interventions in 
the treatment of patients with acute myocardial infarc-
tion: open stenting of coronary vessels, transcutaneous 
stenting of coronary  vessels, transcutaneous coronary 
rotational atherectomies. The information base of the 
study was composed by electronic medical records that 
were created by doctors when providing medical care 
under the packages of the medical guarantee program 
according to the data of electronic health care system 
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on the number of treated patients with acute myocardial 
infarction and patients who underwent cardiovascular 
interventions for the period 2021-2023 in the regional 
aspect. The study covers the territories that are controlled 
by Ukraine during the war against Russian military aggres-
sion. Research methods: bibliosemantic, medico-statistical 
(calculation of relative values of the use of cardiovascular 
interventions in the treatment of patients with acute 
myocardial infarction), of structural-and-logical analysis. 

REVIEW AND DISCUSSION
At the first stage of the study, statistical data were 
grouped and analyzed across the regions of Ukraine 
for the period 2021-2023 regarding the quantity of: 
treated patients for acute myocardial infarction, open 
coronary stenting, percutaneous coronary stenting, 
percutaneous transluminal coronary rotational atherec-
tomy [PTCRA]. The obtained results are shown in Table 1.

The analysis of the data presented in Table 1 indicates 
that the number of acute myocardial infarction patients 
treated in the country’s hospitals during the study pe-
riod increased by 1.13 times and amounted to 36,933 
patients in 2023. At the same time, an increase in the 
number of hospitalized patients with acute myocardial 
infarction was registered in 20 (80.0%) regions.

The largest quantiry of these patients was registered 
in Dnipropetrovsk (4,424), Lviv (3,557), and Kharkiv 
(3,025) regions and in the city of Kyiv (3,243).

In general, the following dynamics of the use of car-
diovascular interventions were registered:

- open stenting of coronary vessels: the number de-
creased by 1.36 times and amounted to 55 interventions 
with the largest number being 10 (18.2% of the total 
number in Lviv region). In 2023, these coronary artery 
stenting technologies were used in health care institu-
tions in 12 (48.0%) regions of Ukraine;

- percutaneous stenting of coronary vessels: the num-
ber increased by 1.48 times and in 2023 amounted to 
19,362 interventions. These coronary artery stenting 
technologies were used in health care facilities in all 
regions of Ukraine in 2023. The largest number of per-
cutaneous stentings of coronary vessels was performed 
in Dnipropetrovsk (2023), Lviv (1736) and Odesa (1403) 
regions and in the city of Kyiv (1626).

- percutaneous transluminal coronary rotational 
atherectomies: the number increased by 19.5 times 
and in 2023 amounted to 780 interventions. In 2023, 
these coronary artery stenting technologies were used 
in health care facilities in all regions of Ukraine except 
Vinnytsia, Donetsk, Luhansk, and Kherson regions.

Further, in order to reveal the level of use of cardio-
vascular interventions in the treatment of patients with 

acute myocardial infarction, the obtained data were 
summarized in a general table and the proportion of 
patients with acute myocardial infarction who under-
went cardiovascular interventions was calculated. The 
obtained results are presented in Table 2.

 The analysis of the data presented in Table 2 indi-
cates that, as a whole, the share of acute myocardial 
infarction patients in Ukraine who were treated with 
cardiovascular interventions increased by 14.52% and 
in 2023 amounted to 54.69%.

The analysis of the use of cardiovascular interventions 
in the treatment of acute myocardial infarction in the 
dynamics of the research years showed the following:

- 2021: cardiovascular interventions were used in the 
treatment of 40.17% of patients with acute myocardial 
infarction. The largest share of acute myocardial infarc-
tion patients treated with cardiovascular interventions 
was registered in Vinnytsia (59.96%), Transcarpathian 
(59.59%) and Poltava (57.62%) regions. The smallest 
share was registered in Luhansk (1.63%), Kherson 
(25.01%), Dnipropetrovsk (27.66%) regions. In Kyiv, 
cardiovascular interventions in the treatment of acute 
myocardial infarction were used in 32.40% of cases;

- 2022: cardiovascular interventions were used in the 
treatment of 47.07% of patients with acute myocardial 
infarction. The largest share of acute myocardial infarc-
tion patients treated with cardiovascular interventions 
was registered in Rivne (64.14%), Transcarpathian 
(63.42%) and Volyn (60.49%) regions. The smallest share 
was registered in Donetsk (17.27%), Kharkiv (23.14%) 
and Kherson (23.36%) regions. This technology was not 
used in Luhansk region. In Kyiv, cardiovascular interven-
tions in the treatment of acute myocardial infarction 
were used in 45.96% of cases;

- 2023: cardiovascular interventions were used in the 
treatment of 54.69% of patients with acute myocardial 
infarction. The largest share of acute myocardial infarc-
tion patients treated with cardiovascular interventions 
was registered in Vinnytsia (70.19%), Rivne (68.11%) and 
Khmelnytskyi (67.97%) regions. The smallest share was 
registered in Donetsk (0.87%), Kharkiv (40.83%) and 
Kherson (41.58%) regions. This technology was not used 
in Luhansk region. In Kyiv, cardiovascular interventions 
in the treatment of acute myocardial infarction were 
used in 54.24% of cases.

The analysis of the impact of the war against Russian 
military aggression on the frequency of cardiovascular 
interventions in the treatment of acute myocardial in-
farction in the regions of Ukraine showed the following:

- regions of the zone of active hostilities: Kharkiv re-
gion – the number of hospitalized patients with acute 
myocardial infarction increased by 13.51%, and the 
level of use of cardiovascular interventions increased 
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forced migrants within the country and refugees in oth-
er countries. Currently, there is no statistical information 
on their incidence of acute myocardial infarction.

The use of cardiovascular interventions during the 
treatment of patients with acute myocardial infarction 
contributes to increasing the effectiveness of treat-
ment results and reducing patient mortality. With an 
increase over the years of the study of the proportion of 
patients with acute myocardial infarction treated with 
cardiovascular interventions by 14.52% with a level in 
2023 of 54.69%, the use of this technology in Ukraine 
in comparison with European countries [6,7] and the 
USA [8,9] is insufficient in terms of providing them to 
patients with myocardial infarction.   

So, in Europe and the USA, cardiovascular interventions 
are performed not only in patients with acute myocardial 
infarction, but also in 20–30% of patients with coronary 
heart disease [10]. It is important to compare the use of 
cardiovascular interventions in Ukraine and other Euro-
pean countries to calculate the number of interventions 
per 100,000 population. The comparison of the Ukrainian 
indicator with the “average European” one was first pub-
lished by the representative of the European Society of 
Cardiology, Professor P. Widimsky [11]. In 2013, the num-
ber of primary stenting in patients with acute myocardial 
infarction in Ukraine was at the level of 75 patients per 1 
million population, which was almost 5 times less than 
the average European indicator [12].

Subsequently, an increase in the indicator was reg-
istered: 2014 – 100 patients per 1 million population 
[13], 2015 – 132 [14], 2016 – 190 [15], 2017 – 220 [16], 
2018 – 286, 2019 – 312, 2020 – 336, 2021 – 391, 2022 
– 442 with the European average indicator of 373 [17].

Scientific publications indicate a decrease in the availabil-
ity and quality of medical care during the war [18,19]. Our 
study found a significant decrease in the use of cardiovas-
cular interventions during the treatment of patients with 
acute myocardial infarction in Donetsk and Luhansk regions.

CONCLUSIONS
In Ukraine, an increase is detected in the level of the 
use of cardiovascular interventions in the treatment of 
patients with acute myocardial infarction for the period 
from 2021 to 2023 by 14.52% with a level of use in 2023 
of 54.69%. Reliable differences in the level of use of car-
diovascular interventions in the treatment of patients 
with acute myocardial infarction across the regions of 
Ukraine were revealed. A critically low level of the use 
of these technologies is observed in the territory of 
Donetsk and Luhansk regions controlled by Ukraine, 
a part of which have been temporarily occupied by 
Russian troops since 2014.

by 2.11%; Sumy region – the number of hospitalized 
patients with acute myocardial infarction decreased 
by 2.26%, and the level of use of cardiovascular inter-
ventions increased by 1.65%; Zaporizhzhia region – the 
number of hospitalized patients with acute myocardial 
infarction decreased by 14.43%, and the level of use 
of cardiovascular interventions increased by 10.4%; 
Kherson region – the number of hospitalized patients 
with acute myocardial infarction decreased by 64.77%, 
and the level of use of cardiovascular interventions 
increased by 16.57%;

- regions close to the zone of active hostilities: Dnipro-
petrovsk region – the number of hospitalized patients 
with acute myocardial infarction increased by 12.14%, 
and the level of use of cardiovascular interventions 
increased by 20.69%; Mykolaiv region – the number of 
hospitalized patients with acute myocardial infarction 
increased by 27.40%, and the level of use of cardiovas-
cular interventions increased by 11.06%; Odesa region 
– the number of hospitalized patients with acute myo-
cardial infarction increased by 53.99%, and the level of 
use of cardiovascular interventions increased by 5.6%; 
Poltava region – the number of hospitalized patients 
with acute myocardial infarction increased by 32.39%, 
and the level of use of cardiovascular interventions 
increased by 7.23%.

At the time of conducting this analysis, Donetsk and 
Luhansk regions have a special status, part of their ter-
ritory has been temporarily occupied since 2014. Since 
then, the infrastructure of the health care system has 
been partially destroyed or is located in the territory 
that is not controlled by Ukraine. Corresponding to the 
above noted, data from the territories of these regions 
controlled by Ukraine were subject to analysis.

Donetsk region: the number of patients treated in 
hospitals for acute myocardial infarction decreased by 
3.03 times over the years of the study and amounted 
to 575 patients; the share of patients who underwent 
cardiovascular interventions during the treatment 
process decreased from 37.22% to 0.87%. 

Luhansk region: the number of patients with acute 
myocardial infarction treated in hospitals in the terri-
tories subordinated to Ukraine in 2021 amounted to 
673, with the use of cardiovascular interventions at 
the level of 1.63%. In 2022, 130 patients were treated 
for acute myocardial infarction without the use of car-
diovascular interventions. In 2023, patients with acute 
myocardial infarction in health care facilities in the 
territories subordinated to Ukraine were not treated 
on an inpatient basis.

The war against Russian military aggression caused 
a significant part of the population from the regions of 
active hostilities and territories close to them to become 
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INTRODUCTION
The close relationship between oral health and overall 
health is supported by current epidemiological studies 
and is increasingly substantiated by modern scientific 
advancements.

In the context of the global COVID-19 pandemic, the 
study of the impact of periodontal infection on the devel-
opment and progression of cardiovascular diseases has 
become particularly relevant. The pandemic has present-
ed healthcare systems with unprecedented challenges, 
emphasizing the necessity of comprehensive patient 
care. Periodontitis, as a chronic inflammatory disease, 
can significantly impact overall health, particularly in 
patients with COVID-19 who already have cardiovascular 
conditions. Such patients require more vigilant monitor-
ing and a comprehensive treatment plan.

Epidemiological studies have demonstrated a 
strong association between periodontal disease and 
an increased risk of cardiovascular events, including 
atherosclerosis, coronary heart disease, and myocardial 
infarction. Systemic inflammation, endothelial dysfunc-
tion, and the translocation of oral pathogens into the 
circulation are believed to be the primary mechanisms 
linking periodontal disease to cardiovascular disease. 

The situation is exacerbated by the frequent underdi-
agnosis and undertreatment of periodontal infections, 
which elevates the risk of cardiovascular complications. 
Considering periodontal health in cardiology patients 
can significantly improve prognosis and reduce the 
likelihood of complications.

The urgency of this issue lies in the need to develop 
effective preventive and therapeutic strategies aimed 
at improving periodontal health and reducing the risk 
of cardiovascular disease. This involves integrating 
dental and medical approaches in patient care and 
raising awareness among both healthcare providers 
and patients about the crucial connection between 
oral health and coronary heart disease.

AIM 
The aim of this study is to review and analyze current 
scientific literature to examine the role of periodon-
tal diseases in the development and progression of 
cardiovascular pathology. Specifically, this study aims 
to deepen our understanding of the pathogenetic 
mechanisms underlying periodontitis and the mutual 
influence of these pathologies on each other.

Actual scientific data in comorbid periodontal diseases and 
heart-vessel pathology

Zynoviya O. Bumbar, Khrystyna A. Sichkoriz, Taras I. Vykhtiuk, Taras I. Pupin
DANYLO HALYTSKY LVIV NATIONAL MEDICAL UNIVERSITY, LVIV, UKRAINE

ABSTRACT
Aim: The aim of this study is to review and analyze contemporary scientific and professional literature to investigate the role of periodontal diseases in the 
development and progression of cardiovascular diseases. Specifically, this study aims to deepen our understanding of the pathogenetic mechanisms underlying 
periodontitis in this category of patients and the reciprocal aggravating influence of these pathologies on each other
Materials and Methods: bibliometric and analytical methods applied to data from international scientific sources investigating the role of periodontal 
diseases in the pathogenesis of cardiovascular diseases.
Conclusions: The growing body of evidence indicates a significant comorbidity between periodontal diseases and cardiovascular diseases. Given the systemic 
impact of periodontitis on cardiovascular health, there is a pressing need for enhanced periodontal care and further research to better understand this complex 
relationship

	 �KEY WORDS: periodontitis, cardiovascular diseases, atherosclerosis, microorganisms, risk factors

Wiad Lek. 2025;78(2):463-468. doi: 10.36740/WLek/201340 DOI

REVIEW ARTICLE CONTENTS

https://wiadlek.pl/02-2025/
https://www.doi.org/10.36740/WLek/201340


Zynoviya O. Bumbar et al. 

464

MATERIALS AND METHODS
This study utilized bibliometric and analytical methods 
to systematically review global research examining the 
association between periodontal diseases and coronary 
heart disease.

REVIEW AND DISCUSSION
Cardiovascular diseases pose a significant global health 
burden. In Europe alone, nearly 4 million people die 
from these conditions annually, accounting for 44% of 
all deaths [1, 2].

Beyond traditional cardiovascular risk factors, the 
growing burden on global and regional healthcare 
systems is exacerbated by new challenges such as air 
pollution and the uncertain long-term consequences 
of COVID-19 on cardiovascular disease patterns [3].

Consequently, cardiovascular diseases continue to 
be a major public health concern. The full-scale war 
in Ukraine, which began in 2022, has led to a further, 
dramatic increase in the prevalence of cardiovascular 
diseases, following the initial surge post-COVID-19. 
In addition to the existing challenges, the population 
is now facing extremely high levels of psychological 
stress, while the destruction of parts of the healthcare 
infrastructure, disruptions in the supply of medications 
and medical equipment, and a growing unmet need 
for medical care have exacerbated the situation [5, 6].

Cardiovascular disease (CVD) is a general term for 
a group of disorders of the heart and blood vessels. 
Atherosclerosis (AS) is one of the primary causes of 
cardiovascular diseases. It is a progressive disease char-
acterized by the accumulation of plaques, consisting 
of lipids, cellular waste products, and fibrous tissue, in 
the arterial intima. Traditionally, AS was understood as 
a disease initiated by the accumulation of low-density 
lipoproteins within the arterial wall, leading to the 
formation of atherosclerotic plaques [7].

Subendothelial accumulation of modified low-den-
sity lipoproteins (LDL) triggers a chronic inflammatory 
response. The interplay of oxidative stress, growth 
factors, cytokines, and the recruitment of monocytic 
macrophages and smooth muscle cells within this micro-
environment ultimately contributes to plaque formation.

AS is a chronic disease that progresses asymptomati-
cally for many years. Clinical manifestations typically arise 
when advanced atherosclerotic lesions cause significant 
stenosis or thrombosis, leading to ischemia of the heart 
(coronary heart disease), brain (ischaemic stroke), or 
lower extremities (peripheral vascular disease) [8].

Multiple studies have consistently demonstrated a 
correlation between microorganisms and their toxins 
and the pathogenesis of atherosclerosis [9].

Chronic vascular inflammation, initiated by endotheli-
al injury, is a complex process modulated by a combina-
tion of traditional and emerging risk factors. CVD can be 
prevented by modifying risk factors for atherosclerosis. 
Including factors that influence systemic inflammatory 
burden. Oral diseases, particularly periodontitis, are 
factors that directly or indirectly contribute to systemic 
inflammation. 

Scientific advancements have revealed increasingly 
strong associations between periodontal diseases and 
cardiovascular risk factors [10].

Chronic oral infections, including periodontitis, in-
crease the risk of systemic diseases. A growing body of 
research points to a bidirectional relationship between 
systemic diseases and periodontal disease, suggesting 
that systemic diseases can both contribute to the devel-
opment of periodontal disease and vice versa [11-13].

Recent studies have introduced a paradigm shift, 
recognizing dental diseases, especially periodontitis, 
as a new modifiable risk factor for CVD [14, 15].

A potential mechanism underlying this link is that 
localized periodontal infection induces a chronic 
inflammatory state. Periodontal infection can exert 
both direct and indirect effects on systemic health. 
Direct mechanisms involve the direct migration of 
pro-inflammatory bacteria from the oral cavity into the 
cardiovascular system. Indirect mechanisms operate 
through the activation of systemic immune responses, 
leading to a sustained chronic inflammatory state [14].

They describe at least four main pathogenetic 
mechanisms by which oral inflammation, particularly 
periodontal infection, influences the development and 
progression of CVD: (1) bacteremia, where oral bacteria 
enter the bloodstream and penetrate the arterial wall; 
(2) systemic inflammation induced by pro-inflammatory 
mediators released from oral inflammatory foci into the 
bloodstream; (3) autoimmune reactions against host 
proteins triggered by the host’s immune response to 
specific components of oral pathogens; and (4) proath-
erogenic effects caused by specific bacterial toxins 
released by oral pathogens [16].

A normal oral microbiome forms a structured “biofilm” 
in which bacterial communities are embedded in an ex-
tracellular matrix, providing protection and resistance 
to the penetration of external agents. Nevertheless, 
alterations in the quantitative and qualitative makeup 
of the biofilm, disrupting homeostasis, elicit a com-
plex host immune-inflammatory response. An acute 
inflammatory response, manifesting as gingivitis, is first 
observed on both supragingival and subgingival dental 
plaque. This response is perpetuated by a coordinated 
effort involving innate immune cells such as resident 
epithelial cells and fibroblasts, phagocytic cells like 
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macrophages and neutrophils, as well as complement 
proteins and neuropeptides. During this phase, cyto-
kines like tumor necrosis factor (TNF-α), interleukin 
(IL)-1β, and interleukin (IL)-6, secreted by resident cells, 
play a central role in stimulating the migration of cells to 
the site of infection. They also enhance the expression 
of adhesion molecules on the vascular endothelium, 
facilitating neutrophil recruitment, and promote the 
production of additional pro-inflammatory cytokines. 
The removal of plaque results in the resolution of in-
flammation and the restoration of individual homeo-
stasis. Prolonged dental plaque persistence results in 
the activation of the adaptive immune system. This 
involves antigen presentation by lymphocytes, macro-
phages, and dendritic cells, and is regulated by adaptive 
immune cytokines like interferon (IFN)-γ, interleukin 
(IL)-2, and interleukin (IL)-4 [17].

Periodontitis, a remitting chronic inflammation asso-
ciated with microbes, develops due to the proliferation 
of pathogenic microorganisms, their toxin production, 
and their ability to penetrate tissues. Key periodontal 
pathogens, including Porphyromonas gingivalis, Aggre-
gatibacter actinomycetemcomitans, Tannerella forsyth-
ia, Treponema denticola, and Prevotella intermedia, are 
anaerobic Gram-negative bacteria. These organisms, 
upon reaching a critical mass within subgingival biofilm 
and in the presence of various local and systemic predis-
posing factors, initiate inflammatory responses [18, 19].

In a dysbiotic subgingival microbiome, the host immune 
system is chronically activated, primarily by IL-1, IL-8, TNF-α, 
prostaglandins, and matrix metalloproteinases (MMPs). 
These inflammatory mediators influence the functions and 
activity of leukocytes, osteoblasts, and osteoclasts, leading 
to characteristic destruction of the periodontal ligament, 
connective tissue, and alveolar bone [20].

The progressive destruction of periodontal tissues, 
including bone resorption and extracellular matrix 
degradation, results from a shift in the balance be-
tween osteogenesis and osteoclastogenesis in favor of 
the latter. This is regulated by a complex inflammato-
ry-induced osteoclastogenesis pathway involving the 
receptor activator of nuclear factor kappa-B (RANK) 
and its ligand (RANKL), as well as IL-1β, IL-6, and TNF-α. 
Extracellular matrix (ECM) degradation occurs due 
to increased regulation of the expression of a family 
of 23 Zn2+ and Ca2+-dependent enzymes known as 
matrix metalloproteinases (MMPs). These enzymes are 
involved in the degradation of gingival and periodontal 
ligament collagen, which occurs in periodontitis during 
the catabolism of connective tissue [17].

Specific bacteria from the periodontal pocket can 
penetrate the epithelial barrier and enter the systemic 
circulation. Thus, inflammatory mediators from the 

periodontium enter the bloodstream and activate 
acute-phase proteins in the liver, such as C-reactive 
protein (CRP), which further exacerbates systemic 
inflammation.

Patients with periodontal disease have an average 
of twice the risk of developing coronary heart disease, 
including myocardial infarction. The increased risk of 
systemic diseases in patients with periodontitis may 
be associated with a higher prevalence and severity 
of bacteremia caused by oral microorganisms. Such 
bacteremias are often caused by species such as Strep-
tococcus sanguis and Porphyromonas gingivalis, which 
can contribute to thrombus formation by promoting 
platelet aggregation and binding to endothelial cells. 
We suggest that chronic oral infections, particularly 
periodontitis, may be a contributing factor in the de-
velopment and progression of atherosclerosis [21, 22].

Increased vascular permeability results in the leakage 
of periodontopathogens into the bloodstream. These 
are transported through the blood vessels to other 
target tissues. The finding of subgingival plaque mi-
croorganisms in the blood of individuals with coronary 
artery disease provides evidence to support the notion 
that oral pathogens can translocate from the oral cavity 
to the arterial system, thereby intensifying the inflam-
matory response and promoting the development or 
exacerbation of cardiovascular complications [23].

An increasing number of studies have described the 
detection of periodontopathogens far beyond their 
primary localization.

Verica Pavlic and colleagues (2021) utilized poly-
merase chain reaction to detect the presence of five 
periodontal pathogens (Porphyromonas gingivalis 
(P.g.), Aggregatibacter actinomycetemcomitans (A.a.), 
Tannerella forsythia (T.f.), Treponema denticola (T.d.), 
and Prevotella intermedia (P.i.)) in subgingival plaque 
and atherosclerotic plaques obtained from carotid and 
coronary arteries in patients who underwent aortocor-
onary bypass grafting and carotid endarterectomy. In 
atherosclerotic plaques of carotid arteries, P.g., A.a., T.f., 
T.d., and P.i. were detected in 26.7%, 6.7%, 66.7%, 10.0%, 
and 20.0% of cases, respectively. In coronary arteries, 
P.g. was found in 39.3%, A.a. in 25%, T.f. in 46.4%, T.d. 
in 7.1%, and P.i. in 35.7% of cases. This study not only 
allowed us to hypothesize a link between periodon-
topathogenic bacteria and atherosclerosis but also 
demonstrated a correlation between the detection of 
five periodontal pathogens in atherosclerotic carotid 
and coronary arteries and the degree of periodontal 
inflammation [24].

A nationwide retrospective cohort study in Taiwan 
investigating the association between carotid athero-
sclerosis and periodontitis revealed that male patients 
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with periodontitis had a significantly higher risk of 
developing atherosclerosis compared to those without 
a history of periodontitis [25].

Periodontal pathogens have been identified as major risk 
factors contributing to the pathogenesis of atherosclerosis. 
This is supported by the results of epidemiological studies, 
as described in the work of Huang, X., and colleagues (2023). 
Epidemiological evidence suggests a strong association 
between periodontitis and an increased risk of atheroscle-
rosis and cardiovascular events. Atherosclerotic plaques 
contain a variety of periodontal pathogens, including 
Porphyromonas gingivalis, Aggregatibacter actinomyce-
temcomitans, and Fusobacterium nucleatum. The study 
delves into the mechanisms by which these pathogens 
contribute to AS, including endothelial damage, immune 
response activation, and foam cell formation, highlighting 
the need for further investigation [26].

Clinical and microbiological research conducted 
by Mazur I.P. et al. provides evidence of periodontal 
pathogen DNA in cardiac valve tissue. The study found 
that 100% of patients with valvular heart disease un-
dergoing cardiac surgery had generalized periodontitis 
of varying severity. The high level of gingival bleeding 
on probing (mean ± SD: 2.93 ± 0.07) was likely due to 
systemic antiplatelet therapy. The study found that 
100% of patients had both staphylococci and strepto-
cocci in their periodontal pockets and heart valves. The 
high prevalence of periodontal pathogens identified 
in both periodontal pockets and excised heart valves 
using real-time PCR suggests a significant risk of hema-
togenous spread, transient bacteremia, and infective 
endocarditis. A significantly higher prevalence of P. 
gingivalis was observed in both periodontal pockets 
(86.7±12.4%) and heart valves (60.0±17.8%) (p <0.01). A 
diverse range of bacteria, including T. denticola (40.0%), 
T. forsythia (36.7%), P. intermedia (10.0%), and A. acti-
nomycetemcomitans (10%), were identified in heart 
valves. The presence of periodontal pathogens in aortic 
and mitral heart valves may contribute to a worsening 
of heart disease and heart failure [27].

Patients with advanced periodontitis who experience 
recurrent abscesses are more likely to develop heart 
failure with reduced ejection fraction. The amount of 
plaque buildup has also been linked to an increased 
risk of atrial fibrillation [14, 28, 29].

Hypertension, defined as a systolic blood pressure 
(SBP) ≥ 140 mmHg and/or diastolic blood pressure 
(DBP) ≥ 90 mmHg, is the most common cardiovascular 
disease. Prospective studies have shown a significant 
association between periodontal disease and an 
increased risk of developing hypertension, with a 
hazard ratio of 1.68 (95% CI: 0.85-3.35). Patients with 
periodontal disease had significantly higher mean sys-
tolic blood pressure (SBP) [weighted mean difference 
(WMD) 4.49 mmHg; 95% CI: 2.88-6.11] and diastolic 
blood pressure (DBP) (2.03 mmHg; 95% CI: 1.25-2.81) 
compared to those without periodontal disease [30]. 
Cross-sectional studies have consistently demonstrat-
ed a positive association between the extent of tooth 
loss and the prevalence of hypertension, with individ-
uals experiencing greater tooth loss exhibiting higher 
systolic blood pressure. A statistically significant asso-
ciation between tooth loss and the development of 
hypertension has been consistently demonstrated in 
meta-analyses [31].

CONCLUSIONS
The findings of our review of the current scientific liter-
ature support the following conclusions:
−	 �the rising rates of periodontal diseases and cardio-

vascular diseases, and their associated comorbidi-
ties, highlight the urgent need for further research 
and interventions in public health;

−	 �new data emerging from updated research on the 
pathogenesis of periodontal disease highlights its 
systemic implications as an infectious process;

−	 �periodontal care for patients with cardiovascular 
diseases needs further scientific investigation and 
practical refinement.
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ABBREVIATIONS
HCV: Hepatitis C virus
HCC:	 Hepatocellular Carcinomas
DAAs:	Direct-Acting Antiviral Medications
CIAs:	 Chemiluminescence Assays
NAT:	 Nucleic Acid Testing
EIAs:	 Enzyme Immunoassays
ECLs:	 Electrochemoluminescence Immunoassays
CLIAs:	Chemiluminescence Immunoassays
RDTs:	 Rapid Diagnostic Tests

INTRODUCTION
According to WHO data, about one million new cases 
of HCV infection are recorded each year, with a 2.2% 
prevalence. Additionally, patients with HCV are thought 
to be responsible for 25% of HCC and 27% of cirrhosis 
globally. This type of infection is very common in poor 
nations, especially in those groups that were thought 
to be at hazard of contracting the HCV [1]. Simple 
population-based disease screening techniques and 
efficient therapies enable successful interventions to 
lower the burden of disease and ultimately eradicate 
viral hepatitis identifies a disabling social problem by 

2030. It examines barriers in the 2015, World Health 
Organization ranking [2]. Chronic HCV infection in-
fluences 71.1 million people globally, or 1% (955% CI: 
0.8–1.1) of the population, making it a global health 
issue. Intravenous drug use, hazardous injection pro-
cedures in hospitals, and direct blood-to-blood contact 
through blood transfusions are the most prevalent ways 
that HCV is transmitted [3]. In 2015, locations were the 
relative incidence of intercontinental HCV is 23.7 cases 
per 100,000 people (95% CI 21.3–28.7), or about 1.75 
million new infections. There is evidence that about 2.3 
million people living with HIV have experienced or are 
now experiencing HCV harms. HCV genotypes 1(44%) of 
patients, 3(25%) of patients, and 4 (15%) of patients are 
responsible for the intercontinental epidemic [4]. Thus, 
infection has been implicated in HCV pathogenesis, 
leading to the development of HCV [5]. HIV (human im-
munodeficiency virus) drug users who freely exchange 
syringes have seen an increase in HCV infections. When 
selecting a new therapy technique, several factors need 
to be considered, including the patient’s age, gender, 
viral genotype, and related disorders. It seems that 
some preventative interventions are necessary for the 
high-risk population [6]. Documenting the generality 
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of HCV ill health in patients, documenting the epide-
miology of viral hepatitis in various countries, summa-
rizing pertinent published literature, and estimating 
the disease’s potential burden based on available data 
were the objectives of the current study. Because this 
infection’s frequency, diagnosis, and treatment should 
guide future research and aid in infection prevention 
measures. The majority of HCV infection-related events, 
including epidemiology, transmission, diagnosis, and 
patient outcomes, were discussed in this assessment. 
The citation databases PubMed and Scopus were used 
to conduct a narrative review search. Hepatitis C epi-
demiology, transmission, virology, prevalence by itself, 
and combinations were the keywords. The American 
Association for the Study of Liver Disease (AASLD) and 
the European Association for the Study of Liver Disease 
(EASLD) were also searched [7].

AIM 
The aim of this research was to investigate several 
aspects of HCV infection, such as epidemiology, preva-
lence, diagnosis and outcomes in patients with hepatitis 
C infection.

MATERIALS AND METHODS 
A recently established procedure for HCV reviews 
served as the basis for the study’s methodology. The 
main features of this methodology are described be-
low. We conducted a systematic search of PubMed to 
identify published studies on the prevalence, diagnosis, 
treatment, and control of HCV in these countries.

REVIEW AND DISCUSSION

GLOBAL EPIDEMIOLOGY OF HCV 
INFECTIONS
An estimated 71 million people, or 1% of the world’s 
population, were expected to have a chronic HCV infec-
tion. However, it was estimated that around 14 million 
people in the European Union/European Economic Area 
had a chronic HCV infection, indicating a comparatively 
higher incidence of 1.5% in this area [10]. An estimated 
1.75 million people worldwide were newly infected 
with HCV in 2015, translating to a global incidence of 
23.7 cases per 100,000 people (95% UI: 21.3–28.7). It 
surpassed the total estimated number of people who 
died from end-stage HCV infection (N = 399,000) and 
those who were treated (N = 843,000), which explains 
why the global epidemic is still spreading [11]. From 
1995 to 2006, the government monitored the incidence 

of HCV in 13 Saudi Arabian administrative provinces. 
The number of cases reported to the MOH varied 
significantly by region, with Jizan having the lowest 
prevalence (0.016%) and Al-Baha and Jeddah having 
the highest (0.32%) per capita [12]. These findings are 
consistent with previous KSA investigations. For exam-
ple, research of 557,815 Saudi citizens in the province of 
Riyadh revealed a 1.1% anti-HCV prevalence in adults, 
while blood screening results from 528 blood donors 
in the Jeddah region showed a 1.7% prevalence of HCV 
infection [13]. HCV infection seems to be most common 
in the Middle East and North Africa (MENA) area glob-
ally [14]. HCV is a major problem in a few nations in the 
region, such as Egypt, where the prevalence is 14.7%, 
and Pakistan, where it is 4.8%.It is yet unclear how 
widespread the virus is in the nations of the Arabian 
Gulf [15, 16]. In terms of both population and land area, 
Saudi Arabia is the biggest nation in the region. Out of 
the 120 records that contained 442 HCV prevalence 
measures from this nation, 81 were found in high-risk 
groups, 32 in intermediate-risk groups, 60 in specific 
clinical groups, and 269 in general populations [17]. 
The prevalence of HCV was lower in developed nations 
like the United States (1.8%), Germany (0.6%), Canada 
(0.8%), France (1.1%), and Australia (1.1%) than in East 
Asia or North Africa. HCV prevalences in Indonesia and 
Pakistan were 2.1% and 6.5%, respectively, while those 
in China and India, which account for one-fifth of the 
global population, were 3.2% and 0.9% [18]. According 
to [19], a study on the prevalence of the HCV in the Ira-
nian population found that just 0.5% of Iranians were 
infected with the virus, which is low when compared to 
other neighboring nations like Pakistan (5.1%) as well 
as caring for the sick. 

DIAGNOSTIC TESTS OF HCV 

IDENTIFICATION OF ANTI-HCV ANTIBODIES 
USING SEROLOGICAL TESTING
Detecting HCV infection usually begins with serological 
testing to find anti-HCV antibodies [20]. Blood anti-
bodies against HCV are usually detected two or three 
months after virus exposure. Antibody testing for HCV 
includes chemiluminescence assays (CIAs), enzyme 
immunoassays (EIAs), and rapid diagnostic tests (RDTs) 
[21]. Serological assays are frequently used as the first 
diagnostic technique to check for viral exposure and 
identify the host immune response (antibodies to HCV) 
or a viral antigen (HBsAg, HCVcAg) [22]. Hepatitis sero-
logical diagnostics based on the immunoassay principle 
include rapid diagnostic tests (RDTs), laboratory-based 
enzyme immunoassays (EIAs), and electrochemolumi-
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nescence immunoassays (ECLs) and chemilumines-
cence immunoassays (CLIAs) [23]. Fast throughput, high 
precision, dependability, and cost-effectiveness are the 
primary benefits; full automation’s technical simplicity 
for testing facilities suggests a high volume. Rapid di-
agnostic tests (RDTs) are less expensive than costly tests 
to use, are readily available, and can use capillary blood, 
serum, and plasma samples collected from handshakes. 
In extreme cases, they may also hire trained laypersons 
or expert demonstrators who do not require equipment 
using small incisions or venipuncture [24].

MOLECULAR TECHNIQUE FOR SCREENING HCV
An additional layer of blood safety is provided by nu-
cleic acid testing (NAT), a molecular screening method 
for blood donations that reduces the risk of ITT for re-
cipients. In the case of viral nucleic acids, NAT exhibits 
high sensitivity and specificity. It amplifies the viral 
ribonucleic acid (RNA) or deoxyribonucleic acid (DNA) 
fragments. It reduces the time to infection by detect-
ing HIV, HBV, and HCV earlier than with conventional 
screening techniques. The use of serological techniques 
to rectify donations that react improperly is another 
benefit of NAT, which is essential for donor counseling 
and information. Targeted NAT technologies help to 
reduce the window for HIV, HBV, and HCV. It has issues 
with costly excavation, consumables, infrastructure, 
and technical know-how, and it is very technical [25]. 
The frequency and generality of illnesses in the blood 
donor population, the resources that are available, and 
the proof of the advantages of using NAT in conjunction 
with serology testing all affect the necessity for NAT, 
thus, once the basic transfusion arrangement is com-
plete, including donor withdrawal, donor notification, 
counseling, and quality-assured sensitive serologic 
techniques for TTI screening for infectious diseases by 
transfusion (TTI), included, and the decision to start NAT 
is considered to have to go [26].

TREATMENT OF CHRONIC HCV 
Ribavirin and interferon boosted with polyethylene gly-
col are used to treat degenerative HCV unhealthiness. 
Treatment aims to prevent the improvement of cirrhosis 
and reduce or stop the advancement of fibrosis. It is 
predicated on indicators of a persistent virological re-
sponse. In the approaching, a multidrug program might 
be developed to enhance current treatments. Patients 
who have a persistent HCV infection should abstain 
from alcohol. Alcohol consumption is safe for people 
infected with HCV, despite the lack of a vaccination to 
prevent infection [27]. Treatments are designed to help 

patient’s live longer, symptom-free lives by preventing 
the emergence of tuberculosis and delaying or stopping 
its progression. An objective criterion utilized in the ma-
jority of studies to evaluate treatment success is the in-
tervention’s long-term results, which are linked to better 
outcomes, including decreased mortality, readmission 
risk, and risk of cirrhosis and breast cancer. The decision 
to continue treatment may be influenced by a number 
of circumstances, even if the objective is to treat people 
with chronic HCV infection [28]. A decreased likelihood 
of responding to treatment is linked to non-modifiable 
variables, including the degree of liver fibrosis, obesity, 
advanced age, Black or Latino race, high viral load, and 
genotype 1. People who are at least eighteen years old, 
willing to receive treatment, Treatment candidates for 
HCV infection typically include those who adhere to 
treatment guidelines, have compensatory cirrhosis 
or severe liver fibrosis, have abnormal serum alanine 
transaminase (ALT) values, have normal renal function, 
and are free of anemia or neutropenia. Baseline blood 
work should be performed before starting interferon 
therapy because it has been associated with autoim-
mune thyroiditis, thrombocytopenia, and leukopenia. 
This includes assessment of thyroid-stimulating hor-
mone levels, a comprehensive metabolic panel, and a 
complete blood count. For patients with autoimmune 
hepatitis, decompensated cirrhosis, ongoing HCV 
infection and anemia, severe heart disease, untreated 
severe depression, and renal insufficiency, treatment 
is not suggested for pregnancy or untreated hyper-
thyroidism. Since ribavirin (Rebetol) is eliminated by 
the kidneys and should be administered with caution 
in patients with renal impairment, blood urea nitro-
gen and serum creatinine levels should be monitored. 
More interferons (Albinterferon alfa-2b and consensus 
interferon) and ribavirin alternatives (taribavirin) are 
being developed to improve the safety, efficacy, and 
tolerance of treatment for chronic HCV infection [29]. 
Phase 3 clinical trials are currently being conducted 
to examine two novel protease inhibitors: boceprevir 
and telaprevir multidrug regimens will most likely be 
utilized in conjunction with ribavirin and interferon in 
the future [30, 31].

CONCLUSION
HCV treatment as a preventative measure will be a suc-
cessful means of lowering the burden of Disease linked 
to HCV in the future as efficient IFN-free DAA regimens 
become more widely accessible. The current frame-
work for PWID care and prevention must be expanded 
upon in any approach. Treating HCV as a prophylactic 
approach is only one aspect of the problem; another is 
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increasing access to HCV testing and care. A compre-
hensive approach combining population-based and 
individual-level strategies will be required to control 

and ultimately eradicate HCV transmission and illness. 
To ascertain the best way to distribute services, cost-ef-
fectiveness analyses are required.
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INTRODUCTION
Despite significant improvement in cardiovascular out-
comes in the nonpregnant population, maternal mortality 
due to cardiac disease has not decreased in almost 20 
years, especially for acute coronary syndrome (ACS)[1]. 
Although ACS is rare during pregnancy and postpartum 
period, it still increases the risk of acute myocardial infarc-
tion (AMI) 3- to 4-fold [2]. It accounted for more than 20% 
of all cardiac deaths in the latest UK triannual enquiry [3]. 
AMI is often caused by atherosclerotic coronary artery 
disease (CAD). This risk increases with factors such as 
smoking, older maternal age, hypertension, diabetes 
mellitus, obesity, and dyslipidemia. [4,5].  It is expected that 
the incidence of ACS will increase in the coming years be-
cause   the pregnant population is becoming older, more 
overweight, and with more medical co-morbidities [2]. The 
cause of the higher susceptibility to ACS during pregnancy 
or early postpartum period is not entirely clear, but it may 
be due to hormonal influence (especially oestrogen and 
progesterone), an increase in vessel shear stress caused 
by pregnancy and labour, as well as hypercoagulability 
that persists for weeks after delivery [6].

The causes of ACS are more often non-atherosclerotic, 
including coronary artery dissection, coronary artery 
spasm, and coronary thrombosis [7]. Chest pain during 
pregnancy and in the postpartum period can have a wide 
range of possible causes, but  ACS should be considered 
as one of them. The similarity between pregnancy-relat-
ed symptoms and those of ACS may lead to a delayed 

diagnosis. Additionally, ECG changes during pregnancy 
and postpartum period, which involve inverted T-waves, 
can further complicate the diagnosis. However, it is worth 
noting that serum troponins are typically not affected, 
although they may be found in cases of pre-eclampsia [8].  

CASE REPORT
A  35-year-old female presented to our department ap-
proximately two  weeks postpartum after a term, singleton 
vaginal delivery with a chief complaint of a squeezing chest 
discomfort, radiating to both arms, started after physical 
activity. Associated symptoms were shortness of breath 
and palpitations at rest.  She had no known risk factors for 
atherosclerotic disease, smoking,  alcohol or drugs abuse and 
no history of any connective tissue disorder or infectious dis-
eases. The course of her pregnancy had been uncomplicated. 

On admissiom her respiratory rate was 22/min, heart 
rate – 90/min, blood pressure – 140/90 mm of Hg, oxygen 
saturation – 94 % on room air, temp. – 36.6°C, BMI – 28 kg/
m2. Chest auscultation did not reveal any obvious abnormal 
heart murmurs. ECG demonstrated ST segment elevation in 
II, III, AVF and ST segment depression with T wave inversion 
in V2-V3 leads (Fig.1). Bedside transthoracic echocardiog-
raphy showed intra-ventricular septal dyssynchrony  and 
hypokinesia of basal and middle  segments of anterior 
wall  of left ventricle with preserved ejection fraction 55  %.  
Cardiac biomarkers were found to be elevated on the day 
of admission: high-sensitivity troponin T – 334 ng/l (0-24.5 
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ng/l), NT pro BNP – 700.3 pg/ml (0-125 pg/ml), D-dimer – 
3.25  mcg/ml (< 0.5 mkg/ml), C reactive protein 18.92 mg/
ml ( < 5.0 mg/ml). 

The main differential diagnosis were ACS, pulmonary 
embolism, myocarditis.   A chest computed tomography 
angiography (CTA) did not reveal pulmonary embolism but 
showed sac-like aneurysm of left anterior descendent artery  
(LAD) 13 mm in diameter (Fig.2, Fig.3). Coronary angiogram 
revealed aneurysm of LAD in 6-7 segments, extended 80 % 
stenosis of a. intermedia and 40 % stenosis of right coronary 
artery (RCA) in 1 segment (Fig.4). 

Upon consultation with cardiothoracic surgery, the in-
terventional cardiology team determined that the patient 
required coronary artery bypass grafting due to extensive 
vessel damage.  The breastfeeding was discontinued, and 
she was started on a double anti-platelet therapy.(aspirin 
100 mg and clopidogrel 75 mg), enoxaparin 0.6 ml twice 
daily, nebivolol 2,5 mg, enаlapril 5 mg and rozuvastatin 10 
mg. In 2 weeks ECG after the event showed resolution of MI 
pattern  (Fig.5).  She  underwent CABG in 3 monthes after 
ACS in experienced centre. During follow up the patient 
remains asymptomatic. 

The presence of coronary  artery aneurysm (CAA) or ec-
tasia has been associated with poor long-term outcomes 
irrespective of the presence of concomitant atherosclerot-
ic coronary artery disease [10]. Clinical presentations range 
from incidental finding on cardiac imaging to ACS [11]. The 
pathogenesis of CAA is not clear. However, there can  be  
associations between certain risk factors in particular: 
- �an individual genetic susceptibility   in patients with 

congenital CAA   [12].  
- �systemic connective tissue diseases with vasculitis  (e.g., Ka-

wasaki disease, Marfan, and so on) 
- atherosclerosis lesion 
- �iatrogenic CAA  caused by intracoronary manipulation 

(PCI, brachytherapy etc)
- �post-infectious CAAs due to infectious  direct wall invasion 

or immune complex deposition [10].

Thrombosis and distal embolization are the most likely 
causes of an ACS-like presentation in patients with CAA 
but without underlying coronary artery obstruction or ath-
erosclerosis. Thrombosis usually develops in the aneurysm, 
which is often asymptomatic. Patients start experiencing 
symptoms when the thrombus either spreads and blocks 
the coronary artery, usually proximal to the aneurysm, or 
breaks apart and gets lodged in a distal artery causing an 
embolic phenomenon [13].  

Coronary aneurysm can be a result of obstructive isch-
emic coronary artery disease with decreased flow volume. 
This can lead to exercise-induced myocardial ischemia [14]. 
The coronary flow reserve is also significantly reduced in 
coronary aneurysms [15].

Dilatation of the coronary arteries can lead to dis-
turbed coronary flow, which in turn can increase blood 
viscosity and activate coagulation. This pathophysi-
ological element may cause thrombotic occlusion of 
ectatic coronary arteries. Another possible mechanism 
is the elevated level of inflammatory cytokines in CAE 
subjects, which can activate the coagulation cascade 
and increase the risk of acute coronary events. [16].   

Matrix metalloproteinases (MMPs) have been shown 
to be involved in the pathogenesis of CAA formation 
by causing increased proteolysis of extracellular matrix 
proteins [17].   The MMP-3 5A allele is linked with higher 
promoter activity for transcription of the gene, and is 
more frequently seen in patients with CAA and ath-
erosclerosis compared to patients with only coronary 
atherosclerosis.[18, 20]. The presence of CAA can predict 
future cardiac events in patients with acute MI. As a result, 
these patients might benefit from a pharmacological 
approach to controlling the coagulation cascade [19].

IMAGING  OF CAA
Coronary angiography is considered the most reliable 
diagnostic tool for the detection of CAA. It is also useful 

Fig. 1. Initial ECG.
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in determining the optimal strategy for surgical resection. 
Other imaging modalities  include transthoracic echocar-
diography, ECG-gated CT angiography, MRI and/or MR 
angiography, and angiographic cardiac catheterization 
[21]. Proper imaging helps to evaluate aneurysm shape 
and structure, its morphology (fusiform or saccular), di-
ameter, wall calcification, luminal thrombosis, presence 
of associated stenosis, origin and termination, moni-
toring of growth rate, exclude potential complications, 
myocardial perfusion abnormalities, fistula formation, 
extrinsic mass compression, rupture and hemopericar-
dium [21]. CT coronary angiography is a highly sensitive 
tool for detecting CAAs and provides clear visualization 
of the coronary lumen. It highlights intraluminal thrombi.
In our case, it was a superior imaging revealed the cause 
of ACS in our patient. CT coronary angiography yields a 
versatile post-processing: maximum intensity projec-
tions, curved multiplanar reformations and 3D volume 
rendering clearly identify the anatomical relationships 
of the aneurysm with the surrounding structures [20, 
22].  Intravascular ultrasound (IVUS) is a highly reliable 
technique used to produce clear images of the coronary 
arteries. It provides information about the composition 
of the lumen and arterial wall structure, making it an 
effective tool in differentiating between true and false 
aneurysms caused by plaque rupture. IVUS is considered 
the “gold standard” technique for this purpose [20, 23].

TREATMENT MANAGEMENT OF CAA
The treatment of CAA involves medical management, 
surgical resection, and stent placement. However, the 

appropriate treatment for CAAs depends on the specific 
clinical situation. Currently, there are no randomized trials 
to evaluate different management strategies and their 
outcomes in these patients. Due to a high risk of throm-
boembolism, antiplatelet and anticoagulant medications 
should be administered [20].  In our case, the patient 
received enoxaparin, aspirin and clopidogrel at hospital 
and  was discharged with   dual antiplatelet therapy. 

Excessive TGF-β and metalloproteinase have been linked 
to the development and progression of CAAs. Angiotensin 
II type-1 receptor antagonists can inhibit TGF-β [24].  Statins 
have been shown to inhibit the secretion of metalloprotein-
ases 1, 2, 3, and 9 from macrophages and vascular smooth 
muscle cells [20].  Therefore, these drugs may be helpful in 
treating and preventing the progression of CAA. However, 
there are currently no long-term randomized data available.

In patients with ACS due to CAA culprit, the emphasis 
is to restore flow. Percutaneous coronary intervention of 
an aneurysmal/ectatic culprit vessel had lower procedural 
success and a higher incidence of no-reflow and  distal 
embolization [10].  In cases where PCI is not a viable option 
for symptomatic patients, it is recommended to perform 
surgical excision or ligation of CAA along with bypass graft-
ing of the affected coronary arteries [20, 25]. The surgical 
treatment of CAA is indicated in cases of severe coronary 
artery disease, when the aneurysms are located near the 
bifurcation of large branches, when there is evidence of 
emboli from the aneurysm to the distal coronary bed re-
sulting in myocardial ischemia, when there is progressive 
enlargement of a CAA documented by serial angiographic 
measurements, and when there are complications such as 
fistula formation, compression of cardiac chambers, or giant 

Fig. 2. CT angiography 1. Fig. 3. CT angiography 2.
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CAA (dilatation exceeding the reference vessel diameter by 
more than four times) [20]. 

CONCLUSIONS
Chest pain during pregnancy or in the postpartum period 
prompts a broad spectrum of differential diagnoses, and 
ACS should always be considered. CAA is a rare disorder, 

which can be presented as  a random findings on cardiac 
imaging or  ACS with life-threatening consequences. During 
the early postpartum period managing of CAA is still a 
challenge. It’s crucial to know  variants of clinical presen-
tation, perform  accurate imaging assessments and access  
interventional or surgical treatment to achieve optimal  
results. To improve patient care and outcomes, it’s essential 
to conduct prospective studies and maintain registries.

Fig. 4. Coronarography. Fig. 5. Follow up ECG.
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INTRODUCTION
Cancer is a major public health problem worldwide and 
the second leading cause of death in the United States 
[1]. Cancer accounts for 21% of all deaths in both men 
and women and is the second leading cause of death 
after heart diseases. However, it is the leading cause 
of death among women aged 40 to 79 years and men 
aged 60 to 79 years [1].

The main criterion for adequate treatment of patients 
with abdominal tumors is timely identification of the 
problem and accuracy of clinical diagnosis. That is why 
a comprehensive examination of the patient at the pre-
hospital and hospital stages plays an important role in 
achieving the final result of treatment [2, 3].

Modern standards for diagnosing abdominal tumors 
in patients include: ultrasound examination of the 
abdominal cavity as a screening diagnostic method, 
magnetic resonance imaging, multislice computed 
tomography with intravenous contrast [2, 3]. However, 
the gold standard for diagnosing almost all types of 
malignant neoplasms is positron emission computed 

tomography (PET-CT) [4]. Its principle is to visualize 
the activity of the body at the cellular level, in contrast 
to Magnetic Resonance Imaging (MRI) and Multi-slice 
computed tomography (MSCT), which show only the 
structure of the organ [5, 6].

The main disadvantage of PET-CT in diagnosing 
tumors in Ukraine is the lack of sufficient necessary 
equipment to conduct such studies. Now in our country 
there are only four such tomographs [7]. At the same 
time, according to the European Association of Nuclear 
Medicine, for adequate diagnosis of the tumor process, 
one PET-CT device is needed to examine 1.5-2 million 
people [5].

In this regard, we proposed to use another method 
for the diagnosis and treatment of abdominal tumors, 
namely diagnostic laparoscopy, as an invasive method 
for diagnosing pathology of the abdominal and pelvic 
organs [8]. We use this diagnostic method in cases 
where other methods did not give an accurate result or 
their data differ significantly from each other. Diagnostic 
laparoscopy has a number of advantages: small wound 
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Female patient was hospitalized in the surgical of the Municipal Enterprise “2nd City Clinical Hospital of Poltava City Council” (Poltava, Ukraine) in 2023. The 
patient underwent a complete general clinical examination, a plain radiograph of the abdominal cavity, fibrogastroduodenoscopy, colonoscopy, ultrasound of 
the abdominal organs, CT scan of the abdominal organs. Diagnostic laparoscopy was performed to make a final diagnosis.
A plain radiography of the abdominal cavity revealed no pathology. Ultrasound of the abdominal organs revealed a pelvic mass. A computed tomography scan 
revealed damage to the pelvic organs in the form of a neoplasm and an enlargement of the left ovary. The preliminary diagnosis was a pelvic tumor, tumor of 
the left ovary. Diagnostic laparoscopy was performed to make the diagnosis. A rounded formation was defined in Douglas space. The capsule of the formation 
was opened and pus was released. The abscess wall was opened, and a foreign body (gauze pad) was removed from the cavity. The patient was discharged 
from the hospital in satisfactory condition on the fifth day after surgery.
The case we examined emphasizes that when assessing the nature of an intra-abdominal neoplasm, it is necessary to remember about foreign bodies, especially 
in patients after surgical interventions. Diagnostic laparoscopy is a technically advanced and minimally invasive procedure for the diagnosis and treatment of 
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sizes, rapid patient recovery, minimal risk of infection, 
absence of scars, and most importantly, the ability to 
perform a biopsy during the procedure [9, 10].

In some cases, abdominal tumors have to be dif-
ferentiated from various foreign bodies, especially in 
those patients who have previously undergone surgical 
interventions [11, 12]. This differential diagnosis always 
causes great difficulties, even when using the entire 
range of non-invasive studies. 

In the United States, more than 28 million surgical 
procedures are performed annually, and about 1.5 

thousand cases of retained foreign bodies are detected 
among them. Foreign bodies in the abdominal cavity are 
a serious problem for surgeons and patients, with an av-
erage incidence of 0.3-1.0 cases per thousand abdominal 
surgeries [11]. Foreign bodies may appear immediately 
after surgery and require emergency surgery or remain 
undetected for months or years. All foreign bodies can 
cause various complications: pain, abscess, intestinal ob-
struction or perforation, gastrointestinal fistula, etc. [12].

Such foreign bodies in the abdominal cavity in-
clude gossypiboma [12, 13]. The term gossypiboma 

Fig.1. MSCT of the abdomen 
and pelvis: axial section and 
frontal section.

Fig. 2. MRI of the abdominal 
cavity. Abdominal mass.
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was first described by Wilson in 1884 to refer to 
the unknowing abandonment of a surgical gauge 
or sponge in a body cavity following a surgical 
procedure [14, 15]. It is an infrequent but serious 
surgical complication that is rarely reported due to 
its medico-legal implications. This usually causes an 
exudative inflammatory reaction with the formation 
of an abscess or aseptic fibrosis with the formation 
of a mass that leads to future complications such as 
intestinal obstruction [15]. It can appear within a few 

days, and sometimes even several years after surgery. 
Gossypiboma is a serious surgical complication that 
impacts patient safety, cost of care, and can lead to 
mortality if diagnosis and treatment are delayed. 
Its clinical manifestations are extremely varied, so 
diagnosis is quite difficult [16, 17]. 

Thus, the search and implementation of new informa-
tive and reliable non-invasive and minimally invasive 
methods for diagnosing neoplasms and foreign bodies 
of the abdominal cavity is now very relevant.

Fig. 3. MRI of the abdominal 
cavity. Abdominal mass.

Fig. 4. Per operative images 
of the changes found in pa-
tient M., 39 years old.
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The patient complained of constant aching pain in the 
lower abdomen, predominantly on the left, radiating 
to the lumbar region, nausea without bloating, fatigue, 
and weakness for three months. The passage of feces 
and gases was preserved.

As it became known from the anamnesis, the 
patient was operated on twice in gynecological 
departments: in 2019 there was a laparotomy for a 
cyst of the left ovary with a Pfannenstiel incision, and 
in 2021 a laparoscopic cystectomy was performed 
on the left.

CASE REPORT
Female patient M., born in 1985, was routinely hospitalized 
in the surgical of the Municipal Enterprise “2nd City Clin-
ical Hospital of Poltava City Council” (Poltava, Ukraine) in 
2023. The patient underwent a complete general clinical 
examination, determination of tumor markers, serological 
tests for amebiasis and echinococcus, a plain radiograph of 
the abdominal cavity, fibrogastroduodenoscopy, colonos-
copy, ultrasound of the abdominal organs, CT scan of the 
abdominal organs. Diagnostic laparoscopy was performed 
to make a final diagnosis.

Fig. 5. Per operative images 
of the changes found in pa-
tient M., 39 years old: detect-
ed foreign body (gauze wad).

Fig. 6. Per operative images 
of the changes found in pa-
tient M., 39 years old: foreign 
body with discharge of pus 
from the abscess cavity.
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An objective examination revealed: blood pressure 
120/70 mm. Hg, pulse 98 beats per minute, respiratory 
rate 18 per minute, body temperature 36.8 C. Examina-
tion of the abdominal cavity revealed a painful mass 
in the left lower quadrant and slight tenderness in the 
periumbilical region. During a laboratory examination, 
the patient’s hemoglobin level was within normal limits, 
the leukocyte count was 9.2×109/l (80% neutrophils), 
hematocrit – 39%, platelet count – 345×109/l. A plain 
radiography of the abdominal cavity revealed no pa-
thology. 

Fibergastroduodenoscopy did not reveal any organic 
pathology. Colonoscopy revealed erythematous proctitis. 
When performing an endometrial biopsy, the endometri-
um is in a disturbed phase of proliferation. When examin-
ing tumor markers: CA 125 – 88.4 U/ml, HE 4 – 44.2 pmol/l, 
ROMA index – 6.28%. Serological tests for amoebiasis and 
echinococcus were negative. Ultrasound of the abdominal 
organs showed a pelvic mass of a heterogeneous structure 
measuring 7.5 by 7.6 cm, small uterine leiomyoma, type 4.

A computed tomography scan revealed a complex 
localized lesion of the pelvic organs in the form of a 

Fig. 7. Per operative images 
of the changes found in pa-
tient M., 39 years old: blunt 
removal of a foreign body 
(gauze wad).

Fig. 8. Per operative images 
of the changes found in pa-
tient M., 39 years old: foreign 
body (gauze wad) removal.
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diagnosed by chance [14]. The biggest problem is that 
this foreign body is often interpreted as a malignancy, 
which leads to additional problems in the diagnosis 
and treatment of such patients [12, 14]. Having no 
specific symptoms, clinical manifestations vary from 
an asymptomatic course to constant abdominal pain, 
nausea, vomiting, intestinal obstruction, fistulas, sepsis, 
and in some cases, diffuse peritonitis [14,16].

According to statistics, the greatest number of cases with 
foreign bodies left behind occurs precisely in emergency 
surgery (about 85-90%), which is associated with the in-
creased amount of stress, fatigue of the surgeon, since the 
operation can be performed at night, or when unplanned 
events take place during the procedure, etc [12, 13, 17].

A surgical gauzeis the most frequent item that can 
be left in the abdominal cavity, in contrast to surgical 
instruments, gloves, which occurs more rarely. Gos-
sypiboma, this term comes from Latin “gossypium” 
(cotton) and Swahili “boma” (shelter), that means 
surgical dressing material (gauze wads, tampons, etc.) 
forgotten in cavities. Women are especially exposed to 
high risk (63%) since gossypiboma often occurs after 
gynecological surgery [14, 15, 16].

MSCT with intravenous contrast is the gold standard for 
the diagnosis of foreign bodies in the abdominal cavity all 
over the world [2, 3, 7]. In the mentioned above clinical case, 
none of the additional, non-invasive, diagnostic methods 
had shown a result “in the direction” of a foreign body, and 
performing a diagnostic laparoscopy enables to make a 
clinical diagnosis and carry out surgical treatment without 
performing a more traumatic “open” surgery [8, 9, 10].

In order to exclude errors and prevent from leaving 
foreign bodies, close cooperation between the surgeon 
and the operating nurse is necessary: while the count-
ing of gauze wads, distractions, interruptions or breaks 
are not allowed, and the counting method must be 
consistent; the operation is not finished until all gauze 
wads or instruments have been counted [18, 19, 20]. 

In order to prevent similar situation, we recommend 
the use of gauze wads with radiopaque markers, in this 
case, radiography on the operating table, can help even 
before the end of the operation. If there are any doubts, 
repeated revision of the operative field is needed.

CONCLUSSIONS 
The case we examined emphasizes that when assessing 
the nature of an intra-abdominal neoplasm, it is nec-
essary to remember about foreign bodies, especially 
in patients who have previously undergone surgical 
interventions. Diagnostic laparoscopy is a technically 
advanced and minimally invasive procedure for the di-
agnosis and treatment of intra-abdominal gossypiboma.

hypodense formation measuring 8.2 by 8 by 7.5 cm with 
peripheral enhancement and hemorrhagic contents, 
and an enlargement of the left ovary (Fig.1).

An MRI of the abdominal cavity and pelvis revealed a 
tumor of the left ovary and adenomyosis of the uterus 
I-II (Fig.2, Fig.3). 

A preliminary diagnosis was made: Mass formation 
of the pelvis. Tumor of the left ovary. Small uterine 
leiomyoma.

Due to discrepancies in the results of non-invasive 
research methods, the patient was offered diagnostic 
laparoscopy to make a final diagnosis. The patient was 
warned about possible options for completing the 
surgical intervention (conversion, bowel resection, 
surgical sterilization, hysterectomy, etc.). Consent for 
the operation was obtained.

Elective diagnostic laparoscopy was performed. During 
the revision operation, it was revealed that the stomach, 
gallbladder, and liver were without organic pathology. 
The patient was transferred to the Trendelenburg posi-
tion. When examining the pelvic organs, the uterus and 
right appendages were unchanged. The left ovary was 
enlarged (up to 5 cm) due to a cystic formation, the ovar-
ian tissue was located on the periphery. The left fallopian 
tube was unchanged. A rounded formation measuring 
up to 15 cm in diameter was detected in Douglas space. 
It was densely elastic consistency, limited movable. The 
loops of the small intestine and the sigmoid colon were 
tightly fused to it. Viscerolysis was performed using a 
blunt method and using electrocoagulation, during 
which the integrity of the capsule of the formation was 
disrupted, and up to 150 ml of thick, cream-like pus was 
released (Fig. 4). This situation was previously assessed as 
a pelvic abscess. The abscess wall was opened up to 2 cm, 
with a section of foreign body (gauze wad) protruding 
from the cavity (Fig. 5, Fig. 6, Fig. 7, Fig. 8). 

The foreign body was removed from the abdominal 
cavity in a container. The abscess cavity was opened 
and drained. After a bacteriological examination of 
the abscess contents, no bacterial cultures were found.

The course of the postoperative period was uncom-
plicated. The drains were removed from the abdominal 
cavity on the fifth day of the postoperative period. The 
patient was discharged from the hospital in satisfactory 
condition on the fifth day after surgery. 

During follow-up examinations one, three, and six 
months after surgery, the patient did not present any 
complaints. When conducting a control ultrasound of 
the abdominal cavity after three and six months, no 
pathological formations were detected in the abdom-
inal cavity and pelvis.

Abdominal foreign bodies may not manifest them-
selves clinically for several months or years, but may be 
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INTRODUCTION
Ischemia with nonobstructive coronary artery disease 
(INOCA) has become widespread condition that affects 
approximately 3-4 million individuals annually. It is 
defined as less than 50% epicardial coronary artery 
(CA) stenosis on angiography. A large number of such 
patients have an asymptomatic course or with atypical 
pain syndrome and, often, shortness of breath during 
physical exertion as the only symptom. Unless earlier 
INOCA was believed to be among benign disorders, up-
to-date data demonstrate it is associated with serious 
cardiovascular outcomes (major adverse cardiovascular 
events), recurrent hospitalization, additional medical 
procedures, decline in quality of life, satisfaction with 
medical care, and mortality especially in patients of old-
er age, with diabetes, hypertension, smoking. Of note, 
the risk of myocardial infarction and death in patients 
with 3 non-obstructive CAs is similar to single-vessel 
coronary obstruction [1]. 

INOCA occurrence is tightly associated with micro-
vascular dysfunction [2]. Quiet often, it is manifested 
by dysfunction of endothelium-dependent vasodilata-
tion of arterioles, associated with insufficient amount 
of synthesized NO or its non-absorption [3]. However, 
limited attention is paid to the impact of oxygen, car-
bon dioxide, and lactate on coronary flow including 
microvascular [4].

Coronary angiography is the principal method of INO-
CA diagnosis confirmation [1]. However, it is demonstrat-
ed that the effectiveness of computer tomography (CT) 
as a non-invasive method is not worse than that of inva-
sive angiography [5]. Nevertheless, the cost-effectiveness 
of both procedures is assessed with questionable results 
of the patients’ risk stratification regarding the necessi-
ty of every procedure [6]. Therefore, the non-invasive 
algorithm of nonobstructive atherosclerosis detection 
remains one of the most urgent problem [7].

Thus, in this case, we presented the patient with 
early uncomplicated multivascular nonobstructive 
coronary atherosclerosis with the establishment of 
the preliminary diagnosis before providing CT. For this 
purpose, we applied above-mentioned regularities of 
microvasculature to improve the technique of stress 
echocardiography to identify patients with nonobstruc-
tive coronary atherosclerosis. 

CASE REPORT 

PATIENT INFORMATION
Male patient P., 38 years old, visited a cardiologist on an 
outpatient basis with complaints of episodically increased 
blood pressure (BP) and with the diary of BP and heart rate 
(HR) which he kept for 10 days before cardiologist visiting 

Case of early uncomplicated multivascular nonobstructive 
coronary atherosclerosis in young male: novel aspects of 
noninvasive diagnostic

Yuliya Tyravska, Oleksandr Savchenko, Iryna Melnychuk, Viktor Lizogub
BOGOMOLETS NATIONAL MEDICAL UNIVERSITY, KYIV, UKRAINE

ABSTRACT
This clinical report demonstrates the case of nonobstructive coronary artery disease in a 38-year-old male with the only complaint of an episodical increase 
in blood pressure. A combination of risk factors raised the suspicion of nonobstructive coronary artery disease. It was substantiated by the modified stress test 
which consists of electrocardiography, echocardiography, laser Doppler flowmetry, pulse oxymetry, capnometry, lactate measurement, and blood pressure 
monitoring while cycling. Only afterward, the patient passed over coronary computed tomography angiography, which confirmed the suspected diagnosis 
precisely. Based on the current case, we aimed to increase the awareness of physicians about nonobstructive coronary artery disease and propose an algorithm 
for nonobstructive coronary atherosclerosis screening.
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following the recommendations of his colleagues: BP 
(mmHg) – HR (bpm); 171/122 – 85; 107/73 – 87; 110/75 – 
91; 170/112 – 89; 140/109 – 88; 172/114 – 83; 134/99 – 94; 
141/97 – 77; 127/94 – 94; 149/100 – 101.

No other complaints, including any discomfort in the 
heart region, palpitation, or dyspnoe, were mentioned.

HISTORY OF PRESENT ILLNESS
From the anamnesis, the history of such disorders has 
lasted for not more than 2–3 weeks. The patient asso-
ciated BP dysregulation with stressful periods at work. 

PERSONAL HISTORY
No therapeutical disorders, traumas, surgeries, or al-
lergic reactions were registered. The patient denied 
harmful habits and any history of medicine intake. 

OBJECTIVELY
The general condition is satisfactory with hypersthenic body 
habitus type and body mass index – 29.8 kg/m2. The skin and 
visible mucous membranes are clean. The left border of the 
relative dullness of the heart is shifted 0.5 cm outward from 
the left midclavicular line while percussion at the 5th intercos-
tal space. Heart tones are muffled, and regular. No murmurs 
while auscultation of the heart. Pulse 92 bpm, rhythmic, with 
satisfactory properties. BP –180/120 mm Hg. No pathological 
findings were noticed during the physical examination of the 
lungs, and abdomen. No peripheral edema.

DIAGNOSTIC ASSESSMENT 
On the ECG (Fig. 1), sinus regular rhythm was registered, 
the horizontal position of the electrical heart axis, negative 
Sokolov-Lyon criteria, and mild diffuse changes of the 
myocardium with possible signs of hypoxic changes of left 
ventricular (LV). No other peculiarities. 

The patient underwent two-dimensional transthoracic 
echocardiography (Toshiba Artida, SSH-880CV) (Table 1). The 
wall thickness and ejection fraction (EF=56%) were normal. 
Mild enlargement of LV volumes. S-shape interventricular sep-
tum. Signs of diastolic dysfunction of LV (type I, impairment 
of LV relaxation) were also confirmed with pulse wave tissue 
Doppler imaging. Slightly increased stiffness of left and right 
CAs. No changes in the local contractility of LV were noticed. 

However, while 2D Speckle tracking echocardiography 
(Toshiba Artida), a significant reduction of global longitu-
dinal strain and local deformation of the myocardium were 
observed in the 4-chamber view in the apical-lateral and 
medial-lateral segments, and the 3-chamber view in the 
apical-lateral and medial-posterior segments (Fig. 2A, B, C). 

Consequently, we provided more profound investigations 
of the patient.

The results of laboratory assessments are aggregated in 
Table 2.  Data of complete blood count with blood differ-
ential rate, levels of thyrotropic hormone, triiodothyronine, 
thyroxine, C-reactive protein, creatinine, uric acid, potassium, 
magnesium, homocysteine, D-dimer are within normal ref-
erence ranges. Dyslipidemia and hyperglycemia are noticed.

Carotid ultrasound registered hemodynamically insufficient 
local hyperechoic plaque with regular contour along the pos-
terior wall of common carotid arteries bifurcation from the left 
side (stenosis 44% of diameter and 31% of surface) (Fig. 3A, B).

All collected information hinted to suspect initial non-ob-
structive atherosclerosis of CAs in the patient. So, the patient 
passed stress test following modified protocol (Table 3), 
particularly in addition to ECG registration during bicycling, 
EchoCG before and after cycling (Table. 4), BP control before 
the test, after each stage and at 1’, 3’, 5’ of restitution, such 
parameters as SaO2 (Fig. 4), etCO2 and lactate were measured 
as well as Laser Doppler Flowmetry (LDF) was performed 
before and after stress test (Fig. 5A, B). 

LDF-gram before physical exertion demonstrated en-
dothelial dysfunction with the trend of arteriolospasm 
even without normalization of microcirculation. Four 
minutes after deflation, improvement in the constant 

Fig. 1. 12-channel ECG of the patient.
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Fig. 2.A) 2D Speckle tracking. 2-chamber 
view; B) 2D Speckle tracking. 3-chamber view: 
C) 2D Speckle tracking. 4-chamber view.

A

B

C
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To establish the diagnosis precisely the patient was 
directed to coronary CT angiography. It was visualized 
combined atherosclerotic plaques in left anterior de-
scending artery, circumflex artery. and right coronary 
artery, stenosing the vessels up to 25%, 20% and 35%, 
respectively. 

Thus, preliminary diagnosis was confirmed and we 
established final diagnosis: Arterial hypertension, I stage, 
grade 1-2, mild risk (SCORE scale). Coronary artery disease: 
INOCA (multivascular non-obstructive coronary athero-
sclerosis: left anterior descending artery 25%, circumflex 
artery 20%, right coronary artery 35%). Heart failure I. 

THERAPEUTIC INTERVENTION
It was prescribed nebivolol 5 mg once a day, perindopril 5 
mg once a day, rosuvastatin 10 mg once a day, L-arginine 1 

component of microcirculation (M=3.60 PPU vs M=4.74 
PPU), as well as the variable component of mictocircula-
tion (absence of arteriolospasm on the LDF-gram after 
stress test with the increase in area under the curve of 
post-ischemic reactive hyperemia (430 PPU vs 740 PPU) 
were noticed. 

Hence, the stress test was positive. The patient fulfilled 
86% of the targeted workload with 87% of targeted HR 
which indicates high tolerance to physical exertion. Initial 
atherosclerosis may be suspected in the distal segment of 
the left anterior descending artery or circumflex artery.

Based on complaints, anamnesis, physical examination, 
and results of all above-presented laboratory and instru-
mental investigation we established the diagnosis: Arterial 
hypertension, I stage, grade 1-2, mild risk (SCORE scale). 
Coronary artery disease: INOCA (non-obstructive coronary 
atherosclerosis)? Heart failure I. 

Table 1. EchoCG data of the patient at rest
Parameter Result Reference range

Diameter of aorta, mm 37 20-37

Aortic valve opening, mm 23 17-25

Left atrial diameter, mm 41.2 * 20-40

Interventricular septum thickness at end diastole, mm 10.2 6-11

Left ventricular posterior wall thickness at end diastole, mm 9.3 6-11

Anterior wall of right ventricular, mm 4.1 < 5

Right ventricular dimension at end diastole, mm 30 9-30

Right atrial diameter, mm 34 20-40

Ejection fraction, % 56 > 55

End-diastolic volume, mL 162.2 * 51-160

End-systolic volume, mL 85.1 14-70

Stroke volume, mL 92.1 30-100

E/ A (peak velocity of early diastolic transmitral flow (m/ s)/ peak velocity of late transmitral flow (m/ s) 0.9 * 1.5-1.6

Deceleration time of early diastolic transmitral flow, ms 228 * 160-220

Isovolumic relaxation time, ms 96 60-100

Peak velocity of diastolic flow, cm/ s 71.3 62-80

Pulmonary artery systolic pressure 25.8 <30

Notes: * - out of reference ranges.

Table 2. Laboratory data of the patient
Parameter Result Reference range

Lipidogram

Cholesterol, mmol/l 5.56 * <5.2 

Triglycerides, mmol/l 2.05 * <1.7

High density lipoproteins, mmol/l 0.97 * >1.00

Low density lipoproteins, mmol/l 4.14 * <3.0  

Very low density lipoproteins, mmol/l 0.94 0.26-1.00

Serum glucose, mmol/l 6.4 * 4.11-5.89 

Glycated hemoglobin, % 5.7 * 4.5-5.6

Notes: * - out of reference ranges.
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attacks, we took into account other important risk factors 
for atherosclerosis, namely: the presence of atherosclerotic 
plaques in the brachiocephalic arteries, hyperlipidemia, an 
elevated level of glycated hemoglobin and blood glucose, 
arterial hypertension and increased body mass index. These 

spoon 3 times a day, acetylsalicylic acid 75 mg once a day, 
mild physical activity (walking) regularly. 

Despite the fact that the patient had a low pre-test prob-
ability of coronary artery disease based on his age, the 
absence of bad habits (non-smoker), and the typical angina 

Table 3. The protocol of modified stress test of the patient
Stage Initial (0) 1 2 3 Restitution Rest

Workload, W 0 50 100 150 30 0

Time, min:s 3:00 3:00 3:00 1:00 3:00 5:00

HR, bpm 67 111 131 142 90 65

BP, mm Hg 120/75 130/80 160/80 190/90 140/75 120/75

ECG sinus regular rhythm, mild 
diffuse myocardial changes -//- -//- Upsloping depression up to 

0.9 mm in V5-6

As initial As initial

EchoCG
Normokinesis of all 

segments in long-axis, short 
axis, 2Ch-, 4Ch-views

-//- -//-

Mild hypokinesis in 4Ch-view 
(apical-lateral segment)  

and in 2Ch-view  
(apical-anterior segment)

As initial As initial

RR, 1/min. 15-20 - - 18-20 - 15-18

SpO2 95 95 95 96 96 95

etCO2 3.3-3.4 - - 3.5-3.6 - 3.3

Lactate 1.3 - - - - 7.0

Complaints - - Dyspnoe Dyspnoe, fatigue in the 
muscles of legs Dyspnoe -

Notes: 2Ch – 2-chamber, 4Ch – 4-chamber.

Fig. 3. A) Carotid ultrasound. Common carotid artery; B) Carotid ultrasound. Bifurcation.

BA



Yuliya Tyravska et al. 

492

important risk factors arose suspicion regarding non-ob-
structive coronary atherosclerosis [1]. 

Despite the absence of ischemia on the ECG and changes 
in the regional myocardial contractility according to the 
standard echocardiogram, the use of the 2d Spackle track-
ing option, namely, the determination of the longitudinal 
deformation of the myocardium, allowed us to be more 
confident in making this diagnosis [8]. In Fig. 3 from the 
longitudinal strain of the patient is significantly reduced 
(the reference point is less than 15%) in all coronary artery 
basins (at least in two adjacent segments). These changes 
may indicate a violation of perfusion in the subendocardial 
layer of the left ventricle. The occurrence of a decrease in 
longitudinal strain in two adjacent segments is linked to 

the damage of a specific coronary artery [8]. In observed 
patient it can be suspected multiple vascular damage. To 
confirm this assumption, we performed modified stress 
echocardiography on both patients.

From Table 3, the patient cycled 150 W for 1 min, while 
he did not reach the submaximal HR (88%). The test was 
stopped due to severe shortness of breath and weakness in 
the leg muscles. In the course of load steps, single ventricular 
extrasystoles appeared already at 50 W, and at 100 W, they 
were joined by supraventricular ones, at 150 W, depression 
of the ST segment by 0.9 mm appeared in leads V5-6. The 
graph of SpO2 did not change during all stages and corre-
sponded to the norm. According to etCO2, the initial level 
was 3.5% at the peak of the load, it fluctuated from 3.8 to 

Table. 4. EchoCG before and after stress test
Before stress test Echography views After stress test

Long-axis view

Short-axis view

2-chamber view

4-chamber view
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When hypoxemia occurs (the partial pressure of oxygen in 
the blood decreases), an increase in hydrogen ions, CO2 and 
lactate is observed, causing dilation of arterioles, which leads 

3.5%, and returned to the initial during the restitution peri-
od. According to lactate before exercise, it was 1.25 mmol/l, 
and during the restitution period it increased to 7 mmol/l. 

Fig. 4. Pulse oximetry and heart rate while stress test.

Fig. 5.A) LDF-grams of 
the patient before stress 
test; B) LDF-grams of the 
patient after stress test.

A

B
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the deterioration of the microcirculation of the myocardium 
due to the spasm of arterioles. Thus. Observed patient is 
more likely to have initial atherosclerosis according to the 
results of modified stress EchoCG, eventhough the ECG 
changes are questionable. Furthermore, we suspected 
initial nonobstructive atherosclerosis which was confirmed 
by results of coronary computed tomography angiography 
with the trend toward arteriolospasm [16]. The results of LDF 
also suggested the possibility of vasospasm [17]. 

The prescribed treatment following the wholistic man-
agement of the patient taking into account multiple 
pleiotropic effects of drugs (nebivolol with vasodilation 
effect [18] and L-arginine with combination of vasodilation 
and endothelium protection effects [19], rosuvastatin [20], 
perindopril [21], and acetylsalicylic acid [22]).

CONCLUSIONS
physicians should be aware of INOCA as clinal picture of 
the latter is divorce and non-specific. The diagnostic at 
early stages with further appropriate treatment prevents 
progression of disease including complications. Proposed 
algorithm of modified stress test may be a promising 
method for initial atherosclerosis screening in the patients 
with suspicion of INOCA before coronary computed to-
mography angiography or coronary angiography.

Informed Consent and Ethical Approval. The patient 
gave written consent to participate in current observa-
tion after the explanation of the purpose and allowed to 
publish the results of the later with depersonalized data.

to an increase in the number of functioning capillaries of the 
myocardium [9] The same metabolites are formed while 
myocardial ischemia. At the same time the metabolism of the 
ischemic myocardium switches from the cycle of tricarbox-
ylic acids to aerobic, and with aggravating of ischemia even 
to anaerobic glycolysis. At the same time, the level of CO2 
decreases and the amount of lactate in the blood increases 
progressively. But the number of ATP molecules synthesized 
by the myocardium significantly decrease [10-12]. 

In turns of the echocardiography data, there was mild hy-
pokinesis in the apical anterior and apical lateral segments at 
the peak of the load, which corresponds to the lesion of the 
distal segment left anterior descending artery or circumflex 
artery. Thus, it can be concluded that the usual stress echo-
cardiography with a visual assessment of regional myocardial 
contractility has disadvantages due to the subjective assess-
ment that depends on the experience of the operator [13]. 
However, when analyzing additional options, it is possible to 
slightly increase the diagnostic value of stress echo for the 
diagnosis of initial coronary atherosclerosis.

Regarding etCO2 analysis, its increase at the peak of 
physical exertion may indicate still aerobic glycolysis in the 
myocardium. Nevertheless, initial coronary atherosclerosis 
can be suspected especially when lactate has crossed the 
lactate (anaerobic) threshold of 4 mmol/l. The stenosing cor-
onary atherosclerosis with the transition of the myocardium 
metabolism to anaerobic glycolysis is diagnosed if the level 
of etCO2 on the peak of physical exertion has become lower 
than the initial level, whereas the lactate level is high [14. In 
addition, such combination may arise the suspicion about 
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