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ORIGINAL ARTICLE

CLINICAL, INSTRUMENTAL AND BIOCHEMICAL
ASSOCIATIONS OF THE DEGREE OF PHYSICAL RECOVERY
IN PATIENTS SUFFERED FROM ACUTE CORONARY
SYNDROME AT THE COMPLETION OF IN-HOSPITAL
REHABILITATION PERIOD

DOI: 10.36740/WLek202310101

Liana M. Babii, Valentyn 0. Shumakov, Olena P. Pohurelska, Nataliia M. Tereshchenko, Yuliia Y. Kovalchuk,

Oksana V. Voloshyna, llona 0. Umen
STATEINSTITUTION «NATIONAL SCIENTIFIC CENTER «THE M.D. STRAZHESKO INSTITUTE OF CARDIOLOGY, CLINICAL AND REGENERATIVE
MEDICINE» OF THE NATIONAL ACADEMY OF MEDICAL SCIENCES OF UKRAINE, KYIV, UKRAINE

ABSTRACT

The aim: To determine the clinical, instrumental and biochemical factors associated with the degree of physical recovery in patients suffered from acute
coronary syndrome (ACS) at the completion of in-hospital rehabilitation period.

Materials and methods: We enrolled 88 patients (all were males); 77 patients had ACS/STEMI and 11 with ACS/unstable angina. The mean age was
(median, interquartile range) was 58 (49-64) years. We analyzed clinical, laboratory (including the circulating proprotein convertase subtilisin/kexin type 9
(PSK9) level in blood serum), transthoracic echocardiography and (urgent or delayed) coronary angiography data. Symptom-limited exercise tolerance (ET)
test was performed predominantly at the second week of in-hospital stay. According to ET-test results, patients were subdivided into the groups with low (G1;
43 [48,9%]) and high ET (G2; n=45 [51,1 %]).

Results: G1 (vs. G2) was characterized by older age, lower estimated glomerular filtration rate (eGFR) and higher left atrial (LA) dimension. The cases of any
left anterior descending artery (LAD) lesion were more frequent in GT (25 % vs. 2 % in G2, respectively; p=0,004). We revealed a decrease in PSK9 level after
ET-test (pre-ET vs. post-ET: 824,0 (371,0-1073,0) vs. 676,0 (441,9-995,9) ng/ml, respectively; p=0,004 [N=35]).

Conclusions: At the completion of in-hospital rehabilitation period, the insufficient physical recovery in patients suffered from ACS associated with older age,
lower eGFR, higher LA dimension, and more frequent any LDA lesion cases. Physical exercises favored the decrease in PCSK9 levels in blood serum.

KEY WORDS: acute coronary syndrome, rehabilitation, exercise tolerance, PCSK9

INTRODUCTION

The wide usage of the early reperfusion method in cases
of acute coronary syndrome (ACS) helped to significant-
ly decrease mortality rate and to improve survival of
the patients with myocardial infarction (MI). Although,
not leastimportant tool forimproving highly advanced
interventions in coronary artery disease (CAD) cases,
also including recovery improvement, is the process
of cardiac rehabilitation through the use of graded
exercises, which decelerates the cardiac remodeling
process [1-5].

The studies performed during the last decade it
was determined that the most valuable qualities of
endothelial tissue are recovering and preserving the
structural-functional integrity and its reparative activity,
which are directly associated with circulating endo-

Wiad Lek. 2023;76(10):2135-2142

thelial progenitor cells (EPCs). The results of the recent
studies attest to EPCs levelsincrease in peripheral blood
being considered as compensatory reaction of the body
in response to endothelial dysfunction development,
while increasing of desquamated endotheliocytes
percentage is related to endothelial lesion. Moreover,
an important enough factor of decreasing endothelial
dysfunctionriskis the bone marrow’s ability to produce
EPCs in response to lesion or ischemia, thus scientists
use graded exercises to indicate the reserve function
of the bone marrow - the ability to produce EPCs [6-8].

Taking into account the significant role of dyslipid-
emia in the atherosclerosis progression, new groups
of pharmaceuticals developed over the last few years
to reduce the atherogenic lipid fraction — low-density
lipoprotein (LDL) cholesterol. With proven clinical effi-
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ciency these pharmaceuticals include the circulating
proprotein convertase subtilisin/kexin type 9 (PCSK9)
inhibitors. Itis well known that PCSK9 plays an essential
rolein the LDL receptors regulation [9-13]. The addition-
al influence of physical rehabilitation over lipids and
lipoproteins metabolism optimization, which is able
to keep down the progression of atherosclerotic lesion
in coronary arteries according to the new biochemical
markers (PCSK9 level, and estimation of endothelial
function recovery according to EPCs count data) is
a novel, promising and unexplored topic of cardiac
rehabilitation, and this is what became the basis for
conducting the current research.

THE AIM

The aim of the study was to determine the clinical, in-
strumental and biochemical factors associated with the
degree of physical recovery (by the exertion level during
symptom-limited exercise test) in patients suffered from
ACS (ST-elevation MI (STEMI) or unstable angina [UA])
at the completion of in-hospital rehabilitation period.

MATERIALS AND METHODS

We enrolled 88 patients (all were males), 77 of which had
ACS/STEMI and 11 with ACS/UA. The exclusion criteria
were as follows: age =76 years; heart failure (HF) stage
D; left ventricular (LV) ejection fraction (EF) <35 %; acute
LV thrombosed aneurism; the history of stroke and/or
transient ischemic attack; orthopedic contraindications
to the graded physical exercises; early post-infarction an-
gina; uncontrolled arterial hypertension; atrial fibrillation;
atrioventricular block =l degree; bundle branch block; the
lack of informed consent.

A Q-wave MI (Q-Ml) developed in 63 out of 77 (81,8 %)
patients with ACS/STEMI, non-Q-wave Ml (non-Q-MI) - in
14 out of 77 (18,2 %) patients. Anterior Ml occurred in 50
of 77 (64,9 %) patients, inferior-posterior Ml — 26 (33,8 %)
patients, circular M- 1 patient. Seven patients with ACS/UA
had the history of Q-MI, 1 patient had non-Q-M|, 3 patients
had no history of MI. Among the examined patients there
were 61 smokers (69,3 %).The mean age of the patients was
(hereinafter —median (Me) and interquartile range [IQR]) 58
(49-64) years.The body massindex (BMI) was 28,3 (25,3-31,1)
kg/m?. Twenty-six (29,5%) patients had obesity (BMI >30
kg/m?). The essential hypertension was diagnosed in 86
patients (98 %). The mean systolic blood pressure (SBP) was
160 (160-170) mm Hg. Chronic HF stage B was presentin 24
(27,3 %) patients, stage C—in 64 (72,7 %). Diabetes mellitus
(DM) type 2 was present in 23 patients (26,1 %).

Fifty-nine patients out of 77 with ACS/STEMI underwent
urgent coronary angiography (CAG) and stent placement
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into culpritartery, 5 — percutaneous transluminal coronary
angioplasty, 13 - delayed CAG and stent placement. CAG
was performed to ACS/STEMI patients within 2 hours -9
patients (12 %), between 2-6 hours — 36 patients (46,8 %)
and after 6 hours — 32 patients (41,6 %). We assessed the
lesionsin three main coronary arteries’ territories, namely
the left anterior descending artery (LAD) (the branch of
left coronary artery [LCA]), circumflex artery (Cx) (the LCA
branch), and right coronary artery (RCA). Single-vessel
lesion among 88 patients was found in 19 (21,6 %) pa-
tients, 2-vessel —in 29 (33,0 %), 3 and more vessels —in 40
(45,5 %). Hemodynamically significant lesions (=50 %) of
asingle coronary artery was found in 30 (34,1 %) patients,
of two arteries — 30 (34,1 %), three arteries — 27 (30,7 %)
patients. Left main coronary artery disease was found in
2 (2,3 %) patients.

The mean serum fasting glucose level was 5,8 (5,0-
7,1) mmol/L, total serum cholesterol level — 4,5 (3,6-5,4)
mmol/L, serum creatinine level — 104 (89-120) umol/L.The
mean estimated glomerular filtration rate (eGFR) was 66,5
(56,6-79,7) ml/min/1.73 m> Eleven (12,5 %) patients had
eGFR >90 ml/min/1.73 m? 50 (56,8 %) — within 60-89 ml/
min/1.73 m? in 22 (25,0 %) — within 45-59 ml/min/1.73 m?,
and 5 (5,7 %) — within 30-44 ml/min/1.73 m>.

The transthoracic echocardiography was performed ac-
cording to the standard protocol. The average LV EF was 50
(45-55) %. Five (5,7 %) patients had LV EF <40 %, 37 (42,0 %)
patients — 40-49 %, and 46 (52,3 %) patients — =50 %.

The exercise tolerance test in the form of graded physical
exercises was performed in all the patients after 10-15 days
since ACS/Ml onset, and after 7-10days after stabilization
in ACS/UA patients, with the use of Ergoline ergometric
bicycle. The symptom-limited stress-test was performed
according to the stepwise-increasing scheme, beginning
from 25 W workload with further increase of each exercise
level by 25 W until there are ischemic ECG changes or/and
pain developed.The duration of the graduated exercise on
cycle ergometry lasted 5 minutes at each level.

Under the condition of graded exercise test (GXT) per-
formed on cycle ergometer, the EPCs count in blood was
measured before and 60 minutes after the test was done.
Blood samples was taken after 10-15 days since ACS/STEMI
development, and after 7-10 days (at stabilization) in UA
patients. The EPCs count (CD45+/CD34+ phenotype) in
peripheral blood was measured by flow cytometry method
using reagents for the determination of CD34 and CD45
markers made by «<Beckman Coulter Inc.»: 100 pl of peripher-
al blood was incubated within 15-20 minutes with a mixture
of PC7-conjugated monoclonal antibodies against CD45
and PE-conjugated monoclonal antibodies against CD34
(Beckman Coulter Inc.) in a place protected from light. Next,
erythrocyte lysis was performed using 500 pl of OptiLyse
lytic solution within ten minutes, followed by adding 500 pl
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Table I. The main clinical and laboratory values in the groups of patients with low and high GXT levels

Group 1 (low tolerance)

Group 2 (high tolerance)

Parameters n=43 h=45 p
Age, years 62 (52-67) 54 (47-60) 0,004
BMI, kg/m2 27,8 (25-31) 28,0 (25,9-31,2) 0,435
Obesity, n (%) 12(28) 18 (40) 0,266
SBP, mm Hg 160 (160-170) 160 (160-170) 1,000
Smoking, n (%) 32(74) 29 (64) 0,314

UA 1(2) 2(4)
ACS type, n (%) Q 38(89) 32(771) 0,131
Non-Q 4(9) 11 (25)
o Anterior Ml 25/42 (60) 29/43 (67)
ACS/ML(/I’?IC(?)/:)RUO“)’ Inferior-posterior Ml 16/42 (38) 14/43 (33) 0,492
Circular MI 1/42 (2) 0/43
HF stage, B 11 (26) 13 (29)

n (%(';J C 32(74) 32(71) 012
DM type 2, n (%) 11(26) 12 (27) 1,000
Blood glucose, mmol/L 5,8 (4,9-7,0) 5,8 (5,0-7,0) 0,501
Glycated hemoglobin, % 5,8 (5,15-6,75) 54 (5,1-6,7) 0,253
Creatinine, pmol/L 106 (95-125) 100 (88-114) 0,136
eGFR, ml/min x 1,73 m? 63 (54-72) 69 (62-84) 0,035
AST, u/L 48 (24-98) 34 (25-42) 0,215
ALT, u/L 47 (29-61) 36 (28-61) 0,298
CPK, u/L 125 (74-860) 164 (97-389) 0,696
De Ritis ratio (AST/ALT) 0,97 (0,72-2,07) 0,93 (0,70-1,33) 0,533
Total serum cholesterol, mmol/L 4,4 (3,5-5,4) 4,5 (4-5,4) 0,258
LDL, mmol/L 2,39(1,6-3,1) 2,56 (1,99-3,35) 0,287
HDL, mmol/L 1,3 (1,0-1,56) 1,28 (1,05-1,45) 0,927

Notes: AST — aspartate aminotransferase; ALT — alanine aminotransferase; CPK — creatine phosphokinase; HDL — high-density lipoprotein cholesterol

of phosphate-buffer saline. For estimation a number of cells
per pL, 100 pL of FlowCount fluorosphere was added to the
cells suspension. Calculation of the results was performed
using NAVIOS («Beckman Coulter Inc.») device, receivingan
absolute quantities of the cells per 1 ml of blood.

Determination of PCSK9 level in blood serum of the pa-
tients before and 60 minutes after cycle ergometer exercises
was performed using a system for automatic conduction
of enzyme multiplied immunoassay. Thunder Bolt with the
aid of Storm Software Suite system software using Human
PCSK9 ELISA Kit test kit for enzyme multiplied immunoassay
made by Elabscience Biotechnology Inc., USA.

According to the results of symptom-limited exercise
tolerance test, the enrolled sample of patients was subdi-
vided into two groups: group 1 (low physical tolerance; the
exercise level achieved 25-50 W; n=43 [48,9 %]) and group
2 (high physical tolerance; the exercise level achieved 75-
125W; n=45[51,1 %)).

The dataanalysis was performed by the use of the follow-
ing statistical software: Statistica v. 14.0.015 (TIBCO Soft-

ware Inc., USA); IBM SPSS Statistics v. 27 (Armonk, NY: IBM
Corp., USA); and MedCalcv. 22.009 (MedCalc Software Ltd,
Belgium).The studied variables were presented as Me (IQR)
(continuous ones), and absolute and relative (%) frequency
(categorical ones). To compare the parameters between
the independent groups, we used Mann-Whitney U-test
(for continuous variables) and ? test (with z-test when
needed) and Fisher's exact test (for categorical variables).
We used the Wilcoxon test for paired samples to compare
the continuous variables at baseline and after GXT. The
presented results included the Hodges-Lehmann median
difference (the Hodges-Lehmann estimate of location
shift) and its 95% confidence interval (Cl). A 2-tailed p<0,05
was considered statistically significant.

RESULTS

The clinical-anamnestic characteristic of the two studied
groups is depicted in Table I. The groups significantly
differed in terms of age, particularly the patients from the
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Table II. Instrumental measurements in patients of low and high GXT levels

Group 1 (low tolerance)

Group 2 (high tolerance)

Parameters n=43 h=45 p
No 5|gn|ﬁFant 0 12)
stenosis
CAD COmpIeXIty (SIgnlﬁcant 1-vessel 14 (33) 16 (36) 0467
coronary stenosis), n (%) !
2-vessel 13 (30) 17 (38)
3-vessel 16 (37) 11 (24)
No lesions? 1(2,3) 11 (25)
LAD (LCA) territory lesions, <50% 4(93) 2(4) 0016
n (%) 50-99 % 22(51,2) 22 (49) '
100 % 16 (37,2) 10 (22)
Significant LAD (LCA)
territory stenosis (=50 %), n (%) 38(88) 32071 0,064
No lesions 13(30) 18 (40)
Cx (LCA) territory lesions, <50% 5(12) 4(9) 0653
n (%) 50-99 % 19 (44) 15(33) '
100 % 6 (14) 8(18)
Significant Cx (LCA)
territory stenosis (=50 %), n (%) 25(58) 23067 0,529
No lesions 13 (30) 19 (42)
RCA territory lesions, <50 % 5(12) 2(4) 0325
n (%) 50-99 % 19 (44) 21(47) '
100 % 6(14) 3(7)
Significant RCA territory stenosis (=50 %), n (%) 25(58) 24 (53) 0,674
Complete revascularization, n (%) 26 (60) 27 (60) 1,000
No stents 3(7) 6(13)
Number of implanted stents, 1 stent 25(58) 28 (62) 0419
n,% i
>2 stents 15 (35) 11 (24)

Note: ? — statistically significant difference by z-test

15t group being older than from the 2" one: 62 (52-67)
versus 54 (47-60) years (p=0,004). Both groups of patients
did not differ significantly by the majority of clinical pa-
rameters. Also, the studied groups were comparable by
the frequency of Q-MI, non-Q-Ml and UA, as well as by
different Ml localization patterns. We did not reveal any
significant differences in basic biochemical measure-
ments between the compared groups, however the eGFR
in the group 1 (low GXT level) was significantly lower,
than in the group 2 patients (high GXT level) (Table I).
Regarding the CAG findings, the studied groups were
comparable by the total number of affected vessels. At
the same time, the 1 group was characterized by the
higher frequency of patients with any LAD territory
stenosis (25,0 % vs. 2,3 % in the 2" group, respective-
ly; p=0,004). In particular, the significant LAD lesions
tended to be higher in case of low physical tolerance.
Besides, we did not observe any significant differences
between the studied groups with respect to Cx LCA and
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RCA territory lesions patterns, as well as the coverage
of complete revascularization and the number of im-
planted coronary stents (Table II).

The 1stgroup, as compared to the alternative one, was
characterized by the higher LA size, and slightly lower
LV EF and higher LV posterior wall (PW) thickness (both
numerically, but non-significantly) (Table IlI).

The studied groups were comparable by the EPCs
countin blood serum at baseline and after GXT. We did
not reveal any significant difference in the EPCs count
after the stress-test as compared to baseline in both
groups of patients. Near half of patients in both groups
presented with the increase of EPCs count after physical
exercises, being numerically comparable in case of low
and high physical tolerance (Table IV).

The dynamics of PCSK9 level in patients examined
under the conditions of GXT on cycle ergometer in
presented on Figure 1. We revealed a statistically signif-
icant decrease in its level after performing GXT (676,0
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Table lll. Echocardiography parameters in patients of low and high GXT levels

Group 1 (low tolerance)

Group 2 (high tolerance)

Parameters n=d3 hed5 p

LA, cm 4,3 (4,04-4,5) 4,1 (3,8-4,2) 0,040
LV EDV, ml 127 (110-150) 128 (110-141) 0,829
LV ESV, mi 61 (52-75) 61 (47-75) 0,612
LV EF, % 49 (43-54) 51 (47-56) 0,055
IVS, cm 1,17 (1,1-1,25) 1,2 (1,08-1,25) 0,993
LV PW, cm 1,13 (1,07-1,20) 1,09 (1,03-1,16) 0,066
E/A, cu. 0,97 (0,65-1,17) 0,89 (0,73-1,10) 0,702
IVRT, ms 105 (95-119) 105 (50-120) 0,544
DT, ms 155 (130-200) 140 (120-190) 0,652

Notes: LA — left atrium (anteroposterior dimension); EDV — end-diastolic volume; ESV — end-systolic volume; IVS — interventricular septum; E/A — the
ratio of peak velocity blood flow from LV relaxation in early diastole (the E wave) to peak velocity flow in late diastole caused by atrial contraction (the A

wave); IVRT — LV isovolumic relaxation time; DT — LV deceleration time

Table IV. EPCs count (per ml) in blood serum at baseline and after physical exercises in patients of low and high GXT levels

Group 1 Group 2
Parameters (low tolerance) (high tolerance) b,
n=30 n=45
Me 3491 2796
EPCs,/ml IQR 1931...5245 2057...3793 0,274
95 % Cl 2252...4645 2305...3366
Me 3389 2987
EPCs,/ml IQR 2228...6455 2196...3855 0,229
95 % Cl 2454...5307 2691...3642
AMe (95 % CI)* 64 (-376...617) 115 (-214...424) -
p, 0,781 0,481 -
(+H)AEPCs, _/ml, n (%) 14 (47) 24 (53) 0,572
AEPCs, /ml, n (%) 1015 (i1=71.‘.1.1970) 607 (3:3541268) 0,428

Notes: EPCs, — EPCs count at baseline; EPCs, — EPCs count after GXT; AEPCs_

— the difference between EPCs, and EPCs,; (+)AEPCs, , — any EPCs count

increase after GXT; * — Hodges-Lehmann Me difference; ** —in (+)AEPCs, , patients; p, — the significance of difference between groups 1and 2; p, — the

significance of difference between EPCs, and EPCs, in groups 1and 2

(441,9...995,9) ng/ml vs. 824,0 (371,0...1073,0) ng/
ml at baseline; Hodges-Lehmann Me difference: -63,1
(-138,8...-19,3) ng/ml; p=0,004 [N=35]).

DISCUSSION

Patient’s recovery after ACS (Ml or UA) needs proper
condition assessment, timely intervention and its
efficacy evaluation. The main parameter that reflects
recovery efficiency after previous ACS is graded ex-
ercise test. In our study we separated the patients by
GXT level and indicated the aspects with associated
with low or high GXT level. Our study shows that the
patients with low (25-50 W) GXT were older, and pre-
sented with lower eGFR and more frequent any LAD
territory lesions. According to transthoracic echocar-

diography data, patients with low GXT appeared to
have larger LA size and slightly (non-significantly)
lower LV EF. At the same time, the studied groups did
not differ significantly by the rates of complete and
incomplete revascularization.

The aim of our study was to determine new biological
markers that may be estimated on the stage of recov-
ery in a patient after ACS (estimation of endothelial
function recovery, PCSK9 level), when performing GXT.
The EPCs count in peripheral blood and its functional
state reflect endogenous reserve of endothelial tissue,
and can be used as biomarkers of vascular function
and predictive indexes of vascular lesions. There are
many experimental data demonstrating that the circu-
lating EPCs and resident stem cells facilitate recovery
of ventricles and reconstruction after acute ischemic
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event. Circulating endothelial progenitor cells can
take part in regeneration of vessels and myocardium
[6-8]. The prospective incidence study was performed
which involved 454 patients with stable CAD aiming
to investigate an interrelation between the changes in
EPCs count in blood while performing graded exercise
test and the risk of developing adverse cardiovascular
events [14]. The observations made during the follow-
ing 3 years showed that the patients having EPCs level
decrease after graded exercise test had a higher risk of
developing acute Ml and cardiac death. The authors
concluded that it might be related to the decrease of
bone marrow's reserve function to produce the EPCs in
response to ischemia, which is the basis of endothelial
dysfunction development.

The results of the recent studies suggest that the EPCs
levelsincrease in peripheral blood could be considered
as compensatory reaction of the body in response to
endothelial dysfunction development [15-18]. More-
over, an important factor of decreasing endothelial
dysfunctionriskis the bone marrow’s ability to produce
EPCs in response to lesion or ischemia, thus scientists
use graded exercises to enhance the reserve function
of the bone marrow - the ability to produce EPCs.
However, both groups of patients in our study were
comparable by the EPCs count - either at baseline or
after the graded exercise test. Additionally, patients
with low and high physical tolerance did not demon-
strate any significant post-test EPCs count dynamics, as
compared to its pre-test level.
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Dyslipidemia is a widely accepted risk factor for
atherosclerosis development and progression, and
physical exercises are seen as one of the components
of non-drug treatment of the patients after ACS. It is
known that PCSK9 plays an important role in LDL re-
ceptors regulation in volunteers depending on the level
of physical activity [9]. Particularly, 67 healthy hospital
employees were taking part in the study during six
months, they had been using stairs instead of elevators
for three months, then the next three months - by their
discretion. When determining PCSK9 levels in blood
serum after three months, their significant decrease
was observed from 403,6 to 324,3 ng/ml (p=0,001), and
LDL -from 5,0 to 3.3 mmol/L (p=0,01) [9]. We observed a
statistically significant decrease of PCSK9 level decrease
in the patients after performing GXT, which befits the
data received in the published studies [10-13].

The limitations of the present study include the mod-
est sample size, exclusion of patients with the contrain-
dications to GXT, and the lack of significant differences
in the baseline and post-GXT inter and intragroup EPCs
count.Taking into account currently available evidence,
suggesting the prognostic value of the assessment of
EPCs count in response to physical exercise, it seems
promising to assess this parameter at follow-up after
the completing of in-hospital rehabilitation period (at
3 months, 12 months follow-up etc.). It could be also
valuable to study the associations of EPCs count with
clinical, laboratory and instrumental data by the use of
non-linear models.
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CONCLUSIONS parable by the EPCs count in blood at baseline and after
At the completion of in-hospital rehabilitation period, graded physical exercise, and by the EPCs count post-test
the insufficient physical recovery in patients suffered  dynamics, as compared to its pre-test values. Physical
from ACS associated with older age, lower eGFR, more  exercises facilitated a significant decrease of PCSK9 level,
frequent any LDA (LCA) lesion cases, and higher LA size.  which might be one of the ways to affect lipid metabo-

Patients with low and high physical tolerance were com-  lism and atherosclerotic process progression.
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ABSTRACT

The aim: Study of prognostic possibilities of batokine complexes (fibroblast growth factor (FGF-21) and vascular endothelial growth factor A (VEGF-A)) in
determining the risks of developing coronary heart disease (CHD) and obesity (especially in case of their comorbidity).

Materials and methods: 105 patients aged 25—85 were examined: 70 (main group) —with CHD on the background of obesity and 35 — with isolated CHD
(comparison group).

Results: Probable associations with increased risks of comorbidity of CHD and obesity were: increased systolic blood pressure (SBP) (OR = 0.844 [95.0% I
0.735-0.970], p = 0.017), FGF-21 (OR = 1.701 [95.0 % (I 1.219-2.375], p = 0.002), VEGF-A (OR = 1.725 [95.0% (I 1.213-2.372], p = 0.005), low-density
lipoprotein (LDL) (OR =4.419[95.0% (1 1.351-14.469], p = 0.014). Probable associations were also established for lesions of the left anterior descending artery
(LADA) (OR=1.11795.0% C10.987—-1.263], p = 0.078), intermediate branch of the left coronary artery (IBLCA) (OR = 1.336 [95.0% (1 1.099-1.624], p=0.004).
Conclusions: The values of the characteristics of batokine metabolism (FGF-21and VEGF-A levels) can be used as a significant predictor of the development of
obesity in CHD. Increased levels of FGF-21 and VEGF-A in blood serum characterize a significant relationship with the development of such comorbidity, which
indicates a significant influence of batokine complexes on the pathogenesis of comorbidity of CHD and obesity.

KEY WORDS: coronary heart disease, obesity, FGF-21, VEGF-A, comorbidity

INTRODUCTION

Recently, the development of a real epidemic of chronic
non-communicable diseases (NCDs) [1] has been deter-
mined, which is provoked by the significant prevalence
of an unhealthy lifestyle, low physical activity, abuse of
alcohol and alcohol-containing substances, significant
spread of tobacco smoking, unhealthy diet etc. [2].
Among all NCDs, cardiovascular diseases (CVD) [3, 4],
which cause more than 70% of all global deaths, are
the leading cause of death in the population [5]. It is
precisely because of CVD, according to many scientists,
that NCDs are considered threatening and epidemic,
because CVD have a significant prevalence and pro-
voke the maximum number of cases of disability and
mortality [6, 7].

Thus, conducted studies [8] indicate that CVDs are the
cause of more than 17.5 million global deaths annually,
causing 17.8 million such cases in 2017 [9, 10], and in
2019 - more than 6,2 million [9]. In Ukraine, mortality
due to CVD also occupies the first positions, causing
more than 67.0% of all deaths which is 801.6 cases per
100,000 population [11].

Wiad Lek. 2023;76(10):2143-2149

Moreover, among all CVDs, the first place in terms
of prevalence and causes of death is coronary heart
disease (CHD), especially against the background of
hyperlipidemia and obesity [3, 4].

The development of CVDs (primarily CHD) is signifi-
cantly influenced by such negative risk factors as de-
pression and obesity, the occurrence and development
of which are associated with the effect of significant psy-
chophysiological and psychoemotional overloads, which
are widespread both among the entire world community
and in Ukraine (especially in the conditions of today’s
active hostilities in our country) [12] and provoke a sig-
nificant number of NCDs [13], among which CVD (most
often CHD) and obesity are noted. At the same time,
conducted global studies also determined that more
than 23% of participants in active military operations
experience the impact of over-normal psycho-traumatic
overloads [14] (which is quite relevant for our country),
because of which there are high risks of the occurrence
and development of depression and obesity [15].

At the same time, early diagnosis, and the possibility
of predicting the risks of developing CVD (primarily
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coronary heart disease) both in the case of monohy-
pertension and against the background of obesity
(especially taking into account the increased risks of
the development of cardiogenic pathology against the
background of active hostilities in Ukraine) become a
rather urgentissue.To determine this question, leading
scientists are studying the prognostic possibilities of
inflammatory mediators, which are produced against
the background of pathogenetic changes observed in
the background of coronary artery disease and obesity.
Among these substances, batokine complexes are of
primary importance: fibroblast growth factor (FGF-21)
and vascular endothelial growth factor A (VEGF-A),
which are mediators of metabolic disorders observed
in CHD and obesity (especially in their comorbidity) and
have a good cardioprotective effect (due to a reduction
in the manifestations of oxidative stress) [16, 17].
Therefore, the study of the prognostic capabilities
of batokine complexes (FGF-21 and VEGF-A) in de-
termining the risks of developing CHD and obesity
(especially in the case of their comorbidity) is a very
relevant and significant problem (primarily in view of
the increased risks of the occurrence and development
of these diseases against the background of conducting
active combat actions in Ukraine), the solution of which
requires close attention of researchers and scientists.

THE AIM

The purpose of our study was to study the prognostic
capabilities of batokine complexes (FGF-21 and VEGF-A)
in determining the risks of developing CHD and obesity
(especially in case of their comorbidity).

MATERIALS AND METHODS

We enrolled 105 patients aged 25-85, who were divided
into 2 study groups: 70 patients (main group) with CHD
on the background of obesity and 35 respondents with
isolated coronary artery disease (comparison group). In
the main (n=70) group, the average age was 63.6 + 8.8
years, most of them (72.9 %) were female compared
to respondents (27.1 %) who were male; and in the
comparison group, the average age was 69.7 + 7.9 years
and, on the contrary, the majority (68.6 %) were men
compared to women (31.4 %).

The diagnosis of CHD was established according to
currentguidelines [18, 19]. The diagnosis of obesity was
determined according to the recommendations EASO
(2017) [20] and NIH (2000) [21].

Inclusion criteria: age =18 years, presence of comor-
bid CHD and obesity (main group) and isolated CHD
(comparison group), consent to participate in the
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study. Exclusion criteria: age < 18 years, absence of
comorbid CHD and obesity (main group) and isolated
CHD (comparison group), diffuse and focal diseases,
endocrine pathology, allergic reactions, systemic dis-
eases of connective tissue, acute and chronic diseases
of internal organs (except CHD and obesity), severe
decompensated somatic pathology, mental and
oncological diseases, acute cardiovascular disorder,
acute and significant decompensation of carbohydrate
metabolism, unsatisfactory physical condition, preg-
nancy and breastfeeding, chronic alcoholism, refusal
to participate in the study.

All patients underwent measurements of systolic
blood pressure (SBP) and diastolic blood pressure
(DBP), characteristics of lipid and batokine metabo-
lism. We performed coronary angiography in all the
patients to determine the stenosis of the main coro-
nary arteries.

We considered a coronary lesion to be significant in
case of stenosis of >50%. Among the enrolled patients,
significant left anterior descending artery (LADA) (of the
left coronary artery [LCA]) lesions were detected in 51
(48,6 %) patients, intermediate branch of LCA (IBLCA) -

12 (11,4 %), right coronary artery (RCA) - 16 (15,2 %),
and circumflex artery —in 1 (1,0 %) case. There were no
cases of left main disease among the enrolled patients.

Medical-statistical calculation: We calculated the
mean value and standard deviation (M £ SD) for
continuous variables. Differences between unrelated
samples were calculated using Mann-Whitney U-test.
Categorical variables were presented in absolute and
percent values (with 95 % confidence interval [Cl]). Pear-
son’s Chi-squared test was used to assess differences
between groups.

Associations of the obtained indicators with the
binomial dependent variable were determined using
multiple logistic regression analysis with the calculation
of standardized [ coefficients (odds ratio (OR); and their
95.0% Cl). The quality of the obtained models was car-
ried out by calculating the Nagelkerke R2. For the final
model, a multiple binomial regression equation was
made to calculate the percentage probability of the
desired event. In the regression analysis, we used uni-
variate and multivariate analysis, enter and Backward
Wald exclusion of variables in the mathematical model
to obtain the most likely independent predictors.

Coding of groups in regression models was as follows:
isolated CHD (comparison group) - reference group;
comorbid CHD and obesity (main group) - comparison
group.

Significance level (p) in the study was taken as lower
than 0.05. Statistical calculations were performed in
IBM SPSS 25.0 (trial version) for Windows.
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Table I. Characteristics of SBP and DBP in patients with CHD and obesity, M £ SD

Research groups

Characteristics of SBP and DBP P
main (n =70) comparison (n = 35)
SBP, mm Hg 156.9 £ 14.7 158.0+16.4 0,801
DBP, mm Hg 91.7+78 89.3+9.1 0,167

Table Il. Characteristics of batokin levels, M = SD

Research groups

Batokin levels - - p
main (n =70) comparison (n = 35)

FGF-21, pg/ml 2411 £27.1 209.0+13.8 < 0,001

VEGF-A, pg/ml 2229+73 206.0+83 <0,001

Table ll1. Significant coronary lesions, N (% [95 % Cl])

Research groups

Parameters P
main (n =70) comparison (n = 35)
LADA lesions 41 (59 [47-70]) 10 (29 [15-45]) 0,004
IBLCA lesions 12 (17 [9-27]) 0 [0-5] 0,009
RCA lesions 16 (23 [14-34]) 0[0-5] 0,002

Table IV. Lipid profile characteristics, M = SD

. . Research groups
Lipid profile characteristics - - p
main (n=70) comparison (n = 35)

HDL, mmol/I 1,53+0,29 1,36 £ 0,32 0,009

TG, mmol/I 2,00+ 1,00 1,53+0,81 0,010

LDL, mmol/I 337+1,15 2,57+1,35 < 0,001

VLDL, mmol/I 0,90+ 0,45 0,70+ 0,37 0,017

AC, c.u. 2,87+0,83 2,42+0,95 0,008

Table V. Associations of batokine complexes with comorbidity of CHD and obesity

Univariate analysis Multivariate analysis
Batokine complexes
OR (95,0 % CI) p OR (95,0 % CI) p
FGF-21 1,317 (1,182-1,468) < 0,001 1,265 (1,132-1,414) < 0,001
VEGF-A 1,095 (1,056-1,136) < 0,001 1,080 (1,028-1,135) 0,002

Table VI. Associations of significant clinical-laboratory and clinical-instrumental characteristics with comorbidity of CHD and obesity

Reliable characteristics B-coefficient OR (95,0 % CI) p
SBP* -0,169 0,844 (0,735-0,970) 0,017
FGF-21%* 0,531 1,701 (1,219-2,375) 0,002
VEGF-A*** 0,542 1,725 (1,213-2,372) 0,005
LADA# 0,111 1,117 (0,987-1,263) 0,078
IBLCA* 0,290 1,336 (1,099-1,624) 0,004
LDL## 1,486 4,419 (1,351-14,469) 0,014

Notes: * —the range: 130-180 mm Hg (n=105); ** — the range: 205.37-241.29 pg/ml (n=105); *** — the range: 199.16-289.08 pg/ml (n=105); # — the
range: 20-70 % (n=105); ## — the range: 10-60 % (n=105); ### — the range: 1.17-6.81 mmol/l (=105)

RESULTS levels of SBP and DBP in patients with CHD and
The characteristics of SBP and DBP in patients with  obesity. — Table I.

CHD and obesity were analyzed - Table I. There The levels of batokines (FGF-21 and VEGF-A) signifi-
were no statistically significant differences in the cantly exceeded the normative values for CHD both in
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the main (respectively 241.1 £27.1and 222.9+ 7.3 pg/ml)
and in the comparison group (respectively 209,0 + 13.8
and 206.0 + 8.3 pg/ml). In CHD with obesity, the levels
of both batokines were probably (p < 0.001) higher than
the indicators of patients with isolated CHD - Table Il

The group of CHD and obesity was characterized by
the higher frequency of significant LADA, IBLCA and
RCA lesions, as compared to CHD alone (Table ll).

The peculiarities of the lipid profile in CHD and obesity
were determined: the levels of high-density lipoproteins
(HDL) were within the normative limits, but significantly
(p =0.009) prevailed in CHD and obesity compared to
isolated CHD (respectively, 1.53 £ 0.29 and 1.36 £ 0.32
mmol/l); the levels of triglycerides (TG) probably
(p =0.010) exceeded the normative values in the main
group significantly outweighing the indicators of the
comparison group (2.00+ 1.00 and 1.53 +£ 0.81 mmol/I,
respectively); the levels of low-density lipoprotein (LDL)
in all groups were within the normative limits, probably
(p < 0.001) prevailing among the subjects of the main
group compared to the comparison group (3.37 £ 1.15
and 2.57 £ 1.35 mmol/l, respectively), as well as the lev-
els of very low-density lipoproteins (VLDL) (respectively
0.90 + 0.45 and 0.70 = 0.37 mmol/l; p = 0.017) and the
atherogenic coefficient (AC) (respectively, 2.87 + 0.83
and 2.42 £ 0.95 c.u.; p = 0.008) - Table IV.

Determination of associations of batokine levels with
the comorbidity of CHD and obesity by both univariate
and multivariate logistic regression analysis established
significant predictive effects on the development of the
combined course of CHD and obesity as an increase in
FGF-21 indicators (respectively OR = 1.317 [95.0% Cl
1.182-1.468]; p <0.001 and OR=1.265[95.0% Cl 1.132-
1.414]; p < 0.001) and VEGF-A (respectively OR = 1.095
[95.0% CI 1.056-1.136]; p <0.001 and OR=1.080[95.0%
Cl11.028-1.135]; p = 0.002).

In this way, significantly increased chances for the
development of comorbid development of CHD and
obesity were determined, both by univariate and mul-
tivariate analysis, when the levels of FGF-21 increased
above the normative indicators (the corresponding
increase in the chances by 1.317 and 1.265 times) and
VEGF-A (respectively by 1.095 and in 1.080 times) -
Table V.

When adding other clinical-laboratory and clini-
cal-instrumental indicators (for which their probable
associations with the comorbidity of CHD and obesity
were previously obtained) according to multivariate
analysis, the final result was determined the influence of
all significant characteristics (SBP), lesions of the LADA
and the IBLCA and LDL levels) of examined patients with
the significant development of comorbidity of coronary
artery disease and obesity — Table VI.
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Significant associations with increased risks of co-
morbidity of CHD and obesity were: increased SBP
(OR =0.844 [95.0% Cl 0.735-0.970]; p = 0.017), FGF-21
(OR=1.701[95.0% Cl 1.219-2.375]; p = 0.002), VEGF-A
(OR = 1.725 [95.0% Cl 1.213-2.372]; p = 0.005) and
LDL (OR = 4.419 [95.0% Cl 1.351-14.469]; p = 0.014).
Probable associations were also established for lesions
of the LADA (OR = 1.117 [95.0% Cl 0.987-1.263];
p=0.078) and IBLCA (OR=1.336[95.0% Cl 1.099-1.624];
p =0.004). These results indicate a decrease in the odds
(by 15.6%) of developing comorbidity of IBLCA and
obesity when SBP levels increase above the normal val-
ues. Also, an increase in such chances was determined
when the levels of FGF-21 (1.701-fold increased odds),
VEGF-A (1.725-fold increased odds) and LDL (4.419-fold
increased odds) increased above the norm. Increased
chances of comorbidity of CHD and obesity with a le-
sion of 1.0% of LADA (1.117-fold increase in chances)
and IBLCA (1.336-fold increase in chances) were also
determined - Table VI.

DISCUSSION

Our results regarding the significant associations and
effects of the levels of batokin complexes on the risks of
developing CHD and obesity and their comorbid combi-
nation are completely consistent with other conducted
studies.Thus, Zheng X. [22] evaluated the relationships
between FGF-21 and the development of negative
clinical outcomes (combination of death or severe dis-
ability (on the modified Rankin scale > 3) within 1 year
after a stroke) in 3412 patients from China with acute
ischemic stroke. They established the development of
negative clinical consequencesin 745 (21.83%) patients
(550 developed severe disability and 195 died). After
multivariate adjustment, a higher level of FGF-21 in
the plasma of patients was highly associated with an
increased risk of negative clinical outcomes (OR=1.52;
95.0% Cl 1.11-1.29). At the same time, each 1-SD in-
crease in the logarithmic transformation of FGF-21 (by
0.67 pg/ml) had a probable association with 19.0%;
3.0% and 33.0% increased risks of overall negative
clinical outcomes, severe disability and death, respec-
tively. Adding FGF-21 to other risk factors significantly
improved the prediction of adverse clinical outcomes
in patients with ischemic stroke (net reclassification
index = 10.8%; p = 0.011; integrated improvement in
discrimination = 0.3%; p = 0.038).

At the same time, Lee C.H. [23] determined the
possibility of predicting the development of CHD us-
ing serum FGF-21 in 3528 Chinese patients with type
2 diabetes mellitus (determining increased risks of
developing obesity) and CHD. They determined that
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serum FGF-21 levels are an independent predictor of
CHD and can be used as a biomarker to identify an
increased risk of CHD.

They established that, baseline serum log-trans-
formed FGF-21 levels were significantly higher in CHD
than those who did not CHD (222.7 pg/mL [92.8-438.4]
versus 151.1 pg/mL [75.6-274.6]; p < 0.001). On multi-
variable Cox regression analysis, baseline serum FGF-21
levels, independently predicted incident CHD (hazard
ratio = 1.55; 95,0 % CI 1.10-2.19; p = 0.013).

In turn, Palmer B.R. [24], found that determination of
serum VEGF-A levels has value as a prognostic biomark-
er in patients with CHD; and Hrovat K. et al. [25] in the
study of patients with coronary artery disease noted the
importance of determining VEGF-A in CHD.

CONCLUSIONS

Based on the research, it was determined that the values
of the characteristics of batokine metabolism (FGF-21
and VEGF-A levels) can be used as a significant predictor
of the development of obesity in CHD. Increased levels
of FGF-21 and VEGF-A in blood serum characterize a
significant relationship with the development of such
comorbidity, which indicates a significant influence of
batokine complexes on the pathogenesis of comorbid-
ity of CHD and obesity. In addition, the results indicate
a direct relationship between the pathogenesis of the
comorbidity of CHD and obesity with SBP values, LDL
levels, and lesions of LDL and PGLC damage, which
should be taken into account to ensure therapeutic
and preventive measures.
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ABSTRACT

The aim: To reveal the peculiarities of functioning disorders in everyday life and the need for rehabilitation in the patients with stable ischemic heart disease (IHD).
Materials and methods: Used 346 medical cards of inpatients with stable (IHD), Department of Cardiology and Cardiorehabilitation, Kyiv City Clinical Hospital
No. 4. Research methods: collection, grouping, analysis and generalization of data from doctors’ records, medical-statistical, graphical.

Results: It was established that the structure of hospitalized morbidity cases of IHD consisted of 34.7% of angina pectoris and 65.3% of cardiosclerosis. IHD
was accompanied by other diseases in 92.8% of cases. It has been proven that among all cases, those with a moderate severity of functional impairment pre-
vail (25.0-49.0%). 28.9% of the patients have contraindications to physical cardiorehabilitation. The remaining the patients need a complex of rehabilitation
measures, including physical rehabilitation, and patients with contraindications may use other components of cardiorehabilitation programs.

Conclusions: It has been proven that patients with coronary heart disease, with or without comorbidities, experience impaired functions, reduced activity and
participation in everyday life, as well as pain syndromes and painful sensations. This indicates the need for cardiac rehabilitation in the acute and post-acute periods.

KEY WORDS: Patient; diseases of the circulatory system, disorders of functions, structures, activity and participation; needs for rehabilitation; classification

INTRODUCTION

The current global epidemic situation regarding the
prevalence, disability, and mortality caused by diseases
of the circulatory system remains unfavorable. In 2017,
there were 485,620.9 thousand registered cases of these
diseases, with 72,721.2 thousand cases being newly reg-
istered that year. Moreover, the number of years people
lived with disabilities due to these diseases increased by
4.5% from 2007 to 2017 [1]. This problem continues to
be significant in various countries and among different
age groups of the population [2].

Ischemic heart disease (IHD) is a major contributor to
the overall mortality rates worldwide, causing around
17.5 million deaths annually, and this number is project-
ed toincrease to 23.3 million by 2030. More than 75.0%
of IHD-related deaths occur in low-and middle-income
countries, including Ukraine [3].

Globally, IHD affects approximately 126 million peo-
ple (1,655 per 100,000), making up about 1.72% of
the world population. There were nine million deaths
attributed to IHD worldwide. Men are more commonly
affected than women, and the incidence usually starts
in the fourth decade of life, increasing with age. By 2030,
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the prevalence rate is expected to exceed 1,845 per
100,000 people. Eastern European countries, including
Ukraine, have the highest prevalence of IHD [4].

Ukraine lost 408,721 people from cardio-vascular
diseases (CVD) in 2020.IHD caused the death of 284,997
people, which is equal to 69.7% in the structure of
causes of death from CVD [5].

The high prevalence of CVD imposes a significant bur-
den on healthcare systems and economies of countries.
For instance, the estimated direct costs related to CVD
in the United States reached 213.8 billion US dollars in
2014-2015, with projected indirect costs of 237 billion
dollars per year, expected to rise to 368 billion dollars
by 2035 [6]. Additionally, CVD cost the economies of the
European Union 210 billion euros annually, according
to estimates [7].

In response to these challenges, healthcare systems,
in collaboration with other sectors of economic activity
and the population, must prioritize health promotion
and prevention of CVD, as well as fulfill their specific
functions, including treatment and rehabilitation.
Rehabilitation is defined as a set of measures aimed at
reducing the level of disability and improving the func-
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tioning of individuals with health disorders in everyday
life and their interactions with the environment [8, 9].
Therefore, the study of the peculiarities of functioning
disorders becomes necessary to determine the rehabil-
itation needs of the selected population, followed by
the development and implementation of appropriate
measures into healthcare practice at the individual level.

Modern approaches to rehabilitation involve the use
by doctors involved in rehabilitation of two classifications
- International Classification of Diseases, Tenth Revision
(ICD-10) and International Classification of Functioning,
Disability and Health (ICF). These classifications are in-
tended to better understand the patient’s health status
and obtain information about his functional status by
unifying the data, regardless of the country where the
clinical activity takes place. For medical organizations,
this means an opportunity to improve the planning
of rehabilitation services, their resource provision and
monitoring of implementation [10].

THE AIM

The aim of the study was to reveal the peculiarities of
functioning disorders in everyday life and the need for
rehabilitation in patients with stable ischemic heart
disease (IHD).The task was to determine the nosological
forms of IHD, concomitant diseases, and to obtain data
on complaints about limitations of functions, activity,
and participation in everyday life among a certain
contingent of patients.

MATERIALS AND METHODS

The research materials included medical charts of
inpatients with stable IHD from the Department of
Cardiology and Cardiorehabilitation at Kyiv City Clini-
cal Hospital No. 4. This institution is representative of
the city of Kyiv and serves as a hospital for specialized
medical care for adults, where patients with various
pathologies, including cardiovascular diseases, receive
specialized medical care.

346 medical records of inpatients with IHD were se-
lected for 2019.1n 2019, the number of hospitalizations
of patients with IHD to Kyiv City Clinical Hospital No. 4
was 1,730. The number of medical cards of inpatients
was calculated according to the formula [11]

n=, where: n — volume of the sample population;
t — coefficient of normalized deviation (2); p - is the
probability of the presence of the feature (0.5); q —is the
probability of the absence of a feature (0.5); N - volume
of the general population (1730 people); A - is the per-
missible error in medical and sociological research (the
maximum permissible error is £ 5.0%).

The volume of the sample set of medical records of
inpatients hospitalized for IHD was 324 units, according
to the results of the calculations. 346 units were used,
therefore, the number of research materials represented
the general population at a representative level. All ma-
terials were obtained for research with the permission
of the management of Kyiv City Clinical Hospital No. 4.

ICD-10 and ICF classifiers were used for the purpose of
analyzing and summarizing data on nosological forms
of IHD, accompanying IHD and functional disorders.

Research methods included the collection, group-
ing, analysis, and generalization of data from medical
records of inpatients with IHD, which were recorded
by doctors during the collection of patients’ medical
history and observation. For quantitative data, the
medical-statistical method was used, and calculations
were performed using licensed Microsoft Office Word
software. The data was processed to calculate relative
values in percentages, averages, and standard devi-
ations for the sample. Additionally, the reliability of
differences in indicators between groups of patients
based on age and gender criteria was assessed. The
researchers also utilized a graphic method to present
and visualize the data.

The principles of bioethics were observed during
the preparation of the article in accordance with the
requirements of the Declaration of Helsinki and the
legislation of Ukraine, which was confirmed by the
conclusion of the commission on bioethics dated
06.05.2023 (protocol No. 6). Personal data of patients
from retrospective records of medical cards were not
disclosed.

RESULTS

The general characteristics of the sample showed
that there were 219 (63.3%) women; there were 127
(36.7%) men, which differed at a significantly differ-
ent level (p<0.05). The average age of patients was
71.1£10.3 years, in particular, men - 68.7+10.3 years,
women -72.3+10.0 years. The older age of women was
significantly different from the age of men (p<0.05).
305 (88.2%) patients of the sample were unemployed,
respectively, only 41 (11.8%) persons worked in various
spheres of economic activity; differences in employ-
ment status are reliably confirmed (p<0.05). In partic-
ular, among persons who did not work, 288 (94.4%)
patients were pensioners by age. Among persons of
retirement age, 50 (17.4%) patients had a disability due
to a general disease, namely, due to diseases of CVD.
Analysis of the nosological structure of IHD cases
according to ICD-10 by separate nosological forms
showed that cardiosclerosis was the leading place - 226

2151



Viktoriia V. Horachuk, Tetiana V. Mostepan

Table L. Violations of functions, structure, activity and participation in patients with IHD were detected, determined on the basis of ICD-10, according

to the principle of grouping defined by ICF

Types of N - q
ypes Reasons for violations Clinical symptoms, nosological forms
violations
Violation of the contractile force of the myocardium Signs of chronic heart failure
Violation of coronary blood circulation Symptoms of angina pectoris
Violation of functions related to the regulation of heart .
. Arrhythmias
contractions
Violation of functions related to the regulation of High blood pressure, acute cerebrovascular
vascular tone accident (history), neurocirculatory disorders
Violations of the functions related to the regulation of . .
. Vestibulo-ataxic syndrome
Violation of the vestibular apparatus
functions

Violation of functions of carbohydrate metabolism

Diabetes mellitus, polyneuropathy of the lower
extremities

Violations of thyroid hormone exchange functions

Euthyroidism, hypothyroidism

Violation of respiratory functions

Chronic obstructive pulmonary disease, chronic
bronchitis

Violation of the function of maintaining body weight

Obesity

Disorders of neuromuscular, skeletal and movement-

related functions

Signs of osteochondrosis

Sclerotic lesions of the vessels of the brain, heart, limbs -

Edemas of different localization

Anomalies of the valvular apparatus of the heart -

Aneurysms of the aorta, walls of the heart ventricle -

Stents
Aorto-coronary shunts
Implants

Violation of the
structure

The structure of the bronchial tree

The structure of the pancreas

The structure of the thyroid gland

Structures related to movement

Activity and
participation

Decreased ability to walk, exercise, move down the
street, climb stairs, manage a household, maintain a
diet, and physical comfort

Feeling -

General weakness, palpitations, heart failure,
suffocation, shortness of breath, dizziness, vertigo

Pain -

Headache; pain behind the sternum, in the area of the
heart, in the ribcage, in the lumbar region of the spine

(65.3%) cases, including diffuse - 201 (58.1%) cases,
post-infarction - 25 (7.2%) of the total number of cases;
37 (10.7%) cases of postinfarction cardiosclerosis and
47 (13.6%) cases of diffuse were combined with angina
pectoris. In general, postinfarction cardiosclerosis was
diagnosed in 62 (17.9%) cases from the total number
of hospitalizations, and diffuse - in 248 (71.7%) cases.
Angina was detected in 120 (34.7%) cases of ICD,
including 101 (29.2%) cases of stable angina pectoris,
17 (4.9%) cases of unstable angina pectoris. Cases of
stable angina pectoris were registered in the number
of 18 (17.8%) with Il functional class (FC) of this form of
the disease, and 83 (82.2%) — with Ill FC of angina. All
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cases of unstable angina were transferred to a stable
state by means of drug correction, of which 4 (23.5%)
cases — with Il FC, 13 cases (74.5%) — with Il FC of angi-
na. Progressive angina (angina at rest) with IV FC was
registered in only two cases, which was 0.6% of the total
number of patients.

154 (44.5%) cases with the presence of arrhythmias
were identified. Of these, 64 (41.6%) cases — with per-
sistent atrial fibrillation, 27 (17.5%) — with a persistent
form of atrial fibrillation. In 42 (27.3%) cases, a parox-
ysmal form of atrial fibrillation was diagnosed with
medical restoration of heart rhythm. 21 (13.6%) cases
of other types of arrhythmias were detected, 8 (2.3%) of
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them with ventricular arrhythmia from the total number
of cases in the sample. In general, in 91 (26.3%) cases,
uncontrolled forms of supraventricular arrhythmias
and in 8 (2.3%) cases — ventricular arrhythmias were
detected.

It was established that in 24 (6.9%) of the studied
cases, patients had stents installed, in 15 (4.3%) cases
- shunts, and in four cases (1.2%) - implants as a result
of cardiosurgical interventions.

28 (8.1%) cases of IHD with chronic heart failure
(CHF) of the 1st degree, 223 (64.5%) cases with CHF 2A
degree and 51 (14.7%) cases with CHF 2B degree were
identified. In one case, which was only (0.3%) of the
total number, grade 4 CHF was determined.

Cases of IHD in the number of 321 (92.8%) units was
accompanied by other diseases, of which 316 (98.4%)
cases were associated with Hypertensive heart disease
(HHD) and other concomitant diseases (consequences
of acute cerebrovascular accident, diabetes, neurocircu-
latory dystonia, chronic obstructive pulmonary disease,
chronic bronchitis, anemia, lumbar osteochondrosis
spine, obesity, diseases of the thyroid gland, diseases
of the autonomic nervous system, etc.).

Different types of complaints were identified and
grouped, and the percentage values of their occurrence
were determined based on the total number of cases
in the sample. The results showed that headache was
reported in 154 (44.5%) cases, general weaknessin 153
(44.2%) cases, pain behind the sternum or in the chest
cavity in 124 (35.8%) cases, and palpitations or interrup-
tions in heart rhythm in 110 (31.8%) cases.

Furthermore, 102 (29.5%) cases of patients reported
suffering from suffocation and shortness of breath
at different times of the day, depending on physical
exertion, and 98 (28.3%) cases reported dizziness and
vertigo. Swelling of the extremities was observed in 26
(7.5%) cases, and decreased ability to walk or perform
physical exertion was reported in 99 (28.6%) cases.

It has been proven that the use of the ICF codifier
by the doctors of the institution where the study was
conducted was not carried out, which is confirmed by
records in the patients’ medical records. In this regard,
the authors used a methodical approach to grouping
data on the state of health, determined by doctors on
the basis of ICD-10, according to the principle of group-
ing data indicating violations of functions, structure, ac-
tivity and participation, sensations and pain syndrome,
determined by the ICF (Table I).

Based on the available data and the assessment by
doctors of the severity of the clinical condition of the
patients, as presented in the diagnoses according to
the ICD-10, it was determined that the range of size
and severity of disorders varied from minor (0-4.0%) to

severe (high, intense) (50.0-95.0%). The highest concen-
tration of cases was observed with moderate severity
(25.0-49.0%) according to the general ICF qualifier with
a negative scale.

DISCUSSION

The results of the study have shown that the objec-
tives were achieved as they provided answers to the
research questions. The study revealed the features of
functional disorders in patients with stable coronary
artery disease, which included a complex of functional
disorders in the cardiovascular system (such as clinical
signs of chronic heart failure, angina pectoris, various
types of arrhythmias, increased blood pressure, and
manifestations of neurocirculatory disorders), as well
as in other organs and systems (including nervous,
endocrine, respiratory, musculoskeletal systems), and
disorders of structural components (such as the valvular
apparatus of the heart, vessels of the brain, heart and
limbs, aorta, walls of the ventricles of the heart, bron-
chial tree, pancreas, thyroid gland, musculoskeletal and
vestibular apparatus).

In everyday life, this leads to restrictions on the pa-
tients’ vital activities due to a decrease in the ability to
walk, exercise, move on the street, climb stairs, manage
the household, maintain a diet, and physical comfort.
Patients experience general weakness, palpitations,
interruptions in the work of the heart, suffocation,
shortness of breath, dizziness, dizziness, headache,
behind the sternum, in the area of the heart, ribcage,
lumbar spine.

The ICF codifier allows obtaining quantitative indica-
tors of functions, structure, activity, and participation
at the personal level, covering all functions, types of
activities, and participation of a person in everyday life
and/or their violations [12]. However, the lack of use
of this classification by doctors at the personal level
did not allow for the quantitative determination of
the magnitude and severity of violations by applying
the principles of ICF in the contingent of hospitalized
patients.

Established violations of functions, structure, activity
and participation, sensations and pain syndromes in-
dicated the need for measures to rehabilitate patients
with coronary heart disease, which is confirmed by
numerous studies of the feasibility of rehabilitation in
chronic non-infectious diseases, in particular, in IHD [13-
171. Multiple concomitant diseases confirmed the need
for comprehensive cardiorehabilitation, which should
make appropriate adjustments when doctors develop
personal rehabilitation programs, as the authors of the
studies pointed out [18-19].
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Contraindications to physical rehabilitation of pa-
tients with coronary artery disease include: unstable
angina pectoris; uncontrolled supraventricular and
ventricular arrhythmia; uncontrolled heart failure;
high-level blockade without an artificial pacemaker;
pulmonary embolism, recently experienced thrombo-
phlebitis; other causes not related to heart disease [20].
As revealed by the results of the study, patients with
contraindications to physical rehabilitation make up
a group of 100 (28.9%) people, or about a third of the
sample, but these patients can undergo other cardio-
rehabilitation measures.

METHODOLOGICAL LIMITATIONS

The main methodological limitation of the work
should be considered the lack of data on the per-
sonal assessment of patients’ functioning by doctors
using the ICF codifier, which allowed to obtain only
probable results and requires additional prospective
research after the introduction of ICF into everyday
clinical practice.
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ABSTRACT

The aim: This study evaluates catheter-directed thrombolysis (CDT) outcomes in patients with acute lower limb arterial thrombosis and acute limb ischemia.
Materials and methods: 53 patients (17 females, 36 males, aged 53-76) were studied. 57% had femoropopliteal and below-the-knee (BTK) thromboocclusion,
43% had BTK thromboocclusion. Symptoms included pain, pallor, edema, and cyanosis.

Exclusions criteria: contracture, recent surgeries, bleeding.

Results: In 29 (97%) patients regression of lower-limb ischemia rate by 1-2 stages according to the Rutherford classification were observed. One patient
(3%) did not exhibit any regression in the degree of lower-limb ischemia, experiencing increasing pain and decreased sensitivity in the lower limb, leading to
the development of contracture in the ankle joint and subsequent lower limb amputation over 7 days. Among 12 (40%) patients, after performing follow-up
arteriography of the lower limb, angioplasty was performed on the diagnosed steno-occlusive lesions in the revascularized segment with secondary angioplasty.
Within a year, one (3%) patient experienced recurrent thrombosis of the lower limb arteries with subsequent revascularization.

Conclusions: (DT is recommended for ALI Patients with arterial thrombooclusion.

KEY WORDS: myocardial infarction (MI), arterial hypertension, revascularization, limb surviving, anticoagulant therapy

INTRODUCTION

Catheter-directed thrombolysis is a treatment option
in patients with Acute Limb Ischemia (ALI). According
to the literature [1], this method has shown a high
technical success rate and a high percentage of patients
who survived. ALl manifests as a sudden occurrence of
lower limb ischemia, posing a significant risk of limb loss
unless timely and proper interventions are initiated. It
not only threatens limb viability but also impacts overall
survival. Typically, ALI progresses to advanced limb isch-
emia within a span of two weeks from the acute onset
[2], and the reported mortality rate is approximately
15%-20%, often worsened by concurrent conditions
such as cardiovascular or cerebrovascular disease, as
well as ischemia-reperfusion injury. Consequently,
ALI necessitates not only localized treatment but also
stringent systemic management [3].

THE AIM

This study aims to evaluate the results of catheter-di-
rected thrombolysis (CDT) in patients with acute lower
limb arterial thrombosis and acute limb ischemia.
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MATERIALS AND METHODS

A total of 53 patients with acute lower limb arteri-
al thrombosis and ALl were examined. Among the
patients, 17 (32%) were females and 36 (68%) were
males, aged between 53 and 76 years. Among the pa-
tients, 22 (42%) with diabetes, 11 (21%) patients with
a history of myocardial infarction, 8 (15%) patients
with persistent atrial fibrillation, and 43 (81%) patients
with hypertension. All patients underwent DUS of the
lower limb arteries. In 30 (57%) patients, DUS revealed
thrombooclusion affecting the femoropopliteal and be-
low-the-knee (BTK) arterial segments. Additionally, 23
(43%) patients were diagnosed with thrombooclusion
of the BTK arterial segments. The onset of symptoms
was reported by all patients within 3-21 days prior to
examination. ALl symptoms were evident in all cases,
including pain at rest and during ambulation, pallor,
and edema of the lower limb, as well as cyanosis of the
foot and tibia. Among the patients, 18 (34%) exhibited
contracture of the ankle joint, of which 8 (15%) had
contracture of the knee joint. Patients with contracture,
with intracranial haemorrhage in anamnesis within
the past 2 months, recent open surgical interventions
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within the last 30 days, or an active source of bleeding
were excluded from the study. The study included 30
patients with IIA-1IB categories (IIA - 12 (40%) patients,
[IB — 18 (60%) patients) of ALl according to Rutherford
2 classification.

During the planning of surgical interventions for ar-
terial thrombosis, a patient evaluation algorithm was
followed, which involved DUS using Mindray M5 and
Samsung Medison R3 ultrasound machines. A linear
probe with a variable ultrasound frequency of 9-15 MHz
was used for the evaluation of blood flow velocity. Diag-
nostic angiography and interventions were performed
using the Philips Alura F920 system.

Thirty patients underwent CDT with femoral artery
puncture using the Seldinger technique, followed by
theinsertion of a 6F introducer and angiography of the
lower limb. Angiography revealed thrombooclusion in
the femoropopliteal arterial segment without outflow
(no tibial or pedal contrasting) in 18 (60%) patients
and thrombosis in the below-the-knee (BTK) arterial
segments without outflow in 12 (40%) patients. After
angiography a volumetric infusion pump was connect-
ed to the introducer for thrombolytic agent infusion.

In this study, we employed recombinant tissue plas-
minogen activator Il (rtPA) with the following dosage:
an initial bolus injection of 10 mg intraprocedurally
within the first 15 minutes, followed by a continuous
infusion of 10 mg per hour for 4 hours, along with a
subsequent heparin infusion at a rate of 1000 units per
hour for 12 hours. During the thrombolytic therapy and
heparin infusion, patients underwent vital monitoring,
continuous monitoring of the puncture site, and ultra-
sound control of the lower limb arteries, with clinical
assessment performed every 30 minutes.

The study was providing with compliance of Council
of Europe Convention on Human Rights and Biomedi-
cine principles, World Medical Association Declaration
of Helsinki on the ethical principles for medical research
involving human subjects, and current regulations of
the Ministry of Health of Ukraine. All patients signed an
informed consent to participate in the study. The study
protocol was approved by the local ethics committee.

This study presents a limited patient cohort, with the
data presented as absolute and relative (%) frequency.

RESULTS

In 29 out of 30 patients (97%), regression of lower-limb
ischemia by 1-2 stages, as per the Rutherford classifi-
cation, was observed. Among the patients, 22 (73%)
showed recanalization of the femoropopliteal segment
(Fig. 1). Complete contrasting of the arterial contour
was achieved in 12 patients (40%), while eight patients

(27%) exhibited heterogeneity of contrasted arteries
due to mural thrombotic masses. In addition, two pa-
tients (7%) had an absence of contrast enhancement
in the thrombosed segment, but significant collateral
vessels were observed, which were absent in the base-
line angiography.

During the first 2-3 hours of thrombolytic therapy, 26
(87%) patients reported paresthesia in the lower limb,
along with pain along the surface of the tibia and foot.
Reduced pain within 4-7 hours after the initiation of
thrombolytic therapy occurred in 28 (93%) patients. In
CDT patients group no cases of major (intracranial and
gastrointestinal) bleedingwere observed. Complica-
tions during the procedure are listed in Fig. 1.

In the previous ultrasound examination, all patients
(100%) in our study showed no blood flow in the BTK
artery segment of the lower limb. After 12 hours fol-
lowing thrombolytic therapy, 29 (97%) patients had
bi-phase or three-phase flow rate form in the popliteal
artery and tibia arteries. After heparin infusion, patients
underwent angiography of the lower limb arteries for
evaluaton. Before and after CDT arteriography are listed
in Fig. 2.

One (3%) patient did not show any regression in the
degree of lower-limb ischemia, experiencing increasing
pain and decreased sensitivity in the lower limb, leading
to the development of contracture in the ankle joint
and subsequent lower limb amputation over 7 days.
Among 12 (40%) patients, after performing follow-up
arteriography of the lower limb, angioplasty was per-
formed on the diagnosed steno-occlusive lesions in the
revascularized segment with secondary angioplasty.

Anticoagulant therapy according to VOYAGER PAD
[4] was prescribed to 29 (97%) patients with scheduled
follow-up ultrasound examinations at 1, 4, 12, and 24
weeks. Within a year, one (3%) patient experienced
recurrent thrombosis of the lower limb arteries with
subsequent revascularization.

DISCUSSION

The results showed promising outcomes with a high
rate of successful revascularization and regression of
ALI. The majority of patients exhibited an improvement
of 1-2 stages according to the Rutherford 2 classification,
indicating a positive response to the CDT intervention.

The CDT procedure was performed using rtPA as the
thrombolytic agent, administered through a volumet-
ric infusion pump. The majority of patients reported
reduced pain and no major bleeding complications
were observed during the procedure. This indicates
that CDT can be safely performed in patients with ALI
and can effectively restore blood flow.
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Subcutaneous hematoma (N=16)

Femur soft tissues hemstoma (N=5)

Hyperthemia during rtPA infusion (N=19)

Fig. 1. Periprocedural (DT complications.

Fig. 2. Before and after (DT arteriography (femoro-popliteal segment)

While the overall success rate of CDT was high, this
case highlights the importance of careful patient selec-
tion and ongoing monitoring to identify patients who
may require alternative treatment approaches.

Follow-up arteriography and angioplasty were per-
formed in some patients to address steno-occlusive
lesions, furtherimproving the outcomes of the interven-
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tion.This combination of CDT and secondary angioplasty
showcases the maximizing patient outcomes compared
with intraoperation intraarterial thrombolysis [5].

The long term outcomes in CDT patients group were
relatively good, with high rate of secondary angioplasty
compared to CDT without secondary angioplasty in
short-term [6].
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Due to the catheter-directed scheme of thrombo-
lytic therapy with the indicated severity, no critical
haemorrhagic complications were observed in our
sample of patients. Low risk of critical haemorrhagic
complications are described in other researches of
CTD [7].

Due to the standardized protocol of thrombolytic
therapy dosage and heparin therapy, we did not ob-
serve significant disparities in coagulogram indices
within the CDT patients group. However, routine anal-
ysis of plasma fibrinogen levels was not conducted [8].

Anticoagulant therapy according to VOYAGER
PAD was prescribed to the majority of patients, and
scheduled follow-up ultrasound examinations were
conducted at various time points. This long-term fol-
low-up allowed for the monitoring of recurrences and
provided valuable insights into the efficacy of the CDT
intervention over time.

CONCLUSIONS

1. The results of this study suggest that CDT is a recom-
mended treatment option for patients with acute
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01190001046, term: 2019-2021) and «Optimization of surgical treatment of patients under a multimodal program
of rapid recovery based on the improvement of operative interventions, in particular with the use of nanobiosensor
technologies and their anesthetic support» (state registration number 0122U000233; term: 2022-2024).
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ABSTRACT

The aim: To substantiate the model of the Regional Center for Cardiology and Cardiac Surgery (RCCCS) based on the principles of public-private partnership (PPP).
Materials and methods: A systematic approach and analysis, medical-statistical and sociological method, expert assessment and method of conceptual
modelling.

Results: A comprehensive medical and social study of the morbidity rate of the population of the Kyiv region (Ukraine) with circulatory system diseases (CSD),
as well as an analysis of the activities of the cardiological service of the Kyiv region in 2010-2019, have been made. Deficiencies in the organisation of medical
care were identified, and strategic directions for its improvement were substantiated. The results of a sociological survey of CSD patients, cardiologists and
experts — health care organisers have been analysed. According to the results of the expert assessment, health care institutions (HCI) providing cardiac care to
the population in the Kyiv region are not ready to work under the conditions of the market economy; there is no appropriate regulatory framework, economic
and legal independence of HC, there is no market strateqgy for the development of HCl.

Conclusions: The model of RCCCS, based on the principles of PPP being a medical institution of a new organisational and legal form, is capable of providing
high-quality and affordable highly specialised medical care of the third level to the population with diseases of the circulatory system at the regional level.

KEY WORDS: cardiology, healthcare organisation, doctors, patients

INTRODUCTION

In world practice, the academic understanding of the
interaction between the state and the private sector
contributed to the appearance of the concept of “pub-
lic-private partnership” and its mechanism, which is
now used in more than 150 countries of the world [1].

From the point of view of the Commission WHO on
Intellectual Property Rights, Innovation and Public
Health, public-private partnership is an effective way
to profitably use the opportunities of the public and
private sectors to solve health problems that neither
side alone can adequately solve [2]. World history is rich
in examples of organising such an alternative form of
financing business projects as public-private partner-
ship (PanovaT.V., 2015; Shevchuk Yu.V., 2017; Alonso J.
M. et al., 2017; Torchia M., 2015). [3-6].

In Ukraine, the system of state cardiac care is insuffi-
ciently effective due to its underfunding and the lack of
amodern model based on PPP principles, in connection
with which it becomes evident that it requires moderni-
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sation through the integration of the interests of the
state, business and patients (Volk S.M., 2016; Adjienko
V. L., 2017) [7, 8]. For this, the country has a legislative
framework that allows the use of PPP mechanisms
in the social sphere: the Law of Ukraine from 01.07.
2010 No. 2404-VI"On public-private partnership’, Law
of Ukraine dated November 24, 2015 No. 817-VIIl “On
amendments to some laws of Ukraine regarding the
elimination of regulatory barriers to the development of
public-private partnerships and stimulating investment
in Ukraine”[9, 10].

The need for further development of cardiac care
in Ukraine is based on functional models of PPP de-
termined the relevance of this study, its aims and
objectives.

THE AIM
To substantiate the conceptual functional and organisa-
tional model of the Regional Centre for Cardiology and
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Cardiac Surgery based on the principles of public-pri-
vate partnership as a new independent administrative
and legal form of a healthcare institution to provide
high-quality specialised and highly specialised medical
care to the population with diseases of the circulatory
system at the regional level.

MATERIALS AND METHODS

A set of methods is used in the study: a systematic ap-
proach and analysis, medical-statistical and sociological
method, expert assessment and method of conceptual
modelling.

The method of a systematic approach and analysis
made it possible to substantiate the concept of organ-
ising a cardiological centre on PPP principles and to
carry out modelling of a Regional Centre for Cardiology
and Cardiac Surgery;

The medical-statistical method was used to collect,
process and analyse the data obtained in the research
using the methods of descriptive and analytical statis-
tics based on Microsoft Excel and Statistica 8.0 package.

With the help of the sociological method, the point
of view of doctors - cardiologists and cardiac surgeons,
as well as patients with CSD regarding the problems
and ways of improving the organisation of cardiac
care, provided in the network of municipal and state
institutions of the Kyiv region, was studied. No invasive
or non-invasive interventions were performed on the
patients during the study, as well as sensitive issues
were not the subject of our research [11].

The conceptual modelling method was used to
substantiate the conceptual approaches to forming a
model and to develop an innovative one for a Regional
Centre for Cardiology and Cardiac Surgery based on
PPP principles.

The method of expert assessments made it possible to
obtain an expert assessment of the organisational aspects
of the developed RCCCS model based on PPP principles.

The primary sources of information in this study were
statistical data from the State Statistics Committee
of Ukraine, materials of state and sectoral statistical
reports of the Ministry of Health of Ukraine for 2014-
2019. (f. No. 14, 20, 17, 47), as well as materials from a
sociological survey of 352 cardiologists and 829 patients
and a survey of 31 experts (highly qualified healthcare
organisers), which were carried out according to spe-
cially developed programs).

RESULTS

Diseases of the circulatory system (DCS) continue to be
the leading medical and social problem in Ukraine. In
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2019, they accounted for every third (33.4%) of deaths
of working-age persons. The likelihood of dying from
DCS at working age in Ukraine is twice higher than the
average in Europe and 4.6 times higher than in the EU
countries. During 2014-2019, the mortality rate of the
working-age population from DCS in Ukraine increased
by 10% from 142.2 to 157.7 per 100,000 population.

The population of the Kyiv region is losing the largest
number of years of life potential in Ukraine due to circu-
latory system diseases, which determines their special
medico-social significance in this region.

In the Kyiv region, more than a million residents
suffer from circulatory system diseases. In 2019, DCS
accounted for 37.7% of all disorders registered among
the adult population of Kyiv; their incidence rate was
446.2, and the prevalence of DCS was 7114.8 per 10
thousand adults. Hypertension (36.7%), ischemic heart
disease (IHD, 28.0%) and cerebrovascular diseases
(18.7%) occupy the leading places in the structure of
the morbidity rate. Their share is 42.9%, 42.6% and 8.6%
in the structure of the prevalence of DCS, respectively.

The incidence and prevalence levels of DCS among
rural residents are, on average, 1.2 times higher than
among urban residents of the region, and the epidemic
situation regarding DCS in the Kyiv region is more tense
than the average one in Ukraine. Myocardial infarction
in the region is diagnosed 1.2 times, and strokes 1.5
times more often than in the country as a whole. The
prevalence of coronary heart disease is 1.5 times higher
than in Ukraine.

A comprehensive medical and social analysis of the
organisation of cardiac care for the population of the
Kyiv region revealed several problems that require
immediate solutions, taking into account the unfa-
vourable epidemiology of the pathology under study
in this region.

So, according to the results of a sociological survey
of 829 patients who applied to the Kyiv region’s car-
diologic units, only 32.9+1.6% of the respondents are
fully satisfied with the quality of the local cardiologist
examination. According to the same survey, it was
revealed that 51.4+1.7% of the respondents were
dissatisfied with the organisation of patient reception
(accessibility), 41.9+1.9% of the respondents were
dissatisfied with the state of equipping the units with
medical equipment, 47.1+1.7% by the waiting time for
diagnostic examinations, 34.6+1.7% were dissatisfied
with the attitude of the medical staff to the patients,
29.7+1.6% were dissatisfied with the effectiveness of
the further treatment.

An analysis of the results of a sociological survey of
352 cardiologists of communal health care institutions
showed that the main directions of improving the or-
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Fig. 1. Conceptual organizational directions of the formation of a model of a regional center for cardiology and cardiac surgery based on PPP principles

ganisation of cardiac care for the rural population are
to increase the health care funding (91.5+1.5%) and
salaries of medical personnel (87.2+1.8%), the intro-
duction of compulsory medical insurance (81.8+2.1%)
and mechanisms of economic motivation of personnel
(89.8+1.6%). 73.9+2.3% of cardiologists under the sur-
vey pointed out the necessity of equipping healthcare
facilities with modern medical and diagnostic equip-
ment, improving the quality of postgraduate training
of doctors-cardiologists (78.2+1.9%), introducing pub-
lic-private partnership mechanisms with preservation
of HCl in ownership of the state (79.3+2.2%).

The results of the expert assessment conducted by
31 experts confirmed the existence of the material and
technical support problems and the state of cardiac care
organisation in the Kyiv region. The equipment of HCI
with modern therapeutic and diagnostic medical equip-
ment was assessed by experts only at 2.5+0.16 points on
a 5-point scale, the availability of modern medical and
information technologies that increase the quality and
safety of medical care — 2.2+0.13 points, the presence of
medical and economic standards for the quality of med-

ical care - 3.8+0.13 points, the organisation of the work
of medical and diagnostic services — 3.6+0.16 points, the
patients’ possibility to receive the necessary diagnostic
examination - 3.3+0.15 points, ensuring the availability
and quality of medical care for patients — 3.7+0.14 points.
The presence of a regulatory and legislative framework
for the development of HCl was assessed by experts
at 3.3+0.1 points, economic and legal independence -
3.2+0.1 points, financing of HCl - 2.940.1 points, the level
of remuneration of medical workers - 3.3£0.15 points,
economic motivation of personnel — 2.2+0.13 points.

Thus, a comprehensive study of the prevalence of DCS
and the organisation of cardiac care for the population
of the Kyiv region indicate the need to develop a re-
gional program for the prevention of DCS and improve
cardiologic aid, cardiac surgery and interventional care,
as well asincrease its availability for the most vulnerable
groups, including the rural population of the region,
which can be achieved by creating a Regional Centre
for Cardiology and Cardiac Surgery.

Analysing the results of the study, determining social,
economic, organisational and legal prerequisites, priority
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Fig. 2. Scheme of the structure of the conceptual functional-organizational model of the RCSC on the principles of DPP

directions of the state policy of Ukraine in health care sector,
recommendations of WHO Regional Office for Europe, the
conceptual directions of the formation of the RCCCS model
were substantiated. They include ten modern aspects that
form a conceptual model of a present-day regional cardiac
surgery complex based on PPP principles (Fig. 1).

The RCCCS model based on PPP principlesis a region-
al specialised clinical institution for cardiology, surgery
of the heart and great vessels, X-ray endovascular
diagnostics and treatment with the most expensive
third-level cardiologic medical care (Fig. 2).
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The therapeutic and prophylactic function of the
RCCCS is provided by two centres: a Centre for Highly
Specialised Inpatient Care and a Centre for Advisory
Polyclinic Emergency and Planned-Advisory Assistance.

The Centre for Highly Specialised Inpatient Care is the
basic inpatient unit of the Centre, which integrates the
departments of cardiac surgery and the departments
of therapeutic cardiology.

The activity of the Department of Cardiac Surgery de-
termines a number of highly specialised areas: surgery
for acquired and congenital heart defects, surgery for
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coronary heart disease, surgery for cardiac arrhythmias,
surgery for aortic pathology, and surgery for myocardial
pathology.

The Department of Therapeutic Cardiology moni-
tors patients with cardiac disorders for hypertension,
ischemic heart disease, acute myocardial infarction,
various arrhythmic manifestations, and congenital and

acquired heart defects. The subjects of activity of the
Centre for Advisory Emergency and Planned-advisory
Assistance are the implementation of a complex of
outpatient emergency and planned-advisory assistance
to the region’s population, reduction of cardiac morbid-
ity, disability, and premature mortality. They provide
advisory, organisational and methodological services
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to HCl in the region on cardiology, X-ray endovascular
diagnostics and treatment, heart and great vessels
surgery, vascular surgery and transplantology.

To manage the model, a functional organisational
structure of the RCCCS model on PPP principles was
formed (Fig. 3).

The innovative element in the model’s management is
the control structure. It includes an authorised body for
control over the activities of the Centre from the regional
state administration - the supervisory board, Centre for
organisational, methodological, information and analyti-
cal, integration and statistical work. The Supervisory Board
coordinates the organisational and functional structure
of the RCCCS and approves strategy for its development.

An expert assessment of the developed conceptual
model of the RCCCS on PPP principles of PPP was carried
out, and its predictive efficiency was confirmed.

The experts rated the model at 9.75+0.09 points. Indi-
vidual components of the model received high marks:

- a public-private form of ownership, legal and eco-
nomic independence of the model, preservation of
the object (model) in the ownership of the state was
assessed at 9.83%0.07 points;

- the existence of a mechanism for economic incen-
tives for medical workers for the quality of services
provided - 9.77+0.07 points;

- the presence of a mechanism of state control over
the activities of the model — 9.77+0.08 points;

- the scheme of the functional and organisational
model of the RCCCS on PPP principles - 9.67+0.09
points;

- the model orientation to ensure the availability of
highly specialised cardiac care for different categories
of the region’s population within the framework of paid
medical services and social state programs — 9.73+0.08
points.

DISCUSSION

The findings allowed us to reveal significant healthcare
problems in the field of cardiology pertinent to the
Kyiv region and establish apparent interconnections
between the patient’s point of view and the doctors’
and experts’ standpoints.

51.4+1.7% of the patients were dissatisfied with the
organisation of possibilities to receive appropriate
medical cardiological assistance, which is sounded by
the opinion of the doctors in the way of necessity in
introducing public-private partnership mechanisms
with preservation of HCl in ownership of the state
(79.3£2.2%) and confirmed by the experts who gave
just 3.7+£0.14 points in assessment of ensuring the
availability and quality of medical care for patients.
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The second direction of cardiological healthcare
improvement lies in improving cardiology healthcare
facilities’equipment. This was confirmed by the strong
agreement of doctors and experts. 73.9+2.3% of cardi-
ologists under the survey pointed out the necessity of
equipping healthcare facilities with modern medical
and diagnostic equipment; the equipment of HCl with
modern therapeutic and diagnostic medical equipment
was assessed by experts only at 2.5+0.16 points on a
5-point scale. Almost half of the patients complained
about the same issue (41.9£1.9% of the respondents
were dissatisfied with equipping the units with medical
equipment). Comparing the state of provision of medi-
cal cardiology institutions in the capital of our country
with the provision of similar facilities in developed
countries, we find this state of affairs even more alarm-
ing. After all, the development and provision of cardiac
care have reached significant heights in these countries.
Thus, telemedicine, machine learning, programming
and artificial intelligence tools, etc., are being actively
implemented in cardiology departments [12-15].

The main suggestion to improve this state was
described in the model as a public-private form of
ownership, legal and economic independence of the
model, and preservation of the object (model) in the
ownership of the state, which was assessed at 9.83+0.07
points of sufficiency.

Other interconnected problems voiced both by pa-
tients and the specialists were:

- the waiting time for diagnostic examinations
(47.1£1.7% of dissatisfied patients and the patients’
possibility to receive the necessary diagnostic exam-
ination - 3.3%0.15 points assessed by the experts);

- the effectiveness of further treatment (29.7+1.6%
of patients were dissatisfied, and this is supported
by experts evaluating the presence of medical and
economic standards for the quality of medical care at
3.8+0.13 points, the availability of modern medical and
information technologies that increase the quality and
safety of medical care at 2.2+0.13 points);

- the attitude of the medical staff to the patients
(34.6£1.7%) which can be mirrored as the absence of
proper mechanisms of economic motivation of person-
nel (89.8+1.6% by doctors/2.2+0.13 points by experts).

CONCLUSIONS
The unfavourable trends in mortality and prevalence
of DCS among the population of the Kyiv region indi-
cate the need to improve the system of medical care
organisation for patients with DCS.

An analysis of the network, staffing and activities of
the cardiologic service of the Kyiv region, the results



CONCEPTUAL, FUNCTIONAL-ORGANISATIONAL MODEL OF THE REGIONAL CENTRE FOR CARDIOLOGY...

of a sociological survey of patients with DCS and car-
diologists also confirm the need for its reorganisation.

The results of the expert assessment (conducted by
31 experts) confirmed the existence of problems in
the material and technical support and the state of the
organisation of cardiac care in the Kyiv region. The pres-
ence of a regulatory and legislative framework for the
development of HCl was assessed by experts at 3.3+0.1
points, economic and legal independence - 3.2+0.1
points, financing of HCI - 2.9+0.1 points, the level of
remuneration of medical workers - 3.3+0.15 points,
financial motivation of staff work - 2.2+0.13 points.

The results of the sociological research and expert
assessment served as the evidence base to substantiate
the need and directions for improving the activities of
the health care system, which provides medical care to
patients with DCS.

Conceptual directions for the formation of the RCCCS
model on PPP principles in the form of ten organisational
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ABSTRACT

The aim: To research the degree of satisfaction with the training of general practitioners-family medicine (GP-FM) in the specialization “Otorhinolaryngology”
in the leading higher educational institutions (HEIs) of Ukraine at undergraduate and postgraduate levels.

Materials and methods: A questionnaire was conducted of 51 GP-FM doctors.

Results: The duration of otorhinolaryngology training at a medical HEI was indicated by: 49% of respondents about weeks of training, 19.6% - about months.
31.37% received separate training on ENT examination. 56.9% of people were trained in ENT departments. 76.5% of people were not satisfied with the quality
of theoretical knowledge, 52.9% of respondents of practical skills at the undergraduate level. 72.6% of doctors not satisfied with the quality of theoretical
knowledge, 56.8% of respondents of practical skills at the post-graduate level. 41.2% of respondents received post-graduate training in otorhinolaryngology at
the GP-FM specialization cycle, 72.55% of them in a lecture format. 86.3% of people want to deepen their knowledge of otolaryngology and need to understand
the etiopathogenetic mechanisms of ENT pathology.

Conclusions. The dissonance with the dissatisfaction of the doctors of the GPFM with the quality of the received theoretical knowledge in ENT pathology and
the availability of their practical skills was revealed. It is important for GPFM doctors to undergo separate training in ENT examination and pathology with

mandatory study and conscious use of etiopathogenetic mechanisms of ENT pathology, especially in inflammatory diseases.

KEY WORDS: general practice-family medicine, otolaryngology, ENT- pathology, postgraduate training

INTRODUCTION

Over the past decades, the enhancement of quality
and the coverage of primary health care have provided
important public health improvements around the
whole world [1-7]. The most vulnerable area of general
practice is the provision of the same high quality of
care by doctors of general practice - family medicine
(FP-FM) to patients with various pathology [8]. The
main goal of medical education is to provide that
each doctor develops and continues improving the
basic clinical skills necessary to provide competent
medical care throughout their professional life [9,-11].
Otorhinolaryngological problems form a significant
part of primary health care visits [12]. Approximately
20% to 40% of consultations of adult general practice
are related to otolaryngological complaints [13,
14]. While general practice physician successfully
evaluate and treat the majority of ENT diseases, the
third largest group of patients referred to clinics for

Wiad Lek. 2023;76(10):2169-2175

specialized care, has ENT-organs patology [15, 16].
In order to confidently manage with ENT diseases,
general practitioners have to have a sufficient level
of knowledge, gained in the process of training
specialists [17-20].

Less than half of general practitioners receive high-
quality postgraduate training in otorhinolaryngology,
and most of whom would welcome further training
in this specialization at the postgraduate level [21-
25]. Taking into account the problem of insufficient
training in the specialization “Otolaryngology” in
medical universities of a number of leading countries,
a questionnaire, for those who graduated from medical
universities in Ukraine, completed an internship
in the specialization of general practice - family
medicine (GP-FM) and work as a GP-FM doctor, was
offered by us, on the subject of specialization training
“Otorhinolaryngology” as at the university and as after
the postgraduate level.
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THE AIM

The aim of the research was to study the degree of
satisfaction with the training in the specialization
“Otorhinolaryngology”in the leading higher educational
institutions (HEls) of Ukraine, as at the undergraduate
and as the postgraduate levels, of GP-FM doctors.

MATERIALS AND METHODS

The questionnaire was conducted of 51 GP-FM doctors,
who graduated from various medical higher education-
al institutions of Ukraine, completed internships in the
specialization of GP-FM, and work in primary health
care centers in Kyiv.

The questionnaire was distributed using Google
Forms and processed using the Excel program. The
principles of bioethics were followed, as the survey
was conducted voluntarily through Google Forms and
anonymously.

The following questions were presented in the ques-
tionnaire:

1. Year of graduation from medical Higher Educational
Institution (HEI)?

2. Name of the medical Higher Educational Institution?

What is your work experience?

4. The time allotted for otolaryngology at a medical
Higher Educational Institution?

5. Did you undergo separate training in ENT examina-
tion?

6. Did you undergo training in ENT departments?

7. Ifyou were trained in the ENT department, how long
was it?

8. Are you satisfied with the quality of theoretical
knowledge obtained at the undergraduate level,
related to otorhinolaryngology training?

9. Are you satisfied with the quality of practical skills
obtained at the undergraduate level, related to
otorhinolaryngology training?

10.Did you undergo post-graduate training in otorhino-
laryngology during the specialization cycle of GP-FM?

11.In which format was the post-graduate study con-
ducted?

12.Are you satisfied with the quality of theoretical
knowledge obtained at the post-graduate, related
to otorhinolaryngology training?

13.Are you satisfied with the quality of practical skills
obtained at the postgraduate level, related to oto-
rhinolaryngology training?

14.Would you like to deepen your knowledge of otorhi-
nolaryngology?15. In which area of ENT-pathology
with the quality of practical skills obtained at the
undergraduate level, related to otorhinolaryngology
training?

w
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15.In which area of ENT-pathology would you like to
improve your knowledge?
16.Which etiopathogenetic mechanisms of ENT-pathol-
ogy should be given more attention in the process
of training otorhinolaryngology in an internship?
Statistical processing of data was carried out using
the method of non-parametric statistics to establish
differences between unrelated groups (Pearson’s x2).
The differences were considered to be statistically
significant at p<0,05.

RESULTS

Doctors who graduated from university in 1978 were
the most trained, and the youngest graduated from
university in 2020. The interviewed studied at various
higher educational institutions in Ukraine and out of
its border: (60.78%) 31 - people graduated from O.O.
Bogomolets National Medical University, (3.92%) 2 -
people graduated from M.I. Pirogov National Medical
University, (9.8%) 5 persons — D. Halytsky National
Medical University, (5.9%) 3 doctors — Donetsk NMU,
(11.76%) 6 people — Dnipro SMU, (3.92%) 2 - Leninhrad
SMU, (1.96%) 1 - Stavropol SMU, and (1.96%) 1 — Nizhny-
gorodsk SMU.

The distribution of respondents by work experience
is shown in Table I.

Regarding the question of the allotted time for
otorhinolaryngology at the medical university, 49% (25)
of the respondents indicated weeks of studies, 19.6%
(10) of the respondents - about months, 31.4% (16) did
not remember.

For the 5th question related to separate training
in ENT-examination, 68.63% (35) answered that they
did not have such study. 31.37%(16) confirmed about
separate study of ENT-examination.

Regarding the question about underging of training
in ENT-departments, 29 (56.9%) persons had such
training, 20 (39.2%) did not confirm, and 2 (3.9%) did
not remember.

Regarding the duration of training in the ENT-
department, only 40 respondents answered. Among
them, 16 (40%) did not remember, 8 (20%) persons indi-
cated afew days, 12 (30%) answered weeks of study and
4 (10%) respondents answered as months of studing.

The interviewed doctors conducted a self-
assessment of the received theoretical and practical
ENT knowledge at the undergraduate level. The
respondents’ answers on the 8th question were
distributed as shown in Fig. 1.

The group of dissatisfied doctors unite people who
are dissatisfied and very dissatisfied with the quality
of the received theoretical knowledge regarding the
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Table . Distribution of respondents by length of service.

Ne Work experience amount Percentage
1. 1-5years 10 19.6%
2. 6 - 10 years 6 11.8%
3. 11 -20years 12 23.5%
4, 21 -30years 4 7.8%
5. More than 30 years 19 37.3%
45 76,5%*
40
35 60,8%
30
25
20 oo
23,5%
ig 19,6% 15,7%
o B B =
0 [ = ==
satisfied partially  the group of dissatisfied very the group of
satisfied SdatISerd dissatisfied dl(sjsatlsfled Fig. 1. The level of satisfaction with
octors octors the quality of received theoretical
* - p<0,001 (x? = 26,5) knowledge regarding the study of oto-
laryngology at the undergraduate level.
30
25 47,1% 45,1%
39,22%
20
15
10
5 7,84% 7,84%
0 Fig. 2. The level of satisfacti ith
satisfied partially  the group of dissatisfied very the group of i:g. ) i ¢ ?‘Ie 0_ sgtls aCt_IOT vlv(lltl
satisfied satisfied dissatisfied dissatisfied the qu_a Ity of received practical skills
doctors doctors regarding the study of otolaryngology
at the undergraduate level.
40 72,6%*
35 56,9%
30
25
ig 27,4%*
(s)
10 19,6% 15,7%
s 7,8% l
o = N
satisfied partially  the group of dissatisfied very the group of
satisfied satisfied dissatisfied dissatisfied .
doctors doctors Fig. 3. Respondents’ level of satisfac-
. , tion with the quality of the obtained
- p<0,001 (x* = 18,9) theoretical knowledge of otolaryngolo-

gy education at the post-diploma level.
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35
30
25
20
15
10

5,9%
.

satisfied

56,8%
49%

37,2%

7,8%

the group of dissatisfied very the group of
satisfied dissatisfied dissatisfied
doctors doctors

partially
satisfied

45
40
35
30
25
20
15
10

78,4%*

Ear pathology

62,7%
50,9%*

Nose and sinus
pathology

Pharynx, larynx
pathology

* _ p<0,001 (x? = 7,25)

50
45
40
35
30
25
20
15
10

non-infectious

43,1%

86,3%*

35,3%*

inflammatory diseases ENT-oncology

pathology

* - p<0,001 (x2 = 18,9)

study of otolaryngology at the undergraduate and
postgraduate levels. The group of satisfied doctors unite
people who are satisfied and partially satisfied with the
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Fig. 4. The level of respondents’ satis-
faction with the quality of the acquired
practical skills regarding the training
of otolaryngology at the postgraduate
level.

Fig. 5. List of pathological conditions
of ENT pathology in which respondents
need additional knowledge and skills.

Fig. 6. List of etiopathogenetic mech-
anisms of ENT pathology, in which re-
spondents need additional knowledge
and skills during internship.

quality of the received theoretical knowledge regarding
the study of otolaryngology at the undergraduate and
postgraduate levels.
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Doctors’answers to the 9th question were distributed
as shown in Fig. 2.

For the question related to undergoing of post-
graduate training in otorhinolaryngology at the
specialization cycle of GP-F, 30 (58.8%) answered that
they did have such training. (41.2%) people confirmed
about undergoing of training in otorhinolaryngology.

On the question related to the format of post-
graduate study, 37 (72.55%) responded as lectures
14 (27.45%) respondents informed abount practical
classes.

The respondents were also evaluated of the received
theoretical and practical ENT knowledge at the
postgraduate level. Respondents’ answers to the 12th
question were distributed as shown in Fig. 3.

Doctors’answers to the 13th question were distributed
as shown in Fig. 4.

The 86.3% (44) of doctors expressed a desire to
undergo further training in otolaryngology, 13.7% (7) of
respondents had no desire to deepen their knowledge.

Information on areas of ENT pathology in which
doctors would like to improve their knowledge is shown
in Fig. 5. This indicates that the number of doctors who
need knowledge and skills to examine ear pathology is
significantly (p<0.001; x>=7.25) higher than the number
of doctors who indicated a lack of knowledge and skills
to examine the throat.

Figure 6 shows the identification of the need
for doctors to understand the etiopathogenetic
mechanisms of ENT pathology in the process of
studying otolaryngology at the intership. The number
of doctors (86.3%) who need additional knowledge
about the causes and pathogenesis of inflammatory
pathological processes at various stages of development
significantly (p<0.001; x?>=18.9) outnumbers the
number of respondents (35.3%) who wished for more
knowledge of ENT oncology.

DISCUSSION

Summarizing the data of questionnaire, we come to
the following: the interviewed doctors had a work
experience from 2 to 45 years. The respondents
studied at higher educational institutions in different
regions of Ukraine, which indicates a similarity in the
style of professional qualification. The term of study of
otorhinolaryngology at the undergraduate level was
not clearly recorded in the memory of the respondents.
Among the interviewed of 56.9% underwent this study
in ENT departments, the duration of training in ENT
Department lasted one week for 30% of people,40%
of the interviewed doctors did not remember the term
of study in ENT department. Along with that, 68.6% of

respondents indicated that they had not have a sepa-
rate training related to the examination of ENT organs.
This may indicate insufficient professional training in
otorhinolaryngology, taking into account the practical
needs of doctors of the GP-FM.

The results of the self-assessment of the interviewed
doctors regarding the satisfaction with the quality
of the theoretical and practical skills received at
the undergraduate and postgraduate levels in the
examination and pathology of the ENT organs showed:
the quality of the theoretical knowledge received at the
undergraduate level did not reliably satisfy (p<0.001)
a larger number of the interviewed doctors (76.5% ),
while the number of doctors satisfied with the quality
of acquired practical skills (47.1%) did not reliably differ
from the number of respondents dissatisfied with
the quality of practical training at the undergraduate
level (Fig. 1, 2). The quality of the received theoretical
knowledge at the post-graduate level also did not
reliably satisfy (p<0.001) a larger number of interviewed
doctors (72.6%), regarding the quality of practical skills
of the group of satisfied (56.8%) and satisfied doctors
(43.2%) reliably not differed (Fig. 3, 4).

Concerning the post-graduate training in
otorhinolaryngology in the cycle of specialization in
GP-FM, 58.8% of respondents indicated that they did
not undergo such training. Among the respondents
(41.2%), who were trained in otorhinolaryngology at
the postgraduate level, the most doctors (72.55%)
indicated that they studied in a lecture format, and only
27.45% of respondents had practical classes. This shows
the insufficiently effective level and quality of practical
training of doctors of the GP - FM in ENT pathology.The
same trends are also found in other countries, 70% of
interviewed general practitioners in the south-west of
England have undergone some form of post-graduate
training in otorhinolaryngology, either in the form
of stationary otorhinolaryngology positions, or post-
graduate training, it is significantly higher than the
previous results in Trento in 1992, only 39% of general
practitioners received similar training [24, 26].

The insufficient level of training in otolaryngology
is confirmed by the desire of 86.3% of respondents to
undergo further training. Which correlates with the data
of a number of researchers, who also cite research data,
and indicate that three-quarters of general practitioners
would like to continue their education [24]. Respon-
dents want to improve their knowledge in fact, in all
areas of ENT pathology, it was found that doctors who
need to deepen their knowledge of ear pathology
(78.4%) significantly (p<0.001) exceed the number of
doctors who would like to improve their knowledge
and skills regarding pharynx and larynx pathology
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(50.9%). Also, 62.7% of doctors need to deepen their
knowledge of the pathology of the nose and paranasal
sinuses. A large group of interviewed doctors (86.3%)
expressed the need to deepen their knowledge of
the etiopathogenetic mechanisms of ENT pathology,
with a significant advantage (p<0.001 (x*=18.9)) of
inflammatory diseases as the most frequent pathology
encountered in the primary health care system. It can
be researching the pathology of several specialists
at the same time. This intersects with the data of a
number of researchers that ENT pathology is the third
largest group of patients referred to specialized clinics
at hospitals [24, 27].

CONCLUSIONS

The dissonance with the dissatisfaction of the doctors
of the GPFM with the quality of the received theoretical
knowledge in ENT pathology and the availability of their
practical skills was revealed.

It is important for GPFM doctors to undergo separate
training in ENT examination and pathology with mandatory
study and conscious use of etiopathogenetic mechanisms
of ENT pathology, especially in inflammatory diseases.

There is a need to develop a program for post-graduate
training in ENT pathology specifically for GPFM doctors in
the form of training that will combine theoretical knowl-
edge and practical skills.
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ABSTRACT

The aim: To study the efficacy of surgical treatment of patients with adenoid vegetations by implementing a differential method for choosing a tip for endo-
scopic power-assisted adenoidectomy in children depending on dentition.

Materials and methods: We investigated the presence of nasal air emissions in 127 children (2-12 years old) before and after the operation. We excluded
12 patients due to the presence of nasal air emission before the operation. All patients were divided in 2 groups: | — children with aging primary dentition
(55 children), II- children with mixed dentition (60 children). Depending on tips, that were used for the operation, we divided patients into two subgroups:
A-40"and B-60°.

Results: In 9,4% of patients have the presence of nasal air emissions before the operation. The use of 40" tips does not allow removal of lymphoid tissue in
“hard-to-reach”areas of the nasopharynx (perichoanal and peritubular sections) in 30% of children with aging primary dentition and 42.9% with mixed dentition.
Conclusions: The use 40° tips for the adenoidectomy is accompanied by a higher risk of velopharyngeal insufficiency in children with mixed dentition compared
to children who underwent the intervention with a tip with a larger bending angle and a longer working part (60°). In patients with temporary dentition, it is
recommended to use a standard tip for adenoidectomy, except when correction of tubal lymphoid tissue is planned (it is necessary to use a tip with a rotating

window). In patients with mixed dentition, it is recommended to use a 60° tip.

KEY WORDS: Adenoidectomy, endoscopic power-assisted adenoidectomy, inflammation of the upper respiratory tract, velopharyngeal inadequacy

INTRODUCTION

Adenoidectomy (AT) is the most common surgical in-
tervention in pediatric otolaryngology [1, 2]. One of its
complicationsis velopharyngeal inadequacy (VPI) [3-5],
which is characterized by hypernasal speech, nasal air
emission, and liquid regurgitation [14]. It occurs rather
often, but, fortunately, it's mostly temporary with a
duration of up to 5-12 months [4, 6]. The frequency of
persistent VPI after AT is from 1:1200 to 1:100000 [4].

The factors contributing to the development of VPI
involve overt or hidden palatal cleft, short palate, cranial
nerve dysfunction, genetic disorders, and hypernasal
speech before surgery [7, 8]. However, in 30-77% of
VPl occurring after AT, the cause of the latter cannot
be identified [3, 8].

In recent years, endoscopic power-assisted ade-
noidectomy (EPAA) is becoming increasingly popular,
which is associated with its significant advantages
compared to the classical method [9]. To perform EPAA
in children, the manufacturers offer a standard tip of
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40° and a length of the working part of 18 mm with a
fixed working window on the inner surface [10]. The
application of such a tip does not allow doctors to re-
move the adenoid tissue in the hard-to-reach areas of
the nasopharynx [11]. In this case, Pagella recommend
using a 60° version of the blade from the line proposed
for sinus surgery, which significantly increases the cost
of intervention [11], and this is particularly relevant
today due to martial law. The attempts to remove ade-
noid vegetations using a tip with insufficient bending
angle an be accompanied by excessive impact on the
soft palate during the intervention.

The hypothesis of our research is that a less aggres-
sive impact on the soft palate during AT reduces the
risk of VPI development. In our opinion, the selection
of the most complementary tool to the structure of
the nasopharynx will make it possible to effectively
manipulate when removing lymphoid tissue from the
vault of the nasopharynx and adjacent areas without
creating pressure on the soft palate. We published the
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results of designing the configuration of such a tool in
a previous publication [12].

To test our hypothesis, we compared the frequency
of the development and severity of signs of VPI after
AT in children with different dentition when using a tip
recommended for powered AT in children, that is a 40°
tip with alength of its working end after bending of 18
mm (20 mm along the outer bend)-4 mm RADenoid™
blade (Medtronic, USA) with a fixed working window,
and a 60° tip with a length of its working end after
bending of 18 mm (33 mm along the outer bend)-4 mm
RAD™ 60 blade (Medtronic, USA) and a rotator window,
which is recommended for sinus surgery (Figure 1) [10]
and meets the specified calculation saving criteria for
all groups of children.

THE AIM

The aim was to study the efficacy of surgical treatment
of patients with adenoid vegetations by implementing
a differential method for choosing a tip for EPAA in
children depending on dentition.

MATERIALS AND METHODS

The study involved 127 children (81 boys and 46 girls)
aged 4-12 years, who were treated for adenoid vegeta-
tions at children’s hospital of the State Institution of Sci-
ence «Research and Practical Center of Preventive and
Clinical Medicine» State Administration Department.

The study was performed in compliance with bioethi-
cal principles. Ethical approval No.15 of 21.12.2020 from
the Ethics Commission of Shupyk National Healthcare
University of Ukraine was obtained to carry out the re-
search. Informed consent for the research was obtained
from the parents.

All patients underwent EPAA. Indications for AT (inclu-
sion criteria) were as follows: nasal breathing disorder,
apnea, chronic adenoiditis, as well as a combination of
hypertrophy of the pharyngeal tonsil with accompany-
ing pathology, such as chronic secretory otitis media,
recurrent acute otitis media, recurrent acute rhinosinus-
itis. Exclusion criteria were the child’s inability to follow
the instructions (due to age restrictions or features of
mental development), the presence of concomitant
pathology of the maxillofacial area, injuries, or operative
interventions of the maxillofacial area in past medical
history. Exclusion criteria during the study involved na-
sal airemission (NAE) during preoperative examination.

Among the patients studied, 58 children had APD and 69
children had MD. A study was not conducted in children
with deciduous dentition, since patients aged 2-4 years are
not always able to perform speech therapy tests.

The assessment of the traumatic nature of AT in relation
to the soft palate was carried out based on the analysis
of articulation (nasal twang) and determination of NAE
presence. The mirror-fogging test was used for this, which
is recommended as a screening tool for this purpose
[4;13].The test was performed before surgical intervention
and 6-8 hours after AT. In case of a positive result (NAE)
at discharge, it was repeated in 1 week, and if the result
remained positive, supervision of an otolaryngologist and
a speech therapist in the home area was advised.

Due to the presence of NAE before surgical interven-
tion, 12 out of 127 patients were excluded from the
study, therefore 115 children (73 boys and 42 girls, av-
erage age 6.5+2.24 years) took part in the further study.

As a result, the children were divided into the follow-
ing groups: group 1 included 55 children with APD (32
boys and 23 girls, average age 4.8+0.79 years), group 2
consisted of 60 children with MD (41 boys and 19 girls,
average age 8.15+1.94 years). In addition to EPAA, 67
patients underwent tonsillotomy, 6 patients under-
went tympanocentesis. The distribution into groups
by gender and concurrent interventions was uniform,
and the distribution by age was marked by a significant
difference (p<0.05, Table I).

Depending on the type of tips used during the in-
tervention, each group was divided into subgroups:
subgroup A included children who underwent EPAA
using a standard blade for AT (40°), and subgroup B
included children who underwent surgical intervention
using a tip from the line proposed for sinus surgery (60°).
Subgroup A also involved children who underwent
primary AT with the use of a 40° tip, but when it was
impossible to completely remove lymphoid tissue in the
nasopharynx, a 60° tip for sinus surgery was additionally
used (12 children from group 1 and 18 children from
group 2) (Table II).

The reason for changing the tip during AT was failure
to remove lymphoid tissue from the choanal vault and
in the peritubular areas. The criterion for changing to a
tip with a larger bending angle was the surgeon’s sub-
jective feeling of excessive tissue resistance when the
palate was stretched, and in case of the need to work in
the peritubular areas - the inaccessibility of lymphoid
tissue due to insufficient width of the standard working
window of the tip and its fixed position relative to the
axis of the tip (the need for rotation to remove tissues
located laterally).

Statistical processing of the data was carried out
using the Statistica version 13.5.0.17 program. Basic
statistical indicators were determined, and two-sided
Fisher’s exact test, Mann-Whitney test for quantitative
indicators, and relative risk with a confidence interval
(Cl) of 95% were calculated.
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Table I. Distribution of children into groups

Indicator

Group 1 (n=55)

Group 2 (n=60)

P
n % n %
Male 32 58.2 41 68.3 >0.05
Gender
Female 23 41.8 19 314 >0.05
Simultaneous Tonsillotomy 33 60 34 56.7 >0.05
interventions Tympanocentesis 4 7.3 2 33 >0.05

Table II. Distribution of children into subgroups depending on the type of tips used for EPAA

Subgroup A (40° tip), (n=55)

Subgroup B (60° tip), (n=60)

Indicator
Abs. % Abs. %
Group 1 (children with APD) 40* 72.7 15 27.3
Group 2 (children with MD) 42%* 70 18 30
p >0.05 >0.05

Note:* - in 12 children (30.0%) a microdebrider tip was changed in the course of AT; ** - in 18 children (42.9%) a microdebrider tip was changed during

the intervention.

Table I11. NAE detection rate in the postoperative period after AT

Group 1 (n=55)

Group 2 (n=60)

Indicator P,
Presence of NAE Absence of NAE Presence of NAE Absence of NAE
A 40° tip application (subgroup A) 4 36 31 11 <0.05
A 60° tip application (subgroup B) 3 12 6 12 >0.05
p, >0.05 <0.05 -
Relative risk (95% confidence interval) 050;23%51 -98) 221 ;13%336) -

Notes: p, — the significance of difference between the groups 1and 2; p, — the significance of the difference in the corresponding group (either 1or 2).

RESULTS
The preoperative screening showed that 3 (5.2%) pa-
tients with APD and 9 (13.0%) patients with MD had
signs of NAE, and the indicated sign was found with
the same frequency in children of the groups (p>0.05).
When performing EPAA with a standard tip for AT in
subgroup A, it was possible to completely remove all
planned lymphoid tissue in 28 (70%) children of group
1 and 24 (57.1%) children of group 2. In the rest of the
children of subgroup A, there was a need to use a 60°
tip of a microdebrider with a rotating working end in 12
(30%) patients of group 1 and in 18 (42.9%) patients of
group 2.The reason for changing the tip in 11 children
(27.5%) with APD was a failure to remove lymphoid
tissue in the peritubular areas, and only in 1 patient
(2.5%) it was hard to reach the choanal vault. In children
with MD, the predominant reason for changing the tip
was a failure to thoroughly remove the tissue from the
nasopharyngeal vault in 12 cases (28.6%), including
with spread to the choana in 9 cases, and inaccessibility
of peritubular areas in 3 cases (7.15%), as well as a com-
bination of both reasons in 3 cases (7.15%). The results
obtained during the study of NAE in the postoperative
period are presented in Table Ill.
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One child from subgroup A of group 2 had a nasal
twang that disappeared within 1 month.

The data presented in Table lll demonstrate that the de-
velopment of NAE in the postoperative period occurs with
the same frequency in both subgroups of children with
APD when EPAA is performed (both when using a standard
tip for AT and a tip for sinus surgery), while in children with
MD, there is a significant difference in the frequency of the
development of this symptom in different subgroups. In
addition, when comparing subgroups A of both groups
(the use of a standard tip for AT), a significantly higher
frequency of NAE in the postoperative period was found
in children with MD compared to those with APD. When
using a tip for sinus surgery (subgroup B) in children of
both groups, no difference was found.

DISCUSSION

At the stage of patient selection for our study, it was found
that 12 (9.4%) patients, who were scheduled to undergo
AT, had signs of NAE in the preoperative period. The anal-
ysis of the frequency of cases of hypernasal speech in the
postoperative period among all patients showed that 47
(25.5%) children (44 patients without NAE, who underwent
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Fig. 1. Tips of various modification
Notice: According to catalog Medtronic®: left — 40° angled blade, length 18 mm, right - 60° angled blade, length 18 mm. Picture represent the difference
of length along the outer bend (20 mm and 33 mm respectively).

the intervention using a standard tip, and 12 patients, who
were excluded from the study) had this feature in the pre-
operative period. The obtained result coincides with the
research of Lambert (2021), according to which in 34% of
patients, who had hypernasal speech after AT, these speech
features were noted even before the intervention, and they
became more manifestative after it [14].

It was found that in 36.6% of patients (30.0% of children
with APD and 42.9% of children with MD) the use of a
standard tip did not allow surgeons to remove lymphoid
tissue in the hard-to-reach areas, namely peritubular
and perichoanal sections. Among them, in 15 patients
(18.3%) the inaccessibility of the perichoanal sections
was the reason for changing the tip, which coincides
with the previously published data on the failure to
remove adenoid tissue with a standard adenectomy in
the indicated place in 18% of patients [11]. Taking into
account the fact that the most frequent sites of residual
lymphoid tissue in primary AT and the site of clinically
significant recurrence of symptoms of adenoid vegeta-
tions are both the nasopharyngeal vault (perichoanal)
and the peritubular sections [15], the reachability of both
localizations was evaluated in the study.

The analysis of the frequency of NAE development in
the group of patients who underwent AT using a tip for
sinus surgery (60°), which does not have an impact on the
soft palate, showed no difference in the study groups: 3
children (20.0%) in group 1 and 6 children (33.3%) in group
2. It is worth pointing out that the literature indicates the
important role of lymphoid tissue in the function of closing
the nasopharynx with the soft palate, the removal of which

during AT can often lead to insufficiency, which is more often
compensated by stretching the palate, as occurs with age-re-
lated involution of the pharyngeal tonsil [4, 16]. Therefore, itis
believed that patients after AT performed for nasal breathing
disorders are more likely to develop VPI compared to those
who underwent intervention due to recurrentinflammatory
diseases of the upper respiratory tract [14], which are more
relevant in older children [17]. In this case, since hypertro-
phy of the pharyngeal tonsil is a more frequent indication
for AT in children of group 1 (average age 4.8+0.79 years),
the frequency of NAE detection in the preoperative period
should be lower compared to children of group 2 (average
age 8.15£1.94 years), which was not found in our study
(p>0.05). Moreover, if this judgment s correct, then the signs
of transient NAE should develop in children of group 1, not
due to an impact on the soft palate, but due to a sharp de-
creasein the lymphoid tissue of the nasopharynx even when
using a sparing tip (subgroup B), but in this study, we did not
observe such changes. In contrast, a significant differencein
the frequency of NAE after surgery in children in subgroup
A was found between groups 1 and 2, as well as between
subgroups A and B in children with MD. The obtained data
indicate that the combination of signs — group 2 (MD) and
subgroup A (the use of a standard tip for AT) increases the
probability of VPI development. That is why, to prevent the
occurrence of this complication, the use of a 60° tip for sinus
surgery is recommended in this group of patients.

The results of studying the development of NAE, as an
indicator of the impact on the soft palate, confirm our
hypothesis that in different groups of children, divided by
the dentition, the complementary tip has a different con-

2179



Anatolii L. Kosakovskyi et al.

figuration. The division into groups based not on the age
from birth certificate, but on the dentition, is determined
by the fact that the driving force behind the growth and
development of the frontal part of the skull is the process
of dentalization. At the same time, the changesin the struc-
tures of this area are uneven and multidirectional, which
leads to a change not only in linear dimensions but also in
the angles between the structures of the facial area, which
was proved in our previous publication [12]. Therefore, in
most cases, in children with APD, the use of a standard tip
(40°) for AT is sufficient (except when eustachian cushion
reconstructionis planned), which s reflected in the absence
ofareliable difference in the development of NAE between
2 subgroups. In children with MD, the use of this tool is too
aggressive in relation to the soft palate and does not allow
thorough removal of lymphoid tissue in the vault of the
nasopharynx in a significant number of patients.

We focus attention on the fact that the calculated angle
and length of the tip afterits bending for children of group 1
is47.18+£12.21°and 21.0+7.1 mm, and for children of group
2 - 59.45+13.72° and 30.9+£10.2 mm, which in both cases
exceeds the angle and length of the working part of a stan-
dardtip for AT (40°and 20 mm), butin areal situation, it often
allows doctors to perform planned intervention. However,
it is necessary to remember that the possibility of working
in the perichoanal area (as the most difficult to access) is
achieved by stretching the soft palate, which is not critical
in children of group 1, but has negative consequences in
children of group 2, as the findings show, and requires a
change in the approach to the choice of tip.
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ABSTRACT

The aim: To study the hemodynamic parameters in patients with post-stroke pain syndromes.

Materials and methods: We examined the hemodynamic parametrs of 74 patients who were treated at the Departments of General Neurology, Vascular
Neurology and Pain Center in the Clinical Hospital «Feofania» State Administrative Department. Main group (44 patients) had stroke in anamnesis and chronic
pain (headache, back pain, joint pain). The control group (30 patients) suffered from pain but had no stroke in anamnesis. Relationships between hemodynamic
parameters and quantitative characteristics of chronic pain (visual analogue scale — VAS) were studied with help of linear Pearson correlation in different stroke
periods and between the patients of Main and Control group.

Results: Strong correlations were found between decreasing in a.vertebralis blood flow and intensity of post-stroke pain. Strong correlations were found
between intensivity of joint pain and a.vertebralis hemodynamic parameters in the patients in residual period up to 10 years. In the residual period over 10
years, in addition to the connections with hemodynamics in the VB, there was a correlation with the linear rapidly existing parameters of a.cerebri media,
a.carotis communis.

Conclusions: Studying of hemodynamic parameters in patients with post-stroke pain syndromes can serve as a basis for a deeper understanding of pain
mechanisms and the development of effective preventive and curative measures.

KEY WORDS: Stroke, hemodynamics, headache, back pain

INTRODUCTION

It is known that the autoregulatory capabilities of the
brain is quite high and they are largely associated with
the state of cerebral blood flow. The issue of compen-
sation of cerebral functions in patients after stroke is
especially relevant, because the state of hemodynamics
differs in each case and is associated with neurological
deficits [1-4].

Along with neurological focal and cognitive deficits,
patients after stroke have painful manifestations often
[5-8]. According to A. Hansen [9], a post-stroke pain
occurs in patients in 45.8% of cases and often remains
in the shadow of motor, speech and cognitive deficits.

Not many works have been devoted to the study of
hemodynamic parameters in patients with chronic pain.
However, D. Smith et al. [10] note the difficulty of early
detection of vertebrobasilar insufficiency (VBI), which
is masked by pain syndromes, including headache and
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cervicalgia. The study by A. Rodrigues et al. [11] showed
significant changes in cerebral hemodynamics, namely
changes of linear blood flow velocities for a. cerebri
anterior and a.cerebri media bilaterally in chronic fi-
bromyalgia patients.

It is known that nociceptive afferents terminate on
neurons in the posterior horn and give rise to the
pathways of the anterolateral cords (tr. spinotalamicus
etc.). Ascending to the brain stem, they attach
nociceptive afferents from the head - mainly from the
trigeminal nerve system.

Blood supply to the brainstem, in which n.trigemini
nuclei are located, provided by the vertebrobasilar (VB)
system. In addition, reticular formation (RF) is involved
in the work of these centrifugal systems. It is known
that RF is the area of adjacent blood supply, the most
vulnerable in the case of dyscirculation in comparison
with the cranial nerves nuclei [12, 13].
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The most powerful antinociceptive systems (ANS)
are alsolocated in VB blood supply area. In contrast to
the nociceptive system (NS), the effect of ANS is more
pronounced at the central level than at the peripher-
al one. Of course, the functional insufficiency of the
brainstem ANS, which occurs as a result of impaired
VB blood supply, is also crucial. It is also known that
in the absence of pain stimulus, the activity of ANSs is
low enough but at different levels, they are included
in the work only in cases of pain (nociceptive) stimu-
lus. Of course, an inadequate centripetal nociceptive
signal cannot activate an already affected ANS. In-
deed, in case of insufficiency of brainstem structures
blood supply there is a depletion or distortion of a
signal both ANS and NS. With the depletion of the
nociception at the stem formations level, there is
probably a sensitization of the nociceptors - lowering
the thresholds, sometimes so much that even light
stimuli can cause pain. It was determined that the
greater degree of dyscirculation in VB were found
the less manifestations of acute cervicalgia and cer-
vicocranialgia had been observed. Over time, chronic
pain in the neck lost its delineated zonal and indepen-
dent character. Cervicalgia and headache which had
expressive chronic neuropathic pain type, often of
pseudotumorous (hypertensive) nature due to venous
insufficiency, came to the fore; the cortical component
became prominent. Thus, the change in pain is based
on the mechanisms of depletion of ANS and NS, as
phylogenetically appropriate protective systems, at
the level of afferent structures in the brainstem and
upper cervical structures, RF, due to the formation of
slowly progressive circulatory failure in VB [14].

Ultrasound research methods are modern non-
invasive methods of cerebral blood condition
verification [12-16], their indicators can provide
interesting information in comparison with the other
studies results. Thus, the study of hemodynamic
parameters in patients with post-stroke pain syndromes
can serve as a basis for a deeper understanding of
pain mechanisms and the development of effective
preventive and curative measures.

THE AIM

The aim was to study the hemodynamic parameters of
patients with post-stroke pain syndromes.

MATERIALS AND METHODS

To address this aim, we examined the hemodynamic
parameters of 74 patients whom were treated at the
Departments of General Neurology, Vascular Neurology

and Pain Center in the Clinical Hospital «Feofania» State
Administrative Department.

The study was conducted in compliance with the
basic principles of the Council of Europe Convention on
Human Rights and Biomedicine, World Medical Associa-
tion Declaration of Helsinki on the ethical principles for
medical research involving human subjects, and current
national regulations. The study protocol was approved
by the local ethics committee. All the patients provided
written informed consent.

The inclusion criteria were as follows: patients who
had a history of stroke and chronic pain. The exclusion
criteria were: patients with aphasia, cognitive function
according to the Mini-Mental State Examination test
(MMSE) below 20 scores, and patients taking antide-
pressants. The diagnosis of stroke and its severity were
verified by standard methods (neurological examina-
tion and MRI). Pain was assessed using questionnaires
and visual analogue scales (VAS) and neuropathic pain
(NPS) scales.

The main group (n=44) included patients who had
stroke in anamnesis and suffered from chronic pain.
They were in different periods after stroke: early recov-
ery, late recovery and residual which had been divided
on two subgroups - up to 10 years and over 10 years.
The control group (n=30) included patients with pain
but without stroke in anamnesis. The mean age of
main group was 70+8,0 years, among them 18 females
(mean age - 68+8,1 years), males — 26 (mean age was
7146,6). The mean age of control group was 57+6,6
years,among them 12 females (mean age 54+6,6 years)
and males - 6 (mean age was 62+3,2).

A duplex ultrasound Doppler imaging of extracra-
nial brachiocephalic vessels, as well as transcranial
duplex scans of vessels, was performed on an ultra-
sonic premium class “HI VISION Ascendus” (Hitachi,
Japan) with linear transducer L73S (9,0-4,0 MHz) and
cardiovascular transducer S70 (5,0-1,0 MHz) and S50A
(4,0-2,0 MHz). Blood flow parameters were included
in an approved local protocol prepared in accordance
with international recommendations [11-13]. The
following calculations were used to determine the
hemodynamic parameters at each site: vessel diame-
ter, mm; cross-sectional area (CSA) = (D/2)2 x m, mm?;
peak systolic velocity (Vps), cm/s; end diastolic velocity
(Ved), cm/s; resistive index (RI), pulsatility index (PI),
mean flow velocity (Tamx) cm/s.

Statistical data was processed by the use of the
statistical packages «Microsoft Office Excel 2007» and
«Statistica for Windows 6.0». The relationship between
the studied variables was determined by the use of
Pearson’s coefficient of correlation (r). A statistically
significant correlation was considered at p<0,05.
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Fig. 1. The variety of neuropathic manifestations of chronic pain in patients after stroke and without stroke ones

RESULTS

By the use of Pearson’s linear correlation, the following
relationships were obtained between quantitative char-
acteristics of pain (VAS) and hemodynamic parameters in
patients of the main (Table I) and control (Table Il) groups.

Therefore, medium-strength correlations were observed
between headache and % stenosis of a.carotis communis
(0,66) and between headache and RI (0,58) and PI (0,54)
of a.carotis communis, strong correlations were absent.

Medium-strength correlations were observed between
headache and a.carotis communis % stenosis (0,67), a.cere-
bri media RI (0,54). We also observed a medium strength
correlation between back pain and a.cerebri media blood
flow rates, namely Tamx (0,56) and Vps (0,52). There were
no strong correlations.

Examining the correlations between hemodynamic
parameters and the level of quantitative indicators
of chronic pain (headache, back pain and joint pain,
which were most common in the study group), we
found certain correlations depending on the periods
of stroke (Tables IlI-V).

We found differences in the correlation for joint pain de-
pending on the period of stroke. Thus, in the late recovery
and residual periods up to 10 years, the intensity of joint
pain was associated with a strong correlation with blood
flow in a.vertebralis, which can be explained by depletion
of NS and ANS in the brainstem.

In the residual period of over 10 years, in addition to
connections with hemodynamics in VB, there is a correla-
tion with linear blood velocity on a.carotis communis and
a.cerebri media, which can be explained by the severity
and progression of hemiparesis, depending on the degree
of atherosclerotic lesions of the above vessels. Correla-
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tions between hemodynamic parameters and back pain
occurred only in the late recovery period (VB and carotid
pool) and were not observed in the residual period in the
study group, indicating the influence of other mechanisms
on the intensity of dorsalgia: common to all patients - re-
strictions mobility due to neurological deficit.

The presence of strong correlations between the in-
tensity of chronic pain and decrease in blood flow to the
a.vertebralis, once again confirms the results of a study by
O.Kovalenko, who proved that in the basis of pain feeling
changes are the mechanisms of depletion of NS- and
ANS at the level of afferent structures in the brainstem
and upper cervical structures, RF, due to the formation of
slowly progressive circulatory failure in VB [10]. Thus, by
influencing the circulatory system in VB, it is possible to
influence the degree of pain perception in patients with
post-stroke pain.

We also found that the neuropathic color of chronic
pain determined with NPS scale had some differences in
different periods of stroke (Fig. 1).

As we can see from Figure 1, post-stroke pain has dif-
ferences in the characteristics of neuropathic pain com-
pared to non-stroke one. Mainly we observed dull pain in
non-stroke patients. In patients after stroke, neuropathic
coloration differed in different periods of disease. Thus, the
share of burning pain (hot) in the overall structure of the
pain syndrome increased from late recovery to residual
period over 10 years. The feeling of cold was more charac-
teristic of patients in the residual period over 10 years than
in patients in other periods of stroke. That is, the increase
in the duration of the disease in patients was observed in
the most pronounced neuropathic manifestations, such as
heartburn and cold. Patients did not perceive that as pain
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Table . Relationships between hemodynamic parameters and quantitative characteristics of chronic pain syndromes in main group (n=44) by linear

Pearson correlation
Paremeters r P
Headache — a.carotis communis (% stenosis) 0,66 0,01
Headache - a.carotis communis (PI) 0,54 0,01
Headache — a.cerebri posterior (Ved) -0,40 0,01
Joint pain - a.carotis communis (diametr) -0,45 0,02
Joint pain - a.carotis interna (Ved) -0,45 0,02
Joint pain - a.vertebralis V2 (Ved) -0,45 0,02
Joint pain - a.vertebralis V4 (Vps, Ved) -0,41 0,04
Joint pain - a.carotis externa (VpS) -0,44 0,03

Table Il. Relationships between hemodynamic parameters and quantitative characteristics of chronic pain syndromes in Control group (n=30) by linear

Pearson correlation.
Paremeters r p
Headache - a.carotis communis (% stenosis) 0,67 0,03
Headache - a.cerebri media (RI) -0,54 0,04
Headache - a.vertebralis V2 (Ved) -0,5 0,03
Joint pain - a.cerebri media (PI) -0,55 0,02
Back pain - a.cerebri media (Tamx) -0,56 0,03
Back pain - a.cerebri media (Vps) -0,52 0,04

Table lll. Relationships between hemodynamic parameters and quantitative characteristics of chronic pain syndromes in main group patients in late

recovery period of stroke (n=14) by linear Pearson correlation

Paremeters r P
Headache — a.cerebri media (Tamx) 0,89 0,01
Headache - a. vertebralis V4 (Ved) 0,85 0,01
Headache - a.cerebri media (Ved) 0,78 0,01
Headache - a.cerebri posterior (Ved) 0,79 0,01
Headache - a.carotis interna (Ved) 0,72 0,02
Headache - v.Rosenthal 0,64 0,04
Joint pain - a.vertebralis V2 (Ved) 0,89 0,04
Joint pain - a.vertebralis V4 (Ved) 0,89 0,04
Back pain - a.vertebralis (diametr) -0,88 0,01
Back pain - a.cerebri media (RI) 0,75 0,002
Back pain - a.cerebri media (Vps) 0,72 0,004
Back pain - a.carotis interna (Ved) 0,60 0,01
Back pain - a.cerebri media (PI) 0,57 0,03
Back pain - a.vertebralis V4 (Vps) 0,56 0,04
Back pain - a.vertebralis V4 (Ved) 0,50 0,02

atall. This phenomenon may be associated with changes
in the cerebral NS system due to chronic ischemia and
aging of the brain.

DISCUSSION

The presence of strong correlations between the intensity
of chronic pain and decrease in blood flow to the a. verte-

bralis, once again confirms the results of the studies [14-17],
demonstrated thatin the basis of pain feeling changes were
the mechanisms of depletion of NS- and ANS at the level
of afferent structures in the brainstem and upper cervical
structures, RF, due to the formation of slowly progressive
circulatory failure in VB [3, 5]. Thus, by influencing the circu-
latory system in VB, it is possible to influence the degree of
pain perception in patients with post-stroke pain.
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Table IV. Relationships between hemodynamic parameters and quantitative characteristics of chronic pain syndromes in main group patientsin residual

period of stroke up to 10 years (n=21) by linear Pearson correlation.

Paremeters r P

Headache - a. carotis communis (% stenosis) 0,75 0,01

Headache - a.vertebralis (diametr) -0,72 0,01

Headache - a. carotis communis (PI) -0,66 0,01

Headache - a. carotis communis (diametr) -0,58 0,01

Headache - a. a.cerebri media (Pl) -0,57 0,03
Joint pain - v.Rosenthal 0,80 <0,05

Joint pain - a.carotis communis (diametr) 0,76 0,01

Joint pain - a.vertebralis V4 (Vps) 0,70 0,01

Joint pain - a.vertebralis V4 (Ved) 0,72 0,01

Joint pain - a.vertebralis (diametr) -0,63 0,03

Table V. Relationships between hemodynamic parameters and quantitative characteristics of chronic pain syndromes in main group patients in residual

period of stroke over 10 years (n=9) by linear Pearson correlation

Paremeters r p
Headache - a. carotis interna (Vps) 0,87 0,02
Joint pain - a.carotis communis (Ved) 0,74 0,04
Joint pain - a.vertebralis (diametr) -0,94 0,01
Joint pain - a.cerebri media (VpS) -0,87 0,01
Joint pain — a.cerebri media (Tamx) -0,83 0,01
Joint pain - a.vertebralis (Vps) -0,74 0,04
Back pain - a.carotis comunis (Rl) 0,65 0,04

Thus, we found that in the late recovery and residual
periods up to 10 years, the intensity of joint pain was
associated with a strong correlation with blood flow
in a. vertebralis, which can be explained by depletion
of NS and ANS in the brainstem.

In the residual period over 10 years, in addition
to connections with hemodynamics in VB, there is
a correlation with linear blood velocity on a. carotis
communis and a. cerebri media, which can be explained
by the severity and progression of hemiparesis, de-
pending on the degree of atherosclerotic lesions of
the above vessels.

Correlations between hemodynamic parameters
and back pain occurred only in the late recovery pe-
riod (VB and carotid pool) and were not observed in
the residual period in the study group, indicating the
influence of other mechanisms on the intensity of dor-
salgia: common to all patients - restrictions mobility
due to neurological deficit.

Regarding of neuropathic manifestations, the share
of burning pain (hot) in the overall structure of the
pain syndrome increased from late recovery to resid-
ual period over 10 years. The feeling of cold was more
characteristic of patients in the residual period over
10 years than in patients in other periods of stroke.
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That is, the increase in the duration of the disease
in patients was observed in the most pronounced
neuropathic manifestations, such as heartburn and
cold. Patients did not perceive that as pain at all. This
phenomenon may be associated with changes in the
cerebral NS system due to chronic ischemia and aging
of the brain [14].

CONCLUSIONS

1. Strong correlations were found between the
decrease in a.vertebralis blood flow and intensity
of poststroke pain (headache, back and joint pain).

2. Strong correlations were found between intensivity
of joint pain and a.vertebralis hemodynamic param-
eters in the patients in residual period up to 10 years.
In the residual period over 10 years, in addition to
the connections with hemodynamicsin the VB, there
was a correlation with the linear rapidly existing
parameters of a.cerebri media, a.carotis communis.

3. Correlations between hemodynamic parameters
and back pain occurred only in the late recovery
period (VB and carotid pool) and were not observed
in the residual period in the study group, indicating
the influence of other mechanisms on the intensity.
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4. Neuropathic characteristics showed differences were not treated as pain at all. This phenomenon
between post-stroke and non-stroke patients: the might be associated with changes in the cerebral
predominance of aching painin the formerand the nociceptive system due to chronic ischemia and
feeling of heartburn and cold in the latter, which aging of the brain.

REFERENCES

1. Castro P, Azevedo E, Sorond F. Cerebral Autoregulation in Stroke. Curr Atheroscler Rep. 2018;20(8):37. doi: 10.1007/511883-018-0739-5.

2

3

4

5.

10.

1.

12.
13.
14.

15.
16.
17.

Th

. NogueiraR, Aries M, Minhas J et al. Review of studies on dynamic cerebral autoregulation in the acute phase of stroke and the relationship
with clinical outcometo. Journal of Cerebral Blood Flow & Metabolism. 2022;42(3):430-453. doi: 10.1177/0271678X211045222.

. Yehorova M, Kondratiuk V, Kuznetsova S, Komissarova 0. Ateroskleroz i strukturno-funkcional'moe sostojanie sosudov karotidnogo i
vertebro-bazilljarnogo bassejnov. [Atherosclerosis and the structural and functional state of the vessels of the carotid and vertebro-
basilar basins]. Family Medicine. 2019;4(84):83-89. doi: 10.30841/2307-5112.4.2019.185054. (In Russian).

. SiebertJ, Gutknecht P, Molisz A et al. Hemodynamic findings in patients with brain stroke. Arch Med Sci. 2012;8(2):371-374. doi: 10.5114/

aoms.2012.28567.

Cheren’ko T, Heletyuk Yu. Characteristics of acute ischemic stroke depending on the structure of gravity and the duration of arterial

hypertension. Simeyna medytsyna. 2018;1(75):81-85. d0i:10.30841/2307-5112.1.2018.135313.

. Westerlind E, Singh R, Persson H, Sunnerhagen K. Experienced pain after stroke: a cross-sectional 5-year follow-up study. BMC Neurol.
2020;20(1):4. doi: 10.1186/512883-019-1584-z.

. Plecash A, Chebini A, Ip A et al. Curr Neurol Neurosci Rep. 2019;19(11):86. doi: 10.1007/511910-019-1003-2.

. Anwer S, Alghadir A. Incidence, Prevalence, and Risk Factors of Hemiplegic Shoulder Pain. A Systematic Review. Int J Environ Res Public
Health. 2020;17(14):4962. doi: 10.3390/ijerph17144962.

. Hansen A, Marcussen N, Klit H et al. Pain following stroke: a prospective study. Eur J Pain. 2012;16(8):1128-1136. doi: 10.1002/j.1532-

2149.2012.00123.x.

Smith D, Pyatigorskaya S, Tran N. Delay in diagnosis of vertebrobasilar insufficiency: the masking effect of headache and coexisting pain

syndrome. J Anesth Perioper Med 2017; 4:231-236. doi:10.24015/ JAPM.2017.0019.

Rodrigues A, Tembl J, Mesa-Gresa P et al. Alteral cerebral blood flow velocity featuresin fibromyalgia patients in resting-state conditions.

PLoS One. 2017;12(7):e0180253. doi: 10.1371/journal.pone.0180253.

Osborn A, Hedlund G, Salzman K. Oshorn’s Brain: Imaging, Pathology, and Anatomy. 2nd Ed. Elsevier. 2017, p.1300.

Hall J, Hall M. Guyton and Hall Textbook of Medical Physiology. 14th Ed. Elsevier; 2020, p.1152.

Kovalenko 0, Chizhykova M, Dzhura N. Evaluation of the Effects of Acupuncture on Cerebral Hemodynamics in Patients Suffering

from Cerebrovascular Pathology with Duplex Ultrasound Doppler Imaging. Journal of US-China Medical Science. 2018;15:1-9. doi:

10.17265/1548-6648/2018.01.001.

LauV, Jaidka A, Wiskar K et al. Better With Ultrasound: Transcranial Doppler. Chest. 2020;157(1):142-150. doi: 10.1016/j.chest.2019.08.2204.

Csiba L, Baracchini C. Manual of Neurosonology. Cambridge University Press. 2016, p 330.

Kovalenko O, Chizhykova M. Effectiveness of acupuncture for headache in post-stroke patients. Psychosomatic Medicine and General

Practice. 2018;3(2):20302107. doi: 10.26766/pmgp.v3i2.107.

e study was conducted as a fragment of the complex scientific project of the Scientific Department of Internal Medicine

(State Institution of Science «Research and Practical Center of Preventive and Clinical Medicine» State Administrative
Department) «lmprovement of patient-oriented approaches to the management of patients with cardiovascular and
cerebrovascular diseases with comorbid conditions, in particular in those suffered from COVID-19» (state registration
number 0122U000234; term: 2022-2024).

ORCID and contributionship:

Olha Ye. Kovalenko: 0000-0002-5927-5565 #&F
Maryna Ye. Rubanista: 0000-0001-9386-4825 AP
Olena V. Lytvyn: 0000-0002-5002-046X &
Nataliia M. Ovodiuk: 0000-0002-1218-2417%

Conflict of interest:

Th

e Authors declare no conflict of interest.

2187



Olha Ye. Kovalenko et al.

CORRESPONDING AUTHOR

Olha Ye. Kovalenko

State Institution of Science «Research and Practical Center

of Preventive and Clinical Medicine» State Administrative Department
5Verkhnya st., 01014 Kyiv, Ukraine

tel: +38 0505015143

e-mail: olgakovalenko14@gmail.com

Received: 15.04.2023
Accepted: 18.09.2023

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

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

2188



© Aluna Publishing

Wiadomosci Lekarskie Medical Advances, VOLUME LXXVI, ISSUE 10, 0CTOBER 2023

ORIGINAL ARTICLE

ACTIVITY OF PHOSPHATASES IN THE ORAL LIQUID OF
PATIENTS FROM POLLUTED AREAS WHO ARE DIAGNOSED
WITH GENERALIZED PERIODONTITIS AND RHEUMATOID
ARTHRITIS

DOI: 10.36740/WLek202310109

Khrystyna V. Kovalyshyn, Zoryana B. Popovych, Iryna Z. Chubij, Lyubow V. Lejbyuk, Olexandra M. linycka,

Mykola M. Rozhko, Taras P. Kryvenkyy
IVANO-FRANKIVSK NATIONAL MEDICAL UNIVERSITY, IVANO-FRANKIVSK, UKRAINE

ABSTRACT

The aim: To study the activity of acid and alkaline phosphatases as markers of bone metabolism in patients from bad environmental areas who are diagnosed
with rheumatoid arthritis and are affected by generalized periodontitis.

Materials and methods: A total of 137 residents from Kalush district of the Ivano-Frankivsk region, Ukraine were enrolled in this investigation. There were
105 patients aged between 18 and 60 years with generalized periodontitis of the I-1l degree severity selected for further research. Among them were 70 patients
diagnosed with rheumatoid arthritis at the stage of remission. The research comprised the study of oral fluid of the examined individuals in order to assess the
bone metabolism based on activity of the acid and alkaline phosphatases.

Results: The results of the conducted studies testify an increase of acid phosphatase in subgroups of patients diagnosed with rheumatoid arthritis and affected
by generalized chronic periodontitis. On the other hand, the obtained results of alkaline phosphatase activity demonstrated a decrease of this indicator in all
subgroups.

Condlusions: The results of biochemical studies suggest that there is a significant violation of bone tissue metabolism observed in patients from environmentally

unfavorable areas affected by generalized periodontitis and diagnosed with rheumatoid arthritis.

KEY WORDS: periodontitis, rheumatoid arthritis, phosphatase

INTRODUCTION

Periodontal disorders have been one of the main prob-
lems of dental science and practice for many decades.
In the past decade, this issue becomes especially
important as the number of young patients affected
by periodontal disorders is on the growth. A number
of researchers indicate the negative impact of a bad
environment on the dental health of the population[1,
2]. Advances in scientific and technical progress have
brought benefits, but have significally worsened the
ecology in most industrial regions.

Furthermore, the ecological situation in many regions
of Ukraine has become even more threatening and un-
predictable with the beginning of military aggression,
the full-scale war of russia against Ukraine as many
objects of industrial infrastructure are destroyed; toxic,
chemical compounds enter the environment, greatly
polluting the territory and affecting the health of not
only the current inhabitants , but the health of future
generations.

Wiad Lek. 2023;76(10):2189-2194

Environmentalists claim that Ukraine is currently the
most “ecologically polluted” country in Europe.

Unfortunately, there were many bad ecological re-
gions in Ukraine even before the war, and one of the
most revealing is the Kalush mining and industrial
district of the lvano-Frankivsk region, where the emer-
gence and development of negative man-made factors
is due to the production and procession of potash ores,
as well as the location of the mine - chemical enterprises
and facilities for disposal of toxic waste.

Kalush mining and industrial district has been
recognized as a zone of “emergency” ecological
situation since 2010. A prominent place among the
most common environmental pollutants is occupied
by heavy metals that can accumulate in the human
body. Heavy metals are characterized by high toxicity
and biochemical activity, which allows them to be
classified as ecocidal and biocidal toxicants, in case if
their concentration exceeds the maximum permissible
standards.
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The sources of heavy metals of the Kalush industrial
region are and were the chemical and energy projects.
There is a change in the characteristics of the microbi-
ome, which often acquires pathogenic properties under
the influence of heavy metals [1].

Many studies have established a close relationship
between periodontitis and somatic diseases, among
which is rheumatoid arthritis [3-11]. Investigations
suggest that adverse environmental factors also affect
the further prognosis of rheumatoid arthritis [12], which
confirmed the relevance of our study.

That is why, we chose to examine the residents of
Kalush district in order to analyze the peculiarities
of the clinical course, treatment and prevention of
periodontitis in patients with rheumatoid arthritis as
rheumatoid arthritis may predispose to periodontitis
and they may interact. The mutual negative influence
of periodontitis and rheumatoid arthritis is also taken
into account [3-11].

Xenobiotics are also considered as being important
in the assessment of environmental impact together
with the body’s response to them. In conditions of man-
made polluted environment is formed a syndrome of
non-specific hypersensitivity. This is an established fac-
tor thatimpairs the multifunctional disorders of various
organs and systems, including the bone metabolism.

It can be testified that the oral tissues along with oth-
er organs are targets for exogenous and endogenous
damaging factors that determine the medical problem.

THE AIM

The aim of the research: to study the activity of acid and
alkaline phosphatases as markers of bone metabolism
in patients from environmentally bad areas which are
diagnosed with rheumatoid arthritis and generalized
periodontitis.

MATERIALS AND METHODS

We examined 137 residents from Kalush district of the
Ivano-Frankivsk region.

For further research, 105 patients with generalized
periodontitis of the I-Il degree of severity, aged from 18
to 60 years were selected. Among them were 70 patients
with rheumatoid arthritis at remission.

Patients affected by generalized periodontitis and
diagnosed with rheumatoid arthritis (70 people) were
further divided into two groups. Group | - 35 patients from
ecologically unfavorable areas (inhabitants of the Kalush
district - “zone of an ecological emergency”) and Group
- 35 patients who live in relatively ecologically favorable
territories (lvano-Frankivsk).
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Group lll consisted of 35 people with generalized peri-
odontitis not diagnosed with rheumatoid arthritis.

Each of the groups was divided into subgroups depend-
ing on the severity of generalized periodontitis: A - gen-
eralized periodontitis of the first degree; B — generalized
periodontitis of the Il degree of severity.

The control group consisted of 18 healthy individuals
with an intact periodontium with preserved dentition (K).
The diagnosis of periodontitis was established based on
the results of clinical and laboratory examinations, accord-
ing to the classification introduced by M.F. Danylevskyy.

Diagnosis “Rheumatoid arthritis” was established by a
rheumatologist based on clinical, laboratory and X-ray
data according to the unified clinical protocol “Rheuma-
toid Arthritis”. Clinical studies were conducted in accor-
dance with the legislation of Ukraine and the principles
of the Helsinki Declaration on Human Rights.

Clinical examination of patients with generalized peri-
odontitis was carried out at Postgraduate Dentistry De-
partment (Head of the Department - Doctor of Medicine,
Professor I.V. Paliichuk) and at Therapeutic Department of
the dentistry center of lvano-Frankivsk National Medical
University (Head of the center - phD, Assoc. Kryvenkyy T.P).

Determination of the activity of acid and alkaline phos-
phatases were carried out at the “Center of Bioelementol-
ogy” of the Ivano-Frankivsk National Medical University
(Director, Doctor of Biology, Professor Erstenyuk H.M).

Each patient provided written consent for the exam-
ination. Clinical examination of patients was carried out
according to unified clinical protocols. Subjective methods
of examination included the presentation of complaints,
medical and life anamnesis, comprehensive case history
and assessments of the general somatic status.

When questioning patients, attention was paid to the
duration of the disease, its course, the frequency of exac-
erbations - both of generalized periodontitis and rheu-
matoid arthritis. Also, information was gathered about
hereditary anamnesis and social history.

The general investigation included the head and face
examination with an assessment of the facial symme-
try, proportionality, color, and presence of any lesions.
During the intraoral examination, attention was paid to
the tongue, palate, and cheeks, recording any pathology
and checking abnormal frenal attachment. During the
inspection of the gingival tissues, the presence of color
changes, swelling, shape, size, spontaneous bleeding, and
recession were noted.

When examining the dental arches, we recorded their
integrity, the overhanging edges of restorations and
presence of orthopedic bridges.

Oral liquid is considered to be one of the main factors
that affect the condition of periodontium and is an indi-
cator of impaired resistance of oral tissues. Analysis of oral
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Fig.1. Activities of acid phosphatase and alkaline phosphatase in the oral liquid of examined patients with generalized periodontitis of the I-Il degrees

and rheumatoid arthritis

Note: * — probability of difference from the control group: plA-K<0,05, pIB-K<0,05, plIA-K<0,05, plIB-K<0,05, pllIA-K<0,05, pllIB-K<0,05.

liquid is a non-invasive and safe method of examination.
Oral fluid was collected in the morning, before breakfast.
The obtained portions of oral liquid we were kept frozen
at a temperature of no more than minus 40°C. Frozen
samples were thawed and thoroughly mixed to a homo-
geneous consistency. The samples were not subjected to
repeated cycles of freezing and thawing.

We used biochemical methods to study osteoclastic
bone resorption (acid phosphatase) and osteoblastic
bone formation (alkaline phosphatase) as the mineral
composition of oral liquid reflects the general metabolism
of the body.

The activity of acid phosphatase (AcP) was determined
according to the modified Hillman method with the re-
agents of SpL LLC (Ukraine). The principle of the method
is that the titrate is used as a specific agent for the pros-
tatic fraction of acid phosphatase. The increase of light
absorption at a wavelength of 405 nm is proportional
to the activity of total acid phosphatase in the sample.
Thus, its activity can be determined indirectly (through
the determination of non-prostatic acid phosphatase)
and by calculating the difference between the activity of
total and non-prostatic acid phosphatase.

Alkaline phosphatase (AIP) activity was determined
with SpL LLC reagents (Ukraine). The principle of the
method is that alkaline phosphatase catalyzes the hydro-
lysis of p-nitrophenyl phosphate at pH = 10.04, releasing
p-nitrophenol to phosphate. The rate of formation of
p-nitrophenol is proportional to the catalytic activity of
alkaline phosphatase in the sample and is measured on
a photometer.

To assess the degree of reliability of the results obtained,
their analysis was performed by using the application pro-
gram for working with electronic spreadsheets “Microsoft
Excel 2000” and “Statistica 7.0".

During the statistical processing of the research results,
the average arithmetic value (M), mean square deviation
(6) was calculated. Paired factor correlation analysis was
conducted with the calculation of the Pearson correlation
coefficient (r).

RESULTS

The results of the conducted studies testify to the in-
crease in the activity of acid phosphatase in the oral liquid
observed in patients of all subgroups diagnosed with
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generalized periodontitis and rheumatoid arthritis. The
analysis of the gained statistic also showed that in the
case of generalized periodontitis of the Il degree, these
deviations were more significant than in the case of the
degree |. Among those with generalized periodontitis
of the Il degree, the highest activity of acid phosphatase
was detected in the IB subgroup - (20.39+0.74) Units/l,
whichisin 2.72 times higher than the result of the control
group (p,,<0,05).In patients with lIB and llIB subgroups,
the activity of acid phosphatase significantly exceeded
theindicators of the control group in 2.43 and 1.87 times,
respectively (p,,,<0,05, p,;,<0,05) (Fig. 1).

Considering those from all subgroups with the 1st
degree of generalized periodontitis, it can be assumed
that the highest value of acid phosphatase activity was
recorded in the IA subgroup, which isin 2.49 times high-
er than the result of the control group(p,, ,<0,05). The
lowest acid phosphatase activity was found in the IlIA
subgroup - (12.63+0.41) units/l, which is in 1.68 times
more than the result of the control group (p,, ,<0,05).

The data of determining the activity of alkaline phos-
phatase in the oral liquid showed a decrease in the
activity of the studied indicator in all subgroups (Fig. 1).
The greatest fall in the activity of alkaline phosphatase
was observed in the lIB subgroup, namely in 2.28 times
comparing to the value of the control group (p,, ,<0,05).

Somewhat higher activity of this indicator was found
in subgroups IB and llIB, which isin 1.78 and 1.32 times
lower than the results of the control group (p,, ,<0,05,
Py «<0,05). Similar dynamics of alkaline phosphatase
activity is observed in all subgroups with the 1st degree
of generalized periodontitis.

In particular, in the IIA subgroup, the value of the
activity of the studied indicator was significantly lower
in 2 times, in the IA subgroup 1.62 times and in the IlIA
subgroup 1.22 times compared to the obtained results
of the control group (p,, ,<0,05,p,,,<0,05, p,,,<0,05.

The gained results confirm an increase of the patho-
logical destruction in periodontal tissues recorded
in all sub-groups. Moreover, these changes are more
pronounced in patients who live in anthropogenically
burdened areas and are diagnosed with rheumatoid
arthritis. Obviously, as the severity of generalized peri-
odontitis increases, the more exact the pathological
changes become.

DISCUSSION

Periodontal disorders are the most prevalent stomato-
logical diseases and rank second after dental caries.
Besides, they lead to the tooth loss that is in 2-3 times
more than by caries. There are relationships between
periodontitis and somatic diseases, rheumatoid ar-
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thritis in particular, which causes deep changes in
the internal environment of the body, and as a result
leads to the structural destructions in periodonrtium.
Furthermore, if the damage to the periodontal tissues
becomes greater, the more severe and longer the
course of rheumatoid arthritis is [3-5, 9, 10].

The results of our study revealed that there is a connec-
tion between generalized periodontitis, rheumatoid ar-
thritis and ecological living conditions. This is confirmed
also by researches of other scientists [3-11], which proved
a higher frequency of periodontal tissue diseases in pa-
tients with rheumatoid arthritis and their mutual effect.

Generalized periodontitis increases a risk for devel-
opment of rheumatoid arthritis and may predispose
to it. This is an important factor considering the high
prevalence of generalized periodontitis. The latter may
have significant clinical and social implications for pub-
lic health in general.

Destructive processes in periodontal tissues, and
bone metabolism of the alveolar process are closely
related to the structural and functional state of the
bone system, the activity of metabolic processes, and
the intensity of skeletal bone remodeling.

It should be noted that in the last decade, there has
been an upward trend in the number of patients diag-
nosed with generalized periodontitis and also affected
with structural and functional bone disorders.

The state of bone tissue is assessed by markers of
bone tissue metabolism, which reflect the intensity of
bone resorption and bone formation [13-16].

The analysis of phosphatases activity indicates a raise
of pathological resorption in the periodontal tissues in
all observation subgroups. Pathological changes are ex-
pressed to a greater extent in patients with rheumatoid
arthritis from polluted areas.

Rheumatoid arthritis and adverse environmental
factors lead to an imbalance of osteogenesis and os-
teoresorption, which accelerates the progression of
generalized periodontitis.

CONCLUSIONS

The results of biochemical studies show an indicative
violation of the bone metabolism (Calcium-Phospho-
rus exchange) in patients diagnosed with generalized
periodontitis and rheumatoid arthritis who live in
polluted areas.

This is confirmed by elevated activity of acid phos-
phatase and a lower concentration of Calcium and
Phosphorus in the oral liquid. The activity of alkaline
phosphatase decreases with the progression of peri-
odontitis, which may be associated with adverse envi-
ronmental effects.
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ABSTRACT

The aim: To investigate clinical and pathohistological manifestations of acute kidney injury among patients with drug poisoning (overdose).

Materials and methods: A cohort retrospective analysis of medical data of 86 patients treated in 2017-2021 with a diagnosis of “acute drug poisoning” com-
plicated by the development of acute kidney injury syndrome was conducted. A forensic medical examination of deceased patients (7 persons) was carried out.
Histological samples were examined using an microscope OPTON Axioskop (Germany) in transmitted light, at magnifications of 100 and 400 times. Statistical
analysis of the obtained data was carried out using the IBM SPSS Statistics 29.0.0.0 program, Pearson’s correlation analysis was used, p<0.05.

Results: Acute renal failure in drug poisoning occurs under the influence of prerenal (hypoxia, r=0,66, p=0,0021; hypovolemia, r=0,61, p=0,0333) and renal
factors (toxic effect of chemical components of the drug and rhabdomyolysis, r=0,743, p=0,0034). In the tissue samples, erythrocyte stasis in the capillaries,
general fullness of blood vessels, signs of the sludge effect and small diapedesis hemorrhages were found; vasculitis and perivascular sclerosis are noted; foci of
mononuclear infiltration of the stroma, focal edema, necrosis and interstitial fibrosis; desquamation, degenerative-dystrophic changes of the nephrothelium,
tubular atrophy were found; hyaline casts in separate tubules; focal glomerular changes with segmental increase of the mesangial matrix and proliferation of
endothelial cells, atrophy and hyalinosis of individual glomeruli were noted.

Conclusions: The multifactorial effect of opioids is confirmed by microcirculation disorders, vascular, interstitial, tubular and glomerular changes in the kidneys.

KEY WORDS: opioids, drug poisoning (overdose), nephrotoxicity

INTRODUCTION

The spread of new drugs from the group of synthetic
opioids has led to an increase in the number of cases
of acute kidney injury (AKI). At the same time, the
combined consumption of narcotic and psychotropic
substances, including alcohol, plays a significant role
in the development of the most severe form of acute
renal failure (ARF).

ARF in acute drug poisoning (overdose) has a multi-
factorial nature, for example, nephrotoxicity of drugs
can be a consequence of the direct action of chemical
components or their metabolites on the kidneys, due
to the effect on hemodynamics and acid-base status,
or due to the massive formation of products of the de-
struction of cellular elements (hemolysis, rhabdomyoly-
sis), which block the tubular apparatus of the kidneys.

Wiad Lek. 2023;76(10):2195-2199

Today, the true incidence of opioid-induced kidney fail-
ure is not fully understood. However, it is known that the
mechanism of development of acute kidney damage with
the consumption of opioids consists in multi-organ disor-
ders arising as a result of respiratory depression, hypoxia
and hypovolemia, which in addition can be accompanied
by rhabdomyolysis. The high risk of kidney damage due
to drug poisoning requires vigilance from intensive care
physicians and readiness for timely use of hemodialysis,
ultrafiltration and other methods of efferent therapy.

THE AIM

To investigate clinical and pathohistological manifesta-
tions of acute kidney injury syndrome in patients with
narcotic poisoning (overdoses).
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MATERIALS AND METHODS

A cohort retrospective analysis of the medical data of
86 patients who were brought to the department of
intensive care and extracorporeal detoxification of the
“Kyiv City Clinical Hospital of Emergency Medical Care”
in the period 2017-2021 with a diagnosis of “Acute nar-
cotic poisoning” (MCD-10:T40. 0-T40.3), complicated by
the development of AKl and ARF.The assessment of ARF
syndrome was carried out according to the recommen-
dations of Clinical Practice Guideline for Acute Kidney
Injury (KDIGO, 2012): an increase in serum creatinine
concentration of >0.3 mg/dL (26.5 mmol/L) within 48
hours, or a =1.5-fold increase during the last 7 days, or
diuresis <0.5 ml/kg/h for 6 h [1].

In cases of death of patients, a forensic medical exam-
ination was conducted (7 cases). The study of the biolog-
ical environment of patients for the content of drugs was
carried out by the method of immunochromatographic
analysis (express testing); research of alcohol content - by
gas chromatography (GC - Chrom-5). Forensic medical
examinations of the tissues and fluids of the deceased
for drug content were carried out by the method of
liquid chromatography and mass spectrometry (device
- Aligent 6850/5973N, column - HP-5MS). Pathohisto-
logical studies were performed in the Department of
Forensic Histology of the Municipal Institution of the
Kyiv Regional Council “Kyiv Regional Bureau of Forensic
Medical Examination”. After formalin fixation, alcohol
wiring, and paraffin embedding, the sections were
stained with hematoxylin and eosin. The preparations
were examined using a microscope OPTON Axioskop
(Germany) in transmitted light, at magnifications of 100
and 400 times. Statistical analysis of the obtained data
was carried out using the Microsoft Excel 2019 package,
and Pearson’s correlation analysis was used, at p<0.05.

RESULTS

According to international drug monitoring services,
the practice of simultaneous use of several narcotic sub-
stances and/or psychotropic substances, for example:
opioids and ethanol, is widespread in the world; opioids,
cocaine, and ethanol; opioids and marijuana, as well as
other various combinations involving amphetamine,
methamphetamine, hallucinogens and analgesics [2-4].

Itis known that certain combinations of drugs signifi-
cantly increase the risk not only of overdose but also
contribute to the damage of target organs, which is
manifested by the development of neuro-, nephro-, car-
dio-, hepato-, immuno-, and other organotoxic effects.
Despite the fact that opioids are not nephrotoxic, their
combination with alcohol, cocaine, or other psychotro-
pic substances causes the development of functional

2196

changesin many organs and systems of the body, which
leads to the development of ARF [5-7].

ARF is characterized by a wide range of disorders
- from a temporary increase in the concentration of
biological markers of kidney damage to severe meta-
bolicand clinical disorders - ARF, which require the use
of hemodialysis, or other forms of renal replacement
therapy and other methods of extracorporeal detoxi-
fication. Thus, the analysis of 86 cases of the develop-
ment of acute respiratory distress syndrome in patients
with an overdose of narcotic substances, including in
combination with alcohol (57 cases, 66.28%) revealed
that upon admission to the intensive care unit, the pa-
tients had the following clinical signs: deep depression
of consciousness, coma (100%), hypovolemia (100%),
apnea (90.7%), muscle atony (62.8%), electrolyte dis-
turbances (75.6%), heart rhythm disturbances (40.7%),
signs of positional compression of soft tissues (13.9%)
and hypothermia (17.4%).

A direct correlation was established between
clinical parameters and the development of ARF:
deep cerebral coma (r=0.86, p=0,0043) and apnea
(r=0.66, p=0,0021), heart rhythm disturbances (r=0.76,
p=0,0487), hypovolemia (r=0.61, p=0,0333), signs of
soft tissue compression syndrome (r=0.58, p=0,0241),
hyperkalemia (r=0.55, p=0,0017), hemoconcentration,
Ht>0.58 (r=0.52, p=0,0131), increased level of creatine
phosphokinase (CPK) in blood serum > 5000 units/I
(r=0.743, p=0,0034).

During the pathohistological examination of kidney
preparations in patients who died as a result of narcotic
poisoning, manifestations characteristic of the AKl syn-
drome were revealed: microcirculation disorders, vascu-
lar, interstitial, tubular, and glomerular changes (Fig. 1).

In the tissue samples, erythrocyte stasis in the cap-
illaries, general fullness of blood vessels, signs of the
sludge effect and small diapedesis hemorrhages were
found; vasculitis and perivascular sclerosis are noted;
foci of mononuclear infiltration of the stroma, focal
edema, necrosis and interstitial fibrosis (Fig. 1 a-b);
desquamation, degenerative-dystrophic changes of
the nephrothelium, tubular atrophy were found; hyaline
casts in separate tubules (Fig. 1 c-d); focal glomerular
changes with segmental increase of the mesangial ma-
trix and proliferation of endothelial cells, atrophy and
hyalinosis of individual glomeruli were noted (Fig. 1 e-f).

In our opinion, the pathogenetic basis for the devel-
opment of ARF was: dehydration with signs of a signifi-
cant decrease in the volume of circulating blood, which
was manifested by hypotension, a decrease in total
cardiac output and average arterial pressure; hypoxia,
which in turn led to a decrease in renal blood flow and
glomerular filtration rate and led to damage to renal
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Fig 1. Microcirculatory, vascular, interstitial, tubular and glomerular changes in kidney samples of patients who died as a result of drug poisoning (over-
dose): vasculitis and perivascular sclerosis (a); focal edema, necrosis and interstitial fibrosis (b); tubular atrophy (c); hyaline casts in separate tubules
(d); segmental increase of the mesangial matrix and proliferation of endothelial cells (e), atrophy and hyalinosis of glomeruli (f). Hematoxylin-eosin.

tubules. At the same time, the decrease in renal blood
flow activated the sympathetic tone of the kidney,
increasing the effect of ischemia and tubule damage,
which was confirmed during pathohistological studies.

DISCUSSION

Most often, opioids lead to ARF due to a decrease in
the glomerular filtration rate (GFR), which occurs as a
result of dehydration and/or rhabdomyolysis [8-10]. The

clinical picture of the opioid syndrome is well known,
butan important element of the diagnosis is palpation
of the abdomen and careful examination and palpation
of the muscles. The only symptom in a comatose patient
may be muscle swelling, which may reflect the onset
of muscle necrosis. Abdominal palpation will reveal
a distended bladder due to urinary retention. Serum
chemistry can reveal markers of myocyte damage and
the expulsion of normal intracellular components into
the serum, such as potassium, uric acid, and phospho-
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rus.The biggest threat is hyperkalemia, which requires
immediate hemodialysis treatment. In addition to
myoglobin breakdown products, the level of CPK may
be elevated. A urine test shows a positive blood test
(myoglobin) without erythrocytes since there is no
bleeding. Evidence of severe renal impairment is a low
fractional sodium excretion, a change in the color of
urine (dark urine) due to myoglobinuria, and tubular
necrosis, accompanied by a rapid rise in creatinine and
eventually leading to anuria.

The development of AKl in poisonings accompanied
by opioid syndrome is based on several mechanisms,
which is confirmed by previous clinical and experimen-
tal studies [11, 12].

1. Opioids decrease GFR and urine output by causing
complex changes in the body’s neuroendocrine
system, including changes in the autonomic nervous
system (sympathetic and parasympathetic), the re-
nin-angiotensin-aldosterone system, and antidiuret-
ic hormone. Autoregulation of blood flow together
with renal oxygenation control GFR. Opioids lead
to activation of the central opioid peptide receptor
and increase renal sympathetic tone, leading to
vasoconstriction and renal ischemia, which further
promote sympathetic activity and may subsequently
lead to ischemic renal injury. These effects can be
attenuated by the administration of naloxone (a
central opioid antagonist).

2. Opioids provoke a decrease in fluid intake, which
leads to acute kidney damage.

3. Opioids can cause urinary retention due to their
anticholinergic properties.
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ABSTRACT

The aim: Evaluation of the effectiveness of hormone therapy before and after surgical treatment in patients with external genital endometriosis (HRT).
Materials and methods: Bibliographic, information-analytical, clinical-instrumental, laboratory, histomorphological methods were used in the work. The
sources of information were data from the scientific literature on the topic of the study, modern guidelines, a review of randomized controlled studies.
Results: All women involved in the study received hormone therapy before and after surgery for 3-6-9 months: 45.0% - only COCs, 25.0% - courses of a-GnRH
drugs; 30.0% - only progestogens. Comparative evaluation of the function of the relapse-free course of UHD using the Kaplan-Meier method showed that
when using a-GnRH in patients with UHD, the duration of the relapse-free period is higher than for other groups of drugs: the indicator of the function of
maintaining remission before surgical treatment decreases from 100% to 0% during the first 6 months in 89.0%, and during 9 months - in 66.0% of patients.
Progression of the disease, after surgery and withdrawal of a-GnRH, with a 3-month course occurred - after 3 months - in 45.0%, with a 6-month course - after
9 months - in 33.0%, with a 9-month course - after 12 months - in 12.0% of people. Thus, the average median of the recurrence-free course was +11.6 months.
Conclusions: The most effective hormone therapy in patients with HRT before and after surgical treatment is therapy with drugs of the a-—HnRH group,

courses of at least 6 months.
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INTRODUCTION

The prevalence of endometriosis varies from 2 to
10% in the general female population, while among
infertile women it is almost 50%, among people with
dysmenorrhea - 40-60%, and in patients with chronic
pelvic pain - 70-80% [1-6].

The main indicator of the effectiveness of treatment
for various forms of endometriosis is the duration of
the disease-free period. The recurrence-free period is
considered as the time interval from the beginning of
the primary treatment to the date of the documented
recurrence of the disease [4,7,8].

THE AIM

Evaluation of the effectiveness of hormonal monothera-
py (HMT) before and after surgical treatment in patients
with external genital endometriosis (HRT).
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MATERIALS AND METHODS

Scientific work was carried out during 2020-2021. On
the basis scientific Department of minimally invasive
surgery State Institution of Science «Research and Prac-
tical Center of Preventive and Clinical Medicine» State
Administrative Department (SIS «RPC PCM» SAD, Kyiv,
Ukraine). In working with patients, we followed the eth-
ical principles of the Declaration of the World Medical
Association (World Medical Association Declaration of
Helsinki, 2000), EU Directive No. 609 (1986), the main
provisions of the“Rules of Ethical Principles of Scientific
Medical Research with Human Participation”approved
by the ICHGCP (1996) and orders of the Ministry of
Health of Ukraine No. 690 dated September 23, 2009,
No. 944 dated 14.12.2009, No. 616 dated 03.08.2012.
Each patient signed a voluntary informed consent to
the processing of personal data of medical records and
to participate in a scientific study.
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Table . The results of studying the anamnesis data (n=100)(hormonal therapy was carried out before surgical treatment)

Previous treatment

Number of patients

Absolute %
Hormone therapy
Short courses (3-6 months) 25 25,0
Long courses (6-12 months) 30 30,0
In total 55 55,0

Note: significant differences relative to 3 groups (p<0,05)

Table I1.The results of studying data on types of therapy before surgical treatment

Number of patients

Drug group Short courses n=25 Long courses n=30 In total n=55
Absolute % Absolute % Absolute %
a-GnRH 5 20 12 40,0 17 30,0
COC (combined oral contracepives) 9 36 - - 9 16,0
Gestogen 11 44 - - 11 54,0
Table I11.The results of studying data on therapy in the postoperative period
The number of patients
Short- courses Long courses In total
Drug group a-GnRH < 3 mon. a-GnRH < 6 mon. n=100
n=40 n=60
Absolute % Absolute % Absolute %
Did not receive therapy 25 62,5 40 63,3 65 65,0
a-GnRH 8 20,0 10 16,7 18 18,0
cocC 7,5 8 13,3 11 11,0
Gestogen 4 10,0 6 10,0 10 10,0

Table IV. Dependence of indicators of the recurrence-free course of endometriosis on the duration of hormonal therapy in patients with UTI

Bibliographic, information-analytical, clinical-instru-
mental, laboratory, histomorphological methods were
used in the work.

Statistical analysis of the duration of the recur-
rence-free course of UTI without and against the back-
ground of the use of various types of hormonal therapy
was performed using the method of data analysis of
lifetime (Survival analysis) and life tables (Life table)
to display the characteristics of the studied parameter
in time intervals specified by the user. The function
of maintaining remission was described using the
Weibull model. Comparative analysis of the remission
maintenance function in two groups was performed
using the Gehan-Wilcoxon test and was presented
using Kaplan-Meier curves. To build a life table based
on the available data, an interval width of 1 month was
adopted. At the same time, the duration of remission
was equated with the time of absence of symptoms
characteristic of the disease, and the interruption of
remission (relapse) - with its appearance. Statistical as-
sessment of the influence of qualitative binomial char-
acteristics was performed using Cox’s F-test, qualitative

characteristics with a number of levels greater than
2 - using Pearson’s %2. The following parameters were
analyzed: median survival in the compared groups, the
average value of the recurrence-free period, the total
number of observations, and the level of significance
of the difference). The influence of the duration of drug
therapy on the duration of the recurrence-free course
of endometriosis was considered statistically significant
(F- test of Cox=2.36; p<0.001).

RESULTS

The 55.0% of 100 examined women received anti-re-
lapse hormone therapy (HMT) before surgery, 25.0% of
them received one or two (3-6 month) courses, 30.0%
- longer courses (6-12 months) (Table I).

In patients with UTI who received HMT before surgical
treatment, a temporary effect was noted during the
treatment period - pain and the volume of blood loss
during menstruation decreased, and then the symp-
toms returned. The number of relapses was maximum
at 12 months of observation (18.0% of patients), the
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Short- courses Long courses

ResCitheiahy a-GnRH < 3 mon. a-GnRH = 6 mon.
Median disease-free course (months) 9,0 10,0
The average value of the relapse-free course of the disease (months) 8,8 10,1
Number of uncensored cases 31 25
Number of censored cases 0 0
The total number of observations 31 25
The level of significance according to the F-criterion, R <0,001

Table V. Dependence of indicators of the recurrence-free course of endometriosis on the type and duration of hormonal monotherapy after surgical

treatment
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Median disease-free course (months) 9,0 7,0 50 12,0 6,5 8,0

The average value of the relapse-free course of the disease (months) 8,4 7,0 58 11,5 6,8 8,1

Number of uncensored cases 10 4 8 9 10 20

Number of censored cases 5 1 0 4 2 1

Total number of observations 15 5 8 13 12 21

The level of significance according to the Chi-square, P <0,001

lowest number of relapses (2.0%) was observed at 3
months.

Detailed characteristics of hormonal therapy for HRT
patients at the stage before surgical treatment are pre-
sented in Table Il

The relative value of the frequency of relapses in the
interval was different in the analyzed time periods: the
minimum (from 0.004 to 0.15) in the first six months
of observation and the maximum (0.16 to 0.80) in the
second six months of the study. The proportion of
relapses was maximal after 12 months of observation
and was 0.80 (80.0%).

The function of maintaining remission in patients
with UHD is graphically presented, demonstrating its
decrease from 100% to 0% in patients with UHD who
received HMT before surgical treatment, during the
observation period of 14 months (Fig. 1).

Of the total number of subjects, 3 months after the
end of HMT, disease progression was noted in 3.0%,
after 6 months-in 38.0%, and after 9 months - in 59.0%
of female patients. The duration of the relapse-free
period of more than 10 months was observed only in
8.0% of people.

As can be seen from the graph, the indicators of the
intensity of relapse (the proportion of cases of relapse,
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which is calculated for one month of observation)
were different: in the interval from the 3rd to the 8th
month - fluctuations in the intensity of the progress of
the disease were in the range from 0 to 0.2, and at 10
months, there was a sharp increase in this parameter
to 1.0 (Fig. 2).

Antirelapse therapy after surgical treatment was
received from 100 examined women - 39.0%, of them
37.5% - one-two (3-6 month) courses, 40.0% - long
courses (6-12 months) (Table ll).

A comparison of the recurrence-free period in female
patients revealed a number of patterns: firstly, drugs
of the a-GnRH group for UTI are more effective than
other types of hormonal therapy (monotherapy with
drugs of the a-GnRH group, COCs, Gestogens), secondly,
when using a long course of taking drugs a-GnRH - the
duration of the relapse-free period is higher than when
using a short course a-GnRH. The median duration of
the recurrence-free course of endometriosis in patients
who received this option of therapy reaches 10 months
(Tables IV and V).

A comparison of the time of the recurrence-free
period in patients receiving one or another type of
hormonal therapy (monotherapy with drugs of the
a-GnRH, group, COCs, gestogen) revealed a number of
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! ﬂ n — Fig. 1. The function of maintaining re-

mission in patients with UTI who received
hormonal monotherapy before surgical
treatment(in months; 0-16 months)
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patterns: when using a long course of taking a-GnRH
drugs, the duration of the recurrence-free period is
higher than when using a short course. In Tables IVand
V show quantitative estimates of the duration of the
relapse-free course for these groups of patients.

As can be seen from the table (TableV), the number
of relapses was the maximum in the 12th month of
observation (33.0% of patients), the lowest number
of relapses was observed in the first five months of
registration. At the same time, in the first four months
after surgical treatment, relapses were not observed at
all, and only in 5 months there were 3.0% of relapses.
According to the relative value of the frequency of
relapses in the interval, two parts can be conditionally
distinguished: in the first half-year of observation, this
indicator did not rise above 0.08, in the second half-year,
the indicator rose to 0.14 (month 8), and even to 0.98
(month 12 of observation ).

Figure 3 graphically presents the function of main-
taining remission in patients with UTl who received
hormonal monotherapy after surgical treatment.

When analyzing the graph (Fig. 3.), it can be conclud-
ed that the index of preservation function of main-
taining remission in patients with UTl who received
hormonal monotherapy after surgical treatment during
the observation period of 13 months decreases from
100% to 0%.

DISCUSSION

Our study demonstrates results that are consistent with
the pan-European trend outlined in the ESHRE (Europe-
an Society of Human Reproduction and Embryology)
guidelines and in the recommendations of the Euro-
pean Society of Human Reproduction and Embryology
(2019) on the management of women with endometri-
0sis (2016). Itis recommended to offer surgery as one of
the options to reduce endometriosis-associated pain.
Women with endometriosis if not desiring immediate
pregnancy may be offered postoperative hormone
treatment as it does not negatively impact their fertility
and improves the immediate outcome of surgery for
pain. It is also not recommended to prescribe preop-
erative hormone treatment to improve the immediate
outcome of surgery for pain in women with endometri-
osis, as according to guidelines and our study the most
effective is the appointment of drugs of the a-GnRH
group after surgical treatment [9-11]. However, at the
same time, the analysis of our obtained data does not
completely correspond to the recommendations of the
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Ukrainian Unified Clinical Protocol «Tactics of manage-
ment of patients with genital endometriosis», the order
of the Ministry of Health of Ukraine dated April 6,2016
No. 319, which recommends the use of RH agonists only
after surgical treatment when establishing histological
diagnosis of endometriosis. In our opinion, in this con-
text, adjuvant therapy in the postoperative period can
be a prognostic factor regarding the duration of the
recurrence-free course of the disease [12-16].

Undoubtedly, surgical treatment today is the «gold
standard» for the radical removal of endometriosis
foci, but, unfortunately, the surgical method in most
cases negatively affects the state of the ovarian reserve,
worsening the quality of oogenesis [9,17-20]. And the
therapeutic effect of hormone therapy is that itis aimed
primarily at preventing the progression of the disease
or relapses of the disease, as well as for preparation
before surgical intervention or programs of assisted
reproductive technologies (ART), precisely to preserve
the reproductive potential of a woman. Thus, to date,
there is no single tactic for the treatment of endome-
triosis and, in our opinion, there is only an individual
approach with a comprehensive solution to the prob-
lem regarding the age of the woman, the localization
and degree of prevalence of the process, the severity of
symptoms, the state of fertility and the need to restore
reproductive function [9, 21-23].

CONCLUSIONS

All women involved in the study received hormone
therapy before and after surgery for 3-6-9 months:
45.0% - only COCs, 25.0% - courses of a-GnRH drugs;
30.0% - only Gestogens. Progression of the disease,
after surgery and withdrawal of a-GnRH, with a
3-month course occurred - after 3 months - in 45.0%,
with a 6-month course - after 9 months - in 33.0%,
with a 9-month course - after 12 months - in 12.0% of
people. Thus, the average median of the recurrence-
free course was +11.6 months. A comparative eval-
uation of the function of the recurrence-free course
of UTI shows that the use of a-GnRH increases the
duration of the recurrence-free period compared to
other groups of drugs, with the longest duration of
remission when prescribed in courses of at least 6
months. The median duration of a relapse-free course
in patients who received this option of therapy reach-
es 12 months. The minimum duration of the recur-
rence-free period was observed in patients receiving
short-course progestogens and was 5 months.
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ABSTRACT

The aim: To determine the parameters of perioperative application of radiographic methods for visual diagnosis in women with submucous uterine fibroids.
Materials and methods: We conducted a retrospective analysis of the data from 200 medical records of women with submucous uterine fibroids (SUF).
Results: Preoperatively, nodes were diagnosed by ultrasound as follows: solitary nodes - SMO type - 65 (46%) near the fundus; SMI - 41 (29%) on the
anterior or posterior wall; SMII - 35 (25%) on the lateral walls of the uterus and in the cornual areas of the fallopian tubes; multiple in combinations: 03-4
/ SMI - 16 (27.0%) and 03-6 / SMII - 14 (24.0%); with localization: 03-4 / SMO - mainly in the fundus - 49%, 03-4 / SMI and 03-4 / SMII on the posterior
and lateral - 25.0%, 28.0%; 05-6 / SMO - posterior and fundus - 38.0%, 49.0%; 05-6 / SMI and 05-6 / SMII - posterior and lateral - 45.0% and 37.5%. The
maximum average diameter was 20-30 mm, with a quantity of < 3 per individual. When comparing ultrasound and MRI data, discrepancies in the number
and localization of nodes were observed in cases of isolated SMI / SMII (on the lateral walls and in the cornual areas of the uterus) at 29.0%; as well as in cases
involving combinations of nodes of types 0 3-4 / SMI at 39.0% and 0 3-4 / SMII at 23.0% (p<0.05). During hysteroscopy, in the group without intraoperative

sonography, there were 30% more conversions from

hysteroscopic to laparoscopic myomectomy, and 25% more combinations of hysteroscopic myomectomy with laparoscopic monitoring.
Condlusions: Hysteroscopic myomectomy with intraoperative sonography is an effective method of treatment for isolated and multiple fibroids of types SMI/

SMIland 03-4/SMI as well as 03-4/SMII.

KEY WORDS: uterine fibroids, hysteroscopy, sonography, magnetic resonance imaging, reproductive health, effectiveness of medical care

INTRODUCTION

In the current conditions, the main principles of indi-
vidualized selection of surgical approach and extent of
surgical intervention in patients with uterine fibroids
(UF) are based on the expansion of preoperative diag-
nostic methods such as ultrasound (US) and magnetic
resonance imaging (MRI). This allows reducing the
high frequency of disease recurrence and increasing
the likelihood of achieving desired pregnancies [1, 2].

However, in cases of multiple uterine fibroids (UF), preop-
erative ultrasound (US) may not be able to provide a clear
navigation for performing the surgery, especially when deal-
ing with difficult-to-access locations of myomatous nodes
for hysteroscopic myomectomy. Therefore, this clinical chal-
lenge is addressed by using MRI in preoperative diagnostic
assessment or by applying intraoperative sonography [3-4].

Wiad Lek. 2023;76(10):2207-2211

THE AIM

The aim of the study was to determine the parameters
of perioperative application of radiological visual di-
agnostic methods in women with submucous uterine
fibroids.

To achieve this aim, the following objectives were set:

1) To conduct a retrospective analysis of the effective-
ness of radiological preoperative diagnostic methods
in patients with submucous uterine fibroids;

2) To study the structure of surgical interventions de-
pending on the applied methods of preoperative
visual diagnostics;

3) To determine the parameters of perioperative appli-
cation of radiological visual diagnostic methods in
women with submucous uterine fibroids, including
intraoperative sonography.
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MATERIALS AND METHODS

During the scientific work from 2021 to 2023, the first stage
involved a retrospective analysis of the effectiveness of
preoperative diagnostic radiological methods. The sec-
ond stage focused on studying the surgical intervention
structure based on the applied preoperative visual diag-
nostic methods using the data from 200 medical records
of women with submucous uterine fibroids (SMF). Out of
these 200 records, two groups were distinguished during
the first stage: the first group consisted of 120 individuals
who were solely examined using ultrasound (US) method,
and the second group included 80 women who utilized
both US and magnetic resonance imaging (MRI) methods.
During the second stage, the data was further divided into
two groups: Group A (n=60) - solely sonographic method;
Group B (n=60) - intraoperative sonography.

All subjects provided informed consent to participate
in the scientific research. Treatment was free of charge
for all study participants. All surgical interventions were
performed using endoscopic methods on equipment
by Karl Storz GmbH Co (hysteroscope with a diameter of
8.6 mm with a single operative channel for introducing a
monopolar electrode loop with a diameter of 5 mm) from
Germany, during the first phase of the menstrual cycle.

All treatment methods and types of surgical interven-
tions were approved by the sectorial standards of the
Ministry of Health of Ukraine dated December 31, 2004,
No. 676 and December 27, 2006, No. 905 “On Approval of
Clinical Protocols for Obstetric and Gynecological Care’,
as well as approved local protocols and based on the
PALM-COEIN and STEP-W classification recommended by
the International Federation of Gynecology and Obstetrics
(FIGO) and included in international clinical protocols for
managing patients with the studied pathology. There
is no additional health risk to patients associated with
conducting the research within the framework of the
scientific work.

Exclusion criteria included radiological evidence of
adenomyosis or uterine fibroids with transmural nodes,
a history of malignant neoplasms of the pelvic organs
or cervical dysplasia, previous surgical or endovascular
treatment of uterine fibroids (uterine artery embolization
(UAE)), and any contraindications to abdominal surgery
or anesthesia that would preclude participation in the
research.

Statistical data collection of the research results was
carried out on a PC using Microsoft Excel software.
Mathematical processing was performed using standard
statistical packages (SPSS version 12). Quantitative data
were presented as mean + standard deviation, qualitative
data - as absolute and relative (%) frequency. Quantitative
parameters in the independent groups were compared
by the use of the t-Student’s criterion or Mann-Whitney
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U-test. To compare qualitative variables, we used the x test
and Fisher's exact test. A 2-tailed p<0,05 was considered
statistically significant.

RESULTS

The main complaint of the patients was heavy cyclic men-
strual bleeding (from > 160 ml to < 500 ml), confirmed by
alkaline hematin analysis and with a minimum of a three-
month history within 6 months from the time of inclusionin
the study. The overall structure of complaints in both groups
of patients was as follows: infertility in 60%, polymenorrhea
in 54%, menometrorrhagia in 46%, and algomenorrhea in
30.0%. Mild and moderate anemia was present in 36.0% of
the patients. The average duration of follow-up for patients
with uterine fibroids was 3.5+0.7 years, and the duration of
treatment was 3.6+0.3 years.

During the retrospective assessment of the reproductive
history in the research groups, primary infertility was diag-
nosed in 60.0% of cases, and secondary infertility in 40.0% of
cases. Primary infertility was significantly more commonin
the group of patients with multiple uterine fibroids (65.0%),
while among patients with solitary fibroids, the frequency
of primary infertility was 38.0% (p<0.05). The frequency of
secondary infertility was 49.0% in cases of single fibroids
and 51.0% in cases of multiple fibroids (p<0.05) [1].

Atthe end of the first stage, based on the data from the
ultrasound examinations of 200 patients, predominantly
solitary submucous fibroids (SM) were identified, with
a mean diameter of 23.1£0.9 mm in 141 cases (70.5%),
and multiple fibroids in 59 cases (29.5%), with a mean
diameter of 23.5+0.5 mm and an average of 2.5+0.5 fi-
broids per person. The structure of solitary fibroids was
characterized as follows: SMO type - 65 (46%), SMI - 41
(29%), and SMII - 35 (25%) types. In our study, solitary fi-
broids were predominantly located as follows: SMO0 - near
the fundus, SMI - at the anterior or posterior walls, and
SMII - at the lateral walls of the uterus and in the cornual
areas of the fallopian tubes (Table I).

In the presence of multiple fibroids, the diameter of sub-
mucosal nodes in combination with type O and SM nodes
ranged up to 30 mm, while intramural or serosal nodes had
an average size ranging from (Tables | and Il). According to
the obtained results, the most frequent combinations of
nodes in multiple fibroids were: 03-4 / SMI (16 cases, 27.0%)
and O3-6/SMII (14 cases, 24.0%), with the maximum mean
diameter of submucosal and intramural nodes ranging from
20 to 30 mm and a maximum of 3 nodes in one individual.
Among patients with multiple fibroids in both subgroups,
the dominant node types were: O3 in 10 cases (29.4%), 04
in 12 cases (35.3%),05in 7 cases (2.5%), 06 in 3 cases (9.0%),
and SM in 2 cases (5.8%). In cases of multiple fibroids, the
combinations of nodes were evaluated based on the local-
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Table . Characterization of uterine fibroids based on the results of sonography

The number of examined individuals, n =200 (100%)

Theotfy pe SM, n=141 (70,5 %) Combinations SM and O, n = 59 (29,5%)
nodes 5 : . 03-4/ 03-4/ 03-4/ 05-6 / 05-6 / 05-6 /
SMo SMI SMII SMO SM1 SMIl
Number 65 41 35 6 16 14 6 9 8
(46,0%) (29,0%) (25,0%) (10,0%) (27,0%) (24,0 %) (10,0%) (15,0%) (14,0 %)
Size(mm)
40 10 15 34,0% 25,0% 23,0% 17,0% 21,0% 25,0%
<20 (62,0%) (24,9%) (43,0%) o e e e = e
15 23 16 49,0% 45,0% 49,0% 34,0% 34,0% 37,5%
20-30 (23,0%) (56,3%) (45,7%) o e = e (e 270
10 8 4 17,0% 30,0% 28,0% 49,0% 45,0% 37,5%
>30 (15%) (18,8%) (11,3%) ! ’ ’ ’ ’ ’
Table I1. Characteristics of MM nodes based on sonography data (%)
The number of examined individuals n = 200 (100%)
The type of SM n=141 Combinations SM and O n=59
nodes 0 . , 034/ 034/ 034/ 056/ 056/ 056/
sSMo SMI SMIl sSMo SM I SM I
Number 65 41 35 16 14 6 9 8
(100%) (100%) (100%)  (100%) (100%) (100 %) (100%) (100%) (100 %)
Uterine walls:
Anterior (front) 12,0% 30,0% 16,0% 17,0% 18,0% 15,0% - - -
Posterior (back) 11,0% 24,4% 15,0% 34,0% 25,0% 21,0% 34,0% 34,0% 37,5%
Uterine fundus (top -/ o, . ; 490%  180%  150%  49,0% . .
part of the uterus)
17,0% 25,0%
Ribs of the uterus - 32,0% 43,0% 25,0% 28,0% 70 45,0%
Fimbrial ends of the - 13,6% 26,0% 14,0% 21,0% - 21,0% 37,5%

fallopian tubes

ization of the clinically significant node (causing symptoms)
relative to the uterine walls: 03-4/ SMO — predominantly in
the fundus (49%), 03-4/SMland O3-4 / SMll at the posterior
and lateral walls (25.0%, 28.0%); O5-6 / SMO - at the poste-
rior and fundal walls (38.0%, 49.0%); O5-6 / SMI and O5-6
/ SMII at the posterior and lateral walls (45.0% and 37.5%,
respectively) (Table II).

In the comparative analysis of the results, it was deter-
mined that the highestincidence of discrepancies between
ultrasound and MRI data, in terms of the number and lo-
cation of myometrial nodes, was observed in isolated MM
in 29.0% (mainly SMI/SMIl type, with localization along the
lateral walls of the uterus and in the areas of the fallopian
tubes); in multinodular MM in 39.0% of clinical situations
(among combinations of nodes of types O 3-4/SMl and O
3-4/SMllin 23.0%) (p<0.05).

At the second stage of scientific work, the results of the
study of the data on the volume of surgical intervention
showed significant differences between patients of the

study groups depending on the type of visual diagnos-
tics used.

The duration of hysteroscopic myomectomy was largely
dependent on the diameter of the myomatous nodule
and its depth of invasion into the myometrium. For sol-
itary nodules of types SMO/I/Il with a mean diameter of
23.5+0.5 mm, the duration of hysteroscopic myomectomy
was 35.2+0.3 minutes in both groups. Data from Group A
indicated thatin 15% of clinical cases, during hysteroscopy
with the presence of nodules of types SM/I/Il located in
the areas of uterine tube cornua, hysteroscopic myomec-
tomy with laparoscopic control was performed, with an
average duration of 57.2+0.3 minutes. Conversion from
hysteroscopic to laparoscopic myomectomy was observed
in 17% of patients with solitary nodules of types SM/I/II
and in 25% of patients with multiple myomatous nodules,
especially in cases of nodule combinations such as 03-4
SM/I/lland localization along the lateral walls of the uterus.
The occurrence of biological infeasibility to continue hys-
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teroscopic myomectomy due to high intraoperative risks
in these clinical cases was attributed to the discrepancy
of the nodule diameter of SM/I/Il during hysteroscopic
visualization, which was 25% higher than the preoper-
ative sonography results, and the average duration was
42.1+0.3 minutes. During the surgical procedure, the total
blood loss in subgroup A ranged from 50 ml to 750.0 ml
(average 570.2+£50.3 ml).

Thus, in Group A, the average duration of the surgical
procedure was 60.1+0.3 minutes, which was likely longer
than in the comparison Group B, where the operation
time was 24.2+0.3 minutes (p<0.05). The average diam-
eter of clinically significant nodules of types SM0/I/Il was
20.8+0.42 mm, as determined by both preoperative MRI
and intraoperative assessment, allowing for radical removal
of the nodules within 20-30 minutes. Intraoperative blood
loss did not exceed 50 ml in any of the subgroups. The
indicators for average hemoglobin levels and duration
of hospitalization did not significantly differ between the
groups. The analysis of clinical symptoms in patients from
both research groups at 6 months after myomectomy
showed no significant difference between Groups A and
B.The duration of hospitalization (in days) was likely longer
in patients of subgroup A, primarily due to those patients
who underwent a combination of hystero-laparoscopy or
experienced conversion from hysteroscopic to laparoscopic
access during myomectomy. On average, the duration of
hospitalization in Group A was 2.5+0.5 days, while in Group
B, it was 1.0£0.5 days.

According to the results of our study, the effectiveness of
radical hysteroscopic removal of SM nodules was 75% and
100% in groups A and B, respectively. The analysis of the
dynamic changesin clinical symptoms over 12 months after
myomectomy in patients of both research groups revealed
thatat 3 monthsand 6 months after the operation, women
in Group A experienced pain syndrome, dysmenorrhea,
dysuria, and hypermenorrhea approximately 2.5+1.5 times
more frequently than in Group B. However, complete res-
toration of the menstrual cycle occurred within 3 months
in all 120 (100%) patients.

DISCUSSION

The management of patients with benign uterine
pathologies involves a wide range of diagnostic, ther-
apeutic, and surgical methods. Accurate diagnosis of
various pathological conditions of the internal genital
organs is of great practical importance, especially
during the planning and implementation of surgical
interventions. In recent years, there have been studiesin
the international literature dedicated to intraoperative
laparoscopic/hystero-echography, which highlight its
high informativeness. Forinstance, W.T. Yang et al., com-
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paring preoperative and intraoperative echography
with computer or magnetic resonance tomography,
radiographic hysterosalpingography, endoscopy, and
echography, concluded that its accuracy was 10% high-
er compared to the above-mentioned visual diagnostic
methods during the preoperative stage, which is in full
agreement with our research results [7,8].

However, many researchers also note that despite hyste-
ro-laparoscopy providing a panoramic view of the pelvic
organs, it is limited to two-dimensional visualization of
organs on the monitor. In cases of small isolated myoma-
tous nodules with a diameter of up to 25 mm, primarily
located within the thick walls of the uterus or conglomer-
ate of small-sized nodules within the myometrium, with
unclear deformation of the uterine cavity contour - which
were precisely represented in our study - an unfavorable
intraoperative clinical situation may arise. In such cases, the
surgeon can only determine the localization of tumor-like
formations through intraoperative palpation, which were
not diagnosed during preoperative echography, and
subsequently remove them [1-5,8].

Therefore, as demonstrated in our research, the re-
finement of minimally invasive surgical technologiesin
the treatment of submucous uterine myoma through
the personalization of preoperative and intraopera-
tive echography application can significantly reduce
intraoperative risks and operative interventions in
reproductive-aged women [4,5].

CONCLUSIONS

1. The use of preoperative ultrasound (US) is a highly
informative method of visual diagnostics for the
majority of myomatous nodules, both isolated and
multiple, except for SMI-SMII types with a predomi-
nant localization along the lateral walls of the uterus
and in the regions of the uterine tubes.

2. Theapplication of hysteroscopic myomectomy with
intraoperative sonographic assistance in cases of
isolated myomatous nodules, predominantly of SMI/
SMIl types, with localization along the lateral walls
of the uterus and in the regions of the uterine tubes,
as well as in cases of multiple myomatous nodules
of 03-4/SMI and 03-4/SMII types, allows for the
radical one-step removal of the myomatous nodule
or timely correction of the surgical technique to
avoid repeat surgery or conversions to laparoscopic
myomectomy. This approach helps reduce intraop-
erative blood loss, minimize the volume of infusion
therapy, and preserve the functional tissue of the
endometrium in the altered area, which is crucial
for the reproductive purposes and overall quality
of life for the patients.
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ABSTRACT

The aim: To evaluate the functioning of the autonomic nervous system in combatants, the relationship between the heat rate variability (HRV) and ques-
tionnaire indicators, to improve the diagnosis of post-traumatic stress disorder (PTSD) and to evaluate the effectiveness of Transcendental Meditation (TM).
Materials and methods: 57 combatants and 30 civilians, with registering ECG and HRV-analysis, self-questionnaire testing.

Results: The combatants’ group showed an increase in heart rate, in the degree of centralisation of heart rate control and the R. Bayevsky stress index, a
decrease in the total HRV value. PTSD score was negatively correlated with pNN50. The indicator «Stress» (by DASS-21), revealed negative relationships with
the TP, (LF-+HF), RMSSD, HF, HFn. The effects of TM on HRV are to save the work of the cardiovascular system (reduced heart rate), reduce the level of nervous
and emotional stress, increase the overall adaptation reserve. After TM, the HRV spectrum retains the same proportions of very low, low, and high frequencies
as in the baseline state.

Conclusions: The study objectively proved the presence of neuro-emotional stress and depletion of autonomic regulation reserves in combatants, both by
questionnaire surveys and HRV analysis. The high level of correlation between HRV and questionnaire indicators gives grounds for the introduction of HRV
analysis for the initial ~ assessment of the psycho-emotional state and tracking its dynamics, as well as for assessing the effectiveness of its correction. Our
use of TM has confirmed its effectiveness in correcting the psycho-emotional state.

KEY WORDS: heart rate variability, combatants, post-traumatic stress disorder, autonomic dysfunction, Transcendental Meditation

INTRODUCTION

In times of war, the largest risk group for the develop-
ment of stress disorders, including post-traumatic stress
disorder (PTSD), consists of military personnel who are
directly involved in combat operations [1, 2]. The impact
of stress factors on the body is usually manifested by
emotional arousal, which is somatically reflected in the
tension of the autonomic nervous system (ANS), with
increase in tone of sympathetic part of ANS, with its
subsequent negative impact on the functioning of the
cardiovascular, nervous, endocrine,immune and other
systems of the body [3, 4]. Detection and correction, at
early stages, of autonomic imbalance observed in indi-
viduals after suffering distress is an important task of
preventing not only functional disorders of the ANS, but
also the development of somatic diseases. Psycholog-
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ical distress is usually assessed using subjective ques-
tionnaires. However, this method has disadvantages,
such as patients’bias towards their own self-esteem, as
well asimpaired ability to realize their condition, which
is often observed in people with mine-blast trauma.
The working hypothesis of our study was that the level
of autonomic dysfunction, determined by heart rate
variability (HRV), is associated with the severity of PTSD
in military personnel after exposure to combat, and
can be corrected with Transcendental Meditation (TM).

THE AIM

The aim of the study was to evaluate the functional
state of the ANS in combatants, to investigate the re-
lationship between HRV and questionnaire indicators
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of psycho-emotional state, to improve the diagnosis
of its disorders and to evaluate the effectiveness of the
corrective effect of TM using HRV analysis.

MATERIALS AND METHODS

We examined 57 servicemen (men, average age 41.5+1.2

years) who participated in combat operations with an aver-

age stay on the front line of more than 3 months (90 days).

The control group consisted of 30 people (men, average

age 38.5%1.6 years) who did not participate in hostilities.

Among the combatant soldiers who underwent rehabili-

tation at the State Institution «Veteran Mental Health and

Rehabilitation Center «Forest Glade» Ministry Of Health Of

Ukraine», Kyiv, Ukraine, 37 people had shrapnel wounds,

and all of the subjects reportedly suffered contusions.

The main complaints of the combatants were headaches,

irritability, sleep disturbances, pain at the level of 4-5 points

on a 10-point visual analog scale, depression and anxiety.

No acute or focal pathology was detected in the objective

status of the combatants at the time of the examination.

The psycho-emotional state was studied using the DASS-

21 questionnaire [1], PTSD screening questionnaire [3, 5],

questionnaire for detection of autonomic dysfunction by

A.M. Wayne [6].

The study of heart rate variability was performed by
recording the ECG in 6 leads using a portable digital ECG
recorder DiaCard 06000.1 (Solvaig, Ukraine) in a sitting
position for 3 minutes. The ECG and HRV were analyzed
using the Finnish-Ukrainian cloud service CardioLyse (www.
cardiolyse.com) and the Oracul ECG signal recording and
analysis software (AC No. 95334, AC No. 47857, V.M. Glus-
hkov Institute of Cybernetics of the National Academy of
Medical Sciences of Ukraine, Kyiv, Ukraine. Some combat-
ants underwent heart rate variability studies before and
after treatment, which consisted of training and application
of TM. TM training was conducted in 11 people (men, mean
age 42.3+2.2 years). HRV was assessed before and after the
TM session, inasitting position, for three minutes. Statistical
data processing was carried out using SPSS-21.0 software.

We used the standard HRV parameters [7 - 10]:

- mRR, ms - mean value of R-R intervals; HR, bpm -
Heart Rate;

- SDNN, ms - Square Deviation of N-N intervals. The mea-
sure of total HRV.

- RMSSD, ms - the square root of the mean of the squares
of the successive differences between adjacentNNs.The
measure of parasympathetic (vagal) activity.

- PNN50,% the proportion of pairs of successive NNs that
differ by more than 50 ms divided by total number of
NNs. The measure of parasympathetic (vagal) activity.

- TP, msA2 - Total Power of HRV spectrum. The measure
of total HRV.

- VLF, msA2 - The spectral power of very low frequency
(0,04 - 0,003(3) Hz). The measure of activity of subcor-
tical sympathetic ergotropic nervous centers. Provides
sympathetic influences on the heart.

- LF, msA2 - The spectral power of low frequency (0,15 -
0,04 Hz). The measure of activity of the baroreflex center
of medulla oblongata. Provides sympatheticinfluences
on the heart.

- HF, msA2The spectral power of high frequency (0,4-0,15
Hz). The measure of parasympathetic (vagal) activity.
Provides vagal influences on the heart.

- LF/HF -ratio - reflects sympatho-vagal balance

- VLF/HF - ratio, the index of activation of subcortical
nervous centers

- IC = (VLF+LF)/HF, - the index of centralization of the
management of heart rhythm

- VLFNn,% - partial spectral power in VLF range

- LFn,% - partial spectral power in LF range

- HFn,% - partial spectral power in HF range

- Sl (Bayevskyi Stress-index) - the index of neuro-emo-
tional tension; SI = AMo/(2*Mo*(RRmax-RRmin); Mo
(sec) -the Mode of R-Rinterval; AMo (%) - the Amplitude
of Mode; AMo =n/N*100%; n - the number of R-Rinter-
vals included into Mode range (the width of pocket of
histogram of R-R intervals is 50 ms); N - total number of
R-R - intervals.

The average values of the indicators (M) and their errors (m)

were calculated. The reliability of differences in mean values

when comparing the experimental and control groups was
assessed using Student’s T-test for two independent samples.

Therreliability of the magnitude of the shiftin HRV indices after

the TM session was assessed using a one-sample Student’s

T-test. For correlation analysis, Pearson’s linear correlation co-

efficients (R) and Spearman’s rank correlation (R Sp) were used.

RESULTS

COMPARISON OF HRV AND PARAMETERS
OF SUBJECTIVE ASSESSMENT IN
COMBATANTS WITH THE CONTROL GROUP
According to all the indicators of psycho-emotional state
assessed in the study, both according to the questionnaire
(Tablel)and HRV (Table ll), the combatant group significant-
ly differed from the control group. The combatants’scores
on the PTSD, DASS-21, and Wayne tests were significantly
higher than those of the control group.

While estimating the results, it can be noted that, com-
pared to the control group, the following changes in HRV
were observed in combatants. Heart rate was 9% higher
thanin the control group.The value of total HRV was signifi-
cantly lower thanin the control group (30% lower for SDNN
and 49% lower for TP). The value of the absolute activity of
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Table I. Indicators for assessing the psycho-emotional state

Indicator Combatants, Control group,
Mzm, n=57 Mzm, n=30
PTSD 4,23+0,24*% 1,83+0,27
DASS-21 35,84+1,89* 16,13+1,70
D (Depression) 9,85+0,73* 4,7+0,63

A (Anxiety) 11,71+0,67* 3,33+0,42

S (Stress) 14,28+0,70* 8,10+0,88
Wayne 43,72+1,84* 18,28+2,40

Notes: * - Reliability of differences in mean values with the control group at the level of p<0,001.

Table Il. Indicators of HRV

Indicator Combatants, Control group,
Mzm, n=57 Mzm, n=30
mRR, ms 756+16* 839+36
HR, bpm 81,4+1,7* 74,9128
SDNN, ms 27,4£1,5%** 39,0+£2,6
RMSSD, ms 16,9£1,5%* 26,6+2,8
pNN50,% 1,94+0,66** 8,97+2,41
TP, msA2 731+£90%* 1430+203
VLF, msA2 280+34* 467+83
LF, msA2 325+47%* 658+113
HF, msA2 126+31%* 306+53
LF/HF 5,06+0,66 3,84+0,58
VLF/HF 5,47+0,79* 3,04+0,72
IC 10,53+1,26* 6,88+1,15
VLFn,% 42,31+2,38* 32,51+2,93
LFn,% 42,05+2,18 46,21+3,06
HFn,% 15,64+1,59 21,29+2,59
Sl 480+48** 264+45

Notes: * - Reliability of differences in mean values with the control group at the level of 0,01<p<0,05 ; ** - at the level of 0,001<p<0,01; *** - at the

level of p<0,001.

Table I11. Grouping people by anxiety levels

G n A|.1xie-ty I?vellby frequency The val.ue of the anxiety index Qualitative assessment
distribution in the sample according to the DASS-21 test
1 20 <Q1 0 - 3 points Normal (no anxiety)
2 21 Q1-Me 4 -7 points Mild to moderate anxiety
3 18 Me - Q3 8- 12 points Severe and very severe anxiety
4 26 >Q3 >=13 points Very severe anxiety

parasympathetic modulation was significantly lower than
in the control group (by 36% lower, according to RMSSD, by
78% lower, according to pNN50, by 59% lower, according
to HF). At the same time, the specific activity of parasympa-
theticmodulation, measured by the specific spectral power
in the high frequency range, HFn, in the combatant group
was 27% lower than in the control group (at the level of a
strong trend, p=0.053). The autonomous balance index,
assessed by the LF/HF ratio, was 32% higher in the military
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group thanin the control group (at the level ofaweak trend,
p=0.166). The index of activation of subcortical nerve cen-
ters, assessed by the VLF/HF ratio, was significantly higher
in combatants, by 80%, compared to the control group.
The index of centralisation of heart rate control, assessed
by the ratio (VLF+LF)/HF, was also significantly higher in
combatants, by 53%, compared to the control group. The
specificactivity of subcortical ergotropic sympathetic nerve
centers, according to the VLFn index, in combatants was
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Table IV. Significant correlations between HRV-indices and indices of psycho-emotional state in the group of highly anxious individuals (n=44).

index DASS-21 D (depression) S (stress)
RMSSD no significant correlations no significant correlations R =-0,356*
— *.
HF no significant correlations no significant correlations R=-0403 "
R,, =-0,348
VLF no significant correlations R,,=-0316* no significant correlations
R=-0,319% . : B .
VLFn RSp.: 0,310% no significant correlations R=0,354
VLF/HF R=0,343* R =0,343* no significant correlations

Notes: * - The significance of the coefficient of correlation at the level of p<0,05.

Table V. Significant correlations between HRV-indices and indices of psycho-emotional state in the group with an anxiety level of more than 13 points.

Index PTSD S (stress)
TP no significant correlations R =-0,450*%
LF+HF no significant correlations R=-0511*%
RMSSD no significant correlations R =-0,563**
pNN50 R=-0,451%R, =-0422* no significant correlations
HF no significant correlations R =-0,643**
HFn no significant correlations R =-0,559%*

Notes: * - The significance of the coefficient of correlation at the level of p<0,05 ; ** - at the level of p<0,01.

30% higher than in the control group. The specific activity
of the baroreflex (vasomotor) center of the medulla oblon-
gata, according to the LFn index, in military personnel did
not differ from the control. The stress index of requlatory
systems (Roman Baevsky'’s stress index) in combatants was
significantly higher by 82% than in the control group.Thus,
according to the HRV indicators, the combatants’ group
showed such signs of nervous and emotional stress as an
increase in heart rate, a decrease in the total HRV value, an
increase in the degree of centralisation of heart rate control
and the R. Bayevsky stress index. These data characterizing
HRV are fully consistent with the results of our psychological
questionnaire testing of combatants.

CORRELATIONS BETWEEN HRV

INDICES AND PSYCHO-EMOTIONAL

STATE IN INDIVIDUALS WITH DIFFERENT
LEVELS OF ANXIETY (ACCORDING

TO THE DASS-21 TEST)

The total sample (combatants and controls) was divided
into 4 groups, according to the frequency distribution
of anxiety (Table Ill).

Our main focus was on the group of highly anxious in-
dividuals (n=44) whose DASS-21 anxiety score exceed-
ed the median of the distribution of the total sample,
i.e., was higher than 7 points (see Table IV).

To further study the peculiarities of correlations, the
group of highly anxious individuals (n=44) was divided
into two groups according to the median level of anxi-
ety calculated for this group, which was 13 points. In the

first group, with an anxiety level of up to 13 points, there
was a positive correlation between the Baevsky stress
index and anxiety (R=0,484; p<0,05). In the second
group, with an anxiety level of more than 13 points, the
following significant correlations were found (Table V).

It was shown that the PTSD score was negatively cor-
related with the parasympathetic activity marker pNN50.
At the same time, the indicator «Stress», according to the
DASS-21 questionnaire, revealed negative relationships
with both the total power of the HRV spectrum (TP), the
total spectral power in the high and low frequency do-
mains (LF+HF), and the indicators of absolute (RMSSD,
HF) and specific (HFn) parasympathetic activity.

THE ASSESSMENT OF THE IMPACT

OF TM ON HRV

Changesin HRVindices in our study with combatants af-
terTM were as follows (Table VI). Heart rate significantly
decreased by 8 beats per minute (by 9.6% of the base-
line). Overall HRV, which includes SDNN and TP, showed
a significant increase. There was a significant increase
in RMSSD, the index of parasympathetic activity, by
29% compared to the baseline. However, the spectral
power in the high frequency (HF) range, which is also
a measure of parasympathetic activity, did not show
a significant shift. The activity index of the subcortical
sympathetic ergotropic nerve centers VLF increased by
90%, and the activity index of the baroreflex center of
the medulla oblongata LF increased by 84% compared
to the baseline.
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Table VI. HRV indicators before and after TM

Indicators of HRV Before TM, After TM, Average individual shift in the
M+ m M+ m indicator after TM (M+m)
HR, bpm 82,4+4,8 74,5+3,4 -7,91£2,02%*
mRR, ms 761+56 826+45 65,6+17,8%*
SDNN, ms? 29,8+3,5 37,7£4,0 7,91£1,50%%*
RMSSD, ms 18,3+4,2 23,6%3,3 5,36+1,80*
Sl, conv. units 437,0+£100,8 260,7+50,1 -176+£65*
TP, ms? 831+170 1395+263 564+161**
VLF, ms? 338+98 643161 305+£103*
LF, ms? 275%39 505+108 230+93*
HF, ms? 218+82 247+64 29+43
VLF/HF 3,62+1,13 4,50+1,60 0,88+0,96
LF/HF 3,92+1,04 3,85+0,90 -0,07£1,15
IC 7,54+1,85 8,34+2,36 0,81+£2,04
VLFn, % 37,20+5,37 41,31+5,31 4,11£3,72
LFn, % 41,85+5,63 40,62+5,19 -1,23£2,96
HFn, % 20,95+4,96 18,07+3,72 -2,88+5,08

Note: * - reliability of the average value of the indicator shift at the level of p< 0,05 ; ** - at the level of p< 0,01 ; *** - at the level of p< 0,001.

Thus, the effects of TM on HRV are to save the work of
the cardiovascular system (reduced heart rate), reduce
the level of nervous and emotional stress, increase the
overall adaptation reserve. At the same time, the overall
adaptation reserve increases due mainly to an increase in
the activity of subcortical sympathetic ergotropic centers
and the baroreflex center of the medulla oblongata.

DISCUSSION

The analysis of HRV occupies an important place among
the methods of objective comprehensive assessment of the
functional state of the human body, it allows to objectively
assess the activity of different levels of autonomic regula-
tion, balance of sympathetic and parasympathetic activity,
the degree of centralization of heart rate control, which are
markers of nervous and emotional stress, and also reflect the
ability of a person to adaptively cope with stress [7-11]. Low
heart rate variability (HRV) is associated with an increased
risk of developing post-traumatic stress disorder (PTSD) in
individuals who have participated in combat [4].
According to the HRV indicators, the combatants’group
showed such signs of nervous and emotional stress as an
increase in heart rate, a decrease in the total HRV value,
an increase in the degree of centralisation of heart rate
control and the R. Bayevsky stress index. These data char-
acterizing HRV are fully consistent with the results of our
psychological questionnaire testing of combatants. In the
two subgroups of combatants who differ in their level of
anxiety, different patterns of correlation between HRV and
indicators of psycho-emotional state (anxiety, PTSD, stress)
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were found. The common features of these correlations for
both groups are that the severity of pathological signs of
the psycho-emotional state according to the questionnaires
positively correlated with the degree of tension of regula-
tory systems (with tension of the sympathetic part of ANS)
and negatively correlated with the total HRV (TP), absolute
activity of all three levels of autonomic regulation of the
heart rate.In combatants with more severe nervous system
injuries, who, accordingly, have a higher level of anxiety,
thereis anincrease in the number of significant correlations
between HRV and indices of psycho-emotional state. This
fact provides the basis for the hypothesis that models of
adaptation to neuro-emotional distress differ depending
on the severity of its components, one of whichisincreased
anxiety. Thus, on the basis of our data, it can be argued that
the role of autonomic regulation, its individual components,
in the adaptation of the body of highly anxious individuals,
compared to low-anxious individuals, is strengthened,
whichis a strong argument for using mathematical analysis
of HRV to assess the psycho-emotional state of individuals
in a state of distress, in particular, combatants with PTSD, in
order to objectively monitor and predict it at the stages of
rehabilitation. The purpose of our next research may be to
clarify the role of individual components of the ANS in the
implementation of adaptation. Another approach, which
indicates the possibility of using the method of HRV deter-
mination to assess the state of ANS in combatants, was to
study the effect of Transcendental Meditation (TM) on the
dynamics of the main HRV indicatorsin the process of its ap-
plication. TM s a simple mental technique that is practiced
2 times a day for 15-20 minutes, sitting in a comfortable
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position with eyes closed. The practice of TM itself does not
involve concentration or contemplation, is not a religion or
philosophy, and does not require a change in lifestyle [12].

TM is a method that achieves a unique state of deep re-
laxation. There are scientific papers in which the TM method
has proven to be one of the most effective for overcoming
PTSD in combatants [13]. Studies of TM practices have
revealed patterns of increased parasympathetic response
and autonomic stability. Numerous studies have also found
that TM can help alleviate the symptoms of depression
in various populations. Early research on TM for PTSD in
military and veterans has shown promising effects for TM
as a treatment for PTSD symptoms. Recently conducted
randomized controlled trial involving 203 veterans and
found that TM practice is notinferior to prolonged exposure
therapy, which is considered the gold standard of first-line
psychotherapy, in the treatment of PTSD [13]. Interestingly,
afterTM, the HRV spectrum retains the same proportions of
very low, low, and high frequencies as in the baseline state.
That is, TM does not change the ratio of activity of different
levels of heart rate regulation. Such changes in HRV during
TM may reflect a state of «awakened calm» where, against
the background of deep physical relaxation, fully awakened
mental activity and concentration remain, i.e. this state is not
similar to falling asleep, trance or hypnosis.The fact that we
observe anincreasein RMSSD and no increase in HF may be
evidence of a change in the respiratory pattern during TM
described by various authors [14-16].This pattern change is
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ABSTRACT

The aim: To analyze the prevalence of breast cancer from 2014 to 2022 and the incidence rate in the population of Ukraine.

Materials and methods: The methods used in the research include historical-biographical analysis, content analysis, and a systemic approach.

Results: According to the National Cancer Registry of Ukraine, from 2014 to 2020, there were stable figures of malignant neoplasms (MN) with a 1% increase
in morbidity. The lowest rate was observed in 2014, with 135.307 new cases of MN, showing a slight increase until 2019 with 138.509 new cases. Starting from
2020, there has been a decrease in the registration of new MN cases, such as 113.368 new cases in 2020, in 2021-120.055, and 93.276 in 2022. The decrease in
new MN cases is attributed to limited access to medical services for the population residing in annexed territories and areas affected by ongoing military actions.
Conclusions: A relatively stable increase in breast cancer incidence is observed from 2014 to 2020, within a 1% range, followed by a sharp decrease from 2020

t0 2022. This decrease could be attributed to limited access to medical services due to the pandemic and ongoing military actions.

KEY WORDS: breast cancer, National Cancer Registry of Ukraine, electronic health system, new case of malignant neoplasm (MN)

INTRODUCTION

The development of healthcare in Ukraine is an in-
tegral part of the modern state policy and directly
impacts both the overall demographics and the
well-being of families and individual citizens. One of
the most significant issues of contemporary society
is the problem of oncological diseases. Ukraine’s
prevalence of this pathology follows similar trends to
global patterns, and in terms of the spread of cancer, it
ranks second in Europe. Indeed, over the past 10 years,
oncological diseases have been newly diagnosed an-
nually in more than 160,000 Ukrainians. According to
the data from the National Health Service of Ukraine
(NHSU), the main prevalent oncological diseases
for which medical assistance was provided within
healthcare packagesin 2022 include malignancies of
the breast, prostate gland, rectum, ovaries, sigmoid
colon, upper lobe of the bronchus or lung, and en-
dometrium [1, 2].

The number of detected cancer cases in Ukraine
decreased by 27.1 thousand cases in 2020 compared
to the average number of cases detected during
2014-2019.1n 2021, the incidence of cancer in Ukraine
increased by 6.0% compared to 2020, but it was lower
by 13.3% compared to 2019. In 2022, the widespread
military actions on the territory of Ukraine had a neg-
ative impact on healthcare facilities and the system of

Wiad Lek. 2023;76(10):2219-2223

cancer disease tracking. The number of detected cancer
cases in Ukraine decreased by 27.1 thousand cases in
2020 compared to the average number of cases detect-
ed during 2014-2019. In 2021, the incidence of cancer
in Ukraine increased by 6.0% compared to 2020, but
it was lower by 13.3% compared to 2019. In 2022, the
widespread military actions on the territory of Ukraine
had a negative impact on healthcare facilities and the
system of cancer disease tracking. During 2022, there
were 26.8 thousand (22.3%) fewer detected cancer cas-
es in Ukraine compared to 2021. However, it is known
that according to the practices of cancer registries in
European and American countries, data collected for
the previous year may be incomplete and therefore may
not reflect 100% of cancer prevalence in the studied
population due to the impossibility of obtaining data
on registration completeness for the majority (=95%)
of cases. To ensure data completeness, cancer registries
establish a data refinement period (usually two years
or more) during which information about at least 95%
of cancer cases is collected. Indeed, it is important to
consider this aspect when analyzing operational data
for previous years and to pay more attention to the
data processing for the year 2022, taking into account
the challenges posed by military actions, occupation
of certain regions, and other factors associated with
these events [1, 3-12].
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THE AIM

The aim of the study was to analyze the prevalence of
breast cancer (BC) from 2014 to 2022 and the incidence
rate in the population of Ukraine.

MATERIALS AND METHODS

The methods used in the research include historical-bi-
ographical analysis, content analysis, and a systemic ap-
proach. For quantitative data, the medical-statistical method
was used, and calculations were performed using licensed
Microsoft Office Word software. The data was processed to
calculate relative values in percentages (%). We also utilized
a graphic method to present and visualize the data.

RESULTS

In Ukraine, among the overall incidence of malignant
neoplasms, the proportion of BC among women ac-
counts for approximately 52.8%, ranking first (Figure
1) 11,3, 4l.

Among the morbidity of oncological diseases in
women, breast, skin, body and cervix uteri, and sigmoid
colon malignancies continued to dominate, accounting
for 54.5% of the detected diseases [1].

Over the past nine years, the prevalence of BCamong
the female population of the country has shown a
tendency to increase, from 60.6 per 1000 populationin
2014 to 62.4 per 1000 female population in 2021. The
mortality rate from BC among the female population
of the country over the last nine years has shown a
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tendency to decrease, from 24.6 per 1000 populationin
2014 t0 20.4 per 1000 female populationin 2021 [5, 11].

Ukraine exhibits significant variability in regional BC preva-
lence ratesamong women (Table ). The highest prevalence
rates of BCin women in 2022 were observed in Kyiv city (82.1
per 1000 female population), Dnipropetrovsk (66.4 per 1000
female population), Zaporizhzhia (65.8 per 1000 female
population), and Kyiv (65.6 per 1000 female population)
regions. Conversely, the lowest rates were seen in Chernivtsi
(44.1 per 1000 female population), lvano-Frankivsk (48.6 per
1000 female population), and Zakarpattia (49.1 per 1000
female population) regions [5-12].

The analysis of the dynamics of changes in the
prevalence of BC among the female population in the
administrative regions of Ukraine over the past nine
years (2014-2022) indicates the impossibility of making
unequivocal statements regarding overall trends in the
dynamics of BC prevalence among the female popula-
tion of the country. Despite the fact that over the past
nine years, the overall incidence rate of BC among the
female population in the country has increased slightly
by 0.2%, from 60.6 (in 2014) to 62.4 (in 2022) per 1000
corresponding population, there is still an increase in
the growth rate of the overall BC prevalence in some
regions of Ukraine [5-12].

Anincreasein the prevalence rate of BCamong wom-
en (over the past nine years, 2014-2022) is observed in
Chernihiv region (by 1.09% - from 1.65 to 4.45 per 1000
female population), Zhytomyr region (by 0.73% - from
1.05 to 2.5 per 1000 female population), Lviv region (by
0.64% - from 2.35 to 3.8 per 1000 female population),
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Table I. Breast cancer prevalence dynamics, 2014-2022

Years
Names of regions Increase
2014 2015 2016 2017 2018 2019 2020 2021 2022 2014/2022, %
Ukraine 60,6 63,7 63,7 63,8 71,4 65,9 65 56,9 62,4 0,2
Autonomous ) ) ) ) ) ) ) ) ) )
Republic of Crimea
Vinnytsia 57,4 60,1 57,6 66,6 68,7 61,9 63,1 50,8 55,2 -0,24
Volyn 54,6 47,4 46 58 54,3 53,9 53,5 54,1 55,8 0,13
Dnipropetrovsk 64,9 66,3 67,2 66,4 82,9 69,9 68,7 65,4 66,4 0,16
Donetsk - - - - - - - - - -
Zhytomyr 51,2 56,2 63,1 57,4 68,9 61,9 57,8 53,9 58 0,73
Zakarpattia 48,9 48,2 48,4 49,9 47 51,3 46 42,6 49,1 0,02
Zaporizhzhia 64 67,8 70,6 66,3 73 68,6 71,3 56,9 65,8 0,2
Ivano-Frankivsk 46 44 43,9 45,3 50,4 49,4 47,5 41,7 48,6 0,28
Kyiv 62,7 65,1 73,8 73 79,6 74,4 75,9 66,1 65,6 0,32
Kirovohrad 59 65,1 61,9 70,4 84,1 67,4 67,6 57,5 64 0,55
Luhansk - - - - - - - - - -
Lviv 54,4 62 61,2 58 70 69,2 63,8 53,5 60,2 0,64
Mykolaiv 68,9 68,2 63,5 68,3 81,2 70,9 67,1 59,4 62 -0,77
Odesa 67,9 75,6 67,6 66,9 64,6 66,2 65,2 60,6 64 -0,43
Poltava 61,9 571 61 62 71,8 59,7 64,3 53,3 64,5 -0,73
Rivne 56,2 52,7 61,2 47,8 52,7 53,9 55,1 52,2 57,5 0,14
Sumy 64,4 64,4 67,7 59,4 77 62,8 67,9 54,2 63,9 -0,06
Ternopil 47,4 51,1 49 46,7 55,2 49,7 56,5 41,6 53 0,62
Kharkiv 62 69,4 67,9 68,1 70,8 67,8 63,6 57,8 64,6 0,29
Kherson 66,5 61,1 68 69,1 75,7 66,6 64,5 61,9 62 -0,5
Khmelnytskyi 56 62,9 62 62,2 71,4 63,5 65 54,2 60,8 0,55
Cherkasy 58,5 64,7 61,8 63 70 61,7 58,1 51,5 63,6 0,57
Chernivtsi 49,3 47,8 50,8 51,2 47,9 46,5 44,5 40,7 441 -0,58
Chernihiv 50,2 53,5 57,3 56,6 714 60,5 60,5 51,1 60 1,09
Kyiv city 80,2 89,2 83,2 85,7 97,6 92,6 91,4 76,7 82,1 0,21
Sevastopol - - - - - - - - - -

Ternopil region (by 0.62% - from 1.65 to 2.96 per 1000
female population), Cherkasy region (by 0.57% - from
3.1 to 5.08 per 1000 female population), Khmelnytskyi
region (by 0.55% - from 3.03 to 4.87 per 1000 female
population), Kirovohrad region (by 0.55% - from 3.05
to 3.95 per 1000 female population), Kyiv region (by
0.32% - from 0.85 to 1.2 per 1000 female population),
Kharkiv region (by 0.29% - from 3.4 to 3.9 per 1000
female population), lvano-Frankivsk region (by 0.28%
-from 1.0 to 1.45 per 1000 female population), Kyiv city
(by 0.21% - from 2.7 to 3.2 per 1000 female population),
and Zaporizhzhia region (by 0.2% - from 1.9 to 2.45 per
1000 female population).

A significant decrease in the prevalence rate of BC
among the female population is observed in Poltava
region (by 2.3 times - from 5.6 to 2.4 per 1000 female
population), Chernivtsi region (by 2.1 times - from 1.7
to 0.75 per 1000 female population), Kherson region
(almost 6 times - from 2.7 to 0.5 per 1000 female pop-
ulation), and Odessa region (by 2.03 times - from 3.85
to 1.7 per 1000 female population) [5-12].

DISCUSSION

According to the research findings, the prevalence rate
of BC in the population of Ukraine remains relatively
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stable, with an average annual growth of less than
1% during 2014-2020. In 2020, there was a significant
decrease in the prevalence rate by 18.2%, which can
be attributed to a decrease in hospital visits due to
the COVID-19 pandemic. It has been established that
during 2022, due to military actions and emigration
of a portion of the female population abroad, there
were 26.8 thousand (22.3%) fewer detected cases of
malignant neoplasms registered in comparison to
2021. Itis important to emphasize that in the practical
context of cancer registries in the country, the collec-
tion and processing of statistical data are considerably
complicated due to military operations, occupation of
specific areas, and other related factors. Furthermore,
the consequences of the war have also influenced the
data refinement process, particularly regarding the
collection of deferred data for 2022 [5-13].

Differences in the prevalence and incidence rates of
BC among the female population across administra-
tive regions of Ukraine can be attributed to regional
socio-cultural and behavioral characteristics, as well as
theirinfluence on the behaviors and lifestyles of women
and the families in which they are raised. Based on sta-
tistical reports of recent years (2014-2022), a conclusion
can be drawn for the female population of Ukraine that
the highest prevalence of BC is observed in central
regions of the country, while the lowest prevalence is
observed in western regions [5-12].

According to the updated data from the National
Cancer Registry of Ukraine, in 2021, there were 120,055
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ABSTRACT

The aim: To evaluate the alterations in microcirculation of stable coronary artery disease (SCAD) patients with concomitant COVID-19.

Materials and methods: The cross-sectional study analyzed the data from 80 patients, being subdivided as follows: group 1 (G,) — SCAD without COVID-19
(n=30); group 2 (GZ) — SCAD with concomitant COVID-19 (n=25); group 3 (G3) — (OVID-19 without SCAD (n=25). The control group included 30 relatively
healthy volunteers. The state of microcirculation was assessed by nailfold videocapillaroscopy (NVC) and laser Doppler flowmetry (LDF).

Results: NVC data from G, revealed the sings of capillary bed remodeling, along with the most pronounced decrease in capillary (arteriolar part of the loop)
blood flow velocity (vs. G, and Gz). LDF data from G, were evident for the alterations in both endothelium-dependent and -independent mechanisms of
microvascular flow regulation. The 72 % of G, constituted the cases of microcirculatory hemodynamic «congestion-stasis» (MHCS) type (characterized by the
decreased laser Doppler perfusion index and reduced endothelium-dependent microvascular reactivity [MVR]), and the cases of mixed type with reduced MVR.
The pooled hyporeactive profile (of both MHCS type and a mixed type with reduced MVR) demonstrated the higher frequency of G, patients (40 %), as against
11 % in the pooled alternative hemodynamic group (p<0,001) (included 80 % of cases with preserved MVR).

Conclusions: G, profile demonstrated the predomination of patients, possessing a MHCS type or a mixed type with reduced MVR. The pooled microcirculatory

hyporeactive profile was presented with G, cases to a greater extent, than in the pooled profile with predominantly preserved MVR.
KEY WORDS: SARS-CoV-2 infection, COVID-19, myocardial ischemia, microcirculation

INTRODUCTION

To date, it has been clearly established, that the coro-
navirus disease (COVID-19), caused by severe acute
respiratory syndrome coronavirus type 2 (SARS-CoV-2),
mostly affecting a respiratory system, simultaneously
induces a multi-organ damage, which, in its turn, is
associated with an increased risk of severe complicated
course of SARS-CoV-2 infection [1].

While discussing a COVID-19 as a multifaceted sys-
temic disorder, itis worth mentioning that SARS-CoV-2
negatively impacts on the microcirculation, involving
the series of underlying pathomechanisms, particularly
the endothelial damage, microthrombosis and micro-
vascular occlusion [2, 3]. Of note, the microvascular
alterations are considered not only as a pathophysi-
ological aspect within the framework of acute SARS-
CoV-2 infection, but also as a factor associated with
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the increased risk of long-term postinfection sequelae
in COVID-19 convalescents [4].

The growing body of evidence suggests that the pa-
tients with pre-existing cardiovascular comorbidities
are more prone to COVID-19-related complications
and subjected to higher associated mortality [5]. In
particular, the coronary artery disease is linked to
SARS-CoV-2 infection in a manner of mutually aggra-
vation [5-7]. Moreover, the microvascular alterations,
including the endothelial dysfunction and damage,
are likely to be the factors, significantly contributing
to such a dramatic reciprocal deterioration of both
conditions’ course [8, 91.

At present, the methodology of non-invasive study of
peripheral microcirculation, specifically in COVID-19 pa-
tients or convalescents, includes the use of nailfold (video)
cappilaroscopy (NVC) [10, 11] and the laser-based tech-
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Patients with SCAD and/or COVID-19 c"“‘;glﬁg}m“l’

n=80 .

Age* 48 (37-59) years
Males — 23 (77 %)

SCAD SCAD/COVID-19 COVID-19
(G4) (G2) (G3)

N=30 N=25 N=25

Age* 60 (52-71) years Age* 61 (55-67) years Age* 54 (37-67) years
Males - 18 (60 %) Males - 21 (84 %) Males - 20 (80 %)

Fig. 1. The present study design. * — Median (Me), interquartile range (IQR).
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niques, particularly laser Doppler flowmetry (LDF)[12,13]. MATERIALS AND METHODS

In addition, there are data on the purposeful assessment of
coronary microvascular dysfunction in COVID-19 patients
and post-COVID-19 survivors [14-16], being, however, of
limited availability to be obtained in routine clinical settings.

Atthe sametime, one should be concerned over the lack-
ing of data regarding the use of non-invasive tests for the
assessment of peripheral microvascular flow and morphol-
ogy, in particular NVC/LDF, in stable coronary artery disease
(SCAD) patients with concomitant COVID-19. Therefore,
thereis an obvious need to extend our knowledge asto the
clinical application of such more accessible technologies
in the routine management of SCAD patients in the acute
phase of SARS-CoV-2 infection, and those recovered from
CovID-19.

THE AIM

Theaim of the study was to evaluate the alterations in micro-
circulation of SCAD patients with concomitant COVID-19.

The present cross-sectional study consecutively enrolled
and analyzed the data from 55 patients with SCAD (in-
cluding those with concomitant COVID-19 [n=25]),and 25
patients with SARS-CoV-2 infection without SCAD, during
the period 10 Dec 2019 - 31 Dec 2022. We also enrolled
30 relatively healthy volunteers, being free from previ-
ous SARS-CoV-2 infection, and non-vaccinated against
COVID-19 prior to the study (Fig. 1). The principal aspects
of the study design, particularly the exclusion criteria, and
the clinical and certain instrumental characteristics of the
enrolled persons have been presented earlier [17].

NVC was performed by the use of a digital biomicro-
scope, with a dedicated software for image analysis,
according to the standardized procedures [18, 19].
Following the application of maple oil, the right index
finger (the eponychium) was examined. Other fingers
(except the thumbs) bilaterally could be also exam-
ined, as required. The following static parameters were
assessed: capillary density (CD) per T mm?; the caliber
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Table I. The hemodynamic microcirculatory types in the enrolled sample (N=110) (adapted from [23, 24])

Basal

HT LDP,, (a.u.) ME CFR1 (%) MVR Description (type) n (%)
HT1 <4,5 \2 <200 * Congestion-stasis (CS) 26 (23,6)
HT2 <4,5 \2 200-300 N Mixed 36 (32,7)
HT3 <4,5 \2 >300 Trx Spastic 7 (6,4)
HT4 4,5-6,5 N <200 d# Mixed 19(17,3)
HT5 4,5-6,5 N 200-300 N Normal 5 (4,6)
HT6 4,5-6,5 N >300 Prx Mixed 4(3,6)
HT7 >6,5 0 <200 * Hyperemic 13(11,8)

Note: MF — microvascular flow; MVR — microvascular reactivity; N — normal; 4 — reduced; T — increased; * — hyporeactivity; ** — hyperreactivity

(diameter) of the arteriolar and venular parts of the cap-
illary loop (Cal, and Cal,, respectively); and the length
of the arteriolar and venular parts of the capillary loop
(Len, and Len,, respectively). In addition, the dynamic
parameters were assessed, namely the blood flow (red
blood cells (RBC) movement) velocity in the arteriolar
and venular parts of the capillary loop (Vel, and Vel
respectively).

LDF, being an optical technique for estimation of
microcirculation, based on the Doppler principle [20],
has been performed by the use of computerized laser
Doppler flowmeter in accordance with the available
principles and guidelines [20-24]. The laser probe was
applied on the left extensor side forearm skin (in the
midline, 4 cm above the basis of styloid processes,
perpendicular to the skin surface), known to be lack of
arterio-venous (AV) anastomoses, and the LDF signal
was recorded for 10 minutes.

At the first step, we measured the parameters char-
acterizing the average basal cutaneous microvascular
flow (per patient or control): the mean value of (laser
Doppler) perfusion (LDP) index (LDP, ; in arbitrary units
[a.u.]); the standard deviation of LDP (LDP_; a.u); and
the coefficient of variation of LDP (LDP_; %), calculated
as a ratio (LDP, /LDP_ ) x 100 %.

At the second step, we performed the wavelet anal-
ysis of the basal LDF signal and measured the (maxi-
mal) amplitude of blood flow oscillations of different
frequency bands, reflecting the series of mechanisms
related to the microcirculatory blood flow regulation,
namely the following: the endothelial oscillations
(A__E)(0,005-0,021 Hz), representing the endothelium
activity in terms of both nitric oxide (Il) (NO)-dependent
and -independent ways of vascular tone regulation;
the neurogenic oscillations (A__ N) (0,021-0,052 Hz),
reflecting the impact of neural (sympathetic) innerva-
tion on cutaneous blood flow; the myogenic oscillations
(A,,.M)(0,052-0,145 Hz), corresponding to (precapillary)
vascular smooth muscles activity; the respiratory (A R)

max

(0,145-0,6 Hz) and cardiac (pulse) (A__C) (0,6-2 Hz)
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oscillations, representing, respectively, the influence
of macrohemodynamics (heart rate, pulse wave) and
movement of the thorax («respiratory pump») on the
microvascular blood flow.The A _E,A NandA M
characterize the active mechanisms of microcirculatory
flow modulation, whereas A__Rand A __ Care consid-
ered as passive ones [22-24].

After the measurement of basal microvascular flow,
the occlusion functional test was performed. A pressure
cuff was placed on the upper left, with the following
steps of the test: the basal flow recording (for 1T minute);
then the pneumatic cuff rapid inflation up to 200 mm
Hg (or 50 mm Hg higher than the value of systolic blood
pressure indicated by the participant) and holding for
3 minutes; and, finally, the cuff rapid deflation with
continuous blood flow recording for the next 6 minutes
[20, 23]. After the cuff release, one can observe a short
period of the rise of perfusion, reflecting the maximum
filling of microcirculatory bed with blood, referred to as
«post-occlusive reactive hyperemia» (PORH). PORH, in
general, characterizes the whole microcirculatory blood
filling capacity, being also an accepted parameter of the
endothelium function, namely the endothelium-de-
pendent mechanisms of microvascular relaxation
[23, 25]. According to the occlusion test results, we
measured the capillary flow reserve (CFR1) as a ratio
of the maximal flow (during the PORH period) to the
basal flow (in %). The normal CFR1 was considered to
be >200 % [23, 24].

The pharmacological provocative test (1 % nitro-
glycerin iontophoresis protocol) was performed 15
minutes after the occlusion test according to previously
described principles [23, 26], with the following steps:
the basal flow recording (for 1 minute); then the flow
recording during the iontophoresis for 3 minutes; and,
finally, the continuous blood flow recording after the
stop of iontophoresis for the next 6 minutes. The nitro-
glycerin iontophoresis test is purposed to assess the
endothelium-independent microvascular relaxation,
induced by the direct effect of exogenous NO upon the
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capillary smooth myocytes [23]. According to the phar-
macological provocative test results, we measured the
capillary flow reserve (CFR2) as a ratio of the maximal
flow (on the top of nitroglycerin iontophoresis) to the
basal flow (in %). The normal CFR2 was conventionally
considered to be >200 %.

According to the proposed LDP, grades (<4,5; 4,5-6,5;
and >6,5 a.u,; LDPM <4,5 a.u. referred to as «reduced
flow») [24], and considering the proposed CFR1 patterns
(<200 %; 200-300 %; and >300 % [CFR1 ., CFR1_ . ..
and CFR1__ .. respectively]) [23, 24], the 7 microcircu-
latory hemodynamic types (HTs) were identified and
summarized in Table I.

We used the certain statistical software programs
for the data analysis, namely Statistica v. 14.0.0.15
(TIBCO Software Inc., USA), IBM SPSS Statistics v. 27.0
(Armonk, NY: IBM Corp., USA), MedCalc v. 22.001
(MedCalc Software Ltd., Belgium), MedStat v. 5.0 and
EZR v. 1.61. Quantitative variables were presented as
Me (IQR), and qualitative ones — as absolute and relative
(%) frequency (with 95 % confidence interval (Cl), as
required). To compare the quantitative variables, we
used Kruskal-Wallis H test with the following post hoc
Mann-Whitney U-test (considering the Bonferroni cor-
rection). To compare the qualitative variables, we used
the x? test with the following z-test, as required, or with
post hoc Marascuilo-Liakh-Gurianov procedure, and
Fisher's exact test (for «2x2» tables). The relationship
between the quantitative variables was determined by
the use of Spearman’s rank coefficient of correlation (p).
A 2-tailed p<0,05 was considered statistically significant
(considering the Bonferroni correction) (Table I).

RESULTS

The description of participants” profiles and comparison
of clinical characteristics between the studied groups
have been presented earlier [17].

The results of NFC were indicative for the capillary
rarefaction in G, -G,, as compared to controls (Fig. 2).

The Cal, tended to be lower in G, (vs. CG), and was
the highest in G, (vs. CG, G, and G,). Besides, G,-G,-G,
demonstrated a trend towards the increase in Cal,, (Fig.
3A).In addition, the Cal, was lowerin G, (vs. CG), being,
however, comparable between CG, G, and G, (Fig. 3B).

All three groups of patients demonstrated the de-
crease of Len, and Len, (vs. CG) (Fig. 4), with the lowest
Len, value observed in G, (Fig. 4A).

Moreover, G,-G, demonstrated the drop of Vel, and
Vel , in contrast to controls (Fig. 5), with the lowest Vel
value observed in G, (Fig. 5A) and Vel - in G, patients
(Fig. 5B). Finally, G,-G,-G, demonstrated a trend towards
the increase in Vel (Fig. 5B).

The studied groups were comparable in terms of
LDP,,, as well as regarding the frequency of LDP,, pat-
terns (Fig. 6). However, G,, in contrast to CG and G,-G,,
was characterized by numerically, bot non-significantly
lower frequency of LDP, <4,5 a.u. pattern, and higher of
LDP,, >6,5 a.u. category, being more «<harmonized» by
the presence of all three LDP,, patterns (Fig. 6). More-
over, the LDP variability was reduced in all the groups
of patients, as compared to controls (in G,-G,- by LDP,
and G, - by LDP__ also) (Fig. 7).

The A _E was reduced in G, and G,, in comparison
with controls, with the lowest value observed in G,. At
the same time, we did not observe a decrease of A__E
in G,, which was even slightly higher than that in CG
(Fig. 8). In addition, G, and G, demonstrated a drop in
A, N(vs.CG and G,), which was comparable between
controls and «isolated» COVID-19 patients (G,) (Fig. 9).
Patients from G,-G, presented with adecrease of A__ M
(vs. CG), with the lowest value registered in G, (Fig. 10).
We detected a rise of A__ R in G,-G, (vs. CG), which
tended to be the most pronouncedin G, (Fig. 11). Finally,
despite the increase of A__ Cin G, and G, (vs. CG), G,
did not present such a tendency (Fig. 12).

The results of the occlusion test were evident for the
decrease of CFR1 in all three groups of patients, as com-
pared to CG (Fig. 13A).The CFR1, . . pattern was the
most prevalent among controls, being more frequent
in comparison to G,, where it constituted the minority
of cases (57 % vs. 16 %, respectively; p=0,035) (Fig.
13B). On the contrary, the frequency CFR1_, = pattern
was higher in all three groups of patients, as opposed
to CG, where it constituted the minority of cases (10 %
vs.57 %in G, (p=0,003); 84 % in G, (p<0,001); and 68 %
in G, [p<0,001]). In addition, the CFR1_, . pattern was
the most prevalent (numerically, but non-significantly)
in G,, in comparison to G, and G, (Fig. 13B). At last, the
CFR1_,,,,, Pattern constituted one-third of the controls
(33 % [95 % Cl 17-52 %)), being significantly higher vs.
G, (3%1[95 % Cl0-13 %]; p=0,040), G, (0 [95 % CI 0-7 %];
p=0,010) and G, (0 [95 % CI 0-7 %]; p=0,010) (Fig. 13B).

According to the HTs distribution in the studied
groups (Fig. 14), CG was characterized by the prevalence
of HT2 (mixed type with LDP, <4,5 a.u. and preserved
endothelium-dependent microcirculatory reactivity)
and HT3 (spastic type) (67 % in total). In turn, the half
of patients with «isolated» SCAD presented with a
pattern of LDP, <6,5 a.u. and impaired microvascular
reactivity (including CS-type (HT1) and mixed HT4), and
one-third —with HT2. Moreover, HT1 and HT4 altogether
prevailed in G, and constituted 72 % of the cases. At last,
patients with «isolated» COVID-19 (G,) presented with
3 major HTs, namely H2, H4 and HT7 (the hyperemic
one) (Fig. 14).
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The studied groups differed significantly in terms
of the frequency of HT1 and HT4 cases. In particular,
HT1 was more prevalent in G, (33 %) and G, (52 %), as
compared to CG (3 %; p=0,040 and p<0,001, respective-
ly). And the frequency of HT4 was higher in G, (36 %
[95 % CI 18-56 %)]), in contrast to CG (0 [95 % Cl 0-6 %];
p=0,004) (Fig. 14).

Importantly, the group of patients with the pooled
pattern [HT1+HT4], being characterized, as previously
mentioned, by LDP <6,5 a.u. and impaired microvas-
cular reactivity (CFR1_, ), demonstrated the higher
frequency of SCAD and COVID-19 constellation (40 %),
as against 11 % in the pooled non-[HT1+HT4] group
(p<0,001), including, predominantly, the cases of
LDP <6,5 a.u. with preserved microvascular reactivity
(CFRT, 00500 % and CFR1_,04) (52 of 65 [80 %]). Of note,
the controls constituted only 2 % in the pooled group
[HT14+HT4] (vs.45 % in non-[HT1+HT4] group [p<0,001])
(Fig. 15).

Furthermore, while pooling H2 and H5 (based on the
presence of normal microvascular reactivity [CFR1,
2009)), @nd combining H3 and H6 (based on LDP <6,5
a.u.and microvascular «hyperreactivity» [CFR1_, 1), as
well as considering HT7 as a separate (hyperemic) type,
the frequency of G, was higher in the pooled [H1+H4]
group vs. the pooled [H2+H5] pattern, and tended to
be higher vs. H7 (Fig. 16). In addition, the pooled group
[H3+H6] was represented almost entirely by the con-
trols (10 of 11 cases).

The results of the pharmacologic provocation test
(nitroglycerin iontophoresis) demonstrated the de-
crease of CFR2 in G,-G,, as opposed to CG (Fig. 17A).
Furthermore, G, was characterized by the predomi-
nance ofCFR2<200% cases, which were more frequent as
opposed to CG (significantly), G, and G, (numerically,
but non-significantly) (Fig. 17B).

The NFCdata, characterizing the capillary remodeling
and blood velocity (in arterial and venous parts of the
capillary loop), in general, correlated with microvascular
flow parameters, obtained by means of LDF (Fig. 18).In
particular, the moderate (or close to moderate) positive
correlations were observed between CD and CFR1/
CFR2; Len, and LDP_; Len, and LDP_/A__M; Vel, and
CFR1/CFR2/A__E/A__M; Vel and LDP_/CFR1/CFR2/
A __E;and negative - between Vel and A__R (Fig. 18).
In addition, we identified a strong positive correlation
of Vel, with A__M; and negative — between Vel, and
A R (Fig. 18).

max

DISCUSSION

Currently available data have given us a new set of
insights on the impact of SARS-CoV-2 on the structural
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and functional aspects of microcirculation [10-13], rais-
ing further questions regarding the alterations in the
active and passive mechanisms of microvascular blood
flow regulation, and their comprehensive evaluation
in the management of COVID-19 patients, including
those with SCAD. These issues could be, at least partly,
bypassed by the use of laser-based technologies, par-
ticularly LDF, for non-invasive assessment of microcircu-
latory perfusion, bringing the valuable data in addition
to NVC [20-24].

The presently obtained NVC results were evident for
the changesin capillary bed, namely its remodeling (the
capillary rarefication, along with dilation, narrowing
or shortening of the capillary loops™ parts) and func-
tional alterations (the drop in blood flow in both loop
compartments), occurred universally across the entire
spectrum of the enrolled patients [2, 11,12, 18, 19, 27,
28]. In particular, patients with «isolated» COVID-19 pre-
sented with the most advanced dilation and shortening
of the arteriolar part of the capillary loop, along with
the least slowing of the venular flow, corresponding
with currently available data regarding the impact of
SARS-CoV-2 infection upon the capillaries [2,11, 12, 27,
28].In contrast, «isolated» SCAD patients demonstrated
the narrowest arteriolar partand the lowest Vel among
the enrolled subjects. At last, the slowest RBC motion
in the arteriolar part of the capillary loop was inherent
to SCAD patients with concomitant COVID-19.

Despite the fact that presently studied groups of
controls and patients were comparable by the average
perfusion index value, we observed the decrease in LDP
variability in G, -G,, suggesting the deterioration of the
dynamic component of microvascular flow regulation
in both SCAD and COVID-19, as well as their constella-
tion [22-24].

The wavelet analysis revealed a decrease of A__Ein
both G, and G,, indicating not only the microvascular
endothelium to be functionally compromised in both
non-infected and infected SCAD patients, but also as-
suming the SARS-CoV-2 infection to be superimposed
on the preexisting endothelial dysfunction, that would
probably provide a basis for its further aggravation
in SCAD patients with concomitant COVID-19. At the
same time, patients with «isolated» COVID-19 did not
demonstrate a depressed A__E value, as compared
to controls and SCAD groups, suggesting the more
advanced «plasticity» of endothelial barrier function
regulation and its higher compensatory ability to adapt
itself to the homeostasis disruption in the case of lesser
comorbidity burdened COVID-19 patients [3, 8, 9].

AdropinA _NandA__M,beingdetectedin both G,
and G,, and considering the registration skin site lacking
of AV-anastomoses, reflects the rise of sympathetic ac-
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tivity, and microvascular resistance (the increase in pre-
capillary smooth muscles tone), with the consequent
decrease in the nutritive blood flow. In turn, the increase
of A__RinG,-G, could be the sign of venular outflow im-
pairment and, therefore, microcirculatory congestion,
tended to be the most pronounced in SCAD patients
with concomitant SARS-CoV-2 infection. Moreover,
the sympathetic overactivity, along with presumably
decreased arterial wall compliance, could underlie the
riseinA__ Cin SCAD patients [22-24]. However, patients
with SCAD and concomitant COVID-19 did not present
the increase in A__ C, as compared to controls, that
could be, at least partly, related to the most pronounced
left ventricular (LV) contractility decline in G,, in contrast
to G, and G, (see [17]). Finally, as of G, numerically (but
non-significantly) more prevalent LDP >6,5 a.u. pattern,
along with comparable A N, the leastdecreased A M
and the increased A__ C (all three parameters vs. CG),
indicate the increased perfusion due to the lower (as
compared to SCAD) precapillary resistance [22-24],
being presently observed in «isolated» SARS-CoV-2
infection, and probably linked to the COVID-19-related
hyperproduction of proinflammatory cytokines [29].

Facing the evidence on the multifaceted nature of
microcirculatory alterations [20-24], and accounting
for the presently obtained data, the patients with
SCAD, COVID-19 and their constellation are supposed
to demonstrate the various patterns of microvascular
flow disturbances, being characterized by the presence
of «spastic», «congestive» and «hyperemic» properties.
However, a more comprehensive approach to the eval-
uation of microvascular flow disturbances requires the
series of functional tests to be additionally performed
[20, 23, 24].

The presently obtained results of the vascular occlu-
sion test and pharmacologic provocation test (nitro-
glycerin iontophoresis) demonstrated the decrease of
CFR1and CFR2in G,-G, (vs. CG), suggesting both endo-
thelium-dependent and -independent mechanisms of
microcirculatory reactivity to be universally affected in
all the studied conditions [3, 8, 9, 23, 24, 30].

The combined analysis of both LDP and CFR1 pat-
terns revealed the predomination of HT2 (mixed type
reduced perfusion and preserved microcirculatory reac-
tivity) and HT3 (spastic type) among controls, reflecting,
at least partly, the known fact regarding the vasculature
to be normally in a relatively constricted state [21].

At the same time, the «isolated» COVID-19 group
was characterized by the presence of HTs with the
wide spectrum of properties, being likely related to the
multifaceted pathophysiology of SARS-CoV-2 infection
[1, 4, 29, 30]. In particular, interleukin (IL)-6 is known
to promote a vascular remodeling via the increased

transforming growth factor-3,-mediated matrix metal-
loproteinases (MMPs) (2 and 3 types) signaling. In turn,
the activation of MMPs contributes to the disruption
in endothelial vasodilatory function, which is tightly
linked to the stability of endothelial glycocalyx. The
pro-inflammatory and pro-oxidative conditions, being
clearly evident in COVID-19, are associated with the
endothelial glycocalyx structural alterations, and its
damage by pro-inflammatory cytokines (such as IL-1
and IL-6) leads to the increased vascular permeability
with the consequent interstitial fluid shift and gener-
alized edema [31, 32].

Finally, the SCAD patients with concomitant COVID-19
presented with the predomination of pooled «conges-
tion-like» [HT1+HT4] pattern, being more frequent than
in «isolated» SCAD group. In addition, the combined
SCAD/COVID-19 cases occurred more often in the
pooled [HT1+HT4] group, as compared to other HTs,
namely the group with pooled [HT2+HT5] pattern.
These data prompt us to make an assumption that the
shift towards congestive or «congestive-like» micro-
vascular alterations in SCAD patients with concomitant
SARS-CoV-2 infection is supposed to be the result of a
dramatic additive effect of COVID-19-related patho-
mechanisms of vascular remodeling per se, along with
the superimposition of coronavirus infection on the
preexisting SCAD-associated endothelial dysfunction,
and the probable myocardial damage leading to a
more advanced decrease in LV contractility, being also
demonstrated in our previous work [17].

Generally, the deterioration of the capillary bed
structural and functional properties, detected by NVC,
correlated with the alterations in the active mechanisms
of microvascular flow regulation, and were associated
with the changes in the passive ones. At the same time,
the combined analysis of both NVC and LDF data allows
us to provide an averaged integral evaluation of the
«portraits» of patients with different studied conditions.

In particular, the abovementioned changes in the
capillary bed and the LDF signal properties are focused
on the shift towards «hyperemic» microcirculatory al-
terations, being specifically attributed to the «isolated»
COVID-19 averaged phenotype.

At the same time, the «isolated» SCAD group rep-
resented a phenotype of the «increased arterial re-
sistance», being reflected, inter alia, by the narrowing
of the arteriolar part of capillary loops. Importantly,
such a phenotype included the cases of both reduced
and preserved microvascular reactivity. Here, it worth
be considered the strong correlation of the reduced
myogenic flow oscillations, being the most advanced
in «isolated» SCAD patients, and the drop of venular
blood flow, suggesting indirectly the reduce of arteri-
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olar capillary flow related to the increased precapillary
resistance. We surmise also that the reversibility of the
observed microcirculatory alterations in SCAD patients
seems to depend on the baseline structural and func-
tional properties of the arterial vascular bed, namely
the state of endothelium, known to be affected in
the setting of atherosclerosis, hypertension, diabetes
mellitus etc. [33].

Finally, the potential aggravation of the preexisted
endothelial dysfunction in SCAD patients under the
impact of SARS-CoV-2 infection seems to contribute toa
more frequent and more pronounced microcirculatory
congestion, as compared to that in patients with both
«isolated» conditions, being evident also by the slowest
RBC movement in the arteriolar part of the capillary
loops. It should be emphasized the strong correlation
of Vel, with the amplitude of respiratory oscillations,
tended to be the highest in SCAD patients with con-
comitant SARS-CoV-2 infection, which was an addi-
tional argument for a shift towards the more advanced
congestive microcirculatory alterations in the settings
of such an associated pathology. Furthermore, the LV
systolic function impairment, observed previously in
G, [17], due to probable COVID-19-related myocardial
damage, could enhance the severity of microcirculatory
congestion in an additive manner.

The present study is subjected to several limitations,
including its cross-sectional design, modest sample
size, and the enrollment of unvaccinated patients and
controls. Moreover, the limitations of NVC and LDF
should be also considered. In particular, NVC is not
the examination of choice for the evaluation of the
blood flow, thus requiring to be complemented with
other dedicated methods for better peripheral perfu-
sion measurements [10]. Furthermore, the limitations
of LDF technique are related to the standardization
issues and the necessity of the control group enroll-
ment [20-24].
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ABSTRACT

The aim: The study of cytomorphological and cytogenetic features of the buccal epithelium of residents of apartments who complained of unpleasant odors
in their homes.

Materials and methods: The state of buccal epithelium in residents of multi-story buildings was studied. A total of 237 individuals were examined, 117 males
and 120 females, aged from 6 to 81 years. Buccal cells were collected using a sterile spatula and stained with a 2.5% solutionofaceto-orcein and 1% light green.
The preparations were examined using a light microscope OPTON Axioskop (Germany) with oil immersion at a magnification of x1000. Statistical processing of
the data was performed using IBMSPSS Statistics 29.0.0.0 (t-Student criterion; Mann-Whitney; ANOVA: Tukey; T3-Dunnett), with p<0.05.

Results: Cytomorphological and cytogenetic abnormalities, compared to physiological limits, were mainly manifested as karyorrhexis, nuclear doubling, the
appearance of epitheliocytes with perinuclear vacuoles, or nuclear vacuolization. The frequency of micronuclei was observed in the range of (0.3-2.8 %o).
The highest micronucleus index (per 1000 cells, %o) was observed among males aged 15-39 years and females over 65 years old. In both sexes, the lowest
micronucleus indices were found in the age group of 6-14 years.

Condlusions: in the «sick building» an increase in the frequency of micronucleus occurrence among males and females was observed simultaneously with

increasing age.

KEY WORDS: buccal epithelium, micronucleus test, volatile organic compounds, sick building syndrome

INTRODUCTION

Buccal cells (BC) form the first protective barrier against
the entry of xenobiotics during inhalation or ingestion,
therefore they are the best target for harmful agents
that enter the body and cause the appearance of early
genotoxic phenomena.[1, 2]. The research potential of
BClies in the fact that requlatory mechanisms, signaling
pathways, and genetic changes can be personalized
for the patient at the preclinical stage of the disease.
BC provides opportunities not only for early diagnosis
but also for a unique model for studying cytological
and cytogenetic changes at the level of large cohorts
of the population or population, to assess the harmful
effects of environmental factors [3, 4].

Wiad Lek. 2023;76(10):2239-2244

THE AIM

To investigate age and gender-specific cytological and
cytogenetic (by MN-test) changesin buccall epithelial
cells among residents of multi-story buildings who are
exposed to volatile organic compounds (VOCs) in the
conditions of a «sick buildingp.

MATERIALS AND METHODS

A sanitary and hygienic assessment of the air in resi-
dential buildings was carried out by the Kyiv City Center
for Disease Control and Prevention of the Ministry of
Health of Ukraine from 2010 to 2019 based on citizen
complaints (126 cases). The analysis revealed that the air
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quality in many residential areas did not meet the rele-
vant standards. Concentrations of around 30 pollutants
in the air of enclosed spaces exceeded the maximum
permissible concentration by 2-34 times. The source of
pollutants was found to be building polymer materials
(BPM), which are widely used as decorative, sound, and
heat insulation materials, paints, furniture, and more.
During the survey of adult residents of residential
buildings who complained about the air quality in their
homes, the «Questionnaire for the subjective assessment
of living conditions of residents of residential premises
using polymer materials» was used, which contained
34 evaluation criteria. The following information was
recorded: gender, age, weight, height, lifestyle, general
health status (self-assessment), consumption of alcohol,
coffee, tobacco, and drugs, and dental procedures. Based
on the analysis of the questionnaires, 237 individuals
were selected, 117 male and 120 female, ranging in age
from 6 to 81 years old. All adult respondents provided
written consent to participate in the study, and the par-
ents of minor respondents provided consent for their
examination. Based on the survey results, «Biomedical
Research Protocols» were developed. Respondents most
often indicated that a strong odor in the room causes
the following conditions: general fatigue, decreased
performance, irritation of the mucous membranes of the
mouth, eyes, and upper respiratory tract, exacerbation of
chronic allergic diseases, respiratory diseases, etc.
Samples of biological material were taken from individuals
who did not suffer from obesity, were not exposed to pro-
fessional genotoxic ants, and did not take anti-tumor drugs,

antioxidants, vitamins, and dietary supplements during the
study. Preschool children did not participate in the study.

Control group: 16 students from the Department of
Social Medicine and Public Health at the Bogomolets
National Medical University, under the supervision of Dr.
med. Prof. Palamar B.I. Biological material was collected
using a sterile medical spatula, transferred to a glass
slide, and dried in the open air for 15-20 minutes. Stain-
ing was carried out using a 2.5%solution of aceto-orcein
and 1% light green. Microscopy of prepared slides was
performed using a light microscope OPTON Axioskop
(Germany) under oil immersion at a magnification of
x1000.Images of the slides were captured using a digital
camera Canon EOS 1000D (Japan). Morphometric anal-
ysis of parameters and accounting for the percentage
ratio of different forms of epithelial cells were carried
out using the Excel software package.

The frequency of pathological epithelial cells in the
mucous membrane of the mouth in individuals living
in a «sick» house was calculated using the methodolo-
gy approved by the order of the Ministry of Health of
Ukraine dated March 13,2007, No. 116 «On approval of
methodological recommendations“Survey and zoning
of the territory according to the degree of influence of
anthropogenic factors on the state of environmental
objects using cytogenetic methods» [5]. Statistical
processing was performed using the IBM SPSS Statistics
29.0.0.0 software; comparison of indicators in the study
groups was carried out using the following methods:
Student’s t-test; Mann-Whitney; ANOVA (Tukey; T3-Dun-
nett), at p<0.05.

Table I. Cytomorphological and cytogenetic characteristics of buccal epithelial cells (per 1000 cells, %o) of male residents (N=117) of multi-story buildings.

Age groups 6-14

15-39 40-64 >65

Number of attempts n=19 (16%)

n=45 (38%) n=29 (25%) n=24 (21%)

Cytogenetic disorders:

micronucleus 1,55-2,12 2,12-2.46 1,88-2,31 2,03-2,54
core protrusions 0,60-0,97 1,39-1,76 1,5-2,29 1,23-1,42
absence of nucleus 1,01-1,4 1,35-1,66 1,36-1,74 1,59-2,06
Proliferation indicators:

double core 0,72-1,05 1,18-1,35 1,08-1,25 1,3-1,53
two cores 1,5-2,07 1,79-2,16 1,762-,17 1,59-2,06

many cores 0,23-0,5 0,38-0,63 0,20-0,41 0,2-0,46

Indicators of the distraction of the nucleus:

perinuclear vacuole 1,42-1,93 1,31-1,62 1,55-2,02 1,42-1,93
vacuolization of the nucleus 4,31-5,78 4,5-4,45 4,71-6,1 4,31-5,78
chromatin condensation 14-17,25 15,81-17,86 13,99-16,28 14-17,25
karyokinesis 4,5-5,81 4,42-5,25 4,45-5,68 4,5-5,81
karyorrhexis 0,35-0,58 0,52-0,67 0,35-0,54 0,35-0,58
karyolysis 5,52-6,83 5,88-6,87 5,62-6,9 5,52-6,83
apoptosis 2,86-3,55 3,13-3,52 3,2-3,75 2,86-3,55
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sex

O male
B female

Observed Grand Mean

Estimated Marginal Means

6-14 15-39 40-64 > 65

age

Fig. 1. Indicators of the frequency (and marginal mean) of micronucleus formation in buccal epithelium cells among respondents of different ages (N=237).

24 sex

male
= female

23

22

21

2,0

Estimated Marginal Means

6-14 15-39 40-64 > 65

age

Fig. 2. The average frequency of micronucleus formation in buccal epithelium cells in different age groups among males (n=117) and females (n=120);
according to the results of one-factor ANOVA analysis (Tukey; T3-Dunnett).

RESULTS ities, proliferation and nuclear destruction indicators
The cytogenetic characteristics of the buccal epithelial ~ were evaluated separately (Tables | and II).
cells identified in the study included the presence of It was found that cytological and cytogenetic ab-

signs of microbial contamination, and the appearance  normalities in buccal epithelial cells mainly manifest-
of labrocytes and lymphocytes. Cytogeneticabnormal-  ed as karyorrhexis, nuclear doubling, and vacuolar
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Table II. Cytomorphological and cytogenetic characteristics of buccal epithelium cells(per 1000 cells, %o) of female residents (N=120) of multi-story

buildings.

Age groups 6-14

15-39 40-64 > 65

Number of attempts n=21(18%)

n=42 (35%) n=33 (27%) n=24 (20%)

Cytogenetic disorders:

micronucleus 1,61-2,00 1,99-2,24 1,96-2,21 2,16-2,53
core protrusions 0,74-0,97 1,92-2,29 1,7-2,17 1,24-1,37
absence of nucleus 1,1-1,35 1,31-1,54 1,28-1,49 1,67-2,02
Proliferation indicators:
double core 0,8-1,01 1,14-1,29 1,07-1,16 1,33-1,5
two cores 1,58-1,95 1,74-2,03 1,78-2,05 1,66-1,99
many cores 0,31-0,48 0,47-0,69 0,34-0,49 0,23-0,42
Indicators of the distraction of the nucleus:
perinuclear vacuole 1,5-1,83 1,28-1,51 1,74-2,03 1,21-1,44
vacuolization of the nucleus 4,54-5,49 4,68-5,35 4,71-5,64 3,8-4,45
chromatin condensation 14,41-16,56 16,11-17,52 15,50-17,15 12,54-14,49
karyokinesis 4,86-5,69 4,64-5,25 4,45-5,26 4,6-5,43
karyorrhexis 0,4-0,57 0,66-0,76 0,37-0,5 0,88-0,99
karyolysis 5,64-6,45 6,24-6,97 5,37-6,2 61-6,7
apoptosis 2,8-3,23 3,29-3,56 3,32-3,67 4,85-572

dystrophy (as one of the possible consequences of
cytogenetic abnormalities). The frequency of MN was
observed in the range of (0.3-2.8 %o). A comparative
analysis of the frequency of micronuclei occurrence
was conducted in different age groups of respondents
in both studies (Fig. 1).

It was found that the frequency of MN formation
in all age groups among males and females is within
the same range of frequencies (Fig. 1), not exceeding
3 MN/1000 cells. Similar indicators were obtained in
individuals of the control group (1.7-2.3 MN/1000 cells).
However, according to the results of one-factor ANOVA
analysis (Tukey; T3-Dunnett), it was determined that the
average frequency of MN formation in BE cells differs
among males (n=117) and females (n=120) (Fig. 3).

Overall, the study demonstrates a frequency of MN
formation in buccal epithelial cells that is close to «nor-
mal» among individuals who lived in conditions of a
«sick building». However, the graph in Fig. 3 shows that
the frequency of MN formation among males in the age
group of 15-39 years exceeds the corresponding indi-
cators among females of the same age (p=0.00352). In
other age groups, no statistically significant differences
were observed.

Among females, there was a tendency for an in-
crease in the frequency of MN formation with age,
while among males, such a trend was absent. Among
individuals of both sexes, the lowest frequency of MN
formation was observed in the younger age group, and
the highest was among individuals over 65 years old.
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Further analysis is required to examine the gender
differences in the frequency of MN formation among
young individuals (15-39 years old). The excess of this
indicator among males (15-39 years old) compared to
females of the same age indicates a higher potential risk
of genotoxic effects among young males. Our research
in this direction is ongoing.

Itis not in doubt that prolonged exposure to pollut-
ants in living conditions creates a risk of pre-patholog-
ical conditions and diseases, especially for sensitive
populations such as children and youth, pregnant
women, and individuals with chronic illnesses.

DISCUSSION

According to the World Health Organization, the
widespread use of building and construction materials
(BCMs) creates a special air environment in residential
buildings, the quality of which significantly affects the
health of the population [6, 7]. BCMs can be a source of
simultaneous presence in the air of 150-280 chemical
pollutants belonging to different classes of danger,
some of which cause effects such as embryotoxic,
gonadotoxic, carcinogenic, allergic diseases, etc. [8, 9].

Over the past 20 years, the micronucleus assay (MN
assay) has been widely used to assess the harmful ef-
fects of various mutagenic and carcinogenic chemical
or physical factors, such as arsenic in drinking water,
dioxins, ethylene oxide, formaldehyde, lead oxide,
benzene, ozone, polycyclic aromatic hydrocarbons,
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toxic gases, pesticides, toluene, hexane, acetone, all
types of tobacco, alcohol, and others. Previous studies
have shown that inhalation of formaldehyde leads to
an increase in the frequency of MN in the cells of the
nasal and/or buccal mucosa over a wide range of MN
frequencies (0.05-11.5 MN/1000 cells). In many stud-
ies, authors have reported a normal range of 0.5-2.5
MN/1000 cells [6-9], or 1-3 MN/1000 cells. However, it
has been established that the frequency of MN in adults
varies widely according to different data sources [3].

Undoubtedly, buccal epithelial cells are sensitive to
various exogenous and endogenous factors, which is
reflected in their cytomorphological and cytogenetic
features, and these features have a fairlywide range. How-
ever, based on our data, it is currently impossible to assess
the local and systemic genotoxicity of pollutants present
in the air, the source of which is the «sick building». Based
on the degree of impact on human health, factors are
divided into two main groups: those that directly cause
iliness and those that exacerbate (worsen) the course of
the underlying illness caused by other factors.

The results of the conducted research confirm that
changes in epithelial cells have a multi-factorial nature,
which is determined by factors such as genderand age
of respondents, the presence of acute and chronic co-
morbidities, belonging to different professional groups,
etc. Even though the data obtained in this study do not
provide an opportunity to assess the health risk due to
staying in a «sick building», they provide a basis for a
more detailed study of gender and age peculiarities of
the formation of micronuclei in response to a constant
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ABSTRACT

The aim: To investigate the prevalence of computer games among student athletes and the impact of computer game addiction on their lifestyle and cognitive
functions.

Materials and methods: 125 students (age 17 to 26) took part in the study. Students were divided into groups: e-sportsmen (12 people), who have played
foran average of 4,592 hours; athletes of various sports (31 people), who are fond of computer games; athletes (82 people), who do not play computer games.
A lifestyle questionnaire and attention research methods based on Landolt rings (E. Landolt) were used.

Results: We did not set the task of finding reliable differences between groups, but to find out general tendencies. Athletes, who indicated, that they are fond
of computer games, show a lower level of weekly motoric activity compared to athletes, who are not fond of computer games. Cyber-sportsmen demonstrated
insufficient physical activity in order to maintain physical fitness and a healthy lifestyle, 17% of cyber-sportsmen did not have any physical activity, that lasted
for half an hour or more at any time of the week. Cyber-athletes showed a general tendency towards worsening of indicators of quality of life (sleep duration,
insomnia, headaches), deterioration of attention, if compared to the athletes of other sports.

Condlusions: Studies have shown that students, who combine computer games with a sufficient amount of motoric activity, have a tendency to better con-
centration of attention. Studies of the necessary parameters of motoric activity and the alternation of mental, physical activity and rest for e-athletes should

be prospective.

KEY WORDS: e-sports, computer games, motoric activity, cognitive functions, focus of attention

INTRODUCTION

Computer games are gaining more and more popularity
in the modern world. The consequence of the growing
popularity of this direction is the rapid development
of the e-sports market as well as the development of
numerous organizations engaged in e-sports [1, 2].
Video games have rapidly entered everyday life and are
available to every owner of agame console or a person-
al computer, and for many it is a way of having a good
time and an opportunity to gain new knowledge in the
field of computer games and not only. An example of
this can be the study by [3], it was found that 2.69 billion
of the entire global population play computer games,
that is, they are gamers (in this study, all people who
play (digital) games on PCs, consoles, mobile device or
other digital device), which makes gaming and all its
manifestations a popular hobby in the world. It is also
a chance for the emergence of new professions and,

Wiad Lek. 2023;76(10):2245-2251

interestingly, often professions that have not yet been
created [1].

Scientific studies of this cultural and social phenom-
enon are developing as rapidly as e-sports itself. Until
quite recently, it was believed that the main contingent
of computer gamers are teenage boys and young men.
Returning to gender roles and stereotypes, it is worth
noting that the gender distribution among all gamers
is 59% male to 41% female [4].

«Computer games» refers to a wide class of programs
and technical devices on which they are installed. The
classification of computer games should take into ac-
count the degree of complexity of the game and its con-
tent, cognitive and motor skills necessary for game ac-
tivity [5, 6]. In fact, cyber athletes are often people who
show skills that are not exclusively physical, but also
logical-mathematical. Therefore among the frequent
participants there are also those who cannot practice
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traditional sports for different reasons. The introduction
of sports rules and clear objectives contributes to the
awareness that e-sports can be considered a discipline
of body and mind [7]. The role and place of leisure in
different types of society are analyzed [8]. From these
data, itis obvious, that everyone plays computer games,
players cannot be classified as a special sociological
group, that differs from the rest of the population in
certain demographic parameters.

Selected studies highlight the negative effects of
e-sport on health from different perspectives [9]. It is
stated that e-sports players are not physically active
due to sedentary time for a long time. In some studies,
it is claimed that long-term sedentary life will result in
obesity [10], this is partly due to their fondness for play-
ing games on gadgets [11]. Therefore, a pathological
fascination with computer games is characterized by a
significant number of negative consequences. On the
other hand, computer games have positive effects on
the personality and contribute to development[12] due
to the emergence of new skills, operations, and ways of
performing actions, new target and motivational and
meaningful structures, new forms of mediation and
new types of activities [12].

Thus, the authors of one of the earliest studies of the
socio-psychological aspects of computer games [13]
showed, that intensive computer game experience
significantly affects the personal characteristics and
self-awareness of players. The socio-psychological
features of the formation of health-preserving com-
petencies in the conditions of being in a virtual space
are considered [14]. There are presented the research
results of the positive impact of video games, that
imitated sports actions, on the cognitive functions
of a group of healthy elderly people, as well as on a
group of people who did aerobic exercises [15]. Based
on research, the authors conclude that video games,
as well as the practice of physical exercises, can be
considered among the possible methods of preserving
mental functions and improving cognitive abilities for
the elderly [15].

THE AIM

To investigate the prevalence of computer games
among student-athletes and the impact of computer
game addiction on their lifestyle and cognitive func-
tions.

MATERIALS AND METHODS

From November to December 2022 there was conduct-
ed the study based on a questionnaire developed in the
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Google Form format: «Description of personal qualities
and state of health of students». The parameters of
attention (E. Landolt) were studied using the hardware
and software complex of psychological and psycho-
physiological diagnostics «BOS-test-Professional». 125
students (age 17 to 26) took part in the study. This
sample consisted of students of various sports, such as:
e-sports, basketball, volleyball, football, rhythmic gym-
nastics, sports ballroom dancing, karate, Greco-Roman
wrestling, boxing, judo, swimming, strength fitness,
tennis. For research on the impact of computer game
addiction on lifestyle, motoric activity and cognitive
functions, students were divided into groups: e-sports-
men (12 people), who have played for 4,592 hours in
average; athletes of various sports (31 people), who are
fond of computer games; athletes (82 people), who do
not play computer games.

The researchers followed all protocols and procedures
required by the Biomedical Research Ethics Committee
and conform to the directive of the Ukrainian Legis-
lation on health care, Helsinki Declaration 2000 and
European Society Directive 86/609 on human partici-
pation in biomedical research to ensure adherence to
all standards for adequate protection and well-being of
participants. The following statistical parameters were
determined: mean, standard deviation SD, median,
lower and upper quartiles Me (25%, 75%).

RESULTS

Out of 125 respondents, 31 student-athletes were
identified as the ones, who, along with playing other
sports, are also fond of computer games; 12 e-ath-
letes, who participated in various competitions and
82 student-athletes, who are not interested in and do
not play computer games. So, from our sample, 34.4%
of students play computer games, among which the
percentage of boys is 77% and girls 23%. Studies relat-
ed to video games in the field of sports science have
included eSport within the framework of traditional
games [16]. Typically, cybergames are first-person
shooters, real-time strategies, and sports simulations.
The genre is determined by the goal of the game. A
game can belong to one or several genres. Like regular
sports, specific games are called disciplines. The most
popular of them are: CounterStrike, Dota 2, FIFA, Halo 2,
Heroes of Newerth, League of Legends, Quake, Starcraft,
Warcraft, World of Tanks, etc. It was found that most of
the students we studied prefer the following games:
CounterStrike (CS:GO). Counter-Strike: Global Offensive
(CS:GO) is the most popular first-person shooter of the
last decade and one of the top esports disciplines —31%;
MOBA - 5%; Survival horror — 7%; Dota 2 - 18%; World
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of Tanks — 9%; RPG — 7%; FIFA — 14%; Action Rial-Time
Strategy game — 7%; League of Legends - 2% (Fig. 1).

The mostimportant indicator of the degree of young
people’s fascination for computer games is the time
spent on them. Moreover, it is the weekly amount of
this time that is important, since a significant part of it
is falling on days free from studies.

Cyber sportsmen, who took part in the survey, have
played for 4,592 hours in average. Most athletes, who
specialize in various sports and play computer games
in their free time, spend 3 to 40 hours a week on them
(Table 1). It is indicative, that only 5 people (16%) are

qualified athletes in this group of students. At the same
time, the group of athletes, who stated, that they are not
interested in and do not play computer games, includes
34 (41.5%) qualified athletes from various sports.

To compare the lifestyle, level of motoric activity, and
well-being, we analyzed the respondents’ answers to
the questionnaire developed by us. We were interested
in finding out how passion for computer games affects
motoric activity and health parameters, such as sleep,
nutrition, appetite, and well-being. In the current study,
we did not set the task of finding reliable differences
between groups, but to find out general tendencies.
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Table L. Time spent by students on computer games per week, n=31

Number of hours per week student-athletes spend playing computer games

Number of students in %

Up to 10 hours a week

65%

10-30 hours per week

29%

30-40 hours a week

6%

Table II. Peculiarities of motoric activity of students with different involvement in computer games, n=125

Motor activity that lasts half an hour
or more (training, exercises, running,

swimming, fitness) n=12

Cyber sportsmen,

Athletes who are not
interested in computer
games, n=82

Athletes who are fond of
computer games, n=31

Once or twice a week 33%

32% 24%

Three or more times a week 50%

68% 76%

Not once a week 17%

0% 0%

To compare the features of motoric activity of stu-
dent-athletes, we divided the respondents into three
groups (Table II).

Athletes, who indicated, that they are fond of com-
puter games, are less physically active compared to
athletes who are not fond of them. One of the indica-
tors of a healthy lifestyle is the quality and duration
of sleep. 41% of e-athletes, 13% of athletes, who play
and 16% of athletes, who do not play computer games,
indicated that they sleep less than 7 hours a day. 58% of
e-athletes, 26% of athletes, who are fond of computer
games, suffer from insomnia from time to time. 42%
of e-athletes and 39% of athletes, who play computer
games, suffer from headaches more than twice a week.

Eat 3-4 times a day — 58% (cyberathletes), 61%
(athletes playing computer games) and have a good
appetite: 67% (cyberathletes) and 81% (athletes playing
computer games).

DISCUSSION

The impact of computer games on a person has many
aspects. One of the visible problems is that gamers and
e-sports players spend too much time on the computer,
which threatens to cause health problems, that are not
directly related to computer games but are a conse-
quence of them. There is a total of 246 e-sports articles
published from 2006 to 2020, that sought to understand
the motivation, behavior, social implications, and legal
aspects of eSports [2]. However, the impact of computer
games on the physical and mental health of a personiis
still a relevant subject of scientific research.

Despite all the advantages and prospects for the de-
velopment of e-sports [1, 17], an important problem is
the sedentary lifestyle of computer game players, who
are mostly young people. As the results of our survey
showed, 17% of e-athletes do not have any motoric
activity sufficient for a healthy lifestyle, although com-
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petitive activity in e-sports requires the athlete to devel-
op certain psychological, physical and psychophysical
characteristics and requires physical training [17, 18].
Athletes, who indicated that they are fond of comput-
er games, have lower level of wekly motoric activity
compared to athletes, who are not fond of tcomputer
games. Despite the presence of alarge number of stud-
ies on the positive impact of computer games on the
cognitive abilities and psychological qualities of players
[17]; coordination of movements and reactions [19-21],
mental and intellectual abilities, our studies showed a
tendency to better indicators of focus of attention for
students, who combine computer games with a suffi-
cient amount of motoric activity (Fig. 2).

All athletes who play computer games in addition to
their chosen sport have average to high concentration
scores. At the same time, only 66% of e-athletes showed
indicators of concentration of attention in this part.
In our study, we investigated the tendency for better
indicators of attentional activity (above average) in
student-athletes who are fond of computer games,
compared to elite-level female handball players [18]
who do not play computer games, and female e-ath-
letes with unsatisfactory level motor activity. Therefore,
it can be assumed that, just as for the elderly [15], it
is possible to increase cognitive abilities for student
youth by combining the practice of motor activity with
computer games. One’s lifestyle plays the crucial role in
health maintenance and promotion [22]. The aspects of
eSports focused on are mainly psychology [23], issues
about athletes’and gamers’'health [24]. The conditions
for the formation of a healthy lifestyle are: motor activ-
ity, balanced and good nutrition, the absence of bad
habits, quenching and active rest [25]. Physical activity
as a part of human lifestyle, including the physical work
and sports, is one of the basic attributes of human life.
It improves physical condition and health condition,
reduces the risk of emergence of civilizational diseases,
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and it is one of the factors extending the human lifes-
pan [26]. Physical activity of young people is inevitable
for keeping them both physically and mentally fit [27].

In our opinion, the research of the necessary parame-
ters of motor activity and alternation of mental, physical
load and rest for e-athletes should be promising.

CONCLUSIONS

The most common types of computer games among
student-athletes are CS:GO and Dota 2. The 65% of
student-athletes use computer games from one to ten
hours per week, and 35% of students use computer
games from ten to forty hours per week. Students, who
are athletically qualified, use computer games less than
students, who are not athletically qualified.

Student-athletes named the following as the main
reasons for their fascination with computer games: a
means to distract from current tasks - 58%; receiving
adrenaline - 29%; calming - 13%.

Athletes, who indicated, that they are fond of comput-
er games, have a lower level of weekly motor activity
compared to athletes, who are not fond of them. 50%
of cyber sportsmen had physical activity that lasted
more than half an hour three times a week; 68% of
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ABSTRACT

The aim: To investigate changes in the characteristics of menstrual function in women after suffering from Covid-19 or vaccination against SARS-CoV-2.
Materials and methods: After the retrospective analysis of 378 medical records patients were divided into: Group 1 (177 women) with menstrual function
disorders (MFD) after COVID-19, Group 2 (121 women) with MFD after SARS-CoV-2 vaccination, Group C (80 women) without MFD after COVID-19 or vaccination
(controls). The study focused on the clinical and hormonal menstrual cycle characteristics and factors influencing MFD.

Results: Dyshormonal thyroid disorders were observed in 63.0% of Group 1and 45.7% of Group 2 patients; hyperprolactinemia - in 31.0% and 39.4%, hyper-
estrogenia - in 50% and 21%, and hyperandrogenism - in 39% and 20%. MFD was associated with hyperandrogenism with concurrent hyperprolactinemia, in
the context of thyroid dysfunction; and with changes of gonadotropin production, along with normal and elevated estrogen concentrations and worsening of
mental health that suggest disruption of central requlatory and feedback mechanisms in the pituitary-thyroid-ovarian system under the stressors influence.
Condlusions: There are changes in the menstrual cycle associated with disruption of the hypothalamus-pituitary-ovary system and thyroid function in
women after suffering from Covid-19 or vaccination. To reestablish reproductive homeostasis, employing a personalized diagnostic strategy is recommended,
encompassing the evaluation of thyroid gland status, hormonal profiling, and the consideration of psychosocial facets.

KEY WORDS: (0VID-19incidence, menstrual cycle, reproductive health, endocrine pathology, organization of gynecological care, effectiveness of medical care

INTRODUCTION

As of July 2023, according to WHO data, over 767
million confirmed COVID-19 cases have been registered
worldwide, resulting in 6.9 million fatalities. Additionally,
more than 13 billion vaccine doses have been administered
[1].The psychological well-being of European populations
has been significantly affected by virus-related fears,
enforced social isolation, and uncertainties about financial
stability and the future. Since stress has its own specific
characteristics for the female body and can potentially
activate the hypothalamic-pituitary-gonadal axis (HPG)
and change the neuroregulation of gonadotropin-
releasing hormone (GnRH), this adversely affects women'’s
reproductive system functionality [2,3].

Retrospective observational studies, prospective
research, and cases published during the pandemic
years have reported thyroid gland function disruptions
associated with SARS-CoV-2 infection. Thyroid
dysfunctions, including hypothyroidism, subacute
thyroiditis, and thyrotoxicosis, can occur both during

2252

Wiad Lek. 2023;76(10):2252-2257

acuteinfection and after recovery [4]. Excessive thyroid
activity may lead to shortened menstrual duration and
reduced bleeding intensity, while decreased thyroid
hormone levels can result in prolonged and heavy
menstruation or amenorrhea [5].

The menstrual cycle serves as an indicator of health
and reproductive potential. Even individuals with regular
cycles may experience changes due to inherent variability.
When combined with novel factors, such as the potential
impact of SARS-CoV-2 infection and COVID-19 vaccination,
alterations in menstrual characteristics may become
exacerbated, accompanied by cycle irregularities or
changes in duration. There are foreign studies to evidence
to support these assertions [6,7].

THE AIM

To investigate changes in the characteristics of
menstrual function in women after suffering from
Covid-19 or vaccination against SARS-CoV-2.
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MATERIALS AND METHODS

The research was conducted in accordance with the
fundamental principles of the «Rules of Ethical Princi-
ples for Conducting Medical Research Involving Human
Subjects», as outlined in the Helsinki Declaration (1964-
2013), ICH GCP (1996), Directive EEC No. 609 (dated No-
vember 24, 1986), and Orders of the Ministry of Health
of Ukraine No. 690 dated September 23, 2009, No. 944
dated December 14, 2009, and No. 616 dated August
3,2012. Each of the female patients provided informed
consent to participate in the study.

Inclusion criteria: age 21-40 years; desire to preserve
and fulfill reproductive function; presence of ova-
ries and a uterus functionally capable of supporting
pregnancy; history of COVID-19 within the last year or
vaccination against SARS-CoV-2.

Exclusion criteria: pregnancy and lactation; urgent gy-
necological pathology or acute inflammatory processes
of any localization; oncopathology; severe somatic and
organic central nervous system pathology or current/
historical psychiatric disorders; unclear etiology dys-
functional uterine bleeding and atypical hyperplastic
processes of the endometrial mucosa; ovarian cysts > 4
cm; uterine developmental anomalies; uterine fibroids
presence; genital endometriosis.

To accomplish the stated objectives, a retrospective
analysis of medical inpatient and outpatient records
of patients seeking assistance during 2020-23 was
conducted. A total of 378 women were included and
categorized into the following groups: Group 1 - 177
patients with identified menstrual function disorders
(MFD) after recovering from Covid-19; Group 2
(comparison) consisted of clinical datafrom 121 women
in whom MFD appeared after vaccination against
SARS-CoV-2; Group C (controls) — 80 female individuals
without MFD complaints after Covid-19 or vaccination.
Patients in the studied groups were matched based on
age, duration, clinical manifestations of the disease,
and the timing of their occurrence. The average age of
examined women was (34.7+2.6 years). A retrospective
analysis of the clinical characteristics of the menstrual
cycle was conducted, and interdependent and
independent statistically significant factors influencing
MFD in women before and after Covid-19 or after
vaccination against SARS-CoV-2 were determined.

The data analysis was performed by the use of the
statistical software programs (Statistica v. 14.0 (TIBCO
Software Inc., USA); EZR v. 1.61; and MedStat v. 5.0).
Quantitative variables were presented as median (Me)
and interquartile range (IQR). Qualitative variables were
presented as absolute and relative (%) frequency. To
compare quantitative variables between the studied
groups, we performed Kruskal-Wallis H test with the fol-

lowing post hoc comparisons by the use of Mann-Whit-
ney U-test. To compare qualitative variables, we used
Fisher's exact test (between two independent groups)
or the Marascuilo - Liakh — Gurianov (MLG) procedure
(between three independent groups). A 2-tailed p<0,05
was considered statistically significant (considering the
Bonferroni correction).

RESULTS

Analyzing data from medical records, we determined
the prevalence of MFD among patients in the studied
groups following the onset of the Covid-19 pandemic.
One patient could have several of the mentioned
disorders at the same time (Table I).

Similar indicators of hypermenorrhea were observed
in Group 1 (11.9%) and Group 2 (8.3%), while in Group
C (5.9%), this indicator was even lower. However, there
was a statistically significant difference between Groups
1 and C (p, . = 0.042). The frequency of metrorrhagia
in Group 1 (14.7%) was higher than in Group 2 (8.3%),
and no cases were reported in Group C. Statistically
significant differences were found between Groups 1
and C(p, .<0.001), as well as between Groups 2 and C
(p, .=0.018). Menorrhagia rates were similar in Groups
1(11.3%) and 2 (7.4%), but in Group C (2.5%), this rate
was even lower. The difference between Groups 1and C
did not reach statistical significance (p = 0.055%), but the
difference between the frequency of menorrhagia in
the pooled group (1+2): 29/298 (9.7%) was statistically
significant compared to the control group (p=0.038).

A significant impact of variable factors on polymen-
orrhea was observed, with Group 2 (45.5%) having the
highest frequency compared to Groups 1 (9.6%) and C
(5.0%). Statistically significant differences were found
among all pairs of groups (p, , < 0.001, p, . <0.001, p, .
< 0.001). Group 1 (15.3%) had the highest frequency
of opsomenorrhea, while Groups 2 and C did not have
this disorder. Statistically significant differences were
found between Groups 1 and 2 (p,, < 0.001), as well
as between Groups 1 and C (p, . < 0.001). Changes in
the shortening of the menstrual cycle, particularly the
luteal phase, were observed in Groups 1 (7.4%) and 2
(17.0%). The difference between Groups 1 and 2 did not
reach statistical significance (p, , = 0.069), but it was
statistically significant between Groups 2 and C(p, . =
0.027). Group 1 (11.3%) and Group 2 (2.5%) reported
cases of secondary amenorrhea, while Group C did not
have such cases. Statistically significant differences were
found between Groups 1and 2 (p, ,=0.018), as well as
between Groups 1and C(p, . <0.001).The frequency of
dysmenorrhea was higherin Group 1 (17.5%) compared
to Group 2 (6.6%), but lower than in Group C (13.8%).
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Table I. The frequency of MFD in the studied groups

Parameters Group 1 Group 2 Group C Total
N=177 N=121 N=80 N=378 P

Hypermenorrhea, n (%) 21(11,9) 10(8,3) 2(59) 33(8,7) p, =0,042
Metrorrhagia, n (%) 26 (14,7) 10(8,3) 0 36 (9,5) P, <0,001
p,=0,018

Menorrhagia, n (%) 20(11,3) 9(7,4) 2(2,5) 31(8,2) 0,055*
9 p,,<0,001
Polymenorrhea, n (%) 17 (9,6) 55(45,5) 4(50) 76(201) P,.<0,001
. p,,<0,001
Opsomenorrhoea, n (%) 27(153) 0 0 2771 P, <0,001
. P, ,=0,069

Shortening of the menstrual cycle, n (%) 9(7,4) 30(17,0) 4 (5,0) 43 (11,4) 12

p, =0,027
Secondary p,,=0,018
amenorrhea, n (%) 20(11,3) 3(25) 0 23(61) P, <0,001
Algodysmenorrhea, n (%) 31(17,5) 8 (6,6) 11(13,8) 50(13,2) p,,=0,025

Notes: p, . — the significance of difference between group 1 and controls; p, . — the significance of difference between group 2 and controls; p, , — the
significance of difference between the groups 1and 2; * — MLG procedure; the frequency of menorrhagia in the pooled group [1+2]: 29/298 (9,7 %) (vs.
2/80 (2,5 %) in the control group: p=0,038).

Table I1. The parameters of hormonal homeostasis in the studied groups (Me, IQR)

Groups
Parameters Group 1 Group 2 Group C P
N=177 N=121 N=80

p,,<0,001
LH, mIU/ml 8,6 (7,9-9,6) 5,6 (5,3-5,9) 4,8 (4,6-5,0) p, <0,001
P, <0,001
p,,<0,001
FSH, mIU/ml 7,4(7,1-7,8) 3,7 (3,4-4,1) 3,4(3,2-3)9) p, <0,001
P, =0,002
p,,<0,001
TSH, plU/ml 59(5,2-6,3) 4,5 (4,0-5,0) 2,2(1,9-2,4) p, <0,001
P, .<0,001
FT4, pg/ml 22,7 20,3 194 51228881

, ) ) . 1.c<0,
(20,9-24,5) (19,8-20,7) (19,1-19,8) b, .<0,001
Prolactin, ng/ml 30,3 47.9 8> Enzggg:

, ] ) ) 1.c<0,
(29,6-31,0) (46,2-49,8) (7,8-8,9) b, <0001
39,7 45,5 46,1 p,,<0,001
E2, pg/ml (36,6-42,1) (44,8-46,5) (44,3-48,1) P,..<0,001
p,,<0,001
Progesterone, nmol/I 5,4(5,1-5,9) 18,2(17,2-19,2) 25,5(23,9-26,9) p,.<0,001
p, <0,001
Index of free testosterone, p,,<0,001
amol/l 1,7 (1,5-1,8) 3,2(2,9-3/4) 1,7 (1,3-1,9) p,.<0,001
Cortisol, nmol/I 327,9 317.7 247.2 p”zg'gg}

’ (318,5-337,5) (307,3-325,2) (230,5-262,3) Pc<
p, <0,001
p. <0,001

158,3 125,5 198,1 -2

DHEA-S, umol/ (148,1-168,5) (118,5-132,8) (193,6-202,9) P,.<0,001
p,.<0,001
17-OHP, nmol/I 2,7 (2,6-2,9) 2,8 (2,6-3,0) 2,8(2,6-3,0) p,,=0,073
p,=0,016

Notes: p, . — the significance of difference between group 1and controls; p, . — the significance of difference between group 2 and controls; p, , — the

significance of difference between the groups 1and 2.
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Statistically significant differences were found between
Groups 1 and 2 (p, , = 0.025).

Based on the analysis of hormonal homeostasis
parameters provided in Table Il, several statistically
significant changes were identified among the studied
groups. Hormone levels were determined during the
early follicular phase.

The concentration of LH was highest in Group 1 (8.6
mIU/ml) and lowest in Group C (4.8 mIU/ml). Statistically
significant differences were found between all groups
(p,,<0.001;p, . <0.001; p, <0.001). Group 1 had the
highest concentration of FSH (7.4 mIU/ml), while Group
C had the lowest (3.4 mIU/ml). Statistically significant
differences were also found between all studied groups
(p,,<0.001;p, . <0.001; p, .=0.002). Group 1 had the
highest concentration of TSH (5.9 plU/ml), while Group
C had the lowest (2.2 plU/ml). Statistically significant
differences were found between all groups (p, , <0.001;
P, <0.001;p, <0.001).The concentration of FT4 was
highest in Group 1 (22.7 pg/ml) and lowest in Group C
(19.4 pg/ml). Statistically significant differences were
found between all groups (p, , < 0.001; p, . < 0.001;
P, < 0.001). Group 2 had the highest concentration
of prolactin (47.9 ng/ml), while Group C had the lowest
(8.5 ng/ml). Statistically significant differences were
found between all groups (p,,< 0.001; p, . < 0.001;
P, < 0.001). Group 2 had the highest concentration of
estradiol (45.5 pg/ml), while Group C had the lowest
(46.1 pg/ml). Statistically significant differences were
found between Groups 1 and 2 (p1-2 < 0.001), as well
as between Groups 1 and C (p, . < 0.001). Group 2
had the highest concentration of progesterone (18.2
nmol/L), while Group C had the lowest (25.5 nmol/L).
Statistically significant differences were found between
all groups (p, ,<0.001; p, . <0.001; p, . <0.001). Group
2 had the highest concentration of free testosterone
(3.2 nmol/L), while Group C had the lowest (1.7 nmol/L).
Statistically significant differences were found between
Groups 1and 2 (p, ,<0.001), as well as between Groups
2and C(p, < 0.001). Group 1 had the highest cortisol
level (327.9 nmol/L), while Group C had the lowest
(247.2 nmol/L). Statistically significant differences
were found between Groups 1 and 2 (p,,< 0.001),
as well as between Groups 1 and C (p, . < 0.001) and
between Groups 2 and C (p, . < 0.001). Group 1 had
the highest DHEA-S level (158.3 pmol/L), while Group
Chad the lowest (198.1 pmol/L). Statistically significant
differences were found between Groups 1and 2 (p, , <
0.001), as well as between Groups 1 and C (p, .<0.001)
and between Groups 2 and C (p, .< 0.001).

Analyzing the cumulative data comparatively, it was
determined that the frequency of thyroid dysfunctionin
women in Group 1 of the study was 63.0%, compared to

45.7% in patients of Group 2. Hyperprolactinemia was
observed in 31.0% and 39.4%, respectively. Changesin
the LH/FSH ratio — hypogestagenemia — were noted in
48% and 44%, hyperestrogenia in 50% and 21%, and
hyperandrogenia in 20% and 34% respectively.

DISCUSSION

According to the comparative analysis of the tables,
many hormonal parameters and characteristics of
MFD show both statistically and clinically significant
differences between Group 1 (those who had COVID-19)
and Group 2 (those vaccinated against SARS-CoV-2).
Consequently, Group 1 exhibits more pronounced
hormonal changes, characterized by a higher frequency
of oligomenorrhea, secondary amenorrhea, alterations
in several hormones (LH, FSH, TSH, FT4, Prolactin), and
indicate more significant thyroid function disruptions.
This is consistent with retrospective observational and
prospective studies that have reported thyroid function
disturbances associated with acute SARS-CoV-2
infection or even several weeks after its resolution.
Since the thyroid gland, like the hypothalamus and
pituitary gland, expresses angiotensin-converting
enzyme 2 (ACE2), the primary protein through which
SARS-CoV-2 binds to cells as a receptor [4,12,13], these
disruptions are related to the activity of the «cytokine
storm» [4,10,11]. However, cases of thyroid disorders
have also been reported following the administration
of SARS-CoV-2 vaccines.

Considering that the hormonal homeostasis in Group
2 is characterized by polymenorrhea, shortening of
the luteal phase, elevated free testosterone index,
hyperprolactinemia, and a lower frequency of thyroid
dysfunction, these changes suggest a more substantial
impact of the stress factor on the development of MFD
in this group.

The study demonstrated that having a history of
COVID-19 orreceiving a vaccination against SARS-CoV-2
could impact the menstrual cycle and be associated
with a slight change in cycle length but not menstrual
length. Notably, statistically significant differences in
menorrhagia indicators were not observed, which is
consistent with findings from international studies [6,7].

In the comparative analysis of hormonal screening
results among the study groups, it was found that the
concentration of LH in patients of Group 1 was nearly
twice as high as that in patients of Group 2. Estrogen
saturation analysis indicated that in the majority of
women from the study groups, estrogen levels were
within normal range. Concentrations of DHEA-S
and Cortisol likely did not differ significantly among
the study groups. The free Testosterone index was
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approximately 1.5 times higher in patients of Group
2 compared to the main group and 2.5 times higher
than in the control group, which may suggest the role
of hyperandrogenemia in the development of MFD
and anovulation syndrome, particularly in the context
of stress agents [12,13].

Overall, the pathogenetic aspects of MFD in the
context of COVID-19 identified in our research align
with contemporary trends in pathogenetic studies
from various international research centers. These
findings reflect dysfunction in the central mechanisms
of regulation and feedback in the pituitary-thyroid-
ovarian system under the influence of stress factors,
characterized by thyroid function disturbances
in the presence of normal and elevated estrogen
concentrations [4,8-10].

The identified changes in hormonal homeostasis in
our study necessitate, in our view, personalized diag-
nostics and correction aimed at restoring the functional
state of the reproductive system in such women. Spe-
cifically, evaluating thyroid function in these women
is a pertinent step in the diagnostic search algorithm.
This includes assessing thyroid-stimulating hormone
(TSH), thyroxine (T4), and triiodothyronine (T3), as
well as determining antibodies to thyroid structures
(such as thyroperoxidase antibodies or antibodies to
thyroglobulin), which can aid in identifying potential
autoimmune gland disorders. Additionally, an import-
ant component of the diagnostic algorithm could be
considering psychosocial aspects, such as stress levels
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ABSTRACT

The aim: To study the quality of life of patients with periodontal disease.

Materials and methods: The study was conducted among 189 patients, including 87 men and 102 women. Research methods — clinical method, question-
naire survey (study of the quality of life related to oral health (oral health-related quality of life — OHRQoL, OHIP-14), medical and statistical analysis using an
application package Statistica 10.0 (StatSoft, Inc., USA) and Microsoft Office Excel 2010.

Results: According to the results of periodontal examination, it was found that 29,1% of patients suffer from acute gingivitis, acute periodontitis — 48,1%,
chronic periodontitis — 21,7%. According to the results of patients’ self-assessment of the quality of life associated with oral health, a good lifestyle can be stated.
Almost 50% of patients said that the most tangible problems associated with the health of their oral cavity are functional disorders (31,7%), oral pain, and
difficulty eating (16,6%). Psychological problems were reported by 16,3% of respondents, among whom one-third noted a feeling of irritability and tension,
dissatisfaction with eating, and also noted limitations in communication with people, and the need to interrupt food intake during its intake due to oral problems.
Conclusions: Periodontal tissue diseases reduce the quality of life of patients. Assessing the quality of life related to oral health is essential to determine the
effectiveness of measures aimed at improving and preserving public health.

KEY WORDS: Periodontal tissue diseases, quality of life

INTRODUCTION

One of the most urgent problems of dentistry today is
periodontal disease, which is the main cause of early
tooth loss of non-traumatic genesis in middle and older
age groups of the population [1]. Periodontal diseases
affect not only physical health but also the emotional
and social state of a person [2-4]. Patients with peri-
odontal disease often show signs of psycho-emotional
stress due to aesthetic dissatisfaction with a smile and
agnosia of harmony in their appearance; the presence
of discomfort, manifested in the form of symptoms such
as pain, bad breath, burning and bleeding gums, lack
of teeth, which in the effective aggregate reduces the
quality of life of patients [5, 6].

THE AIM
The aim was to study the quality of life of patients with

periodontal diseases.
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MATERIALS AND METHODS

The study was conducted among 189 patients, includ-
ing 87 men and 102 women, who are attached for
medical care to the State Institution of Science «Re-
search and Practical Center of Preventive and Clinical
Medicine» State Administrative Department (SIS «RPC
PCM» SAD) and underwent a dental examination by a
dentist in April-May 2023.

Research methods - clinical method, questionnaire,
medical and statistical analysis.

All patients were assessed for the hygienic state of
the oral cavity (Green-Vermilion index — OHI-S) and
determination of periodontal indices (papillary-margin-
al-alveolar index in the Parma modification). We studied
the regularity of patients’ visits to the dentist and the
reasons for appeals.

The study used the oral health-related quality of life
(OHRQoL) questionnaire OHRQoL, which contains 14
questions with a gradation of expressiveness of sensa-
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tions from 1, which is interpreted as «<never» to 4 points
- «very often» and allows evaluating the following
parameters: functional limitations (impaired chewing
function); physical pain; psychological discomfort;
psychological inferiority; social inferiority; damage.The
answers to the questions were evaluated in blocks: dys-
function (1-2 questions), feeling of pain (3-4 questions),
psychological discomfort (5-6 questions), physical dis-
ability (7-8 questions), psychological maladjustment
(9-10 questions), violation of socialization (11-12 ques-
tions), damage, inferiority (13-14 questions). The degree
of influence on OHRQoL was determined by adding up
the sum of all OHIP-14 items (56 points maximum), a
high indicator indicating a poor quality of life associated
with dental health. Patients filled out questionnaires
themselves after the interview and obtained written
consent from them to conduct scientific research.

Statistical analysis was carried out after the consolida-
tion of results using the application package Statistica
10.0 (StatSoft, Inc., USA) and Microsoft Office Excel 2010.

To compare quantitative indicators, the arithmetic
mean (M), and standard deviation (SD) were calculat-
ed and the Student criterion (Pt) was determined. The
determination of statistical significance for relative val-
ues is carried out by the method of the angular Fisher
transform (P@). The values of the indicator P below 0,05
were considered as statistically significant.

RESULTS

According to the results of the periodontal examination,
it was found that 29,1% of patients suffer from acute
gingivitis (K05.0), acute periodontitis (K05.2) — 48,1%,
chronic periodontitis (K05.3) — 21,7%. The sex and age
composition of patients according to nosological forms
of periodontal diseases did not differ (Table I).

The majority of patients, both male and, female,
who had periodontal disease were in the age group
of 40 years and older (89,7% men and 90,2% women,
P¢>0.05). Acute gingivitisamong men of this age group
was observed in 21.8% of patients, and among women
-in32,6% (P > 0.05), acute periodontitis - 57,7% and
47,8%, respectively (Pe > 0,05), chronic periodontitis
-20,5% and 19, 6% (P > 0,05). Men in the age group
18-39 years who had periodontal tissue disease were
8 (9,3%), women - 9 (8,9%).

From the anamnesis data, it was established that
during the last year, most patients in the age group
over 40 years visited a dentist. The proportion of such
patients is 93%. The reasons for treatment were: con-
sultation (22,1%), pain or problems with teeth, gums,
oral cavity (19,2%), treatment and/or continuation of
treatment (15,1%), and preventive examination (43%).

According to the results of patients’ self-assessment
of the quality of life associated with oral health, a good
lifestyle can be stated. Over the past year, among
the majority of respondents, dental problems have
sometimes been bothered. The degree of influence on
OHRQoL is minimal - the sum of points according to the
results of the survey for men was 15,48+1,7 points, for
women - 15,31%1,1 points, Pt=0,44. The summarized
results of the survey of patients in the age group of 40
years and older are presented in Table II.

Almost 50% of patients said that the most tangible
problems related to the health of their oral cavity were
functional disorders (31,7%), pain in the oral cavity ,and
difficulties in eating food (16,6%). Psychological prob-
lems were reported by 16,3% of respondents, among
whom one-third noted a feeling of irritability and tension,
dissatisfaction with eating, and also noted limitations in
communication with people and the need to interrupt
food intake during its intake due to oral problems.

DISCUSSION

Disadvantages associated with the prevention of oral
diseases, late treatment reduce the quality of life of
patients, and the treatment significantly changes its
quality depending on age, gender and methods [7-10].

The study of the quality of life related to the state of oral
health was conducted among patients with periodontal
diseases, who were of the same type according to the main
characteristics (gender, age, nosological forms of periodontal
tissue diseases, motivation to preserve dental health). Gener-
alization of the results of self-assessment of the profile of the
impact of dental problems on the daily life of respondents
showed that, in general, the quality of life of the examined
patients was good. This may be due to the preservation of the
principles of targeted medical examination in the medical
care of the attached population to the SIS «<RPC PCM» SAD
and the possibility of the attached contingent undergoing
annual preventive examinations by a dentist, as well as to be
monitored by dentists within the framework of programs of
dispensary monitoring of patients at risk of developing the
most common non-communicable diseases.

Most patients enrolled in the study are motivated
to maintain and/or improve their dental health. Every
year, more than 60% of patients turned to a dentist for
consultation (22,1%) and preventive examination (43%).
15,1% of patients underwent treatment for diseases
of the oral cavity and teeth. In general, the coverage
of respondents by examinations by dentists over the
past year is 93%.

Itis known that the severity of clinical manifestations
of various pathologies on the part of the oral cavity
not only reflect the fact of loss of dental health itself,
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Table I. Sex and age composition of patients with periodontal diseases

Men Women
Nosological form Age group Age group
(number of patients) Over 60 40-49 25-39 18-25 Over 60 40-49 25-39 18-25
years years years years years years years years
n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%)
Acute gingivitis 11 6 3 2 23 7 3 3
(55) (50%) (27,3%) (13,6%) (9,1%) (69,7%) (21,2%) (9.1%)
. - 42 3 38 6 2
Acute periodontitis (91) (93,3%) 6,7%) - - (82.6%) (13,0%) (4.4%) -
. . " 15 1 2 1 16 2 4
Chronicperiodontitis (A1) 7a00) (530  (105%)  (53%)  (727%  (91%  (182%) )

Table II. Characteristics of patients’ quality of life problems related to dental health and periodontal diseases

Indicator of the impact of dental

The nature of

problems on quality of life

Frequently answered

Problem (M +SD) P, questionnaire
GBI AT questions OHIP 14
Men Women
Difficulty pronouncin 9
Dysfunction Y J 1,33 + 0,47 1,31+0,46 > 0,05 Never 68,3%
Loss of taste Sometimes 31,7%
Oral pain ... Never 83,4%
Sensation of pain . . 1,22+0,52 1,17 £0,41 > 0,05 Sometimes 13,7%
Difficulty eating Frequently 2,9%
pevchological The feeling of limitation when N 93 69¢
sychologica communicatin ever 23,67
discomfort - .g 1.08+0,28 1.05£0,22 >0,05 Sometimes 6,4%
Feeling of tension
Dissatisfaction with eating N 94 89¢
. S ever 94,8%
Physical disability Interruption 9f food 1,06 + 0,26 1,08 +0,31 > 0,05 Sometimes 5,2%
consumption
i Inability to relax 0
Psych'ologlcal y 1,04 40,21 105 +0,22 > 0,05 Nevgr 95,3%
maladjustment Embarrassment Sometimes 4,7%
iolati Irritabilit
Viclation of Y 1,00 % 0,00 1,00 £ 0,00 >0,05 Never 100%
socialization Difficulties during normal work
b Dissatisfaction with life N 9970,
amage, - - + + ever 99,7%
inferiority Failure to act normaly in every 1,01£0,08 1,00 £0,00 > 0,05 Sometimes 0,3%

day activity

but also significantly affect the patient’s quality of life.
Periodontal diseases negatively affect the quality of life,
with severe periodontitis worsening aspects related
to function and aesthetics. Unlike periodontitis, gingi-
vitis is associated with pain and negatively correlates
with feeling comfortable [11]. The results of our factor
analysis of self-esteem of respondents with various
periodontal diseases of quality of life characteristics
showed that the most significant problems associated
with periodontal health are psychological discomfort
- factor 1 (feeling of tension and dissatisfaction with
eating due to oral problems), its share in the total
variance of the main components of factor analysis is
16,1%. Another problem related to periodontal health
is functional disorders (factor 2 - loss of taste, share in
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the total dispersion 12,5%, factor 3 — difficulties in pro-
nouncing sounds due to oral problems - 12,4%, factor
4 - difficulties in eating, share in total variance 11,8%).

Based on the above data, the quality of life of patients,
which is associated with the state of their dental health,
is not the last position in the quality of dental care and
it must be taken into account in the practice of dentists.
Indicators of quality of life are variable depending on the
patient’s condition, so it is necessary to correct them at
all stages of monitoring the patient’s health (routine pre-
ventive examinations and treatment). The participation
of the patient in assessing his condition is a valuable and
informative indicator of the state of his dental health [12].

A promising direction of scientific research is the search
for methods for formalized assessment of the effective-
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ness of dental care, in particular the creation of formulas
convenient in daily clinical administration to assess the
quality of life of dental patients, as well as the need to
search for new criteria for the relationship between clin-
ical objective and subjective indicators of quality of life.

CONCLUSIONS

Periodontal tissue diseases reduce the quality of life
of patients as a generalized characteristic of physical,
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ABSTRACT

The aim: To investigate the clinical characteristics of EBV infection in the pediatric nervous system using laboratory methods and brain MRI data.

Materials and methods: We observed 41 children with EBV encephalitis ranging from 8 months to 17 years old. The diagnosis of EBV-encephalitis was
established on the basis of clinical and medical history, laboratory and instrumental (brain MRI) data. The main thing in the diagnosis was clinical symptoms,
combining general infection, cerebral syndromes and focal neurological symptoms. The etiology of Epstein-Barr virus was determined using ELISA and PCR.
Results: EBV-encephalitis can be as a manifestation of reactivation of persistent EBV infection (85%), much less often - acute primary EBV infection (15%).
By nature, the duration of EBV encephalitis has distinguished two forms of its course: acute (63%) and chronioc (37%). The criteria of differential diagnosis of
acute and chronic forms of EBV-encephalitis are proposed, which include the most common anamnesis data, clinical manifestations and changes in brain MRI.
Conclusions: The proposed criteria specifically for acute and chronic forms of EBV-encephalitis can contribute to the timely and more accurate diagnosis of

this disease in children.

KEY WORDS: Epstein-Barr virus, EBV-infection, herpesvirus, nervous system, magnetic resonance imaging

INTRODUCTION

Neuroinfections are the leading pathology in severity
of the course and adverse effects. Encephalitis and
meningoencephalitis occupy a significant place, the
etiological factor of which is most often viruses [1, 2].
More than 20% of all acute encephalitis is caused by
herpes viruses because the whole family of herpes
viruses (8 types) has tropism to the nervous system. Ep-
stein-Barr virus (EBV) ranks third among herpes viruses
in the incidence of encephalitis, after the herpes simplex
virus (HSV) and cytomegalovirus (CMV) [3].

A special place among the variety of clinical forms
of EBV infection is given to EBV lesions of the nervous
system (NS). The frequency of neurological compli-
cations of EBV infection is between 0,4-7,5% in the
different cases [4]. Neurological manifestations of EBV
infection performed by encephalitis, aseptic meningitis,

Wiad Lek. 2023;76(10):2263-2268

transverse myelitis, acute cerebellar ataxia, optic neu-
ritis, Guillain-Barre syndrome or acute demyelinating
encephalomyelitis [5]. There is information about the
role of EBV in the development of mental deterioration,
reversible Parkinsonism, and coagulation disorders [4].
EBV-lesions can located in the brainstem, cerebellum,
thalamus, basal ganglia, optic nerve, or spinal cord [6].

The pathogenesis of neurological diseases caused
by EBV infection remains unclear. Three pathways of
pathogenesis have been identified so far. The first
way involves the development of EBV encephalitis
(EEBV) as a primary infection as a result of direct viral
invasion into the nervous system. In this case, only
neurological symptoms are observed in the absence
of other manifestations of EBV infection (such as ton-
sillitis, lymphadenopathy, hepatosplenomegaly) [7].
The second route involves the development of an im-
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mune-mediated infection. The patient’simmune system
produces autoimmune T-lymphocytes and anti-neuro-
nal antibodies to myelin-oligodendrocyte glycoprotein,
which has a similar antigen to EBV. Thus, the immune
system, by triggering the mechanisms of destruction
of EBV, contributes to the destruction of its own cells
[7-10]. The third, perhaps the main mechanism for the
development of EBV-related neurological disease is the
reactivation of a latent infection. Inimmunosuppressed
patients, specific antibodies to EBV are produced in the
nerve sheath, leading to reactivation of EBV infection
in the nervous system [7].

Despite the fact that neurological diseases of EBV
etiology are continuously attracting the attention of sci-
entists from different countries, EEBV in children is still
poorly understood and the diagnosis could be difficult.

THE AIM

The purpose of our work is to investigate the clinical
characteristics of EBV infection in the pediatric ner-
vous system using laboratory methods and brain MRI
imaging data.

MATERIALS AND METHODS

The study was performed between January 2019 and
December 2022.41 children (25 boys and 16 girls) with
EBV- encephalitis, who were hospitalized at the Kharkiv
Regional Children’s Clinical Hospital, were studied. The
patients’ages ranged from 8 months to 17 years old.

The diagnosis of EEBV was established on the basis
of clinical and medical history findings, laboratory
and instrumental (echoencephaloscopy, MRI of the
brain) data. The etiology of Epstein-Barr virus was
determined by serological results (the presence of
virus-specific antibodies EBVVCA IgM, EBV EA IgG and
EBV NA IgG in the blood by enzyme-linked immuno-
sorbent assay (ELISA) and detection of EBV DNA in
blood, cerebrospinal fluid by polymerase chain reac-
tion (PCR). The detection of the DNA pathogen in the
patient’s cerebrospinal fluid by PCR was an indicator
of the active replication of the virus in the child’s body.
The diagnosis of EBV infection was established at least
two positive markers for EBV.

Statistical analyses in this study were conducted using
MS Excel and STATISTICA 8.0 (Tulsa, OK) software. The
mean M for each indicator was used to determine the
difference between the values of the indicators in the
comparison groups. To compare two independent sam-
ples, a non-parametric Mann-Whitney U-test has been
used. The difference between groups was considered
statistically significant when p <0,05.
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RESULTS

Laboratory data allowed us to divide patients into
two groups: (1) acute primary EBV infection - 6 (15%)
patients, and (2) reactivation of persistent EBV infec-
tion - 35 (85%) cases. Acute primary EBV infection was
established based on the presence of specific acute
phase antibodies (EBV VCA IgM and EBV EA IgG) in the
patient’s blood serum with the absence of late EBV NA
IgG antibodies. Detection of nuclear antibodies (EBV
NA IgG) with acute phase markers in the patient’s blood
indicated reactivation of persistent EBV infection.

The study of anamnestic data, the character of the
onset of the disease, and the course of the clinical
picture of the disease made it possible to distinguish
2 forms of the duration of EEBV: acute and chronic. In
all 6 children with primary EBV infection, the duration
of encephalitis was acute. Among 35 children with re-
activation of persistent EBV infection, the duration of
encephalitis was both acute (20 children) and chronic
(15 patients). Acute duration of encephalitis in children
with primary and reactivation of EBV infection has no
any differences, so we combined these patients into one
group with acute duration of EEBV. Thus, acute form of
EEBV was diagnosed in 26 (63%) children, chronic - in
15 (27%) patients.

The analysis of anamnesis data made it possible to
identify a connection with infectious mononucleosis
(IM) in 6 (23,1%) patients with an acute EEBV but was
not observed at all in children with the chronic form of
this disease (p<0,05). A history of neurologic diseases
was observed exclusively in patients with the chronic
form of encephalitis (p<0,01). All patients with a chronic
course of EEBV in anamnesis had some neurological
disorders, such as vascular dystonia, neurosis of obses-
sive states - 6 (40,0%) patients, history of seizures - 5
(33,3%) patients, 4 (26,7%) children were previously
treated for EEBV.

General infection syndrome is a characteristic of both
forms of EEBV and is represented by an increase in body
temperature and general malaise. Low-grade fever was
typical for both acute and chronic forms of EEBV - 29
(70,7%) cases. However, its duration in patients of dif-
ferent groups varied: in acute form - from 3 to 14 days,
in chronic sluggish form - from 3 months to 5 years. In
10 (24,4%) patients exclusively with acute EEBV febrile
fever was observed. In 2 (4,9%) patients with a chronic
form of EEBV the clinical picture developed against a
background of normal body temperature.

Cerebral syndrome was observed in 26 (63,4%)
patients and was represented by impaired conscious-
ness of varying severity. A mild degree of impaired
consciousness in the form of inhibition occurred in 15
(36,6%) patients with both acute and chronic forms of
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Table 1. Focal neurological symptoms characteristic of meningoencephalitis

Symptoms Acute form, Subacute form, el
n=26 n=15
Hemiparesis (plegia) 12 (46,1%) 3(20,0%) p <0,05
musacrl‘ciastoc:ﬁz:a )S:;Pigfong%:li;gns 14(53,8%) 10(66,7%) NS

e eschopathelogical problems) 623,1% 1733% p <001

Damage to the oculomotor nerves 19 (73,1%) 6 (40,0%) p <0,05

Facial nerve damage 11 (42,3%) 2(13,3%) p < 0,05

Bulbar nerve damage 6 (23,1%) 0 (0%) p <0,05

Ataxia 13 (50,0%) 4 (26,7%) NS
Table I1. Pathological changes in the structure of the brain according to MRI
S Acute form, Subacute form, DG
n=26 n=15

Hypotrophy of the cerebral cortex 2 (8,9%) 13 (86,7%) p <0,01

Signs of external hydrocephalus 13 (52,0%) 15 (100%) p <0,01
Swelling of the mucous membranes of the sinuses 11 (44,0%) 2(13,3%) p<0,05
" bcortica mucet o e brain 18 720%) 167% p <001
Inflammation of the arachnoid membranes 7 (28,0%) 1(6,7%) p<0,05
Brain stem inflammation 6 (24,0%) 0 (0%) p<0,05

Ventricular dilatation of the brain 4 (16,0%) 11(73,3%) p <0,01
Periventricular gliosis 1 (4,0%) 5(33,3%) p< 0,05

Dystrophy of the cerebellum and white matter of the brain 0 (0%) 5(33,3%) p <0,01

the disease. A severe degree of impaired conscious-
ness in the form of sopor and coma was characteristic
exclusively for the acute form of encephalitis and was
observedin 11 (26,8%) patients. In 15 (36,6%) patients,
consciousness was preserved.

One of the manifestations of EEBV was convulsive
syndrome. It occurred in all patients. Large generalized
convulsive seizures were observed in 15 (57,7%) chil-
dren with acute EEBV and 6 (40,0%) with chronic form.
Focal convulsions were observed in 9 (34,6%) patients
and 4 (26,7%) cases, respectively. These convulsive
manifestations were determined in patients of both
groups with almost the same frequency (p>0,05) and
cannot serve as indicators of differentiation of acute
and chronic forms of EEBV. In contrast, small atonic
seizures, myoclonus were characteristic exclusively for
the chronic form of encephalitis (8 (53,3%) patients), as
p<0,05 reliably indicates.

An analysis of the clinical manifestations of EEBV in
children allowed us to identify clinical characteristic
features of various forms of this disease (Table I).

Clinical leading of encephalitis was focal neurological
symptoms, the analysis of which made it possible to
identify the characteristic signs for each of the forms
of EEBV.

Pyramidal symptoms were manifested by hemiparesis
and were observed in 12 (26,1%) patients with acute
form and 3 (20,0%) children with chronic form of
encephalitis. Pathology of the oculomotor nerves was
detected in 19 (73,1%) patients with acute form and
6 (40,0%) patients with chronic form of encephalitis.
Facial nerve damage - in 11 (42,3%) and 2 (13,3%)
patients, respectively. Disorders from the bulbar
nerves-in 6 (23,1%) children with acute EEBV and were
absentin patients with chronic form. Manifestations of
extrapyramidal symptoms (tremor, choreoathetosis)
were determined in 11 (73,3%) patients with chronic
form and 6 (23,1%) children with acute encephalitis.

Neurological symptoms such as anysoreflexia,
changes in muscle tone, pathological signs, and ataxia
were detected with the same frequency in patients of
both groups (p>0,05) and cannot serve as differentiation
criteria for any form of EEBV.

The final diagnosis of encephalitis was established
on the basis of changes in the brain detected by MRI
of the brain (Table Il).

Due to the severity of the condition, MRI was not
performed for one patient. The main MRI signs of the
acute form of EEBV were lesions of the subcortical areas
and the white matter of the brain, as p<0,001 reliably
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indicates. These changes were observed in 18 (72%)
patients with acute EEBV and only in 1 (6,7%) child with
chronic form. Characteristics are signs of brain stem
damage that were found in 6 (24%) patients exclusive-
ly with acute EEBV (p<0,05). The involvement of the
arachnoid in the inflammatory process indicated the
presence of arachnoiditis in 7 (28,0%) patients with an
acute form and only 1 (6,7%) child with a chronic form
(p<0,05). Signs of edema of the mucous membranes of
the main and paranasal sinuses were determinedin 11
(44,0%) patients with acute encephalitis and only in 2
(13,3%) children with chronic form (p<0,05).

DISCUSSION

Considering the variants of the pathogenesis of
EBV lesions of the nervous system, EEBV can be a
manifestation of primary or reactivation of persistent
EBV infection, as well as an immune-mediated reaction
[4]. According to our research, EEBV in children is
predominantly caused by the first two variants of
development (both acute primary (6/41, 15%) and
reactivation of persistent EBV infection (35/41, 35%)).
So, the leading role in the occurrence of EEBV in
children is assigned to the reactivation of persistent
EBV infection, which is fully consistent with the data of
scientists from Thailand [4].

Taking into account the characteristics of the course,
EBV CNS infections we divided into two groups: 1) acute
(26/41, 63%) and 2) chronic duration (15/41, 37%).
According to research by Japanese scientists, which
completely coincided with our data, EBV infection of the
NS can be considered as manifestations of two forms: (1)
acute duration associated with primary or reactivated
EBV infection, (2) chronic course associated with reac-
tivation of EBV-infection only [11]. Our study showed
that in most (35/41, 85%) cases EEBV had no any con-
nection with IM, butin some (6/41, 15%) patients EEBV
was present in forms simultaneously with the clinical
symptoms of IM - 5 cases, or later during the recovery
phase - 1 case. Explanation of this fact is based on the
pathogenesis of CNS diseases EBV etiology: can be
primary EBV-infection, latent reactivation of the virus,
or an antibody-mediated post-infection inflammatory
reaction, so the clinical symptoms of IM may not nec-
essarily accompany all cases of EEBV [4, 7, 11].

We were able to establish some anamnesis features
characteristic of acute and chronic forms of EEBV:
association with IM was observed in rare (15% cases)
and exclusively in patients with an acute form of EEBV
(p<0,05), but data of neurologic diseases in past - exclu-
sively in patients with a chronic form of EEBV (p<0,01).

Our research revealed convulsive syndrome in 100%
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of patients with EEBV. Many foreign authors point to
manifestations of the convulsive syndrome in patients
with EEBV [3, 4, 7, 11, 12]. A possible pathophysiolog-
ical mechanism for seizures was proposed by Japa-
nese scientists: EBV initially infected and reactivated
in astrocytes, leading to astrocyte dysfunction and
neuronal hyperexcitability, resulting in seizures [12].
Low-grade fever (29/41, 70,7%), different degrees of
consciousness disturbance impaired (26/41, 63,4%),
ataxia (17/41,41,5%) cranial nerve involvement (21/41,
51,2%) were typical for EEBV. Our findings were similar
to the results reported by Cheng H. et al. [7]. However
these symptoms were determined in patients of both
acute and chronic forms of EEBV with almost the same
frequency (p>0,05) and cannot serve as indicators of
differentiation of these groups.

We were able to identify clinical criteria characteristic
of acute and chronic forms of EEBV. The acute form of
EEBV is characterized by damage to the cranial nerves
(pathology of the oculomotor nerves (19/26, 73,1%),
facial nerve damage (11/26, 42,3%), bulbar nerves
(6/26, 23,1%) and pyramidal symptoms manifested by
hemiparesis (12/26, 46,1%), as p<0.05 reliably testifies.
The chronic form of EEBV was characterized by the
presence of extrapyramidal symptoms, as evidenced
by p<0,001.In most (11/15, 73,3%) patients with chron-
ic form were determined tremors, choreoathetosis,
and emotional and psychopathological disorders
(hallucinations, fears).

The literature provides different data on brain
changes detected on MRI in EEBV. Smith H. et al. [13]
revealed such IMR findings in patients with EEBV - mul-
tifocal areas of hyperintensity present mainly within
the sub-cortical white matter and deep grey nuclei of
the brain. According to our data, MRI signs of acute
EEBV include damage to the subcortical structures
and white matter (18/26, 72,0%), signs of damage of
the arachnoid membranes (7/26, 28,0%), brainstem
inflammation (6/26, 24,0%). The main MRI signs of the
chronic form of EEBV include internal and external
hydrocephalus (15/15, 100%), signs of cerebral cortex
hypotrophy (13/15, 86,7%), and dystrophy of various
brain structures (white matter, cerebellum) (5/15,
33,3%), as evidenced by p<0,001.

CONCLUSIONS

One of the manifestations of EBV infection in children
is the development of such neurological diseases as
EEBV. Using highly sensitive methods of laboratory
diagnostics (ELISA, PCR) helped us to find that in
85% of cases, EEBV is a manifestation of reactivation
of persistent EBV infection, much less often (15%) is
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the result of acute primary EBV infection. In 14.6% of According to the nature of the course of EEBV, two forms
the cases, the connection between the development hasbeen distinguished: acute and chronic.We proposed cri-
of acute EEBV and infectious mononucleosis was re-  teriaforthe differential diagnosis of acute and chronicforms
vealed, but most often (85.4% of patients) EEBV occurs  of EEBV, whichincluded the most common anamnesis data,

in isolation. clinical manifestations, and changes during brain MRI.
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ABSTRACT

The aim: This study aims to assess the role of platelets and platelet indices as a cost-effective predictive marker of the cervical cancer patient’s response before,

15th, and 25th external radiation.

Materials and methods: A total of 54 cervical cancer patients at Dr. Kariadi Hospital were divided into good and poor therapeutic response groups. Measurements
of platelet count and indices including PDW, P-LCR, and PCT were carried out before, 15th, and 25th external radiation.
Results: There was no difference in platelet counts, MPV, PDW, P-LCR, and PCT in both groups, but patients with decreased MPV and P-LCR values on 15th-25th

external radiation had a better therapeutic response (p= 0.005 and 0.007).

Conclusions: MPV and P-LCR values at 15th to 25th external radiation appeared to decrease further in the group that responded better to therapy.
KEY WORDS: Platelet count, MPV, PDW, P-LCR, Plateletcrit, External radiation

INTRODUCTION
Cervical cancer is the second most common type of cancer
and the third leading cause of deathamong women [1].In
developing countries, more than 80% of women with cer-
vical cancer are diagnosed at an advanced stage [2Brazil.
MATERIALS AND METHODS: A retrospective cohort study
was performed comprising 865 women newly diagnosed
with cervical cancer between 2012 and 2014. Times from
diagnosis to treatment initiation (less than or equal to
60 days]. Moreover, besides surgery and chemotherapy,
approximately 40% of patients receive radiotherapy as
one of the therapeutic modalities for treating cancer [3].
A previous study stated that exposure to ionizing ra-
diation has a lethal effect on blood cells. This is because
hematopoietic cells are sensitive to radiation exposure,
even at low doses [4]. Blood components that can be
affected by radiotherapy are hemoglobin, leukocytes,
and platelet cells. Following this, the platelet count is
influenced by the condition of malignancy in cervical
cancer. Platelet activation plays an important role in
tumor growth and metastasis. It was also discovered

Wiad Lek. 2023;76(10):2269-2276

that elevated platelet counts are associated with poor
outcomes in several solid malignant tumors, including
cancer of the breast, colon, and Non-Small Cell Lung
(NSCLC) and others. Furthermore, platelets have many
functions and are also involved in the development of
malignancy [5].

Radiotherapy has a lethal effect on blood cells be-
cause, atlow doses, hematopoietic cells are sensitive to
radiation exposure.The pathophysiology of malignancy
in patients with cervical cancer also affects platelet
values. Therefore, the research problem was formulat-
ed, whether the platelet count and indices of cervical
cancer patients during external radiation can be used
as a predictor of patient outcome.

THE AIM

This study aims to assess the role of platelets and plate-
let indices as a cost-effective predictive marker of the
cervical cancer patient’s response before, 15th, and 25th
external radiation.
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MATERIALS AND METHODS

This is a retrospective observational study involving
54 cervical cancer patients receiving external radia-
tion therapy at the radiotherapy unit of Dr. Kariadi
Hospital, Semarang. Subjects who had a history of
25 cycles of interrupted external radiation, blood
transfusions during external radiation, blood disor-
ders, coagulation disorders, and any combination
with chemotherapy during the cycle were excluded
from this study. Outcomes were divided into groups
of good and poor responses to therapy according to
the guidelines of The National Comprehensive Cancer
Network. Patients with signs of further metastases,
the need for additional radiation doses, and those
who require intensive monitoring every month fall
into the “poor” outcome category. Meanwhile, the
ethical clearance was obtained from the Medical
and Health Research Ethics Committee Institute Dr.
Kariadi Hospital with a registration number of 1205/
EC/KEPK-RSDK/2022

RESEARCH PERIOD AND LOCATION

This study was conducted from July 2022 - August
2022 at the Dr. Kariadi Hospital (RSDK) Semarang. The
parameters and hematological indices of cervical cancer
patients at the Oth, 15th, and 25th external radiation
were examined at the RSDK Laboratory Installation,
Semarang.

Table I. Characteristics of subjects

DATA COLLECTION

Platelet count, mean platelet volume (MPV), platelet
distribution width (PDW), platelet-large cell ratio
(P-LCR), and plateletcrit were evaluated in a complete
hematological examination using the Sysmex XN-1000
hematology analyzer using the impedance method to
obtain the values. Plateletcrit and MPV normal values
are 150-450x 103/pL and 8.4-12 fL, while that of PDW,
P-LCR, and Plateletcrit are 10-18 fL, 10-30%, and 0.22-
0.24%, respectively.

RESULTS

A total of 316 cervical cancer patients who went to the
radio-oncology polyclinic at Dr. Kariadi Hospital from Sep-
tember 2021 to May 2022 were identified. Based on the
reports, 147 patients are receiving combination chemo-
therapy, 46 patients required transfusions during external
radiation cycles and 52 patients with interrupted external
radiation cycles. Furthermore, 2 patients are with a history
of blood disorders, and 15 have incomplete examination
data, making 54 patients that were included in the inclu-
sion criteria. According to the characteristics of subjects
as presented in Table |, there was no significant difference
between early and advanced stages, as well as a history of
comorbidities and previous operations on the outcome.
Early and late stages were differentiated by the plate-
let cut-off value of 300x10°/uL. Generally, thrombocy-
tosis is caused by conditions related to the activation

Outcome
Characteristics p-value
Poor (n=32) Good (=22)
Stadium
I 6 (75) 2 (25) 0.282£
>1 26 (56.5) 20 (43.5)
Comorbidities
Yes 9(52.9) 8(47.1) 0.732¥%
No 23 (62.2) 14 (37.8)
History of prior operation
Yes 7 (70) 3(30) 0.347£
No 25 (56.8) 19 (43.2)
* Significant (p < 0.05); £ Fisher’s exact; ¥ Yates Correction
Table I1. Characteristics of thrombocytosis in the early and late stages.
Stadium Platelet p-value
<300 x 10%/uL(13) <300 x 103/uL(13)
| 3(37.5) 3(37.5)
>| 10 (21.7) 10(21.7) 0.290%

* Significant (p < 0,05); £ Fisher’s exact
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Table l1l. The comparison between the platelet count and the platelet indices.

Outcome

Parameter p-value
Poor (32) Good (22)
Platelet (103/uL)
I 383.22 +£93.05 373.77 £ 183.56 0.135%
Il 289.31+113.99 262.59 +77.31 0.454%
1 282.03 £99.28 293.36 +£100.17 0.972%
p-value 0.001+* 0.0011*
| - Il difference -9391+114.38 -111.18 £154.21 0.616%
| -1l difference -101.19 £ 97.91 -80.11 £ 128.84 0.154%
Il - 1ll difference -7.28 £ 74.66 30.77 £73.52 0.0708
MPV (fL)
| 9.52+0.72 9.68 + 1.05 0.512§
Il 9.19 +0.66 9.37+£0.68 0.508%
1l 9.19+0.72 8.95+0.73 0.177%
p-value 0.0079* <0.001t*
| - Il difference -0.33+£0.55 -0.31£0.56 0.902§
| - 1l difference -0.33+£0.70 -0.72 £ 0.65 0.122%
Il - 1l difference 0.003 £ 0.62 -0.41 £0.32 0.0058*
PDW (fL)
| 10.09 £1.80 10.58 +£2.35 0.393%
I 9.45 +1.62 9.52+1.29 0.591%
1] 9.29+1.42 9.03£1.45 0.503%
p-value 0.001t* 0.0011*
| - Il difference -0.64 £ 1.43 -1.06 £ 1.72 0.393+
| - Il difference -0.80+1.62 -1.55+1.37 0.070+
Il - 1l difference -0.16 £ 1.16 -049+0.77 0.251§
P-LCR (%)
I 20.79 + 6.00 22.25+8.40 0.4608
Il 18.28 £5.38 19.24 £5.48 0.523§
1 18.15+£5.91 16.43 +5.87 0.238%
p-value 0.0079* <0.0011*
| - Il difference -2.51+4.51 -3.00+£4.38 0.692§
| -1l difference -2.64 +5.90 -5.81+£5.05 0.100%
Il - 1ll difference -0.13+4.89 -2.81+2.53 0.0078*
Plateletcrit (%)
| 0.36 £ 0.08 0.35+0.14 0.141%
Il 0.26 +0.09 0.24 +0.06 0.672%
1l 0.26 +£0.08 0.26 £ 0.09 0.579+
p-value <0.001t* <0.001t*
| - Il difference -0.10+0.10 -0.11£0.12 0.402+
| - 1l difference -0.10£0.08 -0.09+0.10 0.220%
Il - 1l difference -0.01 £ 0.06 0.02 £0.07 0.2368§

*Significant (p < 0.05); § Independent t; + Mann Whitney; t Friedman; 9 Repeated Anova; | = (before) external radiation; Il = 15th external radiation;
Il = 25th external radiation

situation, while platelets release granules containing  matic coagulation, angiogenesis immunosurveillance,
various contents that can inhibit and stimulate plas- or plasma neo-growth [6] In this study, there was no

2271



Vanessa Mutiara Marcelina et al.

I Il 1

—&—Poor —— Good

500 4. 10:58
383.22
400 10.5 \
289.31 293.36 10 & .
Tl s 10.09 X, 9.29
g g 95
2008 262.59 9 9.45
100 35 9.03
O T T 1 8 T T 1
| Il 11 | Il 11
—o— Poor —— Good —o—Poor ——Good
Fig. 1. Platelet graph (103/mL) Fig. 3. PDW graph (fL)
9.8 9.68 25 22.25
B 19.24
9.6 T 20 18.15
9.4 9.19 20.79
9.52 ‘\ s
£ 92 o c 15 1828
> e ] 16.43
S 9 919 ) | S 10
8.8
8.95 5
8.6
84 T T 1 0 T T 1

| Il 1

—o—Poor ——Good

Fig. 2. MPV graph (fL)

significant difference in the comparison of early and
advanced stages of the incidence of thrombocytosis,
as shown in Table Il

Platelet count and indices values were recorded on
each visit before, the 15th, and 25th external radiation
as illustrated in Table Ill. Based on a comparison of the
platelet difference and platelet index was carried out,
there is a significant difference in MPV and P-LCR val-
ues at the 15th and 25th external radiation. Figure 1-5
depicts the travel curve of platelet values and index
before (1), 15th (Il), and 25th external radiation (lll). The
MPV, PDW, and P-LCR graphs show a decrease along
the course of the external radiation cycle. However, the
PDW did not show any significant difference in those
times to the outcome, with p values of I-Il 0.393, I-IlI
0.070, and 1111 0.251.
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Fig. 4. P-LCR graph (%)

An overview of the range of differences in the MPV
and P-LCR parameters is presented in Figures 6 and 7.
From the two graphs, the range of differences in the
MPV and P-LCR is larger, which further illustrates the
decrease in the value of these parameters in the good
outcome group. The cut-off value from the difference
in the plateletindex results was also identified to assess
the Area Under the Curve, and the result is illustrated
in Figure 8.

From Table 1V, the difference between MPV had the
best Area Under the Curve value. According to the Chi-
square analysis, there is no significant difference in all
parameters for the two groups. Therefore, the above
parameters cannot be used as predictors of the out-
come of cervical cancer patients who received external
radiation therapy as shown in Table V.
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DISCUSSION

This study showed that patients with decreased MPV
and P-LCR values at 15 - 25 external radiation had a bet-
terresponse to therapy (p =0.005 and 0.007). Generally,
the MPV indicates the average size of platelets in the
blood. When the MPV value of more than 13 fL tends
to occur in hyperdestruction, the platelets become
larger, and the activity increases, while a value lower
than 8 fL signifies hypoproduction. In a meta-analytic
study, it was discovered that MPV has a potential bio-
marker of patient prognosis due to higher MPV scores
obtained with poorer clinical outcomes [7also called
thrombocytes, are produced in bone marrow and are
the second most numerous blood cells which circulate
in blood and play a pivotal role in hemostasis, wound
healing, angiogenesis. Thereis alarge body of evidence

P-LCR difference

Mean

-5.81

-1l
difference

-1
difference

=1
difference

® Poor m Good

Fig. 7. P-LCR difference graph

that platelets are likely to contribute to inflammation
in multiple diseases. Also, recent studies revealed
the association between platelet indices (PI]. A study
conducted by Lembeck et al. showed a significant
relationship between increased MPV, which is often
associated with clinical deterioration in pancreatic duct
adenocarcinoma patients [8].

The P-LCR is another marker of platelet activity that
describes the percentage of platelets in the blood-
stream with a volume of more than 12 fL. A previous
study discovered a direct relationship between P-LCR
with PDW and MPV, as well as an inverse correlation
with platelet counts in patients with thrombocytopenia.
P-LCR appears to be more susceptible to changes in
platelet size than MPV, although there is a correlation
[7also called thrombocytes, are produced in bone
marrow and are the second most numerous blood
cells which circulate in blood and play a pivotal role
in hemostasis, wound healing, angiogenesis. There
is a large body of evidence that platelets are likely to
contribute to inflammation in multiple diseases. Also,
recent studies revealed the association between plate-
let indices (PI]. According to Wei Yang et al, decreased
MPV and P-LCR indicated a more severe condition for
gynecological tumors with a lower survival rate [9].
However, different results were obtained in this study,
where MPV values decreased in patients with good
outcomes, as supported by other investigations. There
are no studies that explain the character of the P-LCR
on the outcome of cervical cancer patients.

Platelets play an important role in the pathophysio-
logical process of tumors, including the development
of neoplasms and the metastatic process. In cancer de-
velopment, various tumor-associated humoral factors
and cytokines directly influence megakaryopoiesis and

2273



Vanessa Mutiara Marcelina et al.

ROC Curve
1.0
0.8
2
.2 0.6+
p=4
un
c
o
0.4
0.2
0.0 I 1 I I 1 1
0.0 0.2 04 06 08 1.0
1 - Specificity
Diagonal segments are produced by ties.

Source of the Curve

T PDW Il-lll difference
T MPY L= difference
P-LCR II-lll difference
Reference Line

Fig. 8. ROC graph

Table IV. The Area Under the Curve of the difference between the platelet value and indices on the 15th — 25th external radiation based on the outcome.

Variables 1K 95%
- AUC p-value Cut-off point
11111 difference Lower Upper
Thrombocyte 0.653 0.057 0.505 0.802 11.500
PDW 0.613 0.162 0.463 0.763 -0.350
MPV 0.694 0.016 0.553 0.835 -0.250
P-LCR 0.667 0.039 0.521 0.813 -1.700
PCT 0.563 0.433 0.407 0.719 0.015

Il = 15th external radiation, Il = 25th external radiation, AUC, Area Under the Curve.

thrombopoiesis. It has been shown that primary tumors
can produce and secrete granulocyte colony-stimulat-
ing factor (G-CSF) and granulocyte-macrophage colo-
ny-stimulating factor (GM-CSF) into the bloodstream.
This can lead to the stimulation of megakaryopoiesis
and subsequent thrombopoiesis, which subsequently
causes increased platelet activity [10].

Theresponse to radiation exposure is observed in the
induction of apoptosis in bone marrow cells, includ-
ing hematopoiesis stem cells. lonizing radiation will
activate p53 and induce Puma to block the interaction
between antiapoptotic proteins (Bcl-2 and Bcl-xl) and
proapoptotic effectors (Bax and Bak). Subsequently,
mitochondria will release caspase-activating factors
(cytochrome c and Apaf-1), which activate Caspase-3,
-6, and -7 and cause apoptosis [4]. The greater the ra-
diation dose absorbed, the more hematopoietic stem
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cells and precursor cells die, and the less or no more
functional mature cells are formed. This effect is most
likely to occur with large volumes of radiation, such
as to the pelvic area or spine which is the main site of
functional bone marrow, with approximately 60% of
the total volume [4]. In this study, radiation was admin-
istered to the entire pelvic area at a dose of 25x2 Gy.

CONCLUSIONS

The results showed that patients with decreased MPV
and P-LCR values at the 15th - 25th external radiation
had a better response to therapy (p = 0.005 and 0.007).
However, the platelet count and indices cannot be
used as predictors of the outcome of cervical cancer
patients undergoing external radiation therapy. This
makes it necessary to carry out a further investigation
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Table V. Chi-square analysis on the platelet count and indices difference to the 15th — 25th external radiation based on the outcome.

Variable Outcome p-value RR (95% ClI)
Poor (32) Good (22)

Platelet
<11.50 20(71.4) 8(28.6) 0.107¥ 1.55 (0.96 - 2.49)
>11.50 12 (46.2) 14 (53.8)

PDW
>-0.35 19 (67.9) 9(32.1) 0.290¥% 1.36 (0.86 - 2.15)
<-0.35 13 (50) 13 (50)

MPV
>-0.25 21(72.4) 8 (27.6) 0.066¥ 1.65 (1.00 - 2.70)
<-0.25 11 (44) 14 (56)

P-LCR
>-1.70 19 (67.9) 9(32.1) 0.290¥ 1.36 (0.86 - 2.15)
<-1.70 13 (50) 13 (50)

PCT
<0.015 19 (63.3) 11 (36.7) 0.687¥% 1.17 (0.74 - 1.84)
>0.015 13 (54.2) 11 (45.8)

*Significant (p < 0.05); £ Fisher’s exact; ¥ Yates Correction

by monitoring hematological parameters with shorter  radiation therapy to determine the point of change in
intervals between radiation during exposure to external  hematological status.
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ABSTRACT

The aim: To increase the efficiency of surgical treatment of patients with chronic lung abscesses by developing mini-invasive methods of surgical treatment
using electrosurgical technologies.

Materials and methods: Conducted study of the results of surgical treatment of 78 patients with chronic lung abscesses operated from 2011 to 2021. Patients
were divided into two groups: the main group (37 patients who were treated using developed technologies) and a comparison group (41 patients, treated
using traditional tactics).

Results: Transthoracic and endobronchial sanitation of the purulent cavity in the lung at the first stage of treatment contributed to the rapid elimination of
inflammation and significantly accelerated the regeneration of lung tissue. Clinical effectiveness in the main group was expressed in reducing the phenomena
of intoxication, decrease in Leukocyte intoxication index (LIl) (early as on day 5 after surgery), on the 10th day, a significant reduction in patients bacterial
excretion was noted (in the main group by 18.9%, in the comparison group — by 14.6%), the average time of reducing the abscess cavity by 1/4 of the volume
6 days less, the healing time of the cavity of the AL which is on average 13 and 16 days, respectively, less.

Condlusions: The developed methods of surgical interventions made it possible to significantly positively influence the level of endogenous intoxication
indicators, avoid resection surgical interventions, reduce the number of postoperative complications, avoid damage to neighboring organs, reduce the time
of patients with achieving a stable positive effect.

KEY WORDS: chronic lung abscess, argon-plasma coagulation, electrosurgery

INTRODUCTION

Chronic lung abscesses (CAL) are still one of the most
severe pathologies in thoracic surgery [1, 2]. Many re-
searchers note that the number of patients with CAL are
still remains at a fairly high level and amounts to 49.7%
of the total number of purulent and destructive diseases
of the chest cavity [3, 4]. Itis known that this pathology
is characterized by a severe long course, complexity and
low effectiveness of known methods of treatment and
consistently unfavorable treatment results [5, 6]. The
severity of the condition of this contingent of patients,
and the need for urgent medical measures create pre-
requisites for the constantimprovement of methods of
their diagnosis and treatment [7, 8].

Wiad Lek. 2023;76(10):2277-2282

One of the ways to improve the results of treatment of
patients with CAL, according to leading experts, is to find
new ways to treat this disease, in particular with the help
of mini-invasive transthoracic and endobronchial surgical
methods, methods of local treatment of the destruction
cavity with chemical and physical factors and correction
of the activity of the inflammatory process [9, 10].

THE AIM

Is to improve the efficiency of surgical treatment of
patients with chronic lung abscesses by developing
mini-invasive methods of surgical treatment using
electrosurgical technologies.
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MATERIALS AND METHODS

We conducted a randomized controlled single-center
retro-prospective study, which is based on the analysis
of the results of surgical treatment of 78 patients with
chronic lung abscesses operated on the basis of SE «In-
stitute of General and Emergency Surgery by V.T. Zait-
sev NAMS of Ukraine», Kharkiv from 2011 to 2021.

According to the objectives of the study, patients
were divided into two groups: the main group (37
patients who were treated from 2016 to 2021. using
developed technologies) and a comparison group
(41 patients) (patients treated from 2011-2015 using
traditional tactics).

All studied patients underwent a general clinical
examination in accordance with the approved med-
ical care procedures and standards of medical care
in Ukraine. The definition and conduct of additional
methods for examining patients were determined by
the features of the clinical course and nature of the
disease, as well as the goals and objectives of this study.

Leukocyte intoxication index (LIl) and lymphocyte
index (LI) were separately evaluated.

To study the cellular composition, quantitative and
qualitative composition of pathogenic microflora, as
well as its sensitivity to antibacterial drugs, sputum was
collected and the contents of purulent cavities, followed
by seeding on nutrient media and bacterioscopy.To this
end, the study was carried out at the time of admission
of the patient, and then after puncture and drainage of
the purulent cavity in the lung and on the 5-th, 10-th
and 20-th day from the operation. The material for the
study was sputum, abscess cavity contents and bronchi-
al washings from patients with chronic lung abscesses.

In the treatment of patients of the main group, the
method of argon-plasma coagulation (APC) was used,
which is a contactless method of high-frequency elec-
trosurgery. Its principle is the thermal effect of a high
frequency current supplied to the tissue by a stream of
ionized argon plasma.

We considered the following clinical situations as
indications for the use of minimally invasive-draining
methods of surgical treatment in 43.5% of patients in the
study groups: 1. a blocked, peripherally located chronic
lung abscess; 2. a peripherally located chronic abscess
that is insufficiently drained through the bronchial tree;
3. peripherally located chronic lung abscesses, whose
diameter exceeds 5 cm, regardless of the presence or
absence of drainage through the bronchus. These inter-
ventions were performed according to preliminary data
of polyposition X-ray examination or under the control of
fluoroscopy and under the control of ultrasonography.

In the case when the manure drained through the
bronchus, we actively used endoscopic methods to
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sanitize its cavity. In patients with sharp violations of
the drainage function of the bronchi, rehabilitation
began with urgent therapeutic bronchoscopy. After
the evacuation of purulent contents and determina-
tion of draining bronchus by us, under X-ray control,
catheterization of the orifice of draining bronchus or
abscess cavity was carried out wa ith polychlorvinyl
catheter, which was left for 7-10 days depending on
the rate of elimination of purulent tracheobronchitis
and cleaning of the cavity of CAL. If it was impossible
to leave the catheter, therapeutic bronchoscopy was
performed every other day, a total of 6-12 per course
of treatment. Patients who were in serious condition
and who could not carry out program bronchoscopies
performed micro tracheostomy (MTS), which, in our
opinion, was especially important in patients with se-
vere respiratory failure, which occurs as a result of the
active withdrawal of purulent sputum and concomitant
purulent tracheobronchitis and does not allow for
adequate bronchoscopic sanation and can lead to the
development of asphyxia. Endobronchial methods of
treatment included sanation bronchoscopy with pour-
ing of medicinal mixtures, endoscopic catheterization
of draining bronchi with subsequent sanation, and
formation of micro tracheostomy with the performance
of laryngeal fillings of satisfying solutions.

The reference point to the beginning of the second
stage of treatment in patients of the study group was a
dynamic bacteriological study. It should be noted that
in all patients studied, the microbial number on day 1 of
treatment was approximately the same and amounted
to 1x10%° CFU/ml. On the 5" day of treatment, the mi-
crobial number averaged 1x10° CFU/ml. On the 10t day,
the microbial number in the vast majority of patients
was below the critical level (1x10° CFU/ml).

In patients of the main group, at the second stage
of treatment, the abscess capsule was treated with
APK, which was used during endobronchial sanation
using the working part of the coagulator conducted
through the biopsy channel of the bronchoscopein 18
(48.6%) patients. In 17 (45.9%), this manipulation was
performed transthoracically by conducting a broncho-
scope with a coagulator through earlier drainage into
the abscess cavity for visual control of its implementa-
tion. (the total number of procedures ranged from 8 to
12 per course of treatment). In 2 (5.4%) cases, due to
insufficient patency of the draining pathways, as well
as in cases of complete absence of abscess drainage,
additional puncture-draining manipulations were used
to treat the abscess capsule.

Medical-statistical calculation. The mean value (M)
and standard square deviation (SD, o) were determined:
M = SD. Categorical variables were presented in abso-
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Table . Frequency of intraoperative complications in patients of the study groups

Patient groups

Type of complications

main (n=37) comparison (n=41)
Pneumothorax 2(54) 5(12.2) 0,436
Hemoptysis 1(2.7) 4(9.8) 0,362
Pulmonary hemorrhage 0* 7 (17.1%%) 0,012
Subcutaneous emphysema 3(8.1) 7(17.1) 0,317
Damage to neighboring organs 0* 6 (14.6%**) 0,027
Generally 6(16.2) 29 (70.7) <0.001
Notes: * — 95 % C1[0-5,1 %]; ** — 95 % C1[7,0-30,4 %]; *** — 95 (1 [5,4-27,4 %)]
Table II. Dynamics of intoxication indicators in patients of the study groups
LI, c.u. LI, c.u.
Patient groups o:ee::tzin The 5t day The 14* day o:ee::tzin The 5t day The 14 day
Main (n=37) 4.12+0.23 292 +0.14 1.78+0.18 0.26 £ 0.04 0.36 = 0.04 0.41+0.03
Comparison (n=41) 4.05+0.18 3.57+0.18 2.03+0.18 0.25+0.03 0.28+0.03 0.45 +0.01
p 0.31 0.034 0.16 043 0.001 0.14
Table Ill. Instrumental monitoring of the effectiveness of treatment of patients with CAL
Patient groups
Indicators of treatment effectiveness - : p
comparison (n=41) main (n=37)
Time to reduce the abscess cavity by 1/4 (days) 12.2+0.54 5.5+0.32 <0.001
Time for reduction of the abscess cavity by 1/2 (days) 223+1.05 12.5+0.57 <0.001
Time for complete healing of the destruction cavity (days) 36.07+ 1.8 19.8 £0.62 <0.001
Time to clean the destruction cavity from purulent contents (days) 20.9+0.85 7.56 +0.62 <0.001

lute and percent values (with a 95 % confidence inter-
val [Cl]). The probability of differences in the obtained
quantitative characteristics in two mutually indepen-
dent groups was determined using the Mann-Whitney
U-test and in mutually dependent groups — the Wilcox-
on matched-pairs signed-ranks T-test. Fisher’s F-test
probability calculation was also used. The significance
level (p) in the study was taken as lower than 0.05.
Statistical calculations were performed by the use of
IBM SPSS 25.0 and MedStat v. 5.0.

RESULTS

Transthoracic and endobronchial sanation of the pu-
rulent cavity in the lung at the first stage of treatment
contributed to the rapid elimination of inflammation
and significantly accelerated the regeneration of lung
tissue. Clinical effectiveness was expressed in reducing
the phenomena of intoxication - already on the 3-rd-5-
th day there was a decrease in hyperthermia and a
systematic decrease in leukocytosis.

The indication for the removal of drainage in patients
of the comparison group was the cessation of the intake
of purulent separable, stable normalization of body

temperature, and positive laboratory dynamics of blood
parameters. X-ray sign, which was taken into account
as a signal to remove drainage - the disappearance of
inflammatory infiltration and the reduction in the size
of the destruction cavity.

Analysis of postoperative complications is given in
Table I.

Before performing draining methods of treatment
(transthoracic or endobronchial) in patients of both
groups of the study, LIl exceeded the level of physio-
logical norms (1.6 £ 0.5 in. units) by 2 times, while no
significant intergroup differences were found in this
indicator (p > 0.1). A statistically significant decrease
in LIl in the main group compared to the comparison
group was observed as early as on day 5 after surgery
(p < 0.05). On Day 14, the LIl value in all study groups
did not significantly differ from the reference normal
range. The difference between LIl scores in all study
arms was not significant (p > 0.1).

In addition, according to the results of the study, before
the mini-invasive intervention for drainage of the purulent
cavity, a twofold decrease in LI was noted compared with
the norms (0.41 + 0.03 y. units) in the entire patient pool.
This trend of integral indices of the leukocyte formula fully
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Fig. 1. Microbial number dynam-
ics in the studied patients.

confirms the analytical data of hemograms of transfer blood
of patients in the study groups (Table II).

When assessing the results of bacteriological examination
before the start of treatment of the entire pool of patients
under study, it was possible to establish the presence of
microbial associationsin 31.5% of cases and the presence of
monoculture in 68.5% of observations. When studying the
species composition of the microflora, we found that before
the operation, strains of gram-positive pathogens prevailed
in sputum patients (61.3%). With repeated bacteriological
studies of the isolated already on the 10th day, a significant
reduction in patients bacterial excretors was noted: in the
main group by 18.9%, in the comparison group — by 14.6%,
while statistically significant intergroup differences in the
qualitative composition of microflora sown from drains
were not established in the described period.

Also, to assess the effectiveness of treatment, we conduct-
ed a bacteriological study: and the dynamics of treatmentin
patients with comparison groups, the microbial numberin
1 ml of bronchial washings taken during bronchoscopy was
studied.The results obtained are graphically showninFig 1.

In patients of the main and comparison group, the micro-
bial number on the 1% day of treatment was approximately
the same and amounted to 1x10%° CFU/ml (colony-forming
units in 1 ml). On the 10th day of treatment, the microbial
number in the patients of the main group was 1x10° CFU/
ml, which is 10 times less than the microbial number in
the comparison group 1x10° CFU/ml at the same time. On
the 20" day, the microbial number in patients of the main
group reached an average of 1x10 CFU/ml, and in patients
of the comparison group at the same time, the microbial
number was 1x10° CFU/ml. It should be noted that in 28
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(75.7%) cases in the main group, decontamination of the
purulent-destructive cavity was achieved. At the sametime,
the volume of decomposition separated from the cavity
decreased systematically from the moment of drainage.

When monitoring the effectiveness of treatment in pa-
tients with comparison groups, we evaluated the following
indicators over time: the average time to reduce the volume
of the destruction cavity by 1/4, 1/2 and its complete heal-
ing, the average time to clear the CAL cavity from purulent
content. The data obtained by observation are presented
inTable IIl.

Thus, analyzing the data of our dynamic instrumental con-
trol over the effectiveness of two fundamentally different
methods of treatment of patients with CAL, itis possible to
assert that the treatment program proposed in patients of
the main group is more effective in comparison with the
comparison group. So, in patients of the main group, the
average time of reducing the abscess cavity by 1/4 of the
volume was 5.5 + 0.32 days, which is 6 days less (p <0,001)
than in patients of the comparison group. The leading
indicator we considered the healing time of the cavity of
the AL. In patients of the main group, it was 7.56 + 0.62
days, which is on average 13 and 16 days, respectively,
less (p < 0.05) than the same indicator in patients of the
comparison group.

DISCUSSION

The data obtained by us confirm the opinion of re-
searchers who claim that with the contactless use of
argon plasma, antimicrobial properties are noted, a
sterilizing effect is created, and the processes of prolifer-
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ation and regeneration of tissues are accelerated, which
contributes to the optimization of the wound process.

So, Deguchi H. [11] conducted a case—control study
in 62 patients (34 men and 28 women, median age; 69
years) who underwent APC after endoscopic injection
sclerotherapy (EIS) (main group) for hemorrhagic or
risky esophageal varices was compared with that of
control patients who did not undergo APC after EIS
(control group). They determined that APC after EIS was
safe and could significantly prevent the recurrence of
esophageal varices. They determined that the 1-year
and 2-year recurrence rates of the main group were
9.7% and 11.3%, respectively, and the rates of the con-
trol group were 29.0% and 34.7%, respectively. Kaplan-
Meier curves showed a significantly lower recurrence
rate in the main group (p=0.013, log-rank test).

LohR. [12]a multi-institutional, retrospective cohort study
was conducted, comprising 283 patients who underwent
bilateral tonsillectomies. They compare the safety and
efficacy of APC and coblation techniques in tonsillectomy.
They determined that in the APC group, mean operative
time and post-operative hemorrhage rate were significantly
reduced, p =0.0006 and p = 0.003 respectively.

Nam K. [13] were retrospectively reviewed 109 pa-
tients who underwent Endoscopic snare papillectomy
(ESP) for ampullary adenoma. Using propensity score
matching, Nam K. et. al. compared short- and long-term
outcomes between the ESP-with-additional-APC group
(ESP + APC group) and the ESP-only group. Bleeding
rate was significantly lower in the ESP + APC group than
in the ESP-only group (7.3% vs 31.7%, OR = 0.180, p <
0.01). However, there were no significant differences in
other: pancreatitis (12.2% vs 19.5%, P = 0.365), cholan-
gitis (2.4% vs 9.8%, P = 0.198), and perforation (2.4% vs
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ABSTRACT

The aim:To study the features of legal regulation of preventing conflicts of interest in the healthcare field in foreign countries in order to propose improvements
to national legislation.

Materials and methods: The methodological basis of the article is a set of methods and techniques of scientific knowledge. Methods of theoretical analysis,
system-analytical, comparative-legal methods provided us with the opportunity to characterize the features of the legal requlation of preventing conflicts of
interest in the area under study.

Results: The common features of preventing conflicts of interest in the healthcare field in foreign countries are: (1) a combination of mandatory, recommendatory,
ethical and legal norms that define a number of requirements, restrictions and prohibitions in this area; (2) different levels of legal regulation of conflicts of
interest (international, national, regional, local); (3) two approaches to determining the content of conflict of interest: general (the conflict is defined the same
for all cases) and differentiated (the conflict of interest is determined by each area, taking into account its specifics). The debatable and problematic issues of
conflict prevention in the national healthcare system are analyzed, and amendments to the medical legislation are proposed.

Conclusions: Prevention of conflict of interest in the healthcare field should be considered as a specific group of public legal relations and an independent

subject of legal requlation arising from the norms of the legislation of most foreign countries.

KEY WORDS: prevention of corruption, preventing of conflict of interest, healthcare, human rights, legal regulation

INTRODUCTION

Ensuring proper legal regulation of preventing con-
flicts of interest in the healthcare sector is a strategic
priority for the anti-corruption activities of public
authorities and civil society institutions. Reforming
anti-corruption legislation and developing the insti-
tutional framework for preventing conflicts of interest
is normatively defined as an unconditional priority
in Ukraine and the member states of the European
Union [1].In accordance with the requirements for the
implementation of the provisions of the Association
Agreement between Ukraine and the European Union
(2014), it is proclaimed that the Parties cooperate in
the fight against corruption in public authorities and
in private authorities (Art. 22). The UN Convention
against Corruption, ratified by Ukraine, determines
that each State shall strive to create, maintain and
strengthen systems that promote transparency and
prevent conflicts of interest [2].

Wiad Lek. 2023;76(10):2283-2287

Representatives of civil society also note the con-
tinued existence of a high risk of corruption in the
healthcare sector in the context of conflicts of interest.
Such risks always exist in the exercise of discretionary
public powers by healthcare officials authorized to
perform the functions of the state or local government.
The problem of the lack of effective legal measures to
prevent conflicts of interest in the healthcare sector
in Ukraine also remains unresolved. To improve the
national legislation of Ukraine, we study the features of
the legal regulation of preventing conflicts of interest
in this area in foreign countries.

THE AIM

The purpose of our work is to study the features of
legal regulation to prevent conflicts of interest in the
healthcare field in foreign countries in order to propose
improvements to national legislation.
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MATERIALS AND METHODS

The complexity of the study is ensured by a systematic
approach, which made it possible to consider and an-
alyze the problems of preventing conflicts of interest
in the healthcare field in the unity of their content, es-
sence and legal form. The methodological basis of the
study is a set of methods and techniques of scientific
knowledge: formal dogmatic, systemic, semantic, epis-
temological and axiological, sociological, comparative
legal, statistical, systemic and structural analysis.

The use of scientific methods helps to achieve the pur-
pose of the article, substantiate the conclusions of the
study and propose suitable solutions to the problem of
preventing conflicts of interest in the healthcare field in
Ukraine, taking into account foreign experience. Using
the method of theoretical analysis, systemic and ana-
lytical methods, the features of the legal regulation of
preventing conflicts of interest in the healthcare field in
foreign countries and the scientific substantiation of the
theoretical conclusions in this study are characterized.

RESULTS

According to Art. 1 of the Law of Ukraine «On the Pre-
vention of Corruption», the key features of a conflict of
interest are the presence of a person’s official/represen-
tative powers and private interest. Depending on the
ratio of these signs, a potential or real conflict of interest
arises [3]. By establishing requirements for preventing
the emergence and settlement of an existing conflict of
interestin the healthcare field, the state recognizes the
inadequacy of not only the moral and ethical standards
that are inherent in every society but also establishes
legal norms that determine the behavior of official
state authorities. This indicates the preventive nature
of the legal regulation of the conflict of interest in the
healthcare sector [4].

Rodwin M. et al., exploring the conflict of interest in
the health sectorin the US, France and Japan, note their
wide distribution in these countries. The author points
out that in order to prevent conflicts of interest in the
healthcare sector, appropriate legislative measures
are needed, supported by economic, organizational,
educational, and moral mechanisms [5].

The conflict of interest in the healthcare sectoris one
of the factors leading to corruption [4] and affects the
efficiency of the entire healthcare organization system.
Thus, a conflict of interest can arise in any situation in
the field of healthcare. Since the conflict of interestis a
corruption risk [6] for the implementation of the prin-
ciples of the rule of law, legality, social justice, equality,
and accessibility of medical care and medical services,
these principles of health care in Ukraine are defined
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and provided by the Constitution of Ukraine.

In foreign countries, measures to prevent conflicts
of interest in the healthcare sector are provided for
in-laws on the prevention of corruption, laws on pub-
lic service [7], in separate laws on conflict of interest
[8-11], in special medical codes, as well as laws of the
medical direction [12]. In particular, at the first General
Assembly in Paris, the World Medical Association was
created, which implements international standards of
medical activity that are mandatory for everyone [13].
This document for the first time indicates the relation-
ship of moral, ethical and legal norms in the regulation
of medical activity.

Effective measures to prevent conflicts of interest
were among the first to be used in US law. In this coun-
try, regulation is carried out in accordance with the
rules or codes of «ethical conduct». In the United States,
such measures were implemented in 1989 through the
adoption of amendments to the Law «On Ethics Services
in State Bodies», as well as the development of an ap-
propriate regulatory act of the President of the country
[14]. The activities of the executive authorities operating
in the United States are regulated by the norms of the
law «On rank ethics», adopted in 1978. Legislative acts
supplemented the decree of the President of the United
States, which approved the principles of ethics [14].

Prevention of conflicts of interest in the healthcare
sector is carried out at the interstate, national, regional
and local levels. For example, in the province of Ontar-
io in Canada, since 1991, the regulatory legal act No.
114/94 has been in force, which regulates conflicts
of interest in the activities of doctors [12]. The French
Law on transparency in public life (Act no. 2013-907
on transparency in public life) establishes a separate
regulation to prevent such a situation as a conflict of
interest. In Art. 2 of this French Law of October 11,2013,
a definition of a conflict of interest is provided as any
conflict of public interests or public and private interests
that can undermine the independent, impartial and
objective performance of any state (administrative)
function [15]. In France, on December 29,2011, Law No.
2011-2012 «On Strengthening the Safety of Medicines
and Health Products» was adopted, establishing a fine
of 30 thousand euros imposed on an expert who con-
cealed information about his ties with the commercial
sphere [16].

In the Portuguese Law governing incompatibility and
disqualification applicable to officials (Law no. 28/95),
there is a brief explanation of the duration of the conflict
of interest, where it is stated that such a problem is the
opposite of the implementation of official obligations
of an official, which leads to the disappearance of his
personal interests [17]. In the Czech Republic, Law No.
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159/2006 of March 16, 2006, on Conflict of Interest
determines that a public official must refrain from any
action in which his personal interests may affect the
performance of his functions. According to this Law,
«personal interest» means an interest that brings a
public official, a person close to a public official, a le-
gal entity controlled by a public official, an increase in
property or other benefits [18].

Also, a separate law on conflict of interest was ad-
opted in the Kyrgyz Republic. In particular, in the Law
of the Kyrgyz Republic «On Conflict of Interest» dated
December 12,2017 No. 206(11), a conflict of interest is
defined as a conflict between public legal obligations
and personal (private) interests of persons defined in
the norms of this Law, in which their personal (private)
interests affect or may affect the performance of their
official duties, which leads or may lead to a violation of
the rights and interests of citizens, organizations and
the state. A conflict of interest can be potential, real and
already held [19]. Therefore, the concept of «conflict of
interests» is defined at the level of a special legislative
act and is detailed in subordinate legal acts.

In the Health Code of the Republic of Tajikistan, the
concept of «conflict of interest» is a situation in which
the personal interest of medical and pharmaceutical
workers in their work for the purpose of making a
profit with the help of pharmaceutical companies or
through their representative offices can cause dishon-
est performance of professional activities of healthcare
professionals and contradict the interests of the patient
[20]. Consequently, the conflict of interest in the field
of healthcare is also regulated by special laws, and its
conceptis also defined there, which covers the activities
of medical and pharmaceutical workers.

In Germany, at the beginning of 2015, legislative
procedures began under the federal law on combating
corruption in the healthcare sector. New types of crimi-
nal offenses in the healthcare sector will be introduced
[21].Inthe UK, thejudicial practice has also developed a
special test, the essence of which is as follows: a conflict
of interest exists if a reasonable person, assessing the
actual circumstances of the situation, can indicate that
there is a real possibility of such a conflict [22].

The most advanced legal system for the prevention
of conflicts of interest is provided by Canadian law. In
Canada, conflicts of interest are regulated by the Con-
stitution, a special Conflict of Interest Act, as well as the
rules of the Corrupt Practices Act of Canada, bylaws and
regulations regarding the healthcare system.

Some EU states have separate rules to prevent con-
flicts of interest in the activities of public authorities
and officials in the field of health. Specialized institu-
tions are provided to prevent conflicts of interest in the

healthcare sector among the functions of anti-corrup-
tion authorities in government structures, and special
measures have already been introduced on the rules of
conduct and restrictions on the activities of healthcare
officials.

It should be noted that, compared with international
standards and norms [23], the national anti-corruption
legislation of Ukraine does not define the term «per-
ceived conflict of interest» in the healthcare sector, in
the presence of which the requirements for notification
and its settlement by healthcare officials would also be
established. Therefore, the category of «perceived con-
flict of interest» should be provided forin Article 1 of the
Law of Ukraine «Fundamentals of Ukrainian Legislation
on Health Care» dated November 19, 1992 No. 2801-XII.
A «perceived conflict of interest» in healthcare occurs
when there is an opinion that the private interests of
a public official in this area may unduly influence the
performance of their official duties, but in reality, this
does not happen [23].

At the same time, activities that may give rise to a
false appearance of a conflict of interest are also reg-
ulated, for example, the existence of a suspicion that
the conflict is unresolved among healthcare officials,
may provoke doubts about its honesty and undermine
public confidence in the state authorities of the health-
care system.

DISCUSSION

There is no common understanding of the term
«conflict of interest» in the legal literature. Some
scientists understand such a term as a «collision», [5]
other researchers «as a situation» [4], others — «as a
contradiction» [1], others — «as a contradiction» [23],
in the presence of private interest and their influence,
or the possibility of such influence in a person in the
area in which he exercises his official, professional or
representative powers, in the event of making decisions
or committing or not committing actions in the exercise
of official powers.

There is no clear understanding of the content of the
categories: «real conflict of interest», «potential conflict
of interest», and «private interest», which are defined
in the Law of Ukraine «On Prevention of Corruption»
[3]. Problematic for application is such a criterion as the
lack of proof of the existence of a contradiction between
private interest and the official authority of an official
in the healthcare sector in the context of a conflict of
interest, which is decisive for the courts when resolving
the issue of violation of the requirements of the Law of
Ukraine «On the Prevention of Corruption». This creates
additional obstacles for bringing persons to administrative
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responsibility and ensuring the principle of inevitability of
responsibility for offenses related to corruption [3]. This
situation is one of the factors in the different applications
by administrative courts of the grounds for considering
cases on bringing to administrative responsibility for
violating the requirements for preventing and resolving
conflicts of interest in the healthcare sector.

The problematic issue remains that the rules for
resolving a conflict of interest in the healthcare
sector are not sufficient to ensure it and resolve such
situations. There is no algorithm for the actions of
the direct head of healthcare in the event that he
does not have the authority to apply one or another
method of external settlement of a conflict of interest
in a subordinate person (for example, transfer and
dismissal) [3]. There is an inconsistency between the
norms of the Law of Ukraine «On the Prevention of
Corruption» regarding the timing of notification of a
conflict of interest and the timing of its independent
settlement in the healthcare sector. The administrative
responsibility of the heads of healthcare institutions for
not taking measures to resolve the conflict of interest
among subordinates has not been established. There
are no requirements regarding the form and procedure
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ABSTRACT

The aim: To determine the hormone-vitamin complex impact on the terminal links of glycolysis, the tricarboxylic acids cycle, and the initial stage of glucone-
ogenesis in the muscle tissue in descendants of irradiated animals.

Materials and methods: Pyruvate kinase, lactate dehydrogenase, malate dehydrogenase, NADP-dependent malate dehydrogenasee and phosphoenolpyruvate
carboxykinase activities, the content of lactate, pyruvate, malate and oxaloacetate were determined in the blood, myocardium and thigh muscles of 66 rats after
exposure to ionizing gamma-radiation. Rats were injected by a hormone-vitamin complex which efficacy was determined using the abovementioned indexes.
Results: Hormone-vitamin complex administration to descendants of irradiated animals exposed to 1.0 Gy results to pyruvate kinase activity increase in the
myocardium and skeletal muscles of descendants from animals irradiated by 0.5 Gy and exposed to 1.0 Gy irradiation.

Blood serum pyruvate kinase activity in descendants from animals irradiated by 1.0 Gy and exposed to 1.0 Gy radiation after the pharmacological correction
was higher compared with the same index before pharmacological correction.

The lactate dehydrogenase activity in the myocardium, skeletal muscles and blood in descendants born from animals irradiated by maximal dose exposed to
1.0 Gy radiation was less in these tissues after pharmacological correction.

Conclusions: The hormone-vitamin complex use in the descendants of irradiated animals led to muscle tissue energy resources improvement. Our data are
the experimental background for theoriginal hormone-vitamin complex efficacy further evaluation in the aspect of vital organs and body systems functional
activity restoration under the influence of ionizing radiation.

KEY WORDS: total irradiation, descendants of irradiated animals, physical working capacity, hormone-vitamin complex, mechanisms of development

INTRODUCTION

The problem of the biological effect of ionizing radia-
tion, especially in small doses, and protection against it
continues to be one of the fundamental problems in the
of medical and biological sciences complex in Ukraine
[1-3]. The impact of ionizing radiation on the body
causes destructive changes that occur at all structural
and functional levels of the organization [4-6].

The general state of the body after the effects of ion-
izing radiation and the changes caused by this radiation
largely determine the functioning of muscle tissue
[7-10], which plays an important role in ensuring the
vital activity of the body, and considering that the de-
scendants of irradiated animals are exposed to physical
stress, deeper biochemical changes in the metabolism
of muscle tissue should be expected [9]. Of particular
importance is the substrate phosphorylation enzymes
failure, which plays a leading role in bioenergetics, the
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weakening of the function of NAD-dependent dehy-
drogenases of the tricarboxylic acid cycle and the lipid
peroxidation intensification which results to biomem-
branes both structure and function failure [11]. In addi-
tion, catabolic processes leading to protein destruction
and negative nitrogen balance are enhanced [12].
One of the real ways to improve the health of the
population can be the use of agents that have anti-
oxidant properties that increase the body’s resistance
to adverse factors [13, 14]. The results of previously
conducted research and the analysis of data from the
scientific literature prove the effectiveness of separate
use of anabolic steroid drugs [15], vitamin E [16] and
other vitamins [17], in particular, as radioprotective
compounds that have protective effects, including
increasing of the lifespan of experimental animals.
The original idea was the joint introduction of the
above-mentioned pharmacological compounds to
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test their effectiveness in the descendants of irradiated
animals [18].

THE AIM

The aim was to determine the hormone-vitamin complex
impact on the terminal links of glycolysis, the tricarbox-
ylic acids cycle and the initial stage of gluconeogenesis
inthe muscle tissue in descendants of irradiated animals.

MATERIALS AND METHODS

Experimental studies were carried out on 66 mature
white Wistar rats kept on a standard vivarium diet.
Keeping, processing and manipulation of animals was
carried out in accordance with the “General Ethical
Principles of Animal Experiments”adopted by the Fifth
National Congress on Bioethics (Kyiv, 2013). We used the
recommendations of the European Convention on the
Protection of Vertebrate Animals for Experimental and
Other Scientific Purposes (Strasbourg, 1985) and the
rules of humane treatment of experimental animals and
conditions approved by the Bioethics Commission of
the Odessa National Medical University (protocol No.
32D dated 03/17/2016).

The mature rats were exposed to a single total gamma
irradiation of ®°Co in the morning on an empty stomach
on the “"Agat” telegammatherapy unit (the distance to
the device was 75 cm, the dose rate was 0.54 Gy/min,
the absorbed dose was 0.5 Gy and 1.0 Gy).

The animals were randomized in the following way:
the 1*tgroup (n=10) - 1-month-old rats born from intact
animals; the 2" and the 3" groups (n=2x10) - 1-month-
old rat pups born from animals once totally irradiated
by 0.5 Gy and 1.0 Gy; the 4™ and the 5" groups (n=2x10)
- 1-month-old rat pups born from animals once totally
irradiated by 0.5 Gy and by 1.0 Gy and exposed to a dose
of 1.0 Gy; the 6" and the 7t" groups (n=2x8) — 1-month-
old rat pups born from animals once totally irradiated
by 0.5 Gy and by 1.0 Gy and exposed to a dose of 1.0
Gy, which were administered with a hormone-vitamin
complex (HVQ).

The HVC included tocopherol acetate (i.m., 50 mg/
kg, 30 min after irradiation), retabolil (i.m., 2.5 mg/kg, 3
hrs after irradiation), cocarboxylase (s.c., 5 mg /kg) and
nicotinamide (s.c., 10 mg/kg), which were administered
1 day after irradiation dissolved in 0.5 ml of saline. The
HVC was administered during 12 days [18].

After euthanasia (i.v., propofol, 60 mg/kg) the animals
blood was collected, the heart (2/3 of the heart’s apex)
and the frontal group of thigh muscles (mainly quadri-
ceps femoris and sartorius muscle) were removed.
Blood was centrifuged at 3000 g for 10 min to obtain

’

serum. The removed cardiac and skeletal muscles were
washed with chilled 0.9% physiological NaCl solution,
minced and homogenized and subjected to differential
centrifugation in a refrigerated centrifuge PC-6.

To detect the biosubstrates content in tissues, they
were immersed in liquid nitrogen, deproteinized with
0.6N perchloric acid and homogenized. The protein
precipitate was separated by centrifugation for 15 min
at 3000 g.

Mitochondria, mitochondrial supernatant of myocar-
dium, thigh muscles frontal group and blood serum
were used for biochemical studies. We determined the
activity of pyruvate kinase (PK), lactate dehydrogenase
(LDH), malate dehydrogenase (VDH), NADP-dependent
MDH, phosphoenolpyruvate carboxykinase and the
content of lactate, pyruvate, malate, and oxaloacetate
[19].

PK activity was determined according to [20] and
expressed in umoles of pyruvate per mg of protein in
the sample for 1 min of incubation. LDH activity was
determined according to [19] and expressed in nmol
of used NADH+H* per mg of protein in the sample for
1 min of incubation.

MDH activity was determined according to [19] and
expressed in umol of formed NADH per mg of protein
in the sample in 1 min. incubation The activity of phos-
phoenolpyruvate carboxy kinase was determined ac-
cording to[21] and expressed in nmol of oxidized NADH
per mg of protein in the sample for 1 min of incubation.

The content of lactate, pyruvate, malate, and oxaloac-
etate was determined according to [19] and expressed
in umol per 1 g of tissue and in nmol per 1 g of tissue
(for oxaloacetate).

The data obtained were presented as mean (x) and
the standard error of the mean (SE). x2 criterion was
used to detect the significant differences between the
investigated groups p<0.05 was considered asa statis-
tically significant difference.

RESULTS

The HVC administration to irradiated descendants,
which were exposed to a dose of 1.0 Gy, leads to PK ac-
tivity increase in the myocardium and skeletal muscles
of the descendants born from animals once irradiated
by 0.5 Gy and exposed to irradiation in a dose of 1.0
g. These indexes are increased by 6.7% in cardiac and
10.9% in skeletal muscles compared to such data in rats
that did not receive HVC (in both cases p>0.05).

In the muscle tissue of descendants born from animals
irradiated ata dose of 1.0 Gy and exposed toirradiation
at the same dose, PK activity is reduced. The PK activity
is greater by 15.5% and by 21% in cardiac and skeletal
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Table I. The influence of the hormone-vitamin complex on the activity of NAD-dependent malatedehydrogenases and the content of reaction metabolites
in the tissues of 1-month-old rats born from irradiated animals and exposed to radiation at a dose of 1.0 Gy

Enzymes and Myocardium

Skeletal muscle

N . Blood
metabolites Cytoplasm Mitochondria Cytoplasm Mitochondria
Intact rat pups (the 15t group), n=10
1 NAD-MDH (direct 0.582+0.052 0.286+0.023 0.214+0.014 47,37+324 1,932+0,164
reaction)
2 NAD-MDH (reverse 2.461+0.021 0.216+0.032 1.065+0.026 54,18+3,61 4,372+0,362
reaction)
3 Malat 0.336+0.029 0.118+0.011 0.107+0.011
4 Oxaloacet 47.43+3.17 39.18+2.84 15.72+1.32

1-month-old rats born from animals once irradiated by 0.5 Gy and exposed to irradiation at a dose of 1.0 Gy (the 4" group), n=10

Before correction

NAD-MDH (direct

1 . 0.656+0.18 0.236+0.014 0.278+0.008 40,36+2,80 2,244+0,198
reaction)
2 NAD-MDH (reverse 2.464+0.152 0.268+0.054 1.448+0.074* 68,24+2,92 4,618+0,314
reaction)
Malat 0.389+0.024 0.164+0.013 0.117+0.014
4 Oxaloacet 43.76+2.75 36.19+2.65 14.82+1.33
After correction
1 NAD-MDH (direct 0.632+0.18 0.226+0.01 0.264+0.008 43,28+3,20 1,786+0,178
reaction)
2 NAD-MDH (reverse 2.084+0.144 0.248+0.056 1.284+0.056 66,48+2,86 4,282+0,312
reaction)
3 Malat 0.392+0.026 0.172+0.014 0.124+0.012
4 Oxaloacet 42.68+1.96 34.52+1.74 14.48+1.26

1-month-old rats born from animals once irradiated by 1.0 Gy and exposed to irradiation at a dose of 1.0 Gy (the 5" group), n=10

Before correction

NAD-MDH (direct

1 . 0.984+0.36 0.178+0.012* 0.314+0.012* 26,56+1,4* 1,246+0,134*
reaction)

2 NAD-MDH (reverse 3.814+0.236* 0.296+0.088 1.838+0.096* 78,52+3,64* 5,722+0,386*
reaction)

Malat 0.492+0.084 0.236+0.022* 0.184+0.016*
4 Oxaloacet 59.12+3.96* 55.06+3.48* 19.24+2.16
After correction

1 NAD-MDH (direct 0.686+0.204# 0.254+0.016 0.278+0.008 41,9443 24 1,924+0,1864#
reaction)

2 NAD-MDH (reverse 59,0 1344 0.278+0.072 1.296+0.068 68,42+2,92 4,546+0,342
reaction)

3 Malat 0.416+0.032 0.178+0.016 0.128+0.014

4 Oxaloacet 43.62+1.94 35.84+1.764# 15.94+1.28

Notes: group numbers correspond to those given in “Materials and Methods”* - p<0.05 - significant differences of the investigated indexes compared
with the same in intact rat pups; # - p<0.05 — significant differences of the investigated indexes compared with the same before correction.

muscles, respectively, compared to similar data in ani-
mals that did not receive HVC (p>0.05). The activity of
this enzyme is significantly lower in blood serum of de-
scendants born from animals irradiated at a dose of 0.5
Gy and exposed to radiation at a dose of 1.0 Gy (p<0.05),
and its increase by 1.5 times is observed in the blood
serum of descendants born from animals irradiated at
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adose of 1.0 Gy and exposed to irradiation at the same
dose, to which HVC was administered (p<0.05).

The activity of LDH in the myocardium, skeletal muscles
and blood of descendants born from animals irradiated
with the maximal dose, which were exposed to radiation
atadose of 1.0 Gy, after the HVCinjection is characterized
by a significant decrease in activity (p<0.05).
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Fig. 1. The influence of the hormone-vitamin complex on the content of glycolysis metabolites (lactate; appendix A); (pyruvate; appendix B) in the
investigated tissues of 1-month-old rats born from irradiated animals and exposed to radiation at a dose of 1.0 Gy.
Notes: * - p<0.05 — significant differences of the investigated indexes compared with the same in intact rat pups; # - p<0.05 — significant differences

of the investigated indexes compared with the same before correction.

The pharmacological correction prevents the increase
of phosphoenolpyruvate carboxykinase activity in the
tissues of irradiated descendants exposed to radiation
at a dose of 1.0 Gy.

The pyruvate and lactate contentin theinvestigated tissues
of irradiated descendants, which were exposed to radiation
at a dose of 1.0 Gy, after the HVC introduction has some
parallelism with the same indexes in the same descendants
which did not receive HVC therapy (p>0.05; Fig. 1).

A slight increase in lactate content was observed
in the myocardium and skeletal muscle of 1-month-

old rats born from animals once irradiated by 0.5 Gy
and exposed to irradiation at a dose of 1.0 Gy after
the HVC injection (Fig. 1, A). A more pronounced in-
crease in lactate content in muscle tissue of irradiated
descendants by 1.0 Gy and exposed to irradiation at
a dose of 1.0 Gy (p<0.05). The content of lactate in
the blood of the studied rats also exceeds the same
control index, and a significantly higher lactate
concentration is observed in the blood of irradiated
descendants by 1.0 Gy and exposed to irradiation at
a dose of 1.0 Gy (p<0.05).
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The pyruvate content after the HVC introduction
exceeds the same index both in the muscle tissue and
blood of 1-month-old rats born from animals irradiated
by 0.5 Gy and exposed to irradiation at a dose of 1.0 Gy,
as well asin all the investigated tissues of descendants
born from irradiated animals by of 1.0 Gy and exposed
to radiation at a dose of 1.0 Gy (p>0.05; Fig. 1, B).).

The activity of NAD-dependent MDH in the cytoplasm
of cardiac and skeletal muscles of irradiated descend-
ants exposed to radiation at a dose of 1.0 Gy after the
HCV injection is comparable to the corresponding
control index. The activity of the direct NAD-depend-
ent MDH reaction in the mitochondria of cardiac and
skeletal muscles of irradiated descendants exposed to
radiation at a dose of 1.0 Gy after the HVC introduction
is reduced, and the lowest values are observed in rats
born from animals irradiated at a dose of 1.0 Gy and
exposed to irradiation at a dose of 1.0 Gy, however,
these indexes are identical to the same in intact rats
(p>0.05; Table I).

The activity of the direct NAD-dependent MDH reac-
tion in the blood of irradiated descendants exposed to
radiation at a dose of 1.0 Gy after the HVC introduction
also reduced, and the lowest index is observed in rats
born from irradiated animals by 0,5 Gy exposed to ra-
diation at a dose of 1.0 Gy (p>0.05).

The activity of NAD-dependent MDH in the myocardi-
um cytoplasm of irradiated descendants exposed to ra-
diation with a dose of 1.0 Gy after the HVC introduction
is lower compared to the intact group, and the lowest
indicator of its activity is observed in the cytoplasm of
the myocardium in rats born from animals irradiated
by 1.0 Gy and exposed to irradiation at a dose of 1.0 Gy
after PMC introduction (p>0.05).

The activity of NAD-dependent MDH (reverse reac-
tion) in the mitochondria of cardiac and skeletal mus-
cles, as well as in the blood of irradiated descendants
exposed to radiation at a dose of 1.0 Gy after the HVC
introduction is comparable to same control indexes
(p>0.05).

The malate and oxaloacetate content in the muscle
tissue and blood of irradiated descendants exposed to
radiation at a dose of 1.0 Gy after the HVC introduction
has a multidirectional nature. Against the background
ofaslightly increased concentration of malate in muscle
tissue and blood, the content of oxaloacetate decreases
compared to intact rats. As a result, an increase in the
ratio of malate to oxaloacetate was observed in the
examined tissues of irradiated descendants exposed
to radiation at a dose of 1.0 Gy after the HVC intro-
duction compared to irradiated descendants exposed
to radiation in a dose of 1.0 Gy which did not receive
pharmacological correction.
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DISCUSSION

Thus, the obtained results indicate that the HVC in-
troduction to the irradiated of animals, exposed to
radiation at a dose of 1.0 Gy, led to an energy resources
improvement in muscle tissue both due to the increase
in glycolytic substrate phosphorylation, which is of
dominant importance for providing energy to skeletal
muscles, and due to the increase in the oxidative poten-
tial of the tricarboxylic acid cycle not only at the stage
of MDH action, but also at the stage that is catalyzed by
succinatedehydrogenase. We consider it appropriate to
stress the following ideas.

Firstly, we assumed that the pharmacological cor-
rection of radiation disorders of energy metabolism
in irradiated descendants exposed to radiation at the
same doses should be aimed at correcting disorders by
the tissues provision with macroergic compounds that
occur according to catabolism prevailing over anab-
olism, anaerobic processes strengthening, metabolic
acidosis development in tissues, weakening of substrate
phosphorylation and the cycle of tricarboxylic acids, as
well as cellular genetic apparatus damage prevention,
regeneration processes normalization [4, 11].

Secondly, we suppose to understand the mechanisms
of the radioprotective effect realization in the used cor-
rective pharmacological scheme: the improvement of
lactate and pyruvate accumulation as the end products
of glycolysis in the tissues of the descendants, the weak-
ening of the processes of substrate and oxidative phos-
phorylation, which leads to malate and oxaloacetate - the
final products of the tricarboxylic acid cycle - increase.
It is important to understand that in the accumulation
of malate, the leading role is played by the activation
of the reverse NAD-dependent MDG in the cytoplasm
and in the mitochondria of muscle tissue, as well as the
predominance of the reverse NADP-dependent MDH
reaction, which ensures the pyruvate carboxylation and
its transformation into malate [11, 22].

Finally, let us add that glycolytic substrate phospho-
rylation is of dominantimportance for providing energy
to skeletal muscles, therefore, based on the results
obtained, it can be stated that under the influence of
the hormone-vitamin complex, the energy resources
of skeletal muscles are improved, which will definitely
be reflected in the physical performance of the de-
scendants, born from irradiated animals and exposed
to radiation at the same dose [9, 11, 23].

Therefore, the increase in malate and oxaloacetate
contentin the muscle tissue and blood in the irradiated
descendants exposed to radiation by 1.0 Gy after the
HVC introduction, according to our ideas, occurs due
to malate content increase in both tissues and the ox-
aloacetate content decrease. Thus, we can talk about
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the increase of the oxidation potential of the cycle of
tricarboxylic acids not only at the MDG stage but also
at the stage catalyzed by succinate dehydrogenase.

CONCLUSIONS

1.

Pronounced radioprotective efficacy of the HVC,
which includes tocopherol, retabolil, cocarboxylase,
and nicotinamide, was proved for the normalizing
energy processes in the muscle tissue of the irradi-
ated animals descendants.

2. Theradioprotective efficacy of the applied HVC con-

sisted in blood PK activity normalization, LDH muscle
tissue, and blood activity normalization as well as
in preventing an increase of phosphoenolpyruvate
carboxykinase activity in the examined tissues of
the irradiated animals descendants.

. Under the influence of the hormone-vitamin com-

plex, a decrease in the content of lactate in cardiac
and skeletal muscles was noted, which improved
the energy resources of the muscle tissue of the
irradiated animals descendants.
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ABSTRACT

The aim: To substantiate the use of data on patients'lifestyle, parameters of blood glucose, heart rate, blood pressure and bread units to build a mathematical
model for predicting fasting blood glucose level in diabetes mellitus patients to improve existing measures for diabetes prevention.

Materials and methods: An open database consisting of the studied parameters of 359 people was used in the research. The linear regression method was
used to predict fasting blood glucose level in diabetes mellitus patients. The statistical software IBM SPSS Statistics Version 23 was chosen for calculations.
Results: To calculate the coefficients of the linear regression equation, stepwise elimination of parameters was chosen. The analysis of the coefficients of
influence of independent variables on dependent showed that the greatest effect on the change in glucose level had value of consumed bread units. The model
for women diagnosed with type 2 diabetes showed the highest accuracy.

Conclusions: Mathematical modeling made it clear that any malnutrition or health disorders can lead to a significant change in glucose levels. The obtained
models consist of a number of parameters, some of which might depend on the presence of concomitant diseases. Further studies should focus on the optimal

combination of various parameters taking into account methods of treating comorbidities.

KEY WORDS: prevention of diabetes, lifestyle of patients, linear regression equation

INTRODUCTION

Diabetes mellitus (DM) is a disease characterized by
prolonged excessive plasma glucose, resulting in acute
and chronic complications such as hypoglycemia, mi-
cro- and macro-vascular disease [1].

The prevalence of DM is steadily increasing [2]. It is
reported that the number of patients with DM doubles
every 15 years. Mass screening examinations have
shown that in developed countries 2-4% of the popu-
lation have severe diabetes. In addition, another 4-6%
have latent or borderline diabetes, which are referred
to as impaired glucose tolerance. According to the
World Health Organization [3], about 422 million people
worldwide have diabetes, and 1.5 million deaths each
year are directly attributable to diabetes [4]. DM is the
seventh leading cause of death worldwide. More than
420 million people are currently living with diabetes,
and this number is estimated to rise to 570 million by
2030 and 700 million by 2045.

The body of a person with diabetes is not able to
properly regulate the level of sugar in the blood (glu-

Wiad Lek. 2023;76(10):2295-2301

cose level), which is the main source of energy in the
body.To maintain blood sugar at a given level and avoid
problems with the kidneys, heart, legs and eyes, the
patient must control his meals, lead an active lifestyle
and take medications. Daily monitoring of not only
sugar level, but also such indicators as heart rate (HR),
blood pressure (BP) and the amount of carbohydrates
is a common practice for people with DM [5]. There is
a need for constant recording and analysis of the indi-
cators described above in order to predict the course
of the disease and avoid severe complications. Timely
detection of deviations of control indicators might help
regulate the sugar level: the increase or decrease of
glucose in this case occurs with the help of additional
injections of insulin or consumption of sugar.

The level of sugar in the blood can decrease or increase
during the day, depending on the activity, as well as the
time and amount of food consumed by a person.To deter-
mine the true level of sugar for monitoring, itis necessary
to measure it two hours after eating, since the glucose
level can rise sharply even in a healthy person straight
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after eating [6]. The analysis of indicators before or after
eating can lead to the conclusion about the course of the
disease, namely to determine hypo- or hyperglycemia in
the patient. If the patient has a constant decrease in the
level of glucose after eating for a certain time, then the
doctor can conduct additional tests to check the tendency
to hypoglycemia, and in case of a constant increase in the
sugar level, the tendency to hyperglycemia.

For self-monitoring of sugar level, the patient will
need the following devices:

- lancet a very thin needle used for drawing a small
amount of blood;

- test-strips pieces of special paper on which the
blood taken with a lancet is applied;

- glucometer a device, which reads a test-strip and
informs the patient about the level of sugar in the blood;

- diary for recording the value of the sugar level at the
appropriate time intervals.

The frequency of monitoring is determined depend-
ing on the type of diabetes and should be set by a doc-
tor. In addition to self-monitoring, the patient should
undergo regular consultation with an endocrinologist.
As a rule, it takes place once every three months. The
determination of the level of glycated hemoglobin
(HbA1c) is also necessary [7]. This study is used to de-
tect the chemical reaction of hemoglobin (contained
in erythrocytes) with glucose. The analysis is used to
determine the average content of glucose in the blood
during the last 2-3 months. This monitoring is carried
out to ensure the stability of glucose levels over time.

A great number of programs are currently under
development, both for self-monitoring and for moni-
toring by doctors. Leading specialists in endocrinology
proposed 3 programs for monitoring patients with MD.

THE AIM

The aim of the study is to substantiate the use of data
on patients'lifestyle, parameters of blood glucose, heart
rate, blood pressure and bread units to build a math-
ematical model for predicting fasting blood glucose
level in diabetes mellitus patients to improve existing
measures for diabetes prevention.

Table I. Advantages of mathematical model and neural network

MATERIALS AND METHODS

In recent decades, predictive mathematical models
have been used for various studies related to DM. For
instance, model of DM progression [8, 9], evaluation
of diagnostic tests [10, 11], long-term micro- and mac-
ro-vascular complications [12, 13], and blood glucose
dynamics [14, 15].

Mathematical models have a number of advantages
over neural networks [16], which are presented inTable .

Mathematical models help understand the dynamics
of the course of DM. There are various models based on
the distribution of glucose and insulin that explain their
interaction. All developed models work under certain
conditions and assumptions and are very helpful for con-
ducting research. All of them have limitations in predicting
blood glucose levels in a real-time clinical situation due
to the need for constantly updated information and pa-
rameters such as glucose load and insulin availability. The
above indicators might be different for different patients.

Regression analysis is used for prediction, time series
analysis, hypothesis testing [17], and identifying hidden
relationships in data.

Regression analysis is used when the relationship
between variables can be expressed quantitatively in
the form of some combination of these variables. The
resulting combination is used to predict the value that
the dependent variable can take, which is calculated
on a given set of values of the independent variables.
In the simplest case, linear regression is used for this.

A regression model is a function of an independent
variable and coefficients with included random vari-
ables [18]. The general form of the linear regression
equation looks as follows:

Y=+ +...+ (M
where Y — dependent variable, — independent vari-
ables, and — variable influence factor.

The main parameters for a self-monitoring diary,
which are important when choosing treatment tactics
for patients with DM, are glucose level, HR, BP, and
bread units.

Glucose level (glycemia), which is sugar contentin a
patient’s blood, is determined using third-party devices,
namely glucometers; units are measured in mmol/I.

No Factor of comparison

Neural network

Mathematical model

Availability of

1. implementation

Only an experienced person can develop a neural
network

Basic knowledge in statistics is enough
to develop a mathematical model

A database with a large number of patients is required
for neural network training. Two large groups are
needed: for training and testing the finished network

2. Resources for analysis

Only one database with the number
of patients is needed, which will be
objectively sufficient for the analysis

Implementability in the
program

Possible difficulties in embedding the code in the
program

Ease of embedding the equation into
the program code
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Table II. Main parameters of the studied patients

Type of diabetes mellitus

Parameters
Gestational Type 1 Type 2
Number of subjects 71 91 116 42 39
Gender Female Male Female Male Female
Parameters Age  Weight Age Weight  Age Weight  Age  Weight Age Weight
Average 32 123.69 53.95 123.05 4454 1233 49.24 121.9 45 116.21
Standard deviation 7.3 23.99 14.23 22.57 15.22 24.21 1553  23.95 15.69 24.51
Minimum 19 83 26 80 19 80 21 83 20 81
Maximum 45 160 82 160 84 160 80 160 83 159

Table Ill. Measurement of indicators

Indicator When measured Program No.1 Program No.2 Program No.3
On an empty stomach yes yes yes
2 hours after breakfast no yes no
Glucose level Before lunch no yes yes
2 hours after lunch no yes no
Before dinner no yes yes
2 hours after dinner yes yes yes
On an empty stomach yes yes yes
2 hours after breakfast no yes no
Heart rate Before lunch no yes yes
2 hours after lunch no yes no
Before dinner no yes yes
2 hours after dinner yes yes no
On an empty stomach yes yes yes
2 hours after breakfast no yes no
Blood pressure Before lunch no yes yes
2 hours after lunch no yes no
Before dinner no yes yes
2 hours after dinner yes yes yes
After breakfast yes yes yes
After the first snack yes yes yes
Bread units For lunch yes yes yes
After the second snack yes yes yes
After dinner yes yes yes

HR is the number of pulse waves in 1T minute, deter-
mined using the device or by palpation.

BP is measured over the arteries and determines
the force of blood pressure on the walls of the arteries
during systole and diastole of the heart muscle. Two
values are always measured: systolic (SBP, upper) and
diastolic (DBP, lower). The determination is made using
a tonometer; units are measured in mmHg.

Bread unit (BU) is a unit of measurement for deter-
mining the amount of carbohydrates in a product. It in-
creases the blood sugar level by the same amount - 2.8
mmol/l - and requires 2 units of insulin to be absorbed

by the body. Itis calculated using special tables ora BU
calculator; units are measured in grams.

The research database includes: weight indicators,
age, gender, program and health status of the patient
(women with gestational diabetes, men and women
diagnosed with type 1 or type 2 diabetes), data on
glucose level, HR, BP (systolic and diastolic), and BU.

The research was conducted on a publicly available
database consisting of a study of 359 people, the main
data of which are shown in Table II.

Endocrinologists have developed three main pro-
grams for the ease of convenience. Program No.1 is
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Table IV. Conventional notations in equations

Indicator When measured Notation in equations
Age At the start of the treatment x1
Weight At the start of the treatment x2
On an empty stomach x3
2 hours after breakfast X4
Glucose level Before lunch x5
2 hours after lunch X6
Before dinner x7
2 hours after dinner x8
On an empty stomach x9
2 hours after breakfast x10
Heart rate Before lunch x11
2 hours after lunch x12
Before dinner x13
2 hours after dinner x14
On an empty stomach x15
2 hours after breakfast x16
Diastolic blood pressure Before lunch X7
2 hours after lunch x18
Before dinner x19
2 hours after dinner x20
Systolic blood pressure On an empty stomach x21
2 hours after breakfast x22
Before lunch x23
2 hours after lunch x24
Before dinner x25
2 hours after dinner x26
After breakfast x27
After the first snack x28
Bread units For lunch x29
After the second snack x30
After dinner x31

intended for pregnant women diagnosed with gesta-
tional diabetes. Program No.2 is for patients diagnosed
with type 2 diabetes. Program No.3 is for patients diag-
nosed with type 1 diabetes.

The frequency of measurement of indicators and their re-
lation to a specific monitoring program are shown in Table ll.

To predict glucose levels itis convenient to use linear
regression. Linear regression is a mathematical mod-
eling method which helps establish the relationship
between data described by an equation that deter-
mines the value of the dependent coefficient on the
contribution of each independent variable.

The statistical software IBM SPSS Statistics Version 23 was
chosen for calculations. The package of standard functions
contains all necessary database analysis for calculations.
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The study was conducted in accordance with the
basic principles of the Council of Europe Convention
on Human Rights and Biomedicine, World Medical
Association Declaration of Helsinki on the ethical prin-
ciples for medical research involving human subjects,
and current national regulations. The study protocol
was approved by the local ethics committee. Informed
patient consents are available.

RESULTS

To calculate the coefficients of the linear regression equa-
tion, stepwise elimination of parameters was chosen. This
is a variable selection procedure in which all variables are
entered in an equation, and then sequentially excluded
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Table V. Quality of predictive models

Type of diabetes Gender Equation No. Quality of the constructed model
Gestational Female 1 72,4%
Male 2 67,8%
Type 1
Female 3 78,3%
Male 4 81,3%
Type 2
Female 5 91,5%
from it. The first candidate for elimination is a variable DISCUSSION

that has the lowest partial correlation with the dependent
variable. If it meets the exclusion criteria, it is eliminated.
The next candidate for exclusion is a variable that has a
partial correlation with the dependent variable among the
remaining ones . The procedure stops when there are no
variables remaining that meet the exclusion criterion [19].

Allindicators contained in the database have the follow-
ing notations in equations (Table IV).

To predict morning glucose level in women with ges-
tational diabetes, the main indicators measured on an
empty stomach and after dinner were taken into account
as independent variables, in addition to the parameter of
glucose level, which was measured on an empty stomach,
as well as bread units throughout the day, age and weight.

Using the coefficients obtained in the IBM SPSS Statistics
Version 23, we will make an equation (2), which will help
predict glucose level on the following morning for women
with gestational diabetes.
y=14.929-0.016*x15-0.327*x30 (2

For men diagnosed with type 1 diabetes, a predictive
mathematical model was obtained for determining glucose
levels the next morning with such independent variables as
the values of bread units after breakfast, at lunch, and after
the second snack (3):
y=11.153+0,026*x27 + 0,041*x29 — 0,571*x30 (3)

Inwomen diagnosed with type 1 diabetes, glucose level on
the following morning can be calculated using equation (4):
y=11.729+0.03*x11-0.01*x15-0.017*x17 4+ 0.022*x26 -
0.179*x27 (4)

When conducting research with patients diagnosed with
type 2 diabetes, the following equations were obtained for
determining the glucose level the next morning in men (5)
and women (6):
y=13.848 - 0.023*x2 — 0.374*x4 — 0.341*x7 + 0.042*x10 +
0.036*x26 (5)
y=14.087 +0.054*x9 - 0.08*x10+ 0.047*x14 - 0.063*x21 —
0.038*x16 —0.043*x23 + 0.052*x19 + 0.416*x27 — 0.51*x29
+0.43*x31 (6)

The application of the stepwise elimination of the studied
parameters from the model made it possible to investigate
the quality of the obtained models (Table V). The model
for women diagnosed with type 2 diabetes showed the
highest accuracy.

Thereisalot of research related to the prediction and analysis
of blood sugar levels [20-23]. Machine learning methods
are most often used in such studies. Most of the algorithms
are focused on getting the answer whether the patient has
diabetes or not.

In machine learning methods the input data are age,
gender, body mass index, insulin, cholesterol, glycated
hemoglobin, and several glucose measurements. Blood
pressure, heart rate and the number of bread units consumed
during the current day were additionally introduced in our
investigation.

This research describes the application of multivariate
linear regression, which can be used to predict glucose levels
the next morning with high prediction accuracy. In particular,
the application of the prognostic model for pregnant women
showed a prediction accuracy of 72.4%. Predicting glucose
levels the next morning in men can be predicted with an
accuracy of 67.8% (for type 1 diabetes) and 81.3% (for type 2
diabetes). The best results were obtained for women in pre-
dicting type 1 diabetes (78.3%) and type 2 diabetes (91.5%).

The analysis of the coefficients of influence of independent
variables on dependent showed that the greatest effect on
the change in glucose level had value of consumed bread
units.

The use of bread unit indicators in prognostic models
is effective for nutritional correction and correction of the
patient’s health status by a doctor.

Early screening and prediction of the probability of
developing gestational diabetes in pregnant women are
mandatory for the prevention and treatment of this con-
dition [24]. If the level of glucose in pregnant women with
gestational diabetes is poorly controlled, then thiscanlead to
the development of fetal pathologies. After the diagnosis of
gestational diabetes, insulin is prescribed and the pregnant
woman’s dietis monitored. There fore, identifying risk factors
and creating a simple practical model for predicting the risk
of gestational diabetes, especially in the first trimester of
pregnancy, is of great clinical importance.

Patients with type 1 diabetes need insulin. Most patients
with type 1 diabetes can be taught to adjust insulin doses
based on blood glucose levels and carbohydrate (bread
units) intake. Some patients with type 2 diabetes can avoid
drug treatment if they are able to maintain plasma glucose
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levels through diet, exercise, and normalization of blood pres-
sure and heart rate. For this purpose, learning takes place in
the school of self-control. At each visit to the self-monitoring
school for patients with diabetes mellitus, nurses and doctors
update the knowledge of patients about the pathogenesis
and therapy of diabetes mellitus. These measures are quite ef-
fective and help toimprove the results of diabetes treatment.

The obtained prognostic mathematical models can be
used at the beginning of the treatment of patients with type
1 and type 2 diabetes to correct the patient’s lifestyle. Also,
these models can be embedded in a mobile application or
computer software to help doctors predict the development
of diabetes in patients in the future and provide the necessary
preventive measures.

The obtained models can be improved in the future
and studied with other parameters that may influence the
progression of diabetes of different types. In medicine, the
highestaccuracy and the lowest errors are very important, so
we will continue to improve glucose prediction. Itis planned
to classify the progression of the disease using other possi-
ble mathematical methods of prediction. After optimizing
all algorithms, the best model will be determined. These
researches will be interesting for researchers in the area of
medicine who use machine learning and mathematical
prediction methods.
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ABSTRACT

The aim: To investigate the epidemiological and clinical characteristics of COVID-19 in children for the period 2020-2022.

Materials and methods: A retrospective analysis of 1144 case histories of children who were hospitalized at the St. Zinaida Children’s Clinical Hospital
(Sumy, Ukraine) for coronavirus disease for 2020-2022 was carried out. The observed patients were divided into 3 groups corresponding to the 3 waves of the
pandemic: group 1- 120 children, group 2 - 311 children, and group 3 - 713. The diagnosis of COVID-19 was established based on clinical, medical histories,
laboratory and instrumental data. The etiology of coronavirus disease was determined based on the detection of antigens of the SARS-CoV-2 virus using PCR
reverse transcription of a nasopharyngeal swab.

Results: An analysis of the clinical and epidemiological indicators of children who were treated for COVID-19 during 2020-2022 was conducted, depending on
the outbreak of the pandemic. The frequency of lesions in children of different age groups was determined, and the main clinical symptoms and the frequency
of complications in the form of pneumonia during different waves of COVID-19 were determined.

Conclusions: The incidence of coronavirus infection was mainly observed in children of the younger group (0-5 years). A more severe course of the disease and

a higher frequency of complications in the form of pneumonia in children were determined during the 3 wave of the COVID-19 pandemic.
KEY WORDS: (0VID-19, SARS-CoV-2, coronavirus infection, pneumonia, children

INTRODUCTION

The COVID-19 pandemic has prompted scientists
and practitioners to rethink the epidemic danger of
coronavirus infection and its role in the occurrence
of diseases of varying severity in adults and children.
Compared with adults, the incidence of COVID-19
in children, according to different authors, is 2-5%
depending on the country [1]. In Ukraine, the proportion
of children with a confirmed diagnosis of COVID-19 in
relation to adult patients at the end of August 2023 is 5%,
and infant mortality is 0,1% in the overall age structure
of mortality [2]. The low incidence rate is explained by
the reduced risk of infection in children due to less travel,
communication, and movement. Also, children, asarule,
do not have chronic somatic diseases and the resistance
of the protective mechanisms of the mucosa is much
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stronger due to its intactness by negative impact factors
(smoking, air pollution). Swedish scientist Ludvigsson
J.F. suggested that exposure to the children’s mucosa
of pathogens of other acute respiratory viral infections
activates the local immune response and limits the
attachment of coronavirus [1].

According to foreign colleagues, COVID-19in children
isaccompanied by the development of a mild course of
the disease and only occasionally leads to death, and
in 15-35% of cases it is asymptomatic [3-5]. However, it
should be noted that the current course of the disease
in children has changed, the percentage of severe
cases of disease with the possible development of
life-threatening conditions has increased (mainly in
children with concomitant chronic pathology and
infants) [6, 7.
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An interesting established fact is the increase in the
number of manifest forms of COVID-19, depending
on the increase in the age of children. According to
WHO data for the period 2019-2021, the incidence of
COVID-19 was observed mainly in children of the older
age group: children under 5 y.o. - 1,8% (mortality rate
0,1% in the world), from 5 to 14 y.o. - 6,3% (mortality
0,1%), from 15 to 24 years — 14,5% (mortality 0,4%) [8].
The Chinese scientist Dong Y. explains the increase
in the number of cases of COVID-19 with increasing
patient age by the difference in the functioning and
maturity of the immune system of patients of different
age categories [7]. Scientist Held L. has a slightly
different opinion and sees the reason for the growth
according to the age of the viral load on the child’s
body [9]. Infection of children usually occurs in families.

Itis known that the SARS-CoV-2 virusis characterized
by the emergence of its new strains, which caused the
undulating course of the pandemic. For convenience,
variants of SARS-CoV-2 strains are labeled with Greek
letters. Depending on the time of occurrence in
Ukraine, 3 waves of COVID-19 were identified. The first
wave (second half of 2020) was characterized by the
circulation of the alpha strain, the second (first half
of 2021) by the dominance of the beta and gamma
strains, and the third wave (end of 2021-beginning
of 2022) by the delta and omicron strains. It was the
delta strain that caused the greatest concern of the
medical community, since, according to the British
scientist LewisT., it was characterized by 40-60% greater
contagiousness and severity of the course, 2,5 times
more often led to hospitalization, and complications
of the disease [10, 11].

Given the differences in the susceptibility of children
to different strains of SARS-CoV-2, the variety of clinical
symptoms in different waves of the pandemic, the
characteristics of the course of COVID-19 in children
need further study and comparison.

THE AIM

The purpose of our work is to investigate the epide-
miological and clinical characteristics of COVID-19 in
children for the period 2020-2022.

MATERIALS AND METHODS

A retrospective analysis of 1144 case histories of
children who were hospitalized at the Children’s Clinical
Hospital of St. Zinaida (Sumy, Ukraine) for the period
from November 2020 to August 2022 was performed.
The ages of the patients ranged from 4 months to 17
years. No deaths were registered in 2020 and 2021. In

2022, in 2 children with comorbidities, the disease was
complicated by the development of acute respiratory
failure and the patients died: (1) Patient N., 15 y.o,,
diagnosed with COVID-19, acute respiratory failure.
Degenerative disease of the nervous system, focal
epilepsy. (2) Patient E., 16 y.o., diagnosis: COVID-19,
acute respiratory failure. Progressive Duchenne
muscular dystrophy).

The diagnosis of COVID-19 was established based
on clinical, medical history findings, laboratory and
instrumental data. The etiology of coronavirus disease
was determined based on the results of the detection
of antigens of the SARS-CoV-2 virus by reverse
transcription polymerase chain reaction (PCR) (RT-PCR)
of a nasopharyngeal swab. Testing was carried out
according to clinical and epidemiological indications.

Statistical analyses in this study were conducted using
MS Excel and STATISTICA 8.0 (Tulsa, OK) software. The
mean M for each indicator was used to determine the
difference between the values of the indicators in the
comparison groups. The difference between groups
was considered statistically significant when p <0,05.

RESULTS

Depending on the time of onset of the coronavirus
disease, we divided all patients into 3 groups: Group |
(120 children) was hospitalized during the 15t wave of
the pandemic (November, and December 2020), Group
Il (311 patients) belonged to during the 2" wave of
the pandemic (February - August 2021) and group llI
(713 patients) fell ill during the 3 wave (September
2021 - May 2022). In most cases, those strains of
coronavirus were determined in hospitalized children
that corresponded to those circulating in a certain
period. Each group of patients, in turn, was divided
into 4 age categories (0-12 mo.o., 1-5 y.o, 6-9 y.o. and
10-18 y.0.) (Fig. 1).

During the 15t wave of COVID-19, the following
distribution of sick children by age was observed: 0-1
y.0. - 20,7% (25/120), 1-5 y.0. — 29,2% (35/120), 6-9
y.0. — 15,8% (19/120), 10-18 y.0.— 34,3% (41/120). The
distribution of the incidence rate of children by age
during the 2" wave of the pandemic: children 0-1y.0. -
24,1% (75/311),1-5y.0.-43,4% (135/311), 6-9y.0.- 15,
0% (47/311), 10-18 y.0. - 17,5% (54/311). During 2022,
the following age distribution trend was noted: 0-1
y.0. — 24,0% (171/713), 1-5 y.0. — 45,0% (321/713), 6-9
y.0.—15,0% (107/713), 10-18 y.0.— 16,0% (114/713). As
can be seen from Fig. 1, over the course of all 3 years,
the incidence of COVID-19 diseases prevailed in the
age groups of 0-5 years, and during the 1% wave, also
in children aged 10-18.
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Fig. 1. Distribution of patients with COVID-19 by age during 2020-2022
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Fig.2. Distribution of children with COVID-19, depending on the fact of pneumonia for the period 2020-2022

For the period 2020-2022, two dominant symptom
complexes were determined: upper respiratory tract
symptoms (such as acute nasopharynagitis) and lower
respiratory tract symptoms with the development
of pneumonia. The diagnosis of pneumonia was
confirmed by X-ray. Depending on the diagnosis of
pneumonia, the patients of each group were divided
into 2 subgroups: with and without pneumonia (Fig. 2).

During the first wave of COVID-19, 23 out of 120 children
were diagnosed with pneumonia, which accounted for
19,2%, during the second wave - 78 out of 311 (25,1%)
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children had pneumonia, during the third wave - 234 out
of 713 children, which amounted to 32,8%. As can be seen
from Fig. 2, the disease COVID-19 predominantly (67-80%
of cases) proceeded as an acute respiratory infection
with symptoms of damage to the upper respiratory tract,
and only 19-33% of children developed pneumonia.
Comparing the incidence of pneumonia in 2020-2022,
it should be noted that a higher number of pneumonia
developments occurred in 2021-2022 when the 2" and 3™
waves of the pandemic were observed, which is explained
by the circulation of more aggressive strains.
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Table I. Features of the clinical symptoms of COVID-19 in children for the period 2020-2022

| semester of Il semester 2021
ST 2020 2021 —1semestr 2022
Number of children (n) 120 311 713
Fever, abs. (%) 114 (95,0) 305 (98,1) 711(99,7)
Weakness, abs. (%) 106 (88,3) 303 (97,4) 706 (99,0)
Symptoms of the upper respiratory tract affecting Rhinitis, abs. (%) 58 (48,3) 228 (73,3) 571(80,1)
Sore throat, abs. (%) 34 (28,3) 93(29,9) 482 (67,6)
Symptoms of the lower respiratory tract affecting Cough, abs. (%) 78 (65,0) 178 (57,2) 592 (83,0)
Shortness of breath, abs. (%) 6 (5,0) 29(9,3) 207 (29,0)
Gastrointestinal symptoms
Decreased appetite, abs. (%) 90 (75,0) 308 (99,0) 706 (99,0)
Abdominal pain, abs. (%) 4(3,3) 25 (8,0) 53(7,4)
Diarrhea, abs. (%) 9(7,5) 26 (8,5) 91(12,8)
Anosmia, abs. (%) 9(7,5) 12 (3,9) 62 (8,7)
Skin rash, abs. (%) 6(5,0) 13(4,2) 12(1,7)

The main clinical symptoms of children with
coronavirus disease are listed in Table. The main
symptoms of children from the general cohort were
most often: fever (97.6%), weakness (94,9%), decreased
appetite (91,0%), cough (68,4%), symptoms of rhinitis
(67,2%), pain or discomfort in the throat (in 41,9%).

During 2020, the leading clinical symptoms of
COVID-19 in children were: fever (114/120, 95,0%),
weakness (106/120, 88,3%), decreased appetite
(90/120, 75,0%), cough (78/120, 65,0%). About half of
the patients had symptoms of rhinitis (58/120, 48,3%),
less often — pain (discomfort) in the throat (34/120,
28,3%). Dyspnea was observed in only 5,0% (6/120) of
patients, which indicated the severity of the course of
the respiratory disease. Gastrointestinal symptoms such
as diarrhea (9/120, 7,5%) and abdominal pain (4/120,
3,3%) were occasionally noted. Anosmia and skin rash
were determined in 7,5% and 5,0% respectively (Tablel).

During the first half of 2021 (second wave of
coronavirus infection) almost all patients experienced
a decreased appetite (308/311, 99,0%), fever (305/311,
98,1%), significant weakness (303/31, 97,4%) and
rhinitis phenomena (228/311, 73,3%). Compared to
2020, cough was slightly less common (178/311,57,2%),
but the percentage of dyspnea almost doubled (9,3%
vs. 5,0%), indicating an increase in the severity of the
disease during the 2" wave of the pandemic. Compared
to 2020, gastrointestinal symptoms were more
common: abdominal pain (8,0% vs. 3,3%), diarrhea
(8,5%vs. 7,5%), anosmia, and skin rash were determined
occasionally and with about the same frequency (3,9%
and 4,2%, respectively).

The course of the coronavirus disease for the second
half of 2021 - the first half of 2022 was characterized by
a predominance of such symptoms as fever (711/713,
99,7%), general weakness, and loss of appetite (706/713,

99,0% in each case). Among the catarrhal symptoms,
cough (592/713, 83,0%) and rhinitis (571/713, 80,1%)
came to the fore, and sore throat (482/713, 67,6%)
gave way to them.The incidence of dyspnea in patients
of this group increased (107/713, 15,0%) compared
to the previous groups. Signs of damage to the
gastrointestinal tract were more common (abdominal
pain — 7,4%, diarrhea - 12,8%). The incidence of skin
rash has significantly decreased compared to previous
years (1,7% versus 5,0% and 4,2%, respectively).

DISCUSSION

The COVID-19 pandemic has been characterized by an
undulating course due to the constant mutation of the
virus and the emergence of new strains. During the 1¢wave
of the pandemic, the circulation of the alpha strain was
predominantly observed [10]. We found that in the 1t wave
ofincidence, children of the older age group (10-18y.0.) and
the younger group (0-5 y.0.) were predominantly affected,
which correlates with the data of foreign authors [12].

British scientists Erica Molteni et al. also investigated
the course of coronavirus infection caused by the alpha
strain in children. According to their data, the 1** wave
of a pandemic in 80% of cases has an uncomplicated
course and is mainly accompanied by the development
of fever, general weakness, rhinitis, and sore throat [12].
Our studies have shown that the COVID-19 disease
in the 15" wave proceeded as an ARVI in 80.8% of
children and was accompanied by the development
of pneumonia in only 19.2% of cases, which fully
confirms the data of British researchers. According
to our results, the leading clinical symptoms of the
15t wave of COVID-19 in children were: fever (95,0%),
general weakness (88,3%), loss of appetite (75,0%), and
cough (65,0%) .
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The 2" and 3" waves of the pandemic were
characterized by an increase in the incidence of diseases
exclusively in children of the first 5 years of age and
a significant decrease in the number of affection
older children, which coincides with the data of other
researchers [10].

The 2" wave was characterized by a more severe
course of the disease and an increase in the number
of cases of pneumonia (25,1%). Compared with the
patients of the previous group, it can be argued that
the symptoms of loss of appetite (99,0%), fever (98,1%),
weakness (97,4%), and rhinitis (73,3%) were more
common and more pronounced. Cough was observed
in more than half of the patients (57.2%), but it was less
common than in the previous group. It should be noted
that the percentage of dyspnea almost doubled (9,3% vs.
5,0%), indicating an increase in the severity of the disease
during the 2™ wave of the pandemic. More often thanin
the previous group, there were symptoms of GIT lesions:
abdominal pain (8,0% vs. 3,3%), and diarrhea (8,5% vs.
7,5%). Our results are consistent with the data of other
researchers, who noted a more severe course of the 2™
wave of the pandemic and more frequent development
of complications, which is explained by the circulation of
more aggressive beta and gamma strains [13].

One of the most severe periods of the incidence of
COVID-19 falls on the 3™ wave of the pandemic, due to
the circulation of the most aggressive strains of delta and
omicron. According to Li B. et al. delta virus is 40-60%
more contagious than the alpha variant [14] and is
characterized by a more severe course of the disease and
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ABSTRACT

The aim: To determine the dynamics of galectin-3 in the formation of the patient’s clinical profile and the impact on structural cardiac and vascular remodeling
in patients with myocardial infarction after reperfusion therapy.

Materials and methods: 140 patients with class Il A CHF syndrome according to Vasilenko-Strazhesko FCII-1ll (NYHA), which occurred in patients with MI,
and 22 patients with Ml without signs of CHF were examined.

Results: The average serum galectin-3 level of the studied patients was analyzed. The average concentration of galectin-3 in patients with stenting without
signs of CHF was (10.87+1.65) ng/ml comparing to (6.57+0.21) ng/ml in healthy subjects (p<0.05). An increase in the concentration of this indicator was
observed in the group of patients with CHF after Ml with reperfusion - (35.2+1.76) ng/ml, which is significantly higher in comparison with practically healthy
subjects, and in patients without revascularization it was (38.94+1.97) ng/ml (p<0.001). Positive correlations of medium strength were found between left
ventricular end-systolic volume (ESV), left ventricular end-diastolic volume (LVEDV) and serum galectin-3 concentration in the examined patients. The correlation
coefficient between the abovementioned indicators was 0.60 (p<0.01) and 0.53 (p<0.05), respectively.

Conclusions: It has been determined that in patients with CHF with postinfarction cardiosclerosis there is a direct correlation of medium strength between
the values of indicators of LV myocardial remodeling with plasma galectin-3 concentration, including ESV, EDV, in examined patients. The role of galectin-3 as
a marker of postinfarction remodeling in patients with CHF for early diagnosis, prognosis, and risk stratification has been presented.

KEY WORDS: myocardial infarction, heart failure, reperfusion therapy

INTRODUCTION

Myocardial infarction (Ml) is one of the most common
pathologies among cardiovascular diseases (CVD) and
is a leading cause of overall mortality. According to
the GRACE registry, mortality after Ml exceeds 10% by
the end of the first 6 months and reaches 15% after
12 months. It is becoming increasingly important to
look for specific markers for early diagnosis, prognosis
of chronic heart failure (CHF), post-infarction period
and risk stratification of patients [1]. The discovery of
a new biomarker, galectin-3, is one of the achieve-
ments of modern medicine. Galectin-3 was included
as a marker of stratification of patients at high risk of
adverse clinical outcomes (death and re-hospitaliza-
tion) in the clinical protocol for prevention and treat-
ment of CHF [2,3]. Galectin-3 belongs to the family
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of B-galactoside-binding proteins and is expressed
by many cells, including neutrophils, macrophages,
labrocytes, fibroblasts and osteoblasts, and is hardly
detected in cardiomyocytes. In recent years, a signifi-
cant number of clinical trials have been published to
evaluate galectin-3 as a biomarker of CVD [4]. Thus, in
the CORONA (Controlled Rosuvastatin Multinational
Trial in Heart Failure) study, patients with a level of
this marker level lower than or equal to the average
showed a 30.4% reduction in the number of cardio-
vascular complications. Overall, the study of galectin-3
properties was conducted involving more than 16,900
patients. Therefore, this lectin can be considered to be
the most studied cardiovascular biomarker after BNP
and NT-proBNP [5.6]. However, the possibility of its
use in clinical practice remains unclear.
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Correlation: r=0.,60248

Fig. 1. Correlation between end-systolic
volume and plasma galectin-3 concentra-
tion in patients with CHF.

Fig. 2. Correlation between end-diastolic

volume and plasma galectin-3 concentra-
tion in patients with CHF.
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To determine the dynamics of galectin-3 in the forma-
tion of the patient’s clinical profile and the impact on
structural cardiac and vascular remodeling in patients
with myocardial infarction after reperfusion therapy

MATERIALS AND METHODS

140 patients with class Il A CHF syndrome according to
Vasilenko-Strazhesko FC -1l (NYHA), which occurred
in patients with MI, and 22 patients with Ml without
signs of CHF were examined. The diagnosis of CHF
was made based on complaints, anamnesis, physical,
laboratory, and instrumental examination data, taking
into account the guidelines for the diagnosis and treat-
ment of chronic heart failure (2017) of the Association
of Cardiologists of Ukraine and the recommendations
of the European Society of Cardiology (ESC Guidelines

for the diagnosis and treatment of acute and chronic
heart failure 2016) []. The ischemic origin of CHF was
verified on the basis of the previous record of Ml with
a note on the presence of positive biological markers,
ECG, echocardiography, coronary angiography in
accordance with the Guidelines for the management
of acute myocardial infarction in patients presenting
with ST-segment elevation of the European Society of
Cardiology (2017), draft guidelines of the Association
of Cardiologists of Ukraine (2013).

All patients with CHF were randomized into 2 groups,
depending on the availability of reperfusion therapy
performed with stenting of the infarct-dependent
coronary artery (IDCA) during the acute period of MI
orin its absence:

) — patients with class Il A CHF, FCII-ll after reperfusion
therapy in the acute period of Ml with stenting of the
IDCA (n=84).
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Table I. Biomarker levels in patients with heart failure after myocardial infarction depending on the performed stenting

Patients with heart failure Patients with heart failure

. facscall) Pa.t S ster_ltlng after myocardial infarction after myocardial infarction
Indicators healthy without heart failure X . A A
(n=15) (n=22) with stenting without stenting
2 2 (n=84) (n=56)
Galectin-3 level 6.57+0.2] 10.87+ 1.65 35.2+1.76 38.94+ 1.97
(ng/ml) p<0.05 p<0.001 p<0.001

Note: p - probability of variance of indicators comparing to practically healthy subjects.

0,7

0,61%

0,6

0,52*

0,39*

0,4 -

0,1

Two CA
lesion

Three CA
lesion

Single CA
lesionww

@ 'pb - correlation
coefficient

Fig. 3. Point-biserial correlation be-
tween the concentration of galectin-3
and the number of affected coronary
vessels.

Note. The probability of the difference
in average values is *p<0.05.

Il) - patients with class Il A CHF, FC lI-lll without reperfu-
sion therapy in acute period of Ml (n=56). Patients with no
signs of CHF (n=22) were the control group. 15 practically
healthy individuals formed the normal control group.

The study did not include patients with acute and
chronicinflammatory diseases of the cardiovascular sys-
tem (endocarditis, myocarditis, pericarditis), unstable
angina, in the first 28 days after MI, with severe arrhyth-
mia and conduction disorders, clinical signs of CHF class
[1B-11l, which correlated to functional class IV according
to the New York Heart Association (NYHA) classification,
with a stroke and transient ischemic attack (TIA), severe
renal failure, high risk of bleeding (thrombocytopenia,
traumatic brain injury, gastrointestinal bleeding up to
oneyear ago and any internal bleeding at present), and
coronary artery bypass grafting (CABG) in anamnesis.

The average age of patients was (51.8+2.64) years:
men - (50.9£1.4), women - (58.3+1.8).

A detailed evaluation of general clinical, as well as
special laboratory and instrumental methods of exam-
ination was performed.

Traditional clinical methods were applied: study of
complaints, medical history and life history, clinical con-
dition of patients was determined by the clinical con-
dition rating scale, general physical examination, ECG.
Heart rate, systolic and diastolic blood pressure levels
were also measured. The scientific program of patient
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examination included transthoracic echocardiography
using parasternal and apical approaches, ECG Holter
test, coronary angiography, and a six-minute walk test.
The serum galectin-3 concentration was studied.

RESULTS AND DISCUSSION

The promising biomarkers of heart failure were stud-
ied in the study. For this purpose, the average serum
galectin-3 level of the studied patients was analyzed.
According to Table |, the average concentration of
galectin-3 in patients with stenting without signs of CHF
was (10.87+1.65) ng/ml comparing to (6.57+0.21) ng/ml
in healthy subjects (p<0.05). An increase in the concen-
tration of this indicator was observed in the group of
patients with CHF after Ml with reperfusion - (35.2+1.76)
ng/ml, which is significantly higher compared with
practically healthy patients, while in patients without
revascularization it was (38.94+1.97) ng/ml (p<0.001).
Thus, there was no dependence of the level of this
marker on revascularization with stenting in the acute
period of Ml (p>0.05). However, when evaluating the
dependence of the serum galectin-3 concentration on
the number of affected CAs, the presence of increased
values of galectin-3 in patients with lesions of three or
more coronary vessels (37.42+1.73) ng/ml, in contrast to
patients with single-vessel (25.1+1.64) ng/ml (p<0.001)
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and two-vessel lesions of the CA (32.8+1.45) ng/ml
(p<0.05), was determined.

Considering the results of echocardiography and en-
zyme-linked immunosorbent assay of serum galectin-3
levels in the examined patients, a correlation analysis was
performed between the indicators of myocardial remod-
eling - ESV, EDV and the concentration of this marker.

Positive correlations of medium strength were found
between left ventricular end-systolic volume (ESV), left ven-
tricular end-diastolic volume (LVEDV) and serum galectin-3
concentration in the examined patients. The correlation coef-
ficient (r) between the above- mentioned indicators was 0.60
(p<0.01) and 0.53 (p<0.05) respectively (Figure 1, Figure 2).

The correlations between the concentration of serum
galectin-3 and the number of lesions in the coronary ar-
teries in patients with CHF were analyzed. For this purpose,
a point-biserial correlation analysis was performed, which
allows us to establish a correlation between quantitative
and qualitative indicators.

The point-biserial correlation coefficient (rpb) was
0.52 (p<0.05). When analyzing the correlation between
the serum galectin-3 concentration in the examined pa-
tients and the lesions of three or more CAs, a statistically
significant correlation of medium strength was found.
The point-biserial correlation coefficient (rpb) was 0.61
(p<0.05).This indicates a relatively high probability of the
influence of single- and three-vessel coronary lesions on
the level of serum galectin-3 The correlation of two-ves-
sel lesions with this indicator is weak but significant with
rpb=0.39 (p<0.05).
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ABSTRACT

The aim: To determine the prevalence of healthcare-associated bacterial vaginosis after gynecological surgeries and associated adverse pregnancy outcomes
in Ukraine.

Materials and methods: Multicenter retrospective cohort study was conducted from January 2019 to December 2021 in eleven medical centers from eight
regions of Ukraine. Vaginal cultures were obtained preoperatively from 3,502 women undergoing gynecologic surgery. Diagnosis of Bacterial Vaginosis is based
on the Nugent and Amsel criteria.

Results: Healthcare-associated bacterial vaginosis (HA BV) was diagnosed in 1,498 of 3,502 women, giving a prevalence rate of 42.8%. HA BV was significantly
associated with preterm birth (risk ratio [RR], 2.68; 95% confidence interval [Cl], 1.44—4.98), miscarriage (RR, 6.11; 95% Cl, 3.22—14.11), low birth weight
(RR, 3.20; 95% (I, 1.29-7.94), and premature rupture of membranes (RR, 6.75; 95% (I, 3.11-14.67).

Conclusions: The HA BV after gynecological surgeries prevalence is high in Ukraine, with a concomitant adverse pregnancy outcome, including preterm birth,
low birth weight, premature rupture of membranes, and miscarriage. A significant number of cases of bacterial vaginosis are associated with long-term use

of antibiotics to treat post-operative infections.

KEY WORDS: Prevalence, healthcare-associated bacterial vaginosis, gynecological surgery, antibiotic use, pregnancy outcomes

INTRODUCTION
Improving maternal and perinatal health is one of
the biggest medical and public health challenges
worldwide. Over the past decades, there have been
increasing discussions on whether vaginal dysbiosis,
the imbalance of the vaginal commensal bacterial
communities (microbiota), influences pregnancy out-
comes and should be monitored antenatally. Healthy
vaginal microbiota (VMB) is crucial to the lower female
reproductive tract. VMB contains a predominance of hy-
drogen-peroxide-producing Lactobacillus species that
contribute to an immunological balance and therefore
support a healthy reproductive tract.

Bacterial vaginosis (BV) is one of the most common
vaginal dysbiotic conditions worldwide. BV constitutes
agynecological condition characterized by an alteration

Wiad Lek. 2023;76(10):2313-2319

of the vaginal microenvironment and more specifically
an alteration of the normal Lactobacillus-dominated
vaginal flora, to a flora that includes a variety of fac-
ultative and obligatory anaerobic bacteria. According
to literature, general population prevalence of BV is
high globally, ranging from 23% to 29% across regions
(Europe and Central Asia, 23%; East Asia and Pacific,
24%; Latin America and Caribbean, 24%; Middle East
and North Africa, 25%; sub-Saharan Africa, 25%; North
America, 27%; South Asia, 29%). Within North America,
black and Hispanic women have significantly higher
(33% and 31%, respectively) prevalence compared with
other racial groups (white, 23%; Asian, 11%). During
pregnancy, the prevalence of BV varies from 11.7% to
49.0% while variability in prevalence exists between
different races and/or ethnicities [1]. It remains unclear
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whether these findings reflect genetic, socioeconomic,
or behavioral discrepancies.

BV has been associated with increased risk of preterm
delivery, first-trimester miscarriage in women undergo-
ing in vitro fertilization, preterm premature rupture of
membranes, amniotic fluid infections, chorioamnionitis,
postpartum and postabortal endomyometritis as well
as postabortal pelvic inflammatory disease [2, 3]. The
estimated annual global economic burden of treating
symptomatic BV is US $4.8 (95% Cl, 3.7-6.1) billion.
The US economic burden of BV is nearly tripled when
including costs of BV-associated preterm births and
human immunodeficiency virus cases [1].

The pathogenesis of BV remains largely elusive, al-
though some microorganisms, including Gardnerella
vaginalis, are suspected of playing a role in the etiol-
ogy of this disorder. Although various risk factors and
pathogenetic mechanisms related to the development
of BV have been described, its exact etiology remains
unknown. The healthy vaginal flora is inhabited by a
variety of Lactobacillus spp. (90-95% of total bacteria),
such as L. chrispatus, L. iners, L. jensenii, L. vaginalis,
and L. gasseri that maintain a low pH (<4.5), produce
bacteriostatic and bactericidal substances and, as a
result, impede the occurrence of infection [4]. A de-
crease in or absence of Lactobacillus spp. provokes an
increase in the vaginal pH that leads to an overgrowth
of anaerobic Gram-negative rods, leading to the devel-
opment of BV [5]. The vaginal flora responsible for BV
can either be transient or of a more permanent nature
and consists of various microorganisms including
Gardnerella vaginalis, Prevotella spp., Porphyromonas
spp., Bacteroides spp., Peptostreptococcus spp., Myco-
plasma hominis, Ureaplasma urealyticum, Mobiluncus
spp., Fusobacterium spp., Sneathia spp., Atopobium
vaginae, and Clostridium spp. [6, 7]. A polymicrobial
biofilm on the epithelial cells of the vagina is a char-
acteristic feature of BV [8].

Risk factors for BV mainly include hormonal changes,
current or prior use of specific medication such as anti-
biotics and immunosuppressants [9], smoking as well as
women’s hygiene behavior, i.e., vaginal douching and
sexual habits, such as the number of sexual partners
[10], age of first sexual encounter, use of an intrauterine
device [1, 11]. In Ukraine clinicians often overprescribe
antibiotics pre-surgery and post-surgery sometimes for
several days after gynecological surgery. However, the
number of cases of healthcare-associated infections
after gynecological surgeries is not decreasing [12-14].
This is often associated with multidrug-resistant strains
of the responsible pathogens [15, 16]. Treatment of
post-operative infections include the extended use of
antibiotics. Long-term use of antibiotics to treat infec-
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tions caused by multidrug-resistant pathogens can alter
the vaginal flora. Studies evaluating healthcare-associ-
ated bacterial vaginosis after gynecological surgeries
are currently lacking.

THE AIM

The aim this study to determine the prevalence of
healthcare-associated bacterial vaginosis after gyne-
cological surgeries and associated adverse pregnancy
outcomes in Ukraine

MATERIALS AND METHODS
DESIGN, SETTINGS AND POPULIATION

Multicenter retrospective cohort study was conducted
from January 2019 to December 2021 and recruited
3,502 women (pregnant and non-pregnant) reproduc-
tive age, defined as ages 15 to 49 years undergoing
gynecologic surgery. We compiled list of the 20 medical
centers. However, only eleven medical centers from
eightregions of Ukraine agreed to take part in our study.
The study population included women had history of
gynecological surgery for benign diseases who were
local residents. Exclusion criteria included Chlamyd-
ial infections, Syphilis or other sexually transmitted
bacterial infections, plans to move within the next 12
months, participation in a clinical trial using antibiotics
or genital microbicides, and limitations preventing
informed consent.

DATA COLLECTION

Data were obtained for the following variables: age,
gravidity, parity, diagnosis, surgical procedure, preop-
erative and postoperative antibiotic use, complications,
and postoperative BV. Each patient was identified only
by a code to ensure confidentiality. Incident and clinical
signs of BV, including cervical motion tenderness, uter-
ine tenderness, and adnexal tenderness, were measured
at each visit. As this was a time-to-event data analysis,
women not developing BV contributed data until their
last study visit. Participants were followed quarterly for
approximately 12 months with clinical examinations
and surveys. Our study includes interviews, question-
naires, and examinations medical records. Information
was collected at baseline and each follow-up visit. Am-
bulatory medical records and relevant hospital records
were reviewed for the all-women’s. A data collection
form was created to extract demographic, microbiolog-
ical, and clinical data, and outcome information from
routine patient records.
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ETHICS

All participants gave written informed consent, and the
study was approved by the institutional review boards
of the Shupyk National Healthcare University of Ukraine;
Ethics Committee approved this study.

MICROBIOLOGICAL METHODS

Vaginal cultures were obtained for nonpregnant
patients undergoing gynecologic surgery, which
included benign gynecologic, urogynecologic, and
gynecologic oncology cases. At each visit, vaginal
fluid was collected for vaginal smears. Gram stains
were performed and categorized using the Nugent
scoring method as low, intermediate, or high (0-3,
4-6, and 7-10, respectively) [17]. High Nugent scores
are indicative of BV and for clarity are termed “Nu-
gent-BV” [18]. Additionally, clinical diagnosis of BV
was assessed using Amsel criteria (having 3 of the
following clinician-assessed signs: thin homogeneous
vaginal discharge, vaginal pH >4.5, the presence of a
fishy odor upon adding potassium hydroxide solution
to vaginal secretions, and/or clue cells on microscopy)
[19]. Diagnosis by Amsel criteria has also been recently
termed“Amsel-BV”[18]. Clinicians directly questioned
women regarding vaginal symptoms (including vag-
inal discharge, irritation, itching, burning, foul odor,
and other), and then coded those that met Amsel
criteria for BV as “symptomatic BV" or “asymptomatic
BV”based on their clinical judgement [18].

STATISTICAL ANALYSIS

In this study clinical and microbiological data were en-
tered in an Excel (Microsoft Corp., Redmond, WA, USA)
database for statistical analysis. We estimated pooled
prevalence with a random effects model with inverse
variance weights. We adjusted estimates of prevalence
obtained by Amsel’s criteria using the formula and
estimates of sensitivity and specificity relative to Nu-
gent score [18]. We tested risk factors associated with
incident Bacterial Vaginosis including Nugent category,
Amsel-BV (both symptomatic and asymptomatic), and
sociodemographic measures.We used x2 and Fisher ex-
act tests for categorical factors, and Cochran-Armitage
trend tests for ordinal factors. Cox proportional hazards
models were used to test whether Nugent score and
Amsel-BV with risk factors behaviors were associated
with risk of incident BV. We generated both unadjusted
models and models adjusted for all other factors. The
proportional hazards assumption was assessed using
scaled Schoenfeld residuals for all models. In this study
statistical significance was defined as P<0.05.

RESULTS

PREVALENCE OF BACTERIAL VAGINQOSIS
During the study period (2019-2021), 1,498 of 3,502
women'’s undergoing gynecologic surgery were found
to have healthcare-associated bacterial vaginosis (HA
BV). Of the total HA BV cases, 12.8% were asymptom-
atic. The prevalence of HA BV among participants this
study was 42.8% (95% Cl: 42.0-43.6). The prevalence of
HA BV varied by type of gynecological procedure and
antibiotic use. Characteristics of the study sample are
summarized in Table I.

Most women (89%) received preoperative or periop-
erative antibiotics, with ceftriaxone alone (41%) and
cefoxitin alone (33%) the most commonly given antibi-
otics. Forty one percent of the patients with HA BV had
Lactobacillus-predominant vaginal microflora, 22.3%
had an intermediate BV vaginal microflora, and 70.9%
had a BV vaginal microflora. There were no statistically
significant differences between the three BV groups
with respect to age, invasiveness of the surgery, or use
of preoperative antibiotics (Table I).

Table | describes relationships between operative
characteristics and postoperative HA BV. Although the
percentage of patients with HA BV was higher for pro-
cedures in which the vagina was entered than for other
procedures (20.7% versus 37.7%), this difference was not
statistically significant. HA BV was also more common
in patients who received preoperative or perioperative
antibiotics (89.3% versus 10.7%), but this difference was
not statistically significant. The higher rate of HA BV
associated with pre/perioperative and postoperative
antibiotic use may reflect a tendency to use antibiotics in
patients who are at higher risk of postoperative infection.
No statistically significant difference was found between
ceftriaxone alone, cefoxitin alone, and other antibiotics
with respect to the HA BV (Table Il). There was a statisti-
cally significant difference between the three BV groups
with respect to postoperative HA BV (P=0.017). Further
significance testing found that the differences between
the positive-BV group and the Lactobacillus-predomi-
nant group, and between the positive-BV group and the
intermediate-BV group, with respect to postoperative HA
BV, were statistically significant (P =0.045 and P=0.007,
respectively). The difference between the intermediate
BV group and the Lactobacillus-predominant group was
not statistically significant (P=0.28).

BACTERIAL VAGINOSIS AND PREGNANCY
OUTCOMES

Of the 1,498 women who were positive for HA BV,
24.8% had preterm birth, 14.1% had low birth weight
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Table I. Characteristics of women with healthcare-associated Bacterial Vaginosis (HA BV) after gynecological surgeries in Ukraine (2019-2021)

All

women'’s HABV
Characteristics Yes No P value
n % n % n %
Age (years) 0.053
15-21 189 54 162 8.1 27 1.8
22-26 311 8.9 297 14.8 14 0.9
27-31 421 12.0 317 15.8 104 6.9
32-36 784 224 468 234 316 211
37-41 936 26.7 486 243 450 30.0
42-49 861 24.6 274 13.7 587 39.2
Peritoneum entry 0.086
Vaginal only 978 279 414 20.7 564 37.7
Abdominal only 786 224 403 20.1 383 25.6
Vaginal and abdominal 1,738 49.6 1,187 59.2 551 30.8
Pre/perioperative antibiotics given 3,127 89.3 1,891 94.4 1,236 825
Vagina not entered during procedure 1,480 423 0.11
Lactobacillus predominant 386 26.1 175 8.7 211 14.1
Intermediate BV 311 21.0 194 9.7 117 7.8
Positive BV 783 529 302 15.1 481 32.1
Vagina entered during procedure 1,960 56.0 0.09
Lactobacillus predominant 684 349 273 13.6 211 274
Intermediate BV 379 19.3 162 8.1 217 14.5
Positive BV 897 45.8 316 15.8 581 38.8
Preoperative antibiotics not given 375 10.7 0.057
Lactobacillus predominant 146 38.9 95 4.7 51 34
Intermediate BV 68 18.1 31 1.5 37 2.5
Positive BV 161 42.9 64 4.0 97 6.5
Preoperative antibiotics given 3,127 89.3 0.024
Lactobacillus predominant 927 29.6 710 354 217 14.5
Intermediate BV 909 29.1 588 29.3 321 21.1
Positive BV 1,291 41.3 723 36.1 568 379
Post-operative antibiotics given 2,189 62.5 0.0014
Lactobacillus predominant 136 6.2 85 4.2 51 34
Intermediate BV 511 233 128 6.4 383 25.6
Positive BV 1,542 70.4 355 17.7 1,187 79.2
Total 3,502 100.0 2004 57.2 1498 42.8 0.05
(LBW), and 28.4% had premature rupture of mem- DISCUSSION

branes (PROM), and 26.6% had miscarriage. They had
2.7 times the risk of preterm birth (95% confidence
interval [Cl], 1.44-4.98), 3.2 times the risk of LBW
(95% Cl, 1.29-7.9), 6.8 times the risk of PROM (95%
Cl, 3.1-14.7), and 6.1 times the risk of miscarriage
(95% Cl, 3.22 -14.1) compared with those who were
negative (Table Il).
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To our knowledge, no study addressing to the preva-
lence of HA BV after gynecological surgeries and as-
sociated adverse pregnancy and birth outcomes. The
present study showed that HA BV after gynecological
surgeries is a common vaginal disease in women of
reproductive age in Ukraine. The prevalence of HA
BV among participants this study was 42.8%. Of the
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Table Il. Relationship among the presence of healthcare-associated bacterial vaginosis (HA BV) after gynecological surgeries and adverse pregnancy

outcomes in Ukraine (2019-2021)

HA BV
Pregnancy Outcome (n=f:98) (n=2,?)04) RR (95% Cl) P value
n % n %
Preterm birth 371 24,8 186 9,3 2.68 (1.44-4.98) 0.002
Miscarriage 398 26,6 76 38 6.11(3.22-14.11) <.001
LBW 211 14,1 89 4,4 3.2(1.29-7.94) 0.008
PROM 425 284 91 4,5 6.75 (3.11-14.67) <.001

*BV, bacterial vaginosis; Cl, confidence interval; LBW, low birth weight; PROM, premature rupture of membranes; RR, risk ratio.

total HA BV cases, 12.8% were asymptomatic. The
prevalence of HA BV varied by type of gynecological
procedure and antibiotic use. HA BV was significantly
associated with preterm birth, miscarriage, LBW, and
PROM. Of the 1,498 women who were positive for HA
BV, 24.8% had

The prevalence rate of HA BV of 42,8% among preg-
nant women in this study is within the range of other
recent studies, i.e., from 5.8% to 49% [1, 20-22]. It re-
mains unclear whether these findings reflect genetic,
socioeconomic, or behavioral discrepancies.

According to literature, risk factors for BV mainly
include hormonal changes, current or prior use of
specific medication such as antibiotics and immuno-
suppressants, and the existence of foreign bodies, such
as cloth or toilet tissue in the vagina [9]. In our study a
significant number of cases of bacterial vaginosis are
associated with long-term use of antibiotics to treat
post-operative infections.

Increasing evidence is suggesting that BV is associat-
ed with various adverse pregnancy outcomes, such as
an increased risk of early and late miscarriage, PROM,
LBW, and preterm birth [2, 20, 22-25]. The results of our
study supported previous studies.

The treatment of HA BV may prevent post-operative
infections after major gynecological surgery or surgical
termination of pregnancy. Women undergoing hyster-
ectomy, the surgical termination of pregnancy, should
be screened for BV, and those who are positive should
be treated. Asymptomatic pregnant women with pre-
vious preterm delivery may benefit from treatment, but
the screening and treatment of these women remain
controversial [2].

Our study showed that post-operative infection re-
mains the common complication after gynecological
procedures in Ukraine. Best practices should be estab-
lished and followed to reduce the risk of post-operative
infection associated with gynecologic surgery. Optimiz-

ing the antibiotic prophylaxis and empirical antimicro-
bial therapy may reduce the burden of postoperative
infection in gynecological surgeries, but prevention is
the key element [12-16].

The high cost of HA BV-associated sequelae highlights
the need for research to understand potential causal
linkages between HA BV and adverse health outcomes.
Further research to determine the etiology of HA BV and
corresponding prevention and sustainable treatment
strategies are urgently needed to reduce the burden of
BV among women.

STRENGTH AND LIMITATION

This is the first epidemiological study that focuses
on the prevalence of healthcare-associated bacterial
vaginosis after gynecological surgeries and adverse
pregnancy and birth outcomes. The results of this
study provide useful evidence for prevention efforts
to decrease HA BV and its contribution to adverse
pregnancy outcomes in Ukraine. The limitations of our
study include its retrospective design and including
29.2% regions in Ukraine. Therefore, results this study
may not be representative of other Ukrainian regions.

CONCLUSIONS

The present study showed that HA BV after gynecological
surgeries prevalence is high in Ukraine, with a concomitant
adverse pregnancy outcome, including preterm birth,
low birth weight, premature rupture of membranes, and
miscarriage. A significant number of cases of bacterial vag-
inosis are associated with long-term use of antibiotics to
treat post-operative infections. The high cost of HA BV-as-
sociated sequelae highlights, further research is needed to
determine the etiology and understand potential causal
linkages between HA BV after gynecological surgeries, and
adverse pregnancy and birth outcomes in female.
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ABSTRACT

Higher education is one of the areas most affected by the Covid-19 pandemic and martial law. Against the backdrop of severe restrictions, universities faced
the issue of the existing opportunities for the implementation of educational programs, the need to change the format of the educational process with the
transition mainly to electronic educational technologies.

Under these conditions, it was necessary to consolidate all the forces and resources of the university community. The governments of many countries have
recognized the need to provide infrastructural and technological support to educational institutions.

Thanks to the institutional support of the state and relevant ministries, universities managed to reduce financial losses and implement initiatives for continuous
education. These measures have contributed to the sustainability of universities.

In response to the COVID-19 pandemic, educational institutions all over the world have adopted different approaches and made significant changes to the
education system itself in accordance with their resources and capabilities.

KEY WORDS: educational medical institutions, medical students, COVID-19 pandemic, martial law, distance learning

INTRODUCTION

Medical education in Ukraine, as in most other coun-
tries, has experienced major changes caused by the
COVID-19 pandemic, and Russian military aggression
has further worsened the situation. Universities across
the country found themselves in different circumstanc-
es: some were destroyed, others suffered significant
damage, some faced the issue of temporary relocation
to another, safer territory. Both the Ukrainian society
and university communities were faced with the ques-
tion of not only survival, but also the continuation of
functioning in extremely difficult circumstances [1-3].

THE AIM

To characterize the learning process in educational
medical institutions of Ukraine at the present stage

MATERIALS AND METHODS
This article presents an assessment of more than 70
world literary sources published in the period from 2020
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to 2023, which discuss the issues of distance learning
process at medical universities. The study involved an
evaluation of literary sources included in the PubMed,
Google Scholar databases.

The assessment employed data from sociological
studies on the attitude of students and teachers of
universities to distance learning, conducted by expert
organizations during the pandemic, analytical and
information materials of universities, bibliographic
sources. Secondary analysis and interpretation of the
results of sociological surveys, systematization and
classification of the theoretical and factual materials
used, analysis of management practices and experience
of universities in the conditions of extreme transition
to remote mode were carried out.

REVIEW AND DISCUSSIONS

Given the current situation, first all over the world,
and then aggravation in Ukraine due to the military
aggression, a high degree of mobilization of university
management teams was required to quickly respond,
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search for and implement solutions to non-standard
tasks and problems. In the context of the crisis, and
especially the martial law in Ukraine, not only ad-
ministration, but also communication with students,
employees and other interested parties, stakeholders
became a key task. For Ukrainian students, depending
on their place of residence, the Ministry of Education
and Science of Ukraine has developed several models
of education using its different forms.

The circumstances required continuous communica-
tion between members of the university community,
exchange of information in order to be aware of chang-
es and be able to act appropriately during disruptions
and destabilization [4].

Most universities have created separate sections
on the websites of their universities, where they ac-
cumulated news, appeals from management, and
instructions. Supporting services were also included,
namely training materials with recommendations
for transferring education to an online format, class
schedules, information on how exams will be held
and the admission campaign, assistance in temporary
employment. A number of universities have actively
used social networks to disseminate up-to-date in-
formation and recommendations at the present time.
Some universities have launched a hotline for students
and staff. Most universities have signed contracts with
companies such as Microsoft that provide Office re-
sources, Teams, or technology platforms to enhance
virtual communication.

The COVID-19 pandemic has highlighted the growing
need for broader concepts of academic sustainability
that take into account important mental health issues
[5-6].

A number of universities have developed effective
screening and intervention strategies to build student
resilience during their lockdown or any other emergen-
cies in the future.

Mental health and wellness support programs include
several means of behavioral assistance: phone support;
self-managed mental health care; applications with
recommendations for acquiring coping skills; individual
therapy services [7].

Some universities have created online communities of
students, teachers, administrators, which helped reduce
the stress of social isolation. For example, Vanderbilt
University School of Medicine has created a Virtual Well-
ness and Learning Communities (VWLC) program. The
VWLC program consists of hour-long virtual events that
offer students the opportunity to connect with their
peers online through talks, game nights, or self-paced
workshops to share interests. After attending a VWLC
event, 79% of participants reported increased feelings

of connection with peers, 61% felt better, and 55% felt
that such activities should be continued regularly [8].

Distance learning has become a way out of a situation
where the physical presence in institutions of higher
medical education has become limited or impossible,
and the usual teaching tools cannot be used due to
unpredictable and insurmountable, force majeure
circumstances. [9].

Learning management systems (LMS, for example:
Google Classroom, Moodle, Blackboard, Canvas);
applications for learning based on mobile devices;
programs with extended offline functionality; massive
open online courses (MOOCs); self-learning services;
electronic readers; software for online collaboration
(Zoom, Google Meet, WebEX, Skype); means of creating
digital educational content and numerous electronic
databases of educational materials were used as tools
for organizing distance learning, providing social sup-
port for participants in educational relations [10].

From the point of view of supporting medical educa-
tion, the PIVOT MedEd project of the Faculty Develop-
ment Network of the Association of Medical Faculties
of Canada (AFMC) Faculty Development Network is
interesting. To support educators, faculty leaders at
Canadian Medical Schools (FacDevCanada) co-curat-
ed medical education resources in three categories:
guides to transitioning to classroom and online clinical
programs; discipline-specific learning resources and
general resources including basic sciences, patient
safety, and others. FacDevCanada members have used
crowdsourcing. The project involved communities of
educators and authors from 74 countries: Canada (48%),
USA (24%), Portugal, UK, Mexico (up to 3%) and others.
This open access online resource has become a one-
stop place to find materials and resources to support
online education [11].

Under normal circumstances, developing an online
course involves a process of designing and analyz-
ing student needs and prior experiences, as well as
a range of teaching methods and strategy selection,
carefully considering the unique characteristics of the
target groups and the chosen learning environment.
In addition, course development is usually a collabo-
rative effort of the course team (teachers, curriculum
developers, technical specialists). The course contains
several learning objects (video lectures, assignments,
discussions) that meet various criteria set by national
or international quality assurance indicators, as well as
a number of rules (accessibility, copyright).

One of the fastest and most economical solutions
in terms of resources in the context of the transition
to distance learning formats was the active use of
ready-made open online courses in the educational
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process. Some universities have been quick to adapt
and optimize the costs of moving to distance learn-
ing by taking advantage of available massive online
courses, including from leading universities. Many elite
universities have themselves actively developed online
courses and systems. For example, Tsinghua University
in China decided to continue working entirely online
and quickly developed 4,000 courses [12], which then
became widely available throughout China.

Many other universities have also made their online
courses available to the public by publishing them on
specially created electronic resources or posting them
in sections of their official websites. In addition, such
platforms as Coursera and Udemy have opened access
to their online courses. With the start of the military
invasion, Ukrainian medical educators and scientists
were given free access to their electronic platforms
ClinicalKey, Complete Anatomy, Osmosis (Elsevier Com-
pany), as well as the Research4Life project.

Online learning has necessitated the transformation
of physical libraries of universities into digital libraries
for online provision of information services. University
libraries have provided access to full-text materials and
diverse educational resources that have already been
created during the pandemic [13].

With all the variety of formats, online learning, in
terms of didactic characteristics, has two technological-
ly different processes for obtaining knowledge, namely
synchronous and asynchronous. This division is due to
the communication approaches they use. Synchronous
formis a learning format when all participants interact
in real time in a text or video environment. The syn-
chronous format often has a limited time frame and
leaves the audience little time for activities. But it can
be useful for discussing topics that are prepared in ad-
vance, getting quick feedback and enhancing the social
presence of students. Asynchronous form is a formatin
which the contact between the student and the teacher
is delayed in time. Participants do not intersect in the
physical space and do not“see”each other in the virtual
one. At the same time, the course fulfills its functions:
students receive knowledge, feedback and move along
a certain educational trajectory.

Obviously, the synchronous approach practically
blurs the line between real and virtual learning and
thus provides the maximum approximation to the
conditions of traditional education. The advantages
of asynchronous approach include flexible timeframe,
the possibility of learning, taking into account the
different pace of assimilation of educational material.
But it requires the student to be dedicated, indepen-
dent and self-organized, and the role of the teacher is
rather reduced to the role of a facilitator or moderator
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of communication.

In mass transition to distance learning, universities
used both synchronous and asynchronous learning
formats in their educational activities, depending on
the educational tasks being solved.

Olha Bratanych et al. believe that the only possible
form of mass education in Ukraine in war conditions
is synchronous distance learning. Compared to offline
learning, synchronous distance learning significantly
increases the share of emerging feedback, which
contributes not only to the activation of the learning
process, but also to the socialization of students [14].

Online learning can be seen as an alternative method
of teaching in the classroom to learn theoretical mate-
rial. However, concrete experience is an important part
of any learning process. In medical education, clinical
experience is a central part of the development of
medical competence. The teaching of clinical disciplines
has always been based on the formation of skills that
require personal presence of students and their direct
contact with patients and teachers.

Faced with new conditions, most medical universities
were forced to make appropriate adjustments to the
organization of the educational process. The COVID-19
pandemic forced us to change not only the methods
of teaching students clinical disciplines, but also their
content in an emergency mode.

Medical educators developed clinical and procedural
skills through e-learning using open access didactic
materials, podcasts, reflective sessions, remote simu-
lations, and even clinical rotations [15].

Due to the limitation of the educational process at
clinical sites, new possibilities for using simulation
teaching methods have become apparent. Simulation
training in the last decade has been an integral part of
the professional development of future specialists. Their
importance has increased significantly in the conditions
of martial law in Ukraine.

The World Academic Council for Emergency Medicine
has published a paper describing the best practices
of simulation centers, from when COVID-19 first hit
countries around the world to the current state of their
functioning in the “new normal”[16].

The spectrum of simulation training has expanded
from simple partial task simulators, low to high fidelity
simulations, hybrid simulations, the use of standardized
patients, laparoscopic surgical simulators, simulated
operating rooms and rehabilitation suites, and even
applications that include virtual, augmented and mixed
reality techniques.

For example, VR simulations have been successfully
used in training in resuscitation, communication, and
bronchoscopy. In contrast, AR has shown utility in
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teaching anatomical correlates using diagnostic imag-
ing such as ultrasound. Alternative reality is used as a
tool for developing clinical thinking skills, longitudinal
management of a panel of patients [17].

The hardware provides the user with an immersive
experience through stereoscopic 3D displays, motion
tracking, haptic feedback, and natural user interfaces.
Simulation-based learning using virtual reality or game
environment enriches online educational programs
with synthetic clinical scenarios.

Forexample, one of the papers [18] describes the im-
plementation of a neonatal phantom that can simulate
physiological vital parameters such as pulse rate and
thermoregulation. It also mimics the look of premature
babies using a 3D printed base structure coated with
multiple layers of skin-colored modified silicone. Thus,
the proposed neonatal phantom can be used to sim-
ulate various life parameters of premature babies and
allows implementing image processing algorithms for
health analysis.

Another study describes the experience of using ul-
trasound puzzle phantoms to assist in teaching isolated
transducer movements and sonographic concepts to
medical students prior to human anatomy imaging [19].
This experience is confirmed by the results of a survey
after an online ultrasound course using virtual simula-
tors. 58% of students believe that they have achieved
the goal of the ultrasound imaging course [20].

Classes on endovascular simulators significantly im-
prove the attitude of students towards interventional
radiology (IR), which is a rapidly developing field of
medicine, but also stimulate interest in a particular
subspecialty [21].

A growing group of researchers are conducting
powerful retrospective reviews of patient-specific 3D
models generated from large numbers of medical scans
on hospital image servers to illustrate the power of 3D
reconstructions combined with imaging to improve
understanding of new surgical approaches and options
in surgical anatomy [22 -23].

It can be argued that due to the development of
technology and the use of augmented reality, virtual
environments, students have the opportunity to study
in conditions as close as possible to real ones, which
can significantly increase the level of their professional
training. When organizing the educational process,
conditions are created for the formation and consolida-
tion of various skills through visual contact and tactile
interaction with equipment simulating real situations,
which provides additional interactivity, immersion and
safety. This, in turn, increases the involvement of stu-
dents in the learning process and reduces the level of
stress, increases adaptability to professional activities.

In addition, they have the opportunity to repeatedly
practice actions at various stations, honing their skills
to maximum accuracy.

An integral part of teaching students within the
framework of simulation training is debriefing, which
allows discussing and, in the future, eliminating inac-
curacies and mistakes. Debriefing provides an oppor-
tunity to assess the knowledge, skills and attitudes of
participants in the simulation course, on the basis of
which they make decisions during the task. This form
of feedback is used to find the cause of inconsistencies
between actions taken and expected. Watching audio
and video recordings during debriefing can be a useful
tool for evaluating the work done [24].

Healthcare is a team activity and it makes perfect
sense that medical professionals need team training.
Simulations to eliminate misunderstandings and other
sources of error, especially in the context of team learn-
ing and systems practice, are also a key component in
optimizing patient outcomes.

In the context of the pandemic and military aggres-
sion, the demand for telemodeling has significantly
increased as one of the alternative methods of sim-
ulation training. Telesimulation is defined as the use
of Internet communication technologies to provide
simulation-based medical education when students
and teachers are located remotely from each other [25].

Telesimulation can be performed with all students
and facilitators participating in physically remote lo-
cations. Using a video teleconferencing platform such
as Zoom, Google Meet, or Skype, facilitators can share
audio clips, still images, or pre-recorded videos [26].

An example is the Simbox toolkit for simulating
patient admissions, hosted in the public domain by
the American College of Emergency Physicians (ACEP
https.//www.emergencysimbox.com/) [27]. It contains
pre-recorded videos of medical examination results and
patient monitors that can be controlled by facilitators
using a video conferencing platform in accordance
with the scenario and actions of participants during
the simulation. Students interact with each other,
built-in participants and a simulated patient and/or a
display of vital signs on a computer screen. Facilitators
observe students in real time and provide immediate
feedback during a remote session. Telesimulation
eliminates the need to co-locate instructors, students,
and high-precision patient simulators (HPS), allowing
simulation-based classes to be conducted in facilities
remote from simulation centers or when other barriers
limit face-to-face communication [28].

These electronic resources provide an opportunity
to participate in live broadcasts of lectures by leading
experts, professors, researchers; include training videos
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of operations, methods for diagnosing diseases, their
prevention and treatment; video lessons in important
scientific areas; highlight the latest scientific discoveries
and achievements of medical science.

The introduction of telemedicine technologies in the
educational process helps prepare doctors for effective
future work in hospitals and clinics and the provision
of high-quality medical care to patients. Telemedicine
in medical education is a very important area that re-
quires the mandatory inclusion of this type of training
in curricula. In addition, telemedicine facilitates remote
collaboration and provides access to expensive remote
tools that are not always available.

Nowadays, an increasing number of students rec-
ognize the importance of telemedicine and, more
importantly, express a clear desire for telemedicine
to be included in the curriculum from the first year of
study [29].

Engaging medical students in telemedicine activities
will help preserve and improve patient health, empower
medical teams and systems, and increase medical stu-
dent engagement, opportunities for hands-on learning,
and professional identity building.

Under the conditions of the military invasion in
Ukraine, final-year students of medical universities
receive clinical skills, taking an active part in helping
the sick and wounded, participating in volunteer
organizations. Due to the increasing burden on the
healthcare system, medical students are increasingly
on duty in hospitals, go to calls with ambulance teams.
Many universities are urgently introducing courses on
emergency medical care, artificial lung ventilation, new
methods of diagnosing and treating patients in high-
risk conditions, requiring well-coordinated teamwork
and knowledge of new action algorithms, into the cur-
riculum.The formation of the universal competencies of
a doctor to act in extreme situations is a fundamental
need for Ukraine in the conditions of war, power outag-
es and possible man-made/environmental disasters. It
is undeniable that these acquired clinical skills greatly
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Introduction: The epidemiological situation of tuberculosis (TB) in Ukraine remains complex with a large number of patients remaining as a source of infection
with Mycobacterium tuberculosis, which is particularly dangerous for the most vulnerable populations — children and adolescents.

The aim: To analyze the main epidemiological indicators of TB in adolescents in Ukraine from 2006 to 2022 years.

Materials and methods: Epidemiological, clinical, statistical. The work was carried out with funding from the state budget.

Results: Theincidence of TB in adolescents decreased 3.5 — fold over 17 years, from 34.9 per 100,000 people of appropriate age to 10.0in 2022. The percentage
of relapses almost did not change from 2.8 % to 3.1 % in 2022. Adolescents were most frequently diagnosed with pulmonary TB (from 83.7 % in 2006 t0 91.9
% in 2022) and much less frequently with extrapulmonary respiratory TB (from 13.5 % in 2006 to 5.6 % in 2022). Despite the decrease in the incidence of TB,
the severity of the disease is increasing and the amount of “small” forms of TB without bacterial excretion or destruction is decreasing. In 2006, the quantity
of adolescents with bacterial excretion was 25.1 % of all pulmonary forms of TB, rising to 53.8 % in 2022, and destruction was detected in 30.8 % in 2006
and 33.0 % in 2022. The incidence of adolescents in contact with MDR-TB patients significantly exceeded the incidence of adolescents in the population, so in
2006 this figure was 1040.5 per 100 thousand contact persons, in 2022 — 2119.6 per 100 thousand). The incidence of adolescents who came into contact with
patients without bacterial excretion was lower —in 2006 it reached 78.9 per 100 thousand contact persons, in 2022 — 1521.7 per 100 thousand (in 2021 it was
11.4 times lower and equaled 134.0 per 100 thousand).

Conclusions: A precipitous drop in the incidence rate occurred after the abolition of mandatory screening examination for adolescents. In 2022, almost half of
adolescents with newly diagnosed TB had bacterial excretion and a third had destruction, indicating significant shortcomings in early detection of TB infection
and an increase in the number of common and neglected forms of TB. The incidence of adolescents who have been in contact with TB patients is ten times
higher than in the general population, especially in 2022, which may be due to a full-scale war.
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CLINICAL HOSPITAL «FEOFANIYA» STATE ADMINISTRATIVE DEPARTMENT, KYIV, UKRAINE

2STATE INSTITUTION OF SCIENCE «RESEARCH AND PRACTICAL CENTER OF PREVENTIVE AND CLINICAL MEDICINE» STATE ADMINISTRATIVE
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Introduction: The progression of the process of atherosclerosis of arteries and arterioles leads to the formation of calcified atherosclerotic plaques of various
locations, especially in coronary arteries and peripheral arteries. The most informative method of visualization and calculation of atherosclerosis and calcinosis
is CT coronary angiography and (T peripheral angiography with the calculation of calcium score. Based on the obtained data, it is possible to stratify risks and
choose optimal treatment tactics for patients with atherosclerosis of coronary arteries in combination with atherosclerosis of peripheral arteries, taking the
calcium score data.

The aim: To establish and compare the peculiarities of evaluating the coronary calcium score (CCS) and the peripheral calcium score (PCS) in patients with
chronic coronary heart disease and peripheral artery disease with calcification.

Materials and methods: Retrospectively analyzed the data of 42 patients aged 51 to 84 years over a period of 18 months. All patients had normal excretory
renal function and combined symptoms of chronic coronary heart disease (classified by NYHA class from | to ll) and peripheral artery disease (classified by
Rutherford Classification stage from 2 to 5). All patients underwent CT coronary angiography and CT peripheral angiography of the lower extremities according
to the standard method, and calculated the calcified areas of the coronary arteries and the calcified areas of the below the knee (BTK) arteries using the Agatson
score method. Based on the obtained data, the optimal treatment tactics were chosen and endovascular surgical interventions were performed both on the
coronary arteries and on the target BTK arteries.

Results: All 42 patients were divided into 2 groups. Endovascular intervention (angioplasty) on the target BTK arteries, according to the data of the calcium score
less than 400 underwent 35 patients (group I). The percutaneous coronary intervention was performed in one patient in this group. Endovascular intervention
with the use of rotational atherectomy was performed on the target BTK arteries, according to the data of the calcium score more than 400 underwent 7
patients (group Il). Percutaneous coronary intervention with rotational atherectomy was performed in two patients in this group. In group I technical success of
endovascular surgical treatment of the target BTK arteries was achieved in 34 patients (97.1%). In group Il, technical success was achieved in 100% of patients.
Conclusions: Anatomical similarity in sizes of the coronary arteries and the BTK arteries and the similarity of the evaluation of the (CS and the PCS by the
Agatson method gives the possibility to propose calcium score data as a criterion for selection of patients with calcified BTK lesions, for the use of rotational
atherectomy, to improve the results of endovascular treatment. However, the scientific data available today require further investigations in the field of
preoperative preparations in patients with combined atherosclerotic pathology to increase the effectiveness of therapy methods.

KEY WORDS: endovascular treatment, cardiovascular, calcium score, peripheral artery disease, rotational atherectomy
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Introduction: Optimization and personalization of health care for older people are important aspects that contribute to improving the quality of life of older
people and provide more effective health care support in accordance with their unique needs. This topic is particularly relevant as the population ages and the
number of older people in need of additional support and care increases. This process is gaining global proportions and is of concern to governments in many
countries, which realize the enormous implications for healthcare systems, their human resources, and budgets.

The aim: To develop a patient registry in a primary care center as a tool for managing the long-term health monitoring of older people based on the principles
of the ICOPE (Integrated Care for Older People) concept of comprehensive care for older people recommended by WHO.

Materials and methods: The basis for determining the accounting features in the registry was based on the components of the anamnestic questionnaire of
patients, individual programs for the prevention of chronic diseases, episodes of medical care and their causes. The formation of the registry was carried out in
stages, first of all, a group of patients with limited physical mobility was formed (587 people, out of 32756 assigned to medical care).

Results: In 2018, preventive medical examinations of the adult population based on individual programs for the prevention of chronic non-communicable
diseases were introduced into the practice of the primary care of the State Institution of Science “Research and Practical Center of Preventive and Clinical
Medicine” State Administrative Department, which were preceded by anamnestic questioning of patients from organized and unorganized groups. The
individualized prevention program helped to identify non-communicable chronic diseases in the target groups at early stages. It was found that one patient
from the observation group has three to ten chronic diseases. In order to optimize and personalize the provision of medical care, in particular to older people,
recommendations were made to conduct a comprehensive assessment of the functional status of older people to identify risks and early signs of functional loss.
Conclusions: The integration of the ICOPE program will allow to create a system of medical care aimed at maintaining the activity, health, and independence
of older people, providing them with a full and satisfactory life. A personalized approach that takes into account the individual characteristics of each older
person will help ensure more effective and favorable medical care, as well as prevent possible problems and complications.

KEY WORDS: optimization of medical care, personalization, ICOPE.
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COMPARISON OF THE DURATION OF PARTIAL MENISCUS
RESECTION USING ARTHROSCOPIC PUNCHERS,
RADIOFREQUENCY ABLATOR AND A RADIOFREQUENCY
MENISCUS RESECTION TOOL «<MENISCUS RESECTOR»

Bohdan Ya. Hryshchuk
STATEINSTITUTION OF SCIENCE «RESEARCH AND PRACTICAL CENTER OF PREVENTIVE AND CLINICAL MEDICINE» STATE ADMINISTRATIVE
DEPARTMENT, KYIV, UKRAINE

Introduction: A study of comparison of partial meniscus resection using traditional instruments and instruments for radiofrequency resection «Meniscus
Resector» was conducted.

The aim: To determine and compare the time of partial meniscus resection using arthroscopic punchers, radiofrequency ablator and the instrument for
radiofrequency meniscus resection «Meniscus Resector».

Materials and methods: The study was conducted on 30 macropreparations of human knee meniscus obtained during total knee arthroplasty, which were
divided into two groups: Group 1- 15 macropreparations, partial resection of which was performed using arthroscopic punchers, and the contours of the
meniscus surface after resection were treated with a radiofrequency ablator; Group 2 - 15 macropreparations, partial resection of which was performed using
a tool for radiofrequency resection of the meniscus «Meniscus Resector». In both groups, the same volume of meniscus was resected - 500 mm?. Visualization
and time measurement were performed using an arthroscope.

Results: In group 1, the average duration (median, interquartile range) of partial resection of a 500 mm? fragment was 11,8 (10,2-12,9) sec, in group 2 the
average duration of partial resection of a 500mm?> fragment was 1,9 (1,4-2,3) sec (p<0,001). Thus, the use of «<Meniscus Resector» (group 2) favored, on average,
6,2 times faster partial meniscus resection, as compared to arthroscopic punchers and radiofrequency ablator (group 1).

Condlusions: The study suggests that the use of the <Meniscus Resector» provides a faster method of radiofrequency meniscus resection compared to
arthroscopic punchers and radiofrequency ablators. Further studies and trials are needed to confirm these results and evaluate safety in different clinical settings.

KEY WORDS: meniscus, partial resection, radiofrequency.
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ANALYSIS OF TREATMENT EFFECTIVENESS AND
RECURRENCE-FREE COURSE IN PATIENTS WITH COMBINED
PATHOLOGY (UTERINE FIBROIDS AND ADENOMYOSIS)

Olena 0. Lytvak, Vyacheslav M. Kladiev
STATEINSTITUTION OF SCIENCE «RESEARCH AND PRACTICAL CENTER OF PREVENTIVE AND CLINICAL MEDICINE» STATE ADMINISTRATIVE
DEPARTMENT, KYIV, UKRAINE

Introduction: The main indicator of the effectiveness of any conducted comprehensive treatment for various pathologies is considered to be the duration of
the recurrence-free period of the disease.

The aim: Analysis of treatment efficacy and recurrence-free course in patients with combined pathology (uterine fibroids and adenomyosis).

Materials and methods: A total of 100 patients suffering from submucous uterine myoma (MM) with concomitant adenomyosis, accompanied by heavy
menstrual cycles (MC) and dysfunctional uterine bleeding (DUB), were examined using clinical and laboratory methods. The statistical analysis of the
recurrence-free duration of MM in the context of adenomyosis, both with and without various hormonal therapies (HT), was performed using the method of
survival analysis. The recurrence-free period (RFP) was defined as the time interval from the beginning of primary treatment to the earliest documented date
of disease recurrence (first episode of heavy MC or DUB).

Results: All patients underwent hysteroscopic myomectomy as a surgical procedure. Hormonal therapy (HT) during the postoperative period, for a duration of
6 months, included the following: combined oral contraceptive (COC) with monophasic progestogen and low estrogen content - in 30% of cases; progestogens
only - in 30%; GnRH agonists (aGnRH) - in 20% of cases; and 20% of patients did not receive any treatment.

When analyzing the impact of different HT options and their duration on the recurrence-free course during the postoperative period, it was determined
that among patients receiving HT, the duration of recurrence-free period was statistically significant (Pearson’s Chi-square test=35.97; df=4; p<0.001). The
comparative assessment of the recurrence-free period using the Kaplan-Meier method for the respective HT groups showed that the use of aGnRH resulted in
a longer recurrence-free period compared to other treatment groups.

Condlusions: The obtained results indicate that the most effective hormonal therapy (HT) for the combination of uterine myoma and adenomyosis is the
use of GnRH agonist (aGnRH) drugs, which show the longest remission duration when administered in courses of at least 6 months. The median duration of
recurrence-free period in patients receiving this treatment option reaches 7 months. The minimum recurrence-free period is observed in patients who received
combined oral contraceptive (COC) and progestogen therapy, and it amounts to 3 months.

KEY WORDS: Uterine myoma, reproductive function, endometriosis, infertility.
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MORPHO-IMMUNOHISTOCHEMICAL CHARACTERIZATION
OF THE ENDOMETRIUM IN WOMEN WHO UNDERWENT
UNSUCCESSFUL EMBRYO TRANSFER OF A DONOR EMBRYO

Olena 0. Lytvak, Natalia Yu. Popova
STATE INSTITUTION OF SCIENCE «<RESEARCH AND PRACTICAL CENTER OF PREVENTIVE AND CLINICAL MEDICINE» STATE ADMINISTRATIVE
DEPARTMENT, KYIV, UKRAINE

Introduction: The effectiveness of assisted reproductive technology (ART) is determined by both the quality of the obtained embryos and the functional
activity of the endometrium.

The aim: To investigate the structural changes in the endometrium in programs of in vitro fertilization (IVF) where patients had unsuccessful donor embryo
transfers, a retrospective study was conducted.

Materials and methods: The study included 88 healthy patients who underwent IVF with donor embryos: 55 patients with a previous unsuccessful donor
embryo transfer (first group) and 33 patients who had a successful embryo transfer (second comparison group).

Results: The results of morpho-immunohistochemical -ultrastructural examination of the endometrial biopsy taken during the presumed «implantation
window» demonstrated pathological changes in the first group were compared with results of the second group : in 51.1% of cases showed the increased
collagen formation and fixed immune complexes on the subepithelial membranes of subendometrial vessels; increased numbers of specific resistance cells,
such as lymphocytes and plasma cells, and decreased numbers of non-specific resistance cells, such as segmented neutrophils in the endometrium; 33.3% cases
showed the absence or reduced number of microvilli on the apical surface of secretory cells; cilia of ciliated cells were shortened or partially fused together;
fully developed mature pinopodia were observed in only 50% of patients.

Conclusions: Based on the analysis of our own data, it can be observed that the morphological changes, specifically the inconsistency in the structural
organization of the implantation window, along with the discordant expression of hormone-producing cell receptors, and the overall discoordination of the
immune cell network in the endometrium, directly contribute to the reduced effectiveness of embryo transfer in assisted reproductive technology programs
for women with a history of unsuccessful donor embryo transfer.

KEY WORDS: donor embryo transfer, prevention, prediction, innocence of pregnancy.
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THE ROLE OF PLASMATHERAPY IN THE MINIINVASIVE
TREATMENT OF COMPLICATED VARICOSE DISEASE WITH
VENOUS ULCERS

Vasyl V. Shaprynskyi, Nataliia V. Semenenko
STATEINSTITUTION OF SCIENCE «RESEARCH AND PRACTICAL CENTER OF PREVENTIVE AND CLINICAL MEDICINE» STATE ADMINISTRATIVE
DEPARTMENT, KYIV, UKRAINE

Introduction: An increase in the number of cases of complicated forms of varicose veins in Ukraine leads to an increase in the number of surgical interventions
in the presence of venous trophic skin changes, namely ulcers. One of the key points in the performance of minimally invasive operations is the postoperative
healing of ulcerated skin defects of the lower limbs. At present, trophic skin damage against the background of varicose veins is often the cause of temporary
incapacity of patients. This is a socially significant problem.

The aim: To determine the optimal method of minimally invasive treatment of a complicated form of varicose with the help of surgical correction and a
combination of topical treatments.

Materials and methods: The results of the treatment of 20 patients with primary superficial varicose (6s according to the CEAP classification, operated on
using various minimally invasive puncture techniques in the surgical department of the State Institution of Science «Research and Practical Center of Preventive
and Clinical Medicine» State Administrative Department were analyzed.

Results: The method of miniinvasive surgical treatment was selected according to ultrasound changes of the venous system and considering the area of the
skin lesion. The main methods of eliminating venous reflux in this group of patients were endovenous laser ablation (16 cases) and the electrowelding method
(4 cases). Electrowelding was used for varicose veins of a larger diameter (more than 18 mm). The sizes of ulcer defects ranged from 1.0*2.5 cm to 8.0%6.5
cm. After the surgical treatment, it was mandatory to prescribe a compression for the period until the ulcers are completely healed. This is on average from 1
month to 3 months. After surgery, local bandages with hyaluronic acid and collagenase and plasma therapy for ulcer defects were used in some patients (17
cases). Plasmotherapy was carried out once a week three times. Others had only bandages without plasma treatment. Examinations were once a week for the
first month, then after a month. In patients where plasmotherapy was used, the ulcers actively granulated and healed completely already 1-1.5 months after
the operation. The patients of the other group were fully healed 2-3 months after surgical treatment.

Conclusions: In patients with trophic skin damage, key points to treatment are a combination of a miniinvasive method, selected individually according to
the ultrasound scan results, as well as topical injection treatment - namely plasmotherapy of the ulcer to speed up the skin healing process.

KEY WORDS: varicose, venous ulcer, plasmotherapy, topically treatment of ulcer, combine treatment of varicose.
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RISK FACTORS FOR THE DEVELOPMENT OF POSTOPERATIVE
HYPOCALCEMIA AFTER OPERATIONS ON THE THYROID GLAND

Sergii A. Sheptukha, Olexandr S. Hubar, Maryna 0. Kylymnuchenko
STATEINSTITUTION OF SCIENCE «RESEARCH AND PRACTICAL CENTER OF PREVENTIVE AND CLINICAL MEDICINE» STATE ADMINISTRATIVE
DEPARTMENT, KYIV, UKRAINE

Introduction: One of the most frequent complications during operations on the thyroid gland is the development of early hypocalcemia. Research conducted
by various clinics tried to determine the main factors affecting the occurrence of postoperative hypocalcemia, but a clear and unanimous answer was not
received. Therefore, this study is devoted to the search for risk factors for the development of hypocalcemia.

The aim: To determine the risk factors that may affect the development of postoperative hypocalcemia during operations on the thyroid gland.

Materials and methods: A retrospective study of the medical histories of 455 patients operated on by one surgeon for various thyroid pathologies was
conducted. The presence of postoperative hypocalcemia was determined not only by the presence of clinical manifestations but also by the results of determining
the level of ionized calcium in the blood the day after the operation. During the study, the following factors were also taken into account: sex, age, distribution
by age groups, the hormonal status of the thyroid gland before surgery and preoperative diagnosis, preoperative and postoperative level of ionized calcium
in the blood, and volume of surgical intervention.

Results: According to the results of the study, gender, volume of surgical intervention, and thyroid gland function before surgery showed a significant correlation
with the development of postoperative hypocalcemia. In female patients, the complication occurred in 16% (73 of 455) compared with 1.7% (1in 60) in men.
Assignificant difference also arose depending on the volume of surgical intervention: after total thyroidectomy — 18.1% and with hemithyroidectomy — 1.1%.
Thyroid status before surgery also influenced the development of complications: in the presence of thyrotoxicosis, hypocalcemia occurred in 35.2% of cases,
and in 4.4% of surgical interventions for other thyroid pathology.

Conclusions: Analyzing the obtained results, it can be concluded that such criteria as the patient’s gender, the scope of the surgical intervention and the
presence of thyrotoxicosis before the operation are the main risk factors for the development of postoperative hypocalcemia. And the age of the patient and
the nature of the pathological process in the thyroid gland are not factors in the development of postoperative hypocalcemia.

KEY WORDS: thyroid gland, postoperative hypocalcemia, thyroidectomy, thyrotoxicosis, thyroid cancer.
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MECHANISMS OF STATE REGULATION OF DENTAL CARE
IN UKRAINE IN NEW SOCIO-ECONOMIC CONDITIONS
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Introduction: Human health, as a socio-economic category, is an element of national wealth, which is declared by a lot of international acts, which orients
the countries to specific actions in response to new challenges and threats to public health. Dental care is a medical and social problem. Dental treatment is
one of the most common types of medical care in the world.

The analysis of the literature proved that fundamental scientific research on the issue of effective state requlation of dental care in the new socio-economic
conditions is still far from being completed.

The aim: To substantiate the theoretical and practical aspects of the mechanisms of state regulation of the system of dental care for the population in the
context of new socio-economic conditions in Ukraine (in particular, in the conditions of martial law).

Materials and methods: The methods of the historical-bibliographic and systematic approach were used.

Results: The problematic issues of dental care management in Ukraine are the high prevalence of diseases, curtailment of preventive measures, and reduction of
state funding. The problem with the domestic dental service is the decrease in the provision of the population of Ukraine with dentists in health care institutions
from 4.67 to 4.0 per 10 000 population in the period from 2018 to 2023. In recent years, with the simultaneous increase in the number of dentists in privately
owned dental institutions, the availability of dental care for low-income segments of the population has decreased. The preservation of national personnel also
remains an important issue, since in modern conditions there is a mass departure of doctors abroad. It is important to note that state administration and state
regulation are two separate types of state authority activity. Thus, public administration provides for direct managerial influence on the objects of administration
using administrative powers and methods marked by mandatory directives. State regulation, on the other hand, provides only for the establishment of certain
restrictions, limits of activity of objects in which they can function freely. It is aimed not only at the object of management and also at its environment.

State regulation of dental care provides for the establishment of general rules and procedures for performing dental activities, in particular the provision of dental
care, and responsibility for compliance with these rules. It also includes the influence of the state and its bodies on the activities of dental institutions. State
regulation should be based on a legitimately defined social development strategy, and state medical programs. The defined mechanisms of state regulation of
the system of dental care for the population are based on mutual relations and interactions with each other in the public sphere, form characteristic features of
the complex mechanism of state regulation of the system of dental care, among which the following can be noted: systematicity and independence of unified
mechanisms; performance of each mechanism of its specific function; the use of different methods of state requlation for the implementation of separate
mechanisms; planning nature; publicity of the results of implementation of mechanisms.

Condlusions: The conducted analysis proved that based on the use of mechanisms of state regulation of the system of dental care for the population in
Ukraine, a gradual change in the paradigm of the development of the system of dental care for the population is taking place. We dare to assert that all these
changes imply the objective expediency of a more detailed understanding of the peculiarities of the formation and implementation of the mechanisms of
state regulation of the system of dental care, which is the perspective of our further scientific research.

KEY WORDS: state requlation, mechanisms of state requlation, the system of dental care for the population, mechanisms of state regulation of the system
of dental care for the population, socio-economic conditions.
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CLINICAL PATHWAYS FOR PATIENTS WITH NODULAR
THYROID GLAND FORMATIONS IN THE OUTPATIENT
MEDICAL CARE STAGE
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Introduction: The prevalence of nodular formations in the thyroid gland, combined with the main risk factors for malignancy and the complexity of their
diagnosis, highlights the importance of optimizing the diagnostic process at the outpatient stage of medical care for the adult population.

The aim: To determine the clinical pathways for patients with nodular formations in the thyroid gland who underwent ultrasound examination during the
provision of outpatient medical care.

Materials and methods: The information source for determining patient pathways was the medical information system of the State Institution of Science
«Research and Practical Centre of Preventive and Clinical Medicine» State Administrative Department (SIS «RPS PCM» SAD) for the period from 2015 to 2022,
with a total of 30,708 registered outpatient medical episodes.

Results: Ultrasound examination, in accordance with international standards, is considered the fundamental diagnostic method for nodular thyroid gland
formations. Annually, approximately 6000 ultrasound examinations are performed for this category of patients at the SIS «RPS PCM» SAD.

Based on the observation results, the following clinical pathways for patients requiring ultrasound examination of the thyroid gland were determined: 1.
Patients with suspicion of nodular thyroid gland formations (referred by primary care physicians, endocrinologists, surgeons, gynecologists, etc.). 2. Patients
with confirmed nodular goiter: 2.1. Requiring dynamic observation. 2.2. Requiring further diagnostic fine-needle aspiration biopsy (FNAB) with cytological
verification. 2.3. Requiring preoperative evaluation. 3. Patients requiring dynamic observation after thyroid gland surgery.

Conclusions: The determined clinical pathways for patients with nodular thyroid gland formations at the outpatient stage of medical care will form the basis
for clinical audits and will be further optimized in accordance with international standards requirements.

KEY WORDS: thyroid gland, outpatient medical care organization, ultrasound examination (ultrasonography).



