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Abstract: lung neuroendocrine neoplasms embrace rather heterogeneous and rare malignancies
which are usually characterized by nonspecific, “blurred” clinical signs thus complicating correct
diagnosis or seriously delays it. Pulmonary neuroendocrine neoplasms accurate diagnostics and
classification need to be improved. Histological examination should be supplemented by immuno-
histochemical tests to verify the neuroendocrine component, assess proliferative index of tumor
cells, and confirm its bronchopulmonary origin. Immunohistochemistry is especially important in
case of small or crushed biopsies, which account more than 50% of all specimens in lungs neuro-
endocrine neoplasms. Modern classification of lung neuroendocrine neoplasms and their grading
are based on morphological criteria. Immunohistochemical markers expression is quite variable
in different histological subtypes of bronchopulmonary neuroendocrine neoplasms, often data are
descriptive, and correlation with morphology is studied insufficiently. The aim of this study was
to define any significant correlation between different immunohistochemical markers expression,
necrosis, proliferative index (Ki-67 ratio), and tumor grade in broncho-pulmonary neuroendocrine
neoplasms. Histological blocks of lung neuroendocrine neoplasms from 113 unique patients (36
resections and 77 biopsies (54.5% of biopsies appeared to be small or crushed) were used in this
study. The sample comprised 91 male and 22 female patients; the mean age was 59.2, CI 95%
(56.9-61.4) years (from 19 to 77 years). Histological examination (including neuroendocrine mor-
phology, necrosis, and grade) was provided in all cases. Also, immunohistochemistry, using Chr A,
Syn, CD56, TTF-1, CK7, and Ki-67 before chemotherapy was performed. All morphological and
immunohistochemical data were assessed by two different independent pathologists without the
access to patient’s clinical data. All the observations were classified based on 2021 WHO Thoracic
Tumors Classification. The sample was censored. We used nonparametric statistics (Spearman's
rank correlation) for this study. In was found that Chr A expression strongly (p<0.05) correlat-
ed with immunohistochemical markers of primary lung malignancies (TTF-1 and CK7) that are
mainly expressed in highly and moderately differentiated neuroendocrine neoplasms. Also, positive
expression for TTF-1 and CK7 correlated with each other (p<0.01). There was a strong negative
correlation (p<0.05) between Chr A staining and necrosis presence and it’s severity, between Chr
A expression and tumor cells proliferation (Ki-67 ratio) (p<0.01), and between Chr A labeling and
tumor grade (p<0.01). The correlation of immunohistochemical markers expression with necrosis,
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Ki-67 ratio and tumor grade was significant only for Chr A. All other tested options, for other
markers were not statistically significant. It was defined that decrease or loss of Chr A expression
reliably indicates tumors progression. Chr A expression can be used as an additional tool for grad-

ing of lung neuroendocrine neoplasms.

Key words: neuroendocrine tumors, histology, immunohistochemistry, lung neoplasms, Chro-

mogranin A.

Introduction

Neuroendocrine neoplasms (NENs) are a het-
erogeneous group of malignancies that arise from
neuroendocrine (NE) cells and mostly common-
ly originate from gastrointestinal tract and lungs.
Despite rarity (0.5-2% of all malignancies occur-
ring in adults), the incidence rates of NENs in last
3 decades continue to increase worldwide, mainly
because of greater awareness of the disease and
increased accuracy of the diagnostics (Broder et
al., 2018; Hotland, Kaltsas, & de Herder, 2019;
Naheed, Holden, & Pelosi, 2019; Oronsky et al.,
2017; Singh et al., 2017).

Bronchopulmonary NENs account approx-
imately one-quarter to one third of all prima-
ry lung tumors (Broder et al., 2018; Hendifar,
Marchevsky, & Tuli, 2017; Hung, 2019; Peri-
cleous et al., 2018).

Although lung NENs share morphological,
immunohistochemical (IHC), and ultrastructural
features, they are currently classified into four
histological variants: typical carcinoid (TC),
atypical carcinoid (AC), large cell neuroendo-
crine carcinoma (LCNEC), and small cell lung
carcinoma (SCLC) — ranging from quite indo-
lent lesions (neuroendocrine tumors (NETs)) to
extremely aggressive neuroendocrine carcino-
mas (NECs) with very poor prognosis (Borczuk,
2020; Gkolfinopoulos, Tsapakidis, & Koun-
tourakis, 2017; La Rosa & Uccella, 2021; Pelosi
et al., 2017; Wang et al., 2019). TC is 1% of all
thoracic malignancies and about 9% of all lung
NENSs, AC accounts 0.1% and 1%, LCNEC —
4.8% and 15%, and SCLC — 13.9% and 75% re-
spectively (Melosky, 2017; Naheed et al., 2019).

Many patients with lung NENs are asymptom-
atic at the time of diagnosis, or present with a few
“blurred”, nonspecific symptoms that in more
than 60% of cases mimic respiratory conditions
(asthma or chronic obstructive pulmonary dis-
ease), thus complicating correct diagnosis or seri-

ously delays it. Moreover, more than 95% of lung
NENSs are nonfunctional and don’t show hormon-
al symptoms, and consequently their diagnostics
may be accidental or related to mass effect of
tumor or metastatic lesion (Basuroy, Bouvier, &
Srirajaskanthan, 2018; Hendifar et al., 2017).

A great fraction of well-differentiated NETs
behaves as low-grade cancers. Malignant poten-
tial is characteristic for all lungs NENs. Even for
TC, which cause metastatic lesions in 10% of cas-
es; the chance of distant spread at AC is estimated
20%, and the risk of metastasis is much higher
at LCNEC — about 50% and at LCNEC — 70%
(Melosky, 2017; Rindi & Inzani, 2020).

Key features for accurate broncho-pulmo-
nary NENs diagnostics are characteristic organ-
oid growth pattern (rosettes, trabeculae, ribbons,
festoons, lobular nests, palisading); mitotic rate
and necrosis that plays an important role in lung
NENSs grading and prognosis (Inzani, Petrone, &
Rindi, 2017; Pelosi et al., 2017; Sugimoto et al.,
2020). (see fig. 1).

As morphological features are overlapping for
NETs and NECs, the IHC confirmation is man-
datory for lung NENs diagnosis. Moreover, some
high-grade NENs cannot be detected by H&E
examination, especially in small and crushed bi-
opsies, and requires ICH. Also, biomarkers may
help to exclude histologic mimics (poorly differ-
entiated squamous cell carcinoma, small round
cell tumor, hematologic malignancies, etc.), es-
pecially when facing with NECs. Briefly, IHC is
used to characterize the aggressiveness of lung
NENs by assessing the proliferation index (Ki-
67), as well as NE differentiation (NE markers
expression others than NSE — the best antibody
panel here is Chr A, Syn, and CD56) and to find
out NENs primary location (using TTF-1 and
CK7) (Gkolfinopoulos et al., 2017; Inzani et al.,
2017; Kriegsmann et al., 2021; Kyriakopoulos,
Mayroeidi, & Alexandraki, 2018; La Rosa &
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Fig. 1. Main diagnostic characteristics of lung NENs (Melosky, 2017; Naheed et al., 2017;
IARC, 2021).

Uccella, 2021; Pelosi et al., 2017; Yatabe et al.,
2019).

Ki-67 is often required by oncologists for
grading assessment / prognosis and for therapy
planning. In pulmonary NENs the main diagnos-
tic role of Ki-67 is to distinguish carcinoids from
high-grade NECs, especially in small / crushed
biopsies, when the amount of tissue is limited.
Also, Ki-67 is regarded as more accurate mea-
sure of cell proliferation in comparison to mitotic
count, as it represents the larger portion of the cell
cycle (from mid-G1 through S and G2 phases) and
can “catch” proliferating cells that do not show
mitotic figures (Garg, Bal, & Singh, 2019; Hung,
2019; Marchevsky, Hendifar, & Walts, 2018; Na-
heed et al., 2019). Ki-67 is required for grading
assessment (as grade is considered the dominant
driver of prognosis in patients with lung NENs)
(Jackson et al., 2020).

Syn and Chr A are true markers of NE differ-
entiation, with the former considered more sensi-
tive and the latter more specific. Syn is associated
with synaptic-like vesicles, while Chr A — with
dense core and chromaffin granules (Bellizzi,
2020). The expression of NE markers is well
known to be variable among different histologi-
cal subtypes of lung NENs. Usually, more Chr A

can be detected in carcinoids and LCNECs than
in SCLCs where it is presented in much fewer
cases. The same trend is also seen with Syn. On
the contrary, CD56 is the most sensitive for the
diagnosis of high-grade NECs, although 5-10%
of SCLCs can be negative for all three NE mark-
ers. About 20% of low-grade NECs are positive
only for one NE marker. The use of IHC panel
of NE markers allows to detect any amount of
positive membrane staining of any of these mark-
ers in tumor samples with NE morphological fea-
tures (D1 Giacinto et al., 2018; Gkolfinopoulos et
al., 2017; Sadrzadeh & Kline, 2017; Yatabe et al.,
2019).

CK7 and TTF-1 help to distinguish lung
and gastrointestinal NENs. These markers are
moderately sensitive but highly specific for
diagnosing of primary pulmonary NENs (Cai,
Banner, & Odze, 2001). TTF-1 is a critical single
marker for primary lung cancer, and 63-75% of
adenocarcinomas are TTF-1-positive, some of
them show NE component (if it is >30% — the
neoplasm is considered NEN). TTF-1 is a useful
marker of pulmonary origin in TCs and ACs, but
only positive in about 50% of cases, and the stain-
ing is commonly focal and rather weak. CK7 is
widely used to distinguish lung tumors, including
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carcinoids from colon cancer (up to 70% of pri-
mary bronchopulmonary malignancies show pos-
itive CK7 staining, while most colon tumors are
CK7-negative) (Cadioli, Rossi, & Colby, 2014;
Pelosi, Scarpa, & Sonzogni, 2016; Umakanthan,
Chalapathi Rao, & Mohammed, 2021; Yatabe et
al., 2019).

At lung NENs morphological examination
should be confirmed by IHC tests. Much atten-
tion is paid to the expression of IHC markers,
however, there is little and contradictory data on
how it correlates with the key diagnostic points of
lung NENs: with necrosis, proliferative activity,
and tumor grade.

Aim

The aim of the study is to define level of cor-
relation between different ICH markers expres-
sion, necrosis, proliferative index (Ki-67 ratio),
and tumor grade in broncho-pulmonary NENs.

Methods

Retrospective and prospective study was con-
ducted. We used FFPE blocks of lung NENs
from 113 unique patients who have been treat-
ed in Kiev City Clinical Oncological Center in
2010-2020. There were 36 resections and 77 bi-
opsies; 42 (54.5%) biopsies appeared to be small
or crushed. Histological examination (including
characteristic NE morphology, necrosis, and
grade) was provided in all cases.

We wused standard histological technique.
Tissue samples were placed in a formalin 10%
solution for at least 24 hours. Then specimens
were dehydrated in a series of alcohol solutions
of increasing concentration as a prerequisite for
subsequent embedding in paraffin blocks. 5 um
slides were made from each block, dewaxed and
stained with haematoxylin and eosin. The slides
were examined with standard light microscopy.
In the current study, we used microscope Carl
Zeiss® Primo Star with computed photo fixation.

Also, ICH, using Chr A, Syn, CD56, TTF-1,
CK7, and Ki-67 before chemotherapy was per-
formed. All morphological and IHC data were as-
sessed by two different independent pathologists
without the access to patient’s clinical data. All the
observations were classified based on 2021 WHO
Thoracic Tumors Classification (IARC, 2021).

The study was approved by the Commission
on Bioethical examination of Bogomolets Na-

ISSN 1996-353X
ISSN 2311-6951

tional Medical University (protocol #118, 18 Jan
2019).

To determine IHC markers’ expression, we
used monoclonal antibody anti-Ki-67, clone
MIB-1 (Dako, USA); monoclonal antibody an-
ti-Chr A, clone SP12 (Invitrogen, Thermo Fisher
Scientific, USA); monoclonal antibody anti-Syn,
clone DAK-SYNAP (Dako, Denmark); mono-
clonal mouse anti-human CD56, clone 123C3
(Dako, Denmark); monoclonal mouse anti-TTF-1
clone 8G7G3/1 (Dako, Denmark); monoclonal
antibody anti-human CK7, clone OV-TL 12/30
(Dako, Denmark).

Chr A and Syn were used in all cases. If the
NE labeling was doubtful or negative, additional
CD56 marker was applied (in 18 (15.9%) speci-
mens).

TTF-1 and CK7 were used to confirm the lung
origin of the NENs, especially in cases with un-
known primary tumor site.

Ki-67 index was evaluated as a percentage of
tumor cells showing positive nuclear labeling.
For each sample, 5 microscopic fields at X200
magnification were selected, and 100 tumor cells
in each field were counted to assess the staining
intensity and percentage of positive cells. Ki-67
up to 5% considered Grade 1, 5-30% — Grade 2,
and >30% — Grade 3 (IARC, 2021).

All other IHC markers (TTF-1, CK7, Chr A,
Syn, CD56) were detected by membranous / cy-
toplasmic staining. It was a qualitative reaction
from negative to weak (1+) or strong (2+), but
any staining considered positive.

All calculations were made using Microsoft
Excel. Statistical analysis was performed using
the Program EZR 1,35 (R statistical software ver-
sion 3.4.3, R Foundation for Statistical Comput-
ing, Vienna, Austria).

The sample was censored. We used nonpara-
metric statistics for this study. Spearman’s rank
correlation was applied to reveal links between
IHC markers expression, necrosis, proliferative
index (Ki-67), and tumor grade (Gur’yanov et
al., 2018).

Results

Our study comprised 91 male and 22 female
patients; male / female ratio was 4.1:1. The mean
age in the sample was 59.2, CI 95% (56.9-61.4)
years. Youngest patient — a young woman aged
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Lung NENSs (113 observations)
) NETs NECs
Variables
Grade 1 Grade 2 Grade 3
TC AC LCNEC SCLC
Cases 9 (8.0%) 40 (35.4%) 20 (17.7%) 44 (38.9%)
Male / female 6/3 29/11 17/3 39/5
Patients age, years 56.8 CI 95% 53.4 CI1 95% 62.7 C1 95% 63.2 CI 95%
’ (46.1-67.5) (48.8-58.1) (59.7-65.8) (60.7-65.7)
no 7 (77.8%) 15 (37.5%) 3 (15.0%) 8 (18.2%)
Necrosis, cases focal 2 (22.2%) 9 (22.5%) 8 (40.0%) 11 (25.0%)
extensive — 16 (20.4%) 9 (45.0%) 25 (56.8%)
Ki-67. % 4.1 C195% 15.8 CI 95% 54.4 CI1 95% 63.4 CI 95%
’ (3.3-4.9) (14.1-17.4) (45.5-63.2) (58.5-68.2)
TTF-1 7 (77.8%) 21 (52.5%) 9 (45.0%) 19 (43.2%)
ICH markers pos- CK7 5 (55.6%) 27 (67.5%) 14 (70.0%) 24 (54.5%)
itive expression Chr A 9 (100.0%) 34 (85.0%) 13 (65.0%) 27 (61.4%)
Syn 8 (88.9%) 31 (77.5%) 15 (75.0%) 32 (72.7%)

Table 1. Main charact

eristics of the sample.

19 years diagnosed with AC, the eldest patient —
male, aged 77 years, with SCLC. At TC group pa-
tient’s age ranged from 30 to 74 years, at AC —
from 19 to 76 years, at LCNEC — from 48 to 73
years and ant SCLC — from 38 to 77 years. In
group of AC there were 9 patients under 40 years,
and 4 (44%) of them were female. Main variables
of the sample are given in the table 1.

The differentiation of lung NENs was a step-
wise process on a constellation of histological
and THC traits alongside the evaluation of prolif-
erative activity and necrosis extent.

Most cases were showing characteristic NE
architecture — organoid “nests”, trabeculae, and
rosettes and all were positive for one or two NE
markers.

Only in a few samples of TC small necrotic
foci were detected. In the NENSs tissue of the 2
and 3 grade more foci of necrosis were seen, and
their area extended.

In the current study Ki-67 indicator ranged
from 2 to 5% in TC (Grade 1), from 6 to 25% in
AC (Grade 2), and from 30 to 100% in LCNEC,
and from 30 to 95% — in SCLC that correspond-
ed to Grade 3. And Ki-67 ratio run high signifi-
cantly as the degree of tumor cells differentiation
decreased.

56 (49.6%) specimens in the sample showed
positive TTF-1 staining: in 21 (18.6%) cases the
labeling was weak, in 35 (31.0%) — strong or
moderate. 70 (61.9%) samples were CK7-pos-
itive: in 12 (10.6%) of them the staining was
weak, in 58 (51.3%) — moderate to strong.

Chr A expression was detected in 83 (73.5%)
cases, Syn — in 86 (76.1%). Low Chr A expres-
sion was observed in 19 (16.8%) specimens,
Syn — in 14 (12.4%). Moderate or pronounced
expression of Chr A was seen in 64 (56.6%) cas-
es, of Syn — in 72 (63.7%). 24 (37.5%) low-dif-
ferentiated malignancies were Chr A-negative,
17 (26.56%) — Syn-negative; 7 (10.9%) NECs
were negative for these both NE markers. Chr
A expression decreased and disappeared rather
quickly while tumor progressing, but some high-
grade NEC:s still showed Syn staining.

Biomarker CD56 was used if staining for Chr
A and Syn was negative or dubious (especial-
ly in crushed biopsies) — in 18 (15.9%) speci-
mens. CD56 appeared to be positive in all these
cases, while in 7 (38.9%) of them neither Chr
A no Syn expression was detected (6 SCLC / 1
LCNECQ).

Typical morphology and immunoprofile of the
lung NENs are given on fig. 2 and 3.
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B

Fig. 2. Micropreparation. High grade NECs (grade 3). Note the characteristic organoid pattern of

growth and numerous foci of necrosis. A — LCNEC, metastasis in the lymph node, H&E staining,

x200. “Nests” of epithelioid cells with large irregular nuclei, and abundant eosinophilic cytoplasm.

A few mitotic figures and necrosis are seen in the center of some of the tumor “nests”. B— SCLC,

H&E staining, x200. “Nests” and “ribbons” of small cells with irregular hyperchromatic nuclei and
scant cytoplasm. Extent foci of necrosis.

We observed a strong correlation between Chr
A expression and some other ICH markers, in-
cluding Ki-67, and necrosis presence and severi-
ty, and tumor grade.

Chr A positive reaction correlated with ICH
markers of primary lung malignancies that are
mainly expressed in highly and moderately dif-
ferentiated lung NENs. The strong correlation be-
tween Chr A expression and positive staining for
TTF-1 and CK7 was revealed (Spearman’s rank
correlation, p=0.287, p=0.00852 and p=0.254,
p=0.00147 respectively). Also, positive expres-
sion for TTF-1 and CK7 correlated with each
other (Spearman’s rank correlation, p= 0.501,
p=0.00000352).

There was a strong negative correlation be-
tween positive staining for Chr A and necrosis
presence and its extent (Spearman’s rank cor-
relation, p= -0.228, p=0.0193 and p= -0.366,
p=0.000121 respectively).

Also, we detected a strong negative correla-
tion between Chr A expression and tumor cells
proliferation (Ki-67 ratio) (Spearman’s rank cor-
relation, p=-0.363, p=0.0000896).

A strong negative correlation was observed be-
tween Chr A expression and tumor grade (Spear-
man’s rank correlation, p=-0.356, p=0.000128).

All other tested options, for other ICH mark-
ers were not statistically significant.

Discussion

Lung NENSs are rare (less than 1% of all newly
diagnosed malignancies) and heterogeneous
tumors. Diagnosis of lung NENs rate has increased
significantly over the past few decades. The
lung is the second most common site for NENs
after the digestive tract. Bronchopulmonary
NENs account for approximately 22-27% of
all NENs and up to 20-25% of all primary lung
malignancies in adults. Lung NENs are divided
into 4 histological subtypes from low-grade
NETs (TC and AC) to high-grade NECs (LCNEC
and SCLC), that require different management
strategies. In general, NECs have aggressive
behavior, while the course of NETs might be more
indolent with higher survival rates, but bronchial
carcinoids are also malignant and have the
potential to metastasize. Most of the lung NENs
are nonfunctional, and associated symptoms
are single and nonspecific or even absent until
more advanced stages which can result in wrong
or delayed diagnosis. About 40% of cases are
metastatic at the presentation which worsens the
prognosis significantly; the 5-year survival rate
for stage IV disease is less than 5%. The issues
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F

Fig. 3. Micropreparation. Strong staining for characteristic IHC markers in lung NENs. A — AC

(grade 2), TTF-1 positive staining (2+). x200. B— AC (grade 2), CK7 positive staining (2+). x200.

C — AC (grade 2), Chr A positive staining (2+). x200. D — AC (grade 2), Syn positive staining (2+)

x200. E — SCLC (grade 3), CD56 positive staining (2+) x200. F — LCNEC (grade 3), Ki-67=55%.
x200.
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of timely and correct diagnosis remain relevant.
And one of the most important issues is the dif-
ferentiation between low- and high-grade lung
NENSs. For a while there were no clear criteria for
pulmonary NENs grading. ICH is obligatory for
modern diagnostic algorithm for lung NENSs. It
is mainly used to characterize the aggressiveness
of NENs by assessing proliferative index Ki-67,
as well as NE differentiation (Chr A, Syn, CD56
markers). However, literature data on the expres-
sion of different markers are often contradictory,
and many aspects require further study.

Broncho-pulmonary NENs are currently clas-
sified in four main categories, including highly
differentiated TC, moderately differentiated AC,
and low differentiated LCNEC and SCLC.

It is considered that AC account about 1%
of all broncho-pulmonary NENs and SCLC ac-
counts up to 75%. But in the current study the
ratio of lung NENs subtypes differs from gener-
ally accepted because of AC and SCLC. While
the proportion of TC and LCNEC corresponded
to literature data (8% and 17.7% respectively),
AC was diagnosed in 35.4% cases, SCLC — in
38.9%. Maybe there two reasons for this. Most
studies are conducted on small number of samples
because of pathology rarity, and sometimes their
results are rather contradictory. Moreover, for a
long time there were no clear guidance on lung
NENSs subtyping, and researchers used different
approaches (based on mitotic rate, Ki-67 ratio
with different cutoffs, and even applied modified
classification for gastrointestinal NENs).

Necrosis considered an obligatory feature for
lung NENS classification, and the number and ex-
tent of necrotic foci rise with a decrease in tumors
differentiation level. This statement was also
confirmed by the results of our study. But in 19
(29.7%) specimens of lung NECs (11 SCLC / 8
LCNEC) only small foci of necrosis were found.
Probably because 14 (73.7%) of 19 samples were
biopsies, and 8 (57.6%) of them appeared to be
small or crushed. 11 (17.2%) samples of poorly
differentiated lung NENs (8 SCLC / 3 LCNEC)
didn’t show any necrosis; 7 (63.7%) of these 11
specimens were biopsies, rather small or exten-
sively crushed.

Morphology represents the first cornerstone
for the differential diagnosis between NETs and

ISSN 1996-353X
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NECs. Combination of morphological features
and Ki-67 proliferative index improves the abili-
ty of this distinction, which has important clinical
implications.

Ki-67 is required to estimate tumor grade,
especially in small biopsies with crush artifacts
impairing the morphological examination. For a
while Ki-67 was not a diagnostic criteria for lung
NENs grading, especially for distinguishing TC
from AC, because of certain overlapping between
different histological subtypes. But Ki-67 is much
more reliable and convenient to use than mitotic
rate, and less time-consuming. Ki-67 considered
the ICH “golden standard” in oncopathomorph-
ogy. The Ki-67 cut-offs for lung NENs grading
have changed several times which caused differ-
ences in their classification and distribution in
different studies. According to the latest guide-
lines, Ki-67 up to 5% considered grade 1 (TC),
up to 30% (AC), and >30% — grade 3 (LCNEC
and SCLC). But SCLC usually show the highest
Ki-67 rates. Likewise, in our study mean Ki-67
index in LCNECs was 54.4% (CI 95% (45.5—
63.2)),in SCLCs — 63.4% (C195% (58.5-68.2)).
Ki-67 ratio exceeded 50% in 46 (71.9%) NECs
(35 SCLC / 11 LCNEC), 75% — in 13 (20.3%)
NECs (9 SCLC /4 LCNEC), in 5 (7.8%) samples
Ki-67 reached 90-100% (3 SCLC / 2 LCNEC).
Primary high-grade lung NENs, diagnosed on
small biopsies, showing classic LCNEC or SCLC
morphology, and extremely high Ki-67 index, of-
ten are characterized by very aggressive clinical
behavior.

During the process of malignant transforma-
tion, tumor cells retain some of the functional
characteristics which are specific to their sight of
origin and can be easily identified by certain ICH
markers expression.

Positive staining for TTF-1 and CK7 helps
to distinguish pulmonary from gastrointestinal
NEN:S. Different subtypes of lung NENs are vari-
ably stained by TTF-1 and CK7. TTF-1 expres-
sion was more specific for TC and AC, however,
CK7 staining was more stable in low-differentiat-
ed malignancies. In the current study 28 (57.1%)
NETs were positive for TTF-1 and 32 (65.3%) —
for CK7. While only 28 (43.8%) NECs showed
positive TTF-1 staining, CK7 expression was
observed in 38 (59.4%) samples.
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The combination of NE morphological fea-
tures and positive staining for at least one NE
marker was suggestive of the diagnosis of the
lung NEN.

It was noticed that 10-20% of lung NECs are
positive with one NE marker. In the current study
there were 7 (10.9%) of such specimens. But in
most cases LCNEC and SCLC were positive for
two NE markers.

The staining of each NE marker varies among
the histological subtypes of lung NENs and de-
creases in low-differentiated NECs. In the cur-
rent study Chr A expression decreased and dis-
appeared rather quickly with tumor progressing,
while many high-grade NECs still show positive
Syn and CD56 staining. CD56 was a reliable
mark to confirm a diagnosis in dedifferentiated
lung NECs that lost their ability to express oth-
er NE markers. CD56 expression was seen in 18
specimens, and 7 (38.9%) of them (6 SCLC / 1
LCNEC) were negative for Chr A and Syn. It is
most likely that CD56 may be considered an in-
dicator of SCLC rather than general NE marker.

According to the results of our study, the cor-
relation of ICH markers expression with necro-
sis, Ki-67 ratio and tumor grade was significant
only for Chr A (Spearman’s rank correlation). All
other tested options, for other biomarkers were
not statistically significant.

The strong positive correlation (p<0.01) was
seen for Chr A and TTF-1, also between Chr A
and CK7. Most highly and moderately differenti-
ated lung NENs showed strong or medium TTF-
1 expression. As the tumors’ differentiation de-
creased, these markers expression diminished or
disappeared. However, CK7 values remained rel-
atively stable even in poorly differentiated NECs.

Strong negative correlation (p<0.05) was re-
vealed between Chr A expression and key points
(maybe better use the word features?), used
for lung NENSs classification. Chr A expression
strongly correlated with necrosis presence and
extent, with Ki-67 ratio, and with tumor grade.
Numerous and extent necroses, high Ki-67 index,
and high grade are for poorly differentiated lung
NENSs, so, many of these malignancies appear to
be Chr A-negative. If pulmonary NEN doesn’t
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express Chr A, it may testify in favor of a tumor
progressing.

Conclusion

Lung NENs is a heterogeneous group of
high- and low-grade malignancies arising from
NE cells and classified into four histological
subtypes, namely TC, AC, LCNEC and SCLC.
Despite the rarity, bronchopulmonary NENs are
rising in incidence over few past decades (which
may be related to improvements in imaging and
pathological diagnostic techniques) and make up
about 20% of all lung malignancies with a large
prevalence of NECs. Pulmonary NENs diagnosed
based on organoid morphology, mitotic count, ne-
crosis features and presence of NE markers. ICH
staining is the commonly used specialized tech-
nique that notably improves diagnostic accuracy
at lung NENs. But sometimes there is a lack of
concordance of ICH markers and morphological
criteria for bronchopulmonary NENs diagnosis
and grading. Thus, there is a need to study cor-
relations between biomarkers expression and key
morphological features (tumor cells proliferation,
necrosis, and grade) in lung NENS, and to identi-
fy statistically robust markers.

In the current study the strong positive cor-
relation between Chr A expression and markers
of primary lung origin of the tumor (TTF-1 and
CK7) was found. All these three markers are
mainly expressed in highly and moderately dif-
ferentiated pulmonary NENs (especially Chr A
and TTF-1).

Also, strong negative correlation was seen be-
tween Chr A expression and necrosis, prolifera-
tive index (Ki-67), and tumor grade.

Decrease or loss of Chr A expression reliably
indicates tumor progression. Chr A expression
can be used as an additional tool for lung NENs
grading.

Limitation of the current study: retrospective
analysis, and relatively small sample range; dis-
tribution of lung NENs subtypes differs from the
generally accepted.

Further prospective studies on larger samples
are needed to overcome the mentioned limita-
tions and to determine the clinical value of Chr
A expression.
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AHOTAaNisA: HEWPOESHAOKPHUHHI HOBOYTBOPEHHSI JIETEHb BKJIFOYAIOTh IOCUTh I€TEPOreHHI Ta piaKic-
Hi MyXJIMHY, I SIKUX 3a3BUYail XapakTepHi HecrneunpidHi, «CTepTi» KIiHIYHI TPOSIBH, 110 YCKIIAJ-
HIOE BCTAHOBJICHHS MPABUJIHOTO JIiarHO3y ab0 CIPUYHMHSAE CYTTEBY Horo 3atpumky. KopekrHa fmia-
THOCTHKA Ta KJIacU(iKallisi HeHpOSHIOKPUHHIX HOBOYTBOPEHb JIET€Hb MOTPEOYIOTh BIOCKOHAICHHS.
INicrosnoriune nociipkeHHs Mae OyTH JONOBHEHE IMyHOTICTOXIMIYHUMH T€CTaMU 3 METOIO BepH]i-
Kallii HeHPOEHTOKPUHHOTO KOMITIOHEHTY, OIIIHKH MpoJihepaTUBHOTO 1HAECKCY KIITHH MyXJIUHH, Ta
MiATBEPIKEHHS 11 OPOHXO-JIETEHEBOTO MOXOKEHHS. IMyHOTiCTOXIMIUHE JOCHIHKEHHS € 0COOIUBO
BOXJIUBUM Yy BHUIIAJKy MaluX abo Kpam-0iorcii, siki ckiaaaaroTs nmoHasn 50% ycix 3pa3kiB Ipu HEl-
POEHIOKPHHHUX HOBOYTBOPEHHSX JiereHb. CydyacHa kinacudikaiis HEHPOEHAOKPHUHHUX HOBOYTBO-
pEeHb JIeTeHb Ta BHU3HAUEHHS CTYINEHS iX JU(EpeHIIIOBaHHS 3/iHCHIOITHCA 32 MOPQOIOTTUHUMHU
kputepisimu. Excripecisi iMyHOTICTOXIMIYHMX MapKepiB € JIOCUTb BapiaOesbHOIO y PI3HUX TiCTOJIO-
TYHUX MIATHIAaX OPOHXO-JIETEHEBUX HEHPOCHIOKPUHHUX HOBOYTBOPEHb, YACTO JaHI € OMMCOBUMH,
ix Kopensiis 3 MOPQOJIOTIYHUMH O3HAKAMHM BHUBYCHA HENOCTATHHO. METOI JAHOTO JOCIiKCHHS
Oy/10 BU3HAUEHHsI CTAaTUCTUYHO 3HAUYIIOi KOPEJALii MK KCIPECi€r0 Pi3HUX IMYHOTICTOXIMIYHHX
MapKepiB Ta HEKPO30M, HpoitidepaTuBHUM iHAEKcOM (piBeHb Ki-67) 1 cTyneneM audepeHiiroBaHHs
OpOHXO-JIETEHEBUX HEHPOCHIOKPUHHUX HOBOYTBOPEHb. B 1OCIHIKEHHI BUKOPHCTaHI TiCTOJOTIUHI
0JI0KM HEWPOEHAOKPMHHUX HOBOYTBOPEHbD JiereHb 113 marienTtiB — marepian 36 pesekuiii 1 77 6i-
oriciit (54,5% Oiorciii BUSBHIMCS MaIUMU a00 po3apobnennmu). Bubipka ckiaganacs 3 91 natienrta
40JI0BiUO1 cTati Ta 22 *iHOYOi; BiK XBopux Bif 19 mo 77 pokiB, y cepeaapomy 59,2 poxy I 95%
(56,9-61,4). I'icronoriune AOCTIJKEHHS (BKIIOYaI0YM BU3HAYEHHS! HEMPOESHIOKPHUHHOT MOP]OIIOTii,
HEKpO3y, CTyNneHs UG EpeHIIIFOBaHHS TyXJIMHH ) TPOBEACHE B YCIX BUMAIKax. Takok MpoBeAcHE iMy-
HOTICTOXIMIYHE JOCII/PKEHHS 10 NMPU3HAYCHHS XBOPHUM XimioTepamii (3 BUKOPHCTAHHSIM MapKepiB
Chr A, Syn, CD56, TTF-1, CK7 Ta Ki-67). Bci Mopdosoriuni Ta iMyHOTiCTOXIMIYHI JaH1 OLIHFOBAJIH-
Cs1 IBOMA HE3aJIe)KHUMHU T1aToJIoraMu 0e3 TOCTYIy /10 KJIIHIYHUX JaHuX narienrta. Bei cnocrepexen-
Hs knacudikorani 338 WHO Thoracic Tumors Classification (2021 p.). BuGipka Oyna 1ieH3ypoBaHOI0.
VY nociikeHi BUKOPUCTaHI METOAM HEMapaMeTpUYHOT CTaTUCTUKH (paHroBa kopessuis CriipMeHa).
BusBnenuii cunbHMi Kopensuiiiauit 38’5130k (p<0.05) mix excrnpeciero Chr A ta imyHOricTOXiMi4-
HUX MapkepiB nepBuHHUX IyxJyiuH Jieredb (TTF-1 1 CK7), siki nepeBaxxHO BiJ3HAYalOTh Y BHUCOKO
Ta MOMIPHO JU(epeHIIHOBaHUX HEHPOCHAOKPUHHUX HOBOYTBOPEHHAX. TaKkoX BUSBIIEHA IO3UTHB-
Ha Kopesnis Mix ekcrpeciero mapkepiB TTF-1 1 CK7 (p<0.01). Busnauenuii cunbHUN HEraTuB-
HUl KopemsuiiHuii 38’5130k (p<0.05) mix peakuieto Ha Chr A Ta HasiBHICTIO 1 BUPa)KEHICTIO BOTHUIILL
Hekpo3y; Mix ekcrpecieto Chr A i mpomidepamniero myxauaHuX kiituH (piBeHb Ki-67) (p<0.01); a
takoxk MK Chr A Ta ctynenem nudepenuitoBanis nyxauau (p<0.01). Kopemnsuilinuii 38’430k Mix
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EKCTIPECIEI0 IMyHOTICTOXIMIYHUX MapKepiB, HEKPO3oM, piBHeM Ki-67 Ta ctyneHem qudepeHIiroBan-
HS1 Iy XJIMHU BUSIBUBCS CTATUCTUYHO JTocToBipHUM Juie uist Chr A. Pemta nepeBipeHnx koMOiHamin
MOKA3HHMKIB, JUIS iHIIUX MapKepiB He OyJU CTAaTUCTUYHO 3HAUyIIMMH. Bru3HaueHo, 110 3HWKEHHS a00
BTpata ekcnpecii Chr A € HagiitHuM cBigueHHsIM myxiuHHOI porpecii. Excripecist Chr A moxe O0ytu
BUKOPHCTAHA SIK JIOAATKOBHI 1IHCTPYMEHT ISl PO3IOLUTY HEHPOSHIOKPUHHUX HOBOYTBOPEHb JIETCHb
3a CTYTEHEM 3JIOSKICHOCTI.

Kuro4oBi ciioBa: HElpoeHAOKPUHHI MMyXJIMHU, T1CTONIOTIS, IMyHOT1CTOXiMisl, HOBOyTBOPEHHS Jie-
reHb, XpOMOTpaHiH A.
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C-Reactive protein / prealbumin coefficient,

as a new marker in diagnosis and monitoring of the treatment efficacy
in patients with malignant obstructive jaundice,

complicated by ascending cholangitis
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Abstract: preoperative ascending cholangitis is one of the main factors of unsatisfactory treat-
ment outcomes and prognosis in patients with malignant obstructive jaundice. The aim of our study
was to evaluate the diagnostic value of CRP /PA coefficient in preoperative ascending cholangitis
diagnosis, the effectiveness of preoperative preparation and the possibility of infectious complica-
tions, which will improve the treatment quality and prognosis of this cohort of patients. The end
points of the study were: to determine the reference rate of the CRP/PA coefficient; to evaluate the
coefficient value for cholangitis and its severity at the stages of treatment; assess its importance
in detecting postoperative infectious complications. A one-center prospective study of the treat-
ment results of 84 patients who underwent biliary decompression in the preoperative period was
conducted. All patients were diagnosed with preoperative ascending cholangitis according to the
Tokyo Guidelines, 2018 criteria - I grade - in 48 (57.1%) patients, Il grade - in 36 (42.9%) patients.
It was determined that the median CRP/PA in healthy patients was 0.01 (0.01-0.02) of the main sur-
gical intervention was significantly higher - 0.21 (0.13-0.45) and 0.02 (0.01-0.03) than in healthy
individuals - 0.01 (0.01-0.02) ); p <0.001 and p = 0.004, respectively, we found a statistically dif-
ference between the medians of the CRP/PA level in patients with mild to moderate preoperative
ascending cholangitis (p <0.001), which is confirmed by the correlation between the severity grade
of cholangitis and CRP/PA value (r = 0,381, p <0,001). It was found that the preoperative biliary
drainage increases the probability of reducing the CRP/PA level by 18% (R = 0,42, R2 = 0,18, p
<0,001), increase CRP/PA level before drainage is associated with the presence of mixed biliary
tract infection in 25% cases (R2 (Nagelkerke) = 0.25, p = 0.002) and its also associated with an
increased the rate of infectious complications from postoperative wound by 18 .9% (R2 (Nagelk-
erke) = 0.189, p = 0.005). CRP/PA coefficient may indicate preoperative ascending cholangitis
diagnosis and its severity in patients with malignant obstructive jaundice. Increase CRP/PA level
before preoperative biliary drainage is associated with the presence of mixed biliary tract flora and
possibility of infectious complications. The dynamics of the coefficient value can show the efficacy
of preoperative preparation after biliary decompression and predict correct time for surgery, which
improves the treatment prognosis in postoperative period.

Key words: cholangitis, jaundice, bile ducts, decompression, prealbumin
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Introduction

Preoperative ascending cholangitis (PAC) is
one of the main factors of unsatisfactory treatment
outcomes and prognosis in patients with malig-
nant obstructive jaundice (MOJ) (Pavlidis ET &
Pavlidis TE, 2018, Ahmed, 2018). The gold stan-
dard for the PAC diagnosis is the Tokyo Guide-
lines 2018 recomendation, based on evidence of
systemic inflammation, cholestasis and biliary
obstruction, including assessment of the severity
of acute cholangitis, and have prognostic value in
the treatment and choice of appropriate method
and time of invasive intervention (Adler & McEn-
tire, 2018). Biliary infection is the most common
complication of PAC and according to the litera-
ture review occurs in approximately 25% of cases
(Muessle et al., 2018, Sulzer & Ocuin, 2019). The
development of biliary infection in PAC increases
the probability of mortality by almost 2.7 times,
and its level can reach 24% (Wang et al., 2018,
Darnell et al., 2021). Infectious inflammation of
the biliary tract leads to cytotoxic damage to the
liver parenchyma, accompanied by a decrease in
its protein-synthesizing function, and systemic
immunosuppression (Koch et al., 2015). Biliary
tract inflammation leads to cytotoxic damage to
the liver parenchyma, accompanied by a decrease
in its protein-synthesizing function, and systemic
immunosuppression (Koch et al., 2015 a). Un-
timely diagnosis of infected PAC contributes to
the development of systemic endotoxemia and,
as a consequence, decompensated multiorgan
dysfunction, which worsens the clinical course
and prognosis (Pavlidis et al., 2018 a). Therefore,
early diagnosis of infected PAC is a key factor
in improving the effectiveness of treatment of
such patients. One of the main treatment meth-
ods of MOJ is biliary decompression, which re-
duces systemic and portal endotoxemia, restores
phagocytic and immune function, improves the
nutritional status of patients (Gouma et al., 1986,
Scott-Conner & Grogan, 1994, Peter et al., 2001).
However, the question of the feasibility of preop-
erative biliary drainage (PBD) is still debate, be-
cause, according to some authors, may increase
the risk of infectious postoperative complications
( Lee PJ et al., 2018, Lee H et al., 2018, Moole
et al., 2016, Scheufele et al., 2017). At the same
time, other studies have shown that PAC may be
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an independent etiological factor that worsens
the prognosis of treatment, regardless of biliary
decompression (Akashi et al., 2020, Endo et al.,
2019). Recently, researchers have been paying at-
tention to the study of additional criteria for early
diagnosis and effectiveness of patients treatment
with MOJ complicated by infected PAC. The
role of the C-reactive protein/Prealbumin (CRP/
PA) coeficient as a marker of the body’s systemic
inflammatory response is being actively studied.
Recent studies have shown that an increase in the
PSA/PA ratio is observed within a few hours of
the onset of infection and correlates with the se-
verity of septic conditions (Salvetti et al., 2018,
Lin et al., 2020). A systematic literature review
did not reveal any studies devoted to the study of
this marker as a diagnostic criterion for infected
PAC in MOJ. In our opinion, given the peculiari-
ties of the pathogenesis of the biliary tract infec-
tion in this pathology, which is associated with
the development of systemic inflammation, the
assessment of CRP/PA coefficient may be a new
diagnostic marker for early diagnosis of biliary
infection in this category of patients.

Aim

The aim of our study was to evaluate the diag-
nostic value of CRP / PA coefficient in PAC diag-
nosis, which can improve the quality and progno-
sis of patients treatment with MOJ.

Materials and methods

The study design- is a prospective single-cen-
ter cohort study. The study included 84 patients
with MOJ, who were treated at the clinical base
of the Department of General Surgery Nel, Bogo-
molets National Medical University, in the 2016-
2021 periods.

Inclusion criteria - MOJ, morphological veri-
fication of the primary tumor, resectability of the
primary tumor of the pancreatobiliary region, age
of patients over 18 years, patient consent to partic-
ipate in the study and subsequent outpatient mon-
itoring. Non-inclusion criteria - carrying out any
invasive interventions on the biliary tract for the
underlying disease before hospitalization, history
of cholecystectomy up to 6 months before diagno-
sis of the underlying disease, ASA V-VI surgery
risk, IV clinical oncological patients group, acute
surgical pathology not related to the underlying
disease, decompensated comorbid pathology. Ex-
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clusion criteria - the patient’s refusal of diagnosis
and treatment at any stage of the study, the death
of the patient, not related to the underlying dis-
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Table 2. Characteristics of the underlying tumor
disease in the study groups

ease. The diagnosis of ascending cholangitis was Characteristic PBD
verified according to the Tokyo Guidelines, 2018 =
criteria, the severity of cholangitis was deter- Histological type of tumor
mined by TG18 calculator (https://www.mdcalc. | A denocarcinoma 84
com/tokyo-guidelines-acute-cholangitis-2018). - - - —
The treatment plan was determined after discus- Histological differentiation degree
sion at a multidisciplinary conference, taking into | G2 69
account the results of preoperative examination. | 3 15
The main indications for biliary decompression — -
were - acute ascending cholangitis, hyperbiliru- Lol i O e |l oy Juilie
binemia> 250 umol /I, severe nutritional defi- | Pancreas 55
ciency, delayed surgical treatment (Le Bianetal., | choledohus 9
2018). All patients (n = 84) enrolled in the study ; :
underwent PBD- endobiliary stenting performed Papillac Fateri 16
56 (66.7%) patients, 28 (33.3%) patients under- | Duodenum 3
wented percutaneous-transhepatic biliary drain- TNM stage
age. General characteristics of patients and the
: . . T1 5
main tumor disease in the study group are shown
in tables 1 and 2. T2 47
T .. . . T3 28
able 1. Characteristics of patients in study
groups T4 4
NO 56
Characteristic PBD N1 28
(n=84)
MO 84
Age * 62 (56-69) Clinical staging
Stage [ 17
Men, n (%) 50 Stage 11 42
Stage 11 25
Women, n (%) 24 Laboratory diagnostics was performed by the

BMI*, kg/cm? 26,4 (23,8-28,6)

Comorbidity, n (%) 45
ASA class
II 3
11 21
v 60

Note. * Median (QI-QIII); PBD - preoperative biliary
decompression; BMI - body mass index; ASA (American
Society of Anesthesiologists) - Physical Status Classifica-
tion System

Roche/Hitachi cobas ¢ 311 analyzer. The level of
C-reactive protein (CRP) and prealbumin (PA)
was determined by immunoturbodimetric meth-
od, reference values of CRP - <10 mg/l, PA-200-
400 mg/l. The calculation of the CRP / PA ratio
was carried out according to the formula:

. _ CRP level
Coefhicient CRP/PA = PAlevel

where, CRP - C-reactive protein, PA - prealbu-
min. To determine the reference rate of the CRP /
PA ratio and compare the results obtained with
PAC, we determined the value of this ratio in 30
healthy individuals aged 24 to 44 years. The co-
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efficient in the study groups was determined at
the time of PBD and before the main surgery. Re-
search endpoints 1. Determine the reference rate
of the CRP/PA coefficient; 2. Evaluate the CRP/
PA coefficient in cholangitis and its severity at
different stages of treatment; 3. Assess the sig-
nificance of the CRP/ PA ratio in the detection
of postoperative infectious complications. Statis-
tical analysis was performed using the U Mann -
Whitney test, correlation Phi, V Cramer, Spear-
man analysis, logistic regression analysis using
the statistical program SPSS 22.0 for Windows.

Results

The median CRP/ PA coefficient in healthy
individuals was 0.01 (0.01-0.02). The maximum
value of this indicator was 0.03, the minimum -
0.0. The median CRP/ PA at the time of decom-
pression was 0.21 (0.13-0.45), and at the time of
surgery - 0.02 (0.01-0.03). A comparative analy-
sis of the mean values of the CRP/ PA coefficient
in healthy individuals and patients in group with
PBD found that the median of this coefficient
in patients with PAC at the time of drainage
and major surgery was statistically significantly
higher - 0.21 (0.13-0.45) and 0.02 (0.01-0.03)
than in healthy individuals - 0.01 (0.01-0.02);
p <0.001 and p = 0.004, respectively (Fig.1 and
Fig. 2).

Using quadratic nonlinear regression, it
was found that PBD increases the probabili-
ty of reducing the CRP/ PA coefficient by 18%
(R =042, R2 =0.18, p <0.001). All patients
(n = 84) who underwent PBD were diagnosed
with PAC: I grade of severity - in 48 (57.1%)
patients, II grade - in 36 (42.9%). In patients
with mild cholangitis before PBD, the median
CRP/ PA levels was 0.16 (0.07-0.33), the min-
imum value was 0.03, and the maximum was
0.6. The CRP/ PA levels in patients with moder-
ate PAC corresponded to a value of 0.38 (0.19;
0.53): minimum - 0.05, maximum - 2.2. Using
the U Mann - Whitney test for independent sam-
ples reveal, a statistically significant difference
between the medians of the CRP/ PA coefficient
in study group patients for mild and moderate
ascending cholangitis (p <0.001) (Fig. 5).

Correlation analysis using Phi and V Cra-
mer coefficients showed a correlation between
the severity of cholangitis and CRP/ PA levels
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Fig. 1. Medians of CRP/ PA coefficient in
healthy and PBD group patients

Fig. 2. Medians of CRP/ PA coefficient in PBD
group patients at the time of major surgery and
healthy individuals In study group, the median
CRP/ PA coefficient at the time of surgery was
statistically significantly reduced compared with
the stage of decompression (p <0.001) (Fig. 3).

Fig.3. Medians of the CRP/ PA coefficient at the
time of decompression and at the time of surgery
Spearman’s correlation analysis showed a direct
moderate relationship between CRP/ PA levels
at the time of biliary decompression and before
major surgery (r = 0.436, p <0.001). Thus, before
drainage, the range of CRP/ PA coefficient value
was 0.03 - 2.2, and at the time of the main surgery
- 0.001-0.1 (Fig.4).
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Fig. 4. Distribution of CRP/ PA levels depending
on the treatment period

Fig.6. Distribution of CRP / Prealbumin levels
depending on the severity of PAC

(r=0.381, p <0.001). In particular, the coefficient
in the range of 0.03-0.6 was statistically more
frequent in cholangitis of mild severity, and 0.6-
2.2 - in cholangitis of moderate severity (Fig.6).

Logistic regression analysis found that in-
creasing the severity of PAC elevate the probabil-
ity of raising the level of CRP/ PA at the time of
decompression by 24% (R2 (Nagelkerke) = 0.24,
p = 0.002). There was also a statistically correla-
tion between the degree of contamination and the
indicators of the CRP/ PA value (r = 0.226, p =
0.038) in study group of patients. In particular,
the coefficient in the range of 0.03-0.6 was sta-
tistically more often observed in monoflora, and
0.6-2.2 - in mixed infection (Fig. 7).

Discussion

CRP- protein synthesized by hepatocytes,
mainly regulated by IL-6, is a sensitive and rapid
marker, due to a short half-life of about 19 hours,
confirming the presence of infection and inflam-
matory diseases. PA is a glycoprotein synthesized
by the liver and is a direct indicator of damage to
its parenchyma, its value also decreases with nu-

ISSN 1996-353X
ISSN 2311-6951

Fig. 5. Medians of CRP/ PA coefficient
depending on the severity of PAC

Fig.7. Distribution of the CRP/ PA level
depending on contamination degree There
was no statistically significant correlation
between the CRP/ PA level and the duration of
cholangitis before PBD (r = 0.005, p = 0.964),
the presence of antibiotic resistance (r = 0.087,
p = 0.425) and antibiotic therapy before drainage
(r=0.105,p=0.334).
However, binary logisticregression showed thatan
elevate CRP/PAlevel before drainage was associat
ed with an 18.9% increase the probability of
postoperative wound infection complications (R2
(Nagelkerke) = 0.189, p = 0.005).

tritional deficiency, the presence of infection (Xie
et al., 2011). PA has a similar synthetic route as
albumin, but has a much shorter half-life of about
2 days and higher sensitivity and specificity in as-
sessing liver function and malnutrition. The level
of serum PA is almost unaffected by infusion of
albumin solution or blood transfusion (Devakon-
da et al., 2008). The study by Li, J et al., 2021
showed that preoperative serum PA levels, rather
than albumin levels, were independently associ-
ated with early postoperative morbidity and mor-
tality, as well as postoperative hepatic failure in
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patients who underwent liver resection for hepa-
tocellular carcinoma. Shen et al., 2020 in mul-
tifactorial analysis defined that the level of PA
<150 mg/l as an independent predictor of post-
operative complications in patients with MOJ.
PA is also a negative acute phase protein of the
of inflammatory processes. In this regard, in or-
der to differentiate the inflammatory decrease in
prealbumin concentration from nutritional defi-
ciency, it is necessary to simultaneously deter-
mine another acute phase protein, such as CRP.
If the CRP concentration is normal, then the low
concentration of PA due to protein deficiency
and on the contrary (conversely), with elevated
CRP levels, low concentration of PA can not be
regarded as a sign of eating disorders (Kishkun,
AA., 2009). The value of the CRP / PA coef-
ficient is more reliable in the diagnosis of the
inflammatory process than each marker alone,
and its definition is increasingly used in clinical
practice (Wang et al., 2019). This coefficient is
an indicator that correlates with the severity of
sepsis. Pathophysiological changes that confirm
this condition are: first, infection, hypoxia and
ischemia, which stimulate the formation of large
amounts of inflammatory cytokines and oxygen
radicals and cause apoptosis of hepatocytes;
secondly, liver proteins mainly synthesize acute
phase protein against the background of system-
ic inflammatory response instead of plasma pro-
tein; third, hypermetabolism, malnutrition, and
hepatic ischemia in patients with sepsis lead to
impaired secretory and synthetic liver function
(Lin, H., 2020). Prospective study of Pinilla et
al., noted that the indicator correlates with the
severity of multiple organ failure, and the high
value of CRP / PA is associated with negative
clinical results. After analyzing the high level
of mortality and mortality in acute renal fail-
ure, a reliable relationship was found, which
was also confirmed in the results of studies by
Qiong Hong et al., (Pinilla et al., Qiong Hong
et al.,1998 as cited in Xie et al., 2011 a). Li, L
et al., 2017 found that the value of CRP/ PA>
0.24 (sensitivity 82.1%, specificity 53.8%) is
associated with increased mortality and length
of hospital stay of patients in the intensive care
unit. Analysis by Wang et al., 2019 a has shown
a negative association of high rates with adverse
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outcomes in the treatment of acute coronary
syndrome. Harriman et al., 2011 described the
use of this marker as a predictor of gastrointes-
tinal fistula closure, its value below 0.25 indi-
cated the probability of fistula closure in 87%
of cases, while a result greater than 1.0 indicat-
ed no tissue regeneration. Given the subject of
our analysis- CRP / PA level may indicate the
presence and severity of PAC, biliary tract con-
tamination, the possibility of infectious com-
plications, the coefficient dynamics after PBD
may be an additional marker of treatment in the
preoperative period. However, this study should
be confirmed by further observations of a larger
patients sample.

Conclusion

CRP/PA coefficient may indicate PAC di-
agnosis and its severity in patients with MOJ.
Increase CRP/PA level before preoperative bil-
iary drainage is associated with the presence of
mixed biliary tract flora and possibility of infec-
tious complications. The dynamics of the coet-
ficient value can show the efficacy of preopera-
tive preparation after biliary decompression and
predict correct time for surgery, which improves
the treatment prognosis in postoperative period.
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Anoraunis: [lepenonepaniinuii BUCXiJHUI XOJAHTIT € OTHUM 3 OCHOBHHUX (haKTOPiB HE3a10BUIILHUX
pe3yabTariB JIIKyBaHHS Ta MPOTHO3Y Y MAII€HTIB 3 00TYpaliifHOIO JKOBTSHUIICIO ITyXJIMHHOTO TEHE3Y.
MeTot0 HaIoro A0CiHKEHHS OyJ10 OLIHUTH JiarHOCTHYHY 3HaunMicTh koedimienty CPIT/ITA B mocra-
HoBui fiarHo3y [1BX, B edekTuBHOCTI IepeonepariifHoi miAroToBKH Ta MOXKJIMBOCTI PO3BUTKY 1H(EK-
LIMHUX YCKJIQAHEHb, JJIS1 TOKPAIIEHHS SKOCTI Ta MPOrHO3Y JIIKYBaHHS JaHOI1 KOropTH mnauieHTiB. Kin-
[IEBUMHU TOUYKAMH JIOCITIDKEHHS OyJ10: BU3HaUUTH pedepeHTHy HOopMy KoedirtieHTy CPIT/TIA; 3HaueHHs
Koe(iIieHTa P XOJIAHTITI 1 CTYTNEHIO HOTO TSHKKOCTI Ha eTarax JiKyBaHHs; OLIIHUTH HOTo 3HAYUMICTh
y BUSIBJIEHHI HicisionepatiiHux 1HQEeKIINHUX ycKiIaaHeHb. [IpoBeneHo OHOLEHTPOBE NPOCTIEKTUBHE
JOCHIJKEHHS Pe3y/IbTariB JIIKyBaHHs 84 MallieHTiB, IKUM Yy MepeonepaiiinomMy nepiofi Oyjia BUKOHaHa
OiiapHa IeKoMITpecisi. Y BCIX MAIli€HTIB A1IarHOCTOBAHO MEPEeI0NepaIliiftHuil BUCX1THUIM XOMAHTIT 3Ti-
Ho kpurepiiB Tokyo Guidelines, 2018- I crymento - y 48 (57,1%) marienTis, Il ctynento - y 36 (42,9%)
narfieHTiB. Busnaueno, mo memiana koediunienty CPIVITA y 3mopoBux oci6 cknama 0,01 (0,01-0,02),
[NopiBHsIbHMIA aHaMi3 cepennix 3HaueHb Koedimienty CPIVIIA y 310poBuX 0cib Ta MarieHTiB rpynu
[1B]1, moka3aB 1110 MeIiaHa JaHOTO Koe(iIlieHTy Ha MOMEHT JPEHYBaHHS Ta OCHOBHOTO OTIEPaTUBHOTO
BTpYy4YaHHs OyJia CTaTUCTUYHO 3HaYMMO O1bInoro - 0,21 (0,13-0,45) ta 0,02 (0,01-0,03), Hi>K y 310pOBUX
oci6 - 0,01 (0,01-0,02); p<0,001 Ta p=0,004 BiAMOBITHO, BCTAHOBJIEHO CTATHCTUYHO 3HAYUMY PI3HHUITIO
Mk Menianamu koediieata CPIT/ITA y marieHTiB 3 JIESTKUM Ta CEPEIHIM CTYIICHEM TSKKOCTI TIepeIo-
nepauiifHoro BUCXiAHoro xomianrity (p<0,001), o miATBEpAKEHO HASBHICTIO KOPEISALIHHOTO 3B’ SI3KY
MDK CTYIEHEM TSDKKOCTI XOJaHTITy Ta nmokasHukamu koedimienta CPIVIIA (r=0,381, p<0,001), BusiB-
JIEHO, 110 BUKOHAHHS Mepenonepaliiinoro 0iiapHOTo ApeHyBaHHS MiIBHIIY€E BIPOT1IHICTh 3HIKEHHS
piBHs Koediumienty CPITIIA na 18% (R=0,42, R2 = 0,18, p<0,001), 30i1b11eHHS PiBHA KOE]iLli€HTY
CPIVITIA no npeHyBaHHS HOB)SI3aHO 3 HAsBHICTIO MIKCT 1H(eKIiT O1iapHOro TpakTy y 25% Bunaakis
(RZ(Nagelkerke)Z 0,25, p=0,002), a Tako’ acolitO€THCS 3 MiABUILEHHSIM HMOBIPHOCTI BUHUKHEHHS 1H(EK-
IHHUX YCKJIATHEHb 3 00Ky TicisionepaniiiHoi panu Ha 18,9% (R2(Nagelkerke)= 0,189, p=0,005). Koe-
¢iient CPII/IIA niaTBepmKye aiarHo3 Ta CTyMiHb TSHKKOCTI IepeonepariifHoro BUCX1JHOTO XOJIaHT -
Ty y MAII€HTIB 3 00TYpaLliifHOO KOBTSHHILIEIO ITyXJIMHHOTO reHe3y. [liIBUIIeHHs 3Ha4eHHs KoedillieHTa
CPIVTIA mepen mepenonepaiiiiHuM OUTiapHUM APEHYBaHHIM IIOB)SI3aHE 3 HASBHICTIO MIKCT (Iopu
YKOBY1 Ta MOXKJTUBICTIO PO3BUTKY 1H(EKIIHHUX yCKIaaHEeHb. J[MHaMika 3HaYeHHs Koe(dillieHTa MOXKe
NokasaTu e(heKTHBHICTh MepefonepaniiHol MiAroTOBKH Micist OLTiapHOi AeKoMIIpecii Ta BHU3HAUUTU

TOYHI TEPMIHM OIleparlii, 110 TOKPAIUTE IIPOrHO3
P Pail, it paill P © 2022 by the authors; licensee
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ERAS protocol in practice of general surgeon. Qur experience.
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Abstract: the concept of Fast track surgery involves long-term reduction of the stress response on
the surgery. During a pandemic, the ERAS principles of surgery offer even more relevance, in order to
reduce hospital stay and thus reduce the risk of infection. In this study used the method of survey and
comparison of data of patients treated at the Department of General Surgery No2 NMU named after
0.0. Bogomolets in the period from September 2011 to May 2019, namely - 569 patients who under-
went elective surgery using ERAS protocols and minimally invasive surgical interventions. With the
using of ERAS protocols was showed that average bed-day was 1.73 days in LHE, 1.43 in LGP, 4.99
in LBI and 4.3 in LOC. Sampling was also performed for different types of surgical interventions:
LGP and “open” GP were compared, the average operation time was 117 +/- 35 min and 145 +/- 41
min, respectively, relative to the time spent by the patient in the hospital, the following data were ob-
tained: LGP-2,65 +/- 1, 21 days, and at “open” GP-7,91 +/- 1,52 days. Conclusions: Application of
ERAS protocols: reduces pain for the all period of the patient s stay in the hospital, reduces hospital
stay, accelerates the return to normal quality of life, reduces the risk of postoperative complications.

Key words: general surgery, analgesia, hernioplasty, cholecystectomy, antiemetics, NSAIDs.

Introduction

At the edge of the XX -XXI centuries the med-
ical society in Europe have begun to discuss a
new concept of perioperative care of surgical pa-
tients. Professor Henrik Kehlet (Henrik Kehlet)
from Denmark was the developer of this concept.
It involves totally breaking management of the
traditional perioperative period of patient care -
the use of minimal invasive surgery, careful infor-
mation about upcoming surgical operation, possi-
ble complications, behavior in the postoperative
period, reduce of pain on all stages of treatment,
rejection of starvation in preoperative and early
postoperative period, early patient’s activation
after operations (Polomano et al., 2017), (Amer-
ican Society of Anesthesiologists 2012), (Lidder
et al., 2013). Unfortunately it is still not possible

to fully implement these new approaches to daily
care in surgical departments in the Ukraine. We
tried to explore the possibilities of implementing
ERAS protocols in the practice of Ukrainian med-
ical care. What improvements the postulates of
these protocols will bring to patients. But in gen-
eral whether it is expedient to use them in constant
surgical activity. (Pedziwiatr et al., 2018)

Methods

In this study used the method of survey and
comparison of data of patients treated at the De-
partment of General Surgery Ne2 NMU named
after O.0. Bogomolets in the period from Septem-
ber 2011 to May 2019, namely - 569 patients who
underwent elective surgery using ERAS protocols
and minimally invasive surgical interventions. All
patients were informed about the use of their data,
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Control group Experimental group
Exponent N=34 N=34 P
Pain 6,26 £ 1,52 2,74 +£1,05 <0,001
Nausea o
Vomiting 22(64,7%) / 12(35,3%) 6(17.6%) <0,001
) 28(82,4%)
(was/wasn't)
. . 12(35,3%)/ 3(8,8%)/
Bloating (was/wasn't) 22(64.7%) 31(91.2%) 0,008
Hunger 6,03 +1,75 1,97 +0,63 <0,001
Thirst 5,94 £1,50 2,44 +1,16 <0,001
Passage of flatus (was/ 3(8,8%)/ 25(73,5%)/ <0.001
wasn't) 31(91,2%) 9(26,5%) ’
. 1(2,9%)/
) b}
Stool (was/wasn't) 0/34(100%) 33(97,1%) 0,321
Weakness 6,47 £1,26 2,26 +0,86 <0,001
Depression 4,79 £1,07 1,50 +£0,86 <0,001

Table 1: “Self-assessment of the patient’s condition on the first postoperative day.”

their treatment data, their survey data and consent
was obtained from these patients. Statistical results
were obtained on the basis of parametric, name-
ly Student’s T-test and non-parametric methods,
namely Wilcoxon’s T-test. The obtained data for
better analysis were entered in tables 1 and 2.

Results

Among the surgical interventions, the distri-
bution was as follows: Traditional laparoscop-
ic cholecystectomy (LHE) -315, Laparoscopic

bariatric intervention (LBI) -107, Laparoscopic
hernioplasty (LHP) -116, Laparoscopic surgery
on the colon-(LSC). During these operations,
emphasis was placed on postoperative nutrition
and multimodal analgesia (preventive analgesia
before surgery, local infiltration anesthesia of tro-
car wounds before skin incision, intraoperative
analgesia with paracetamol and glucocorticoids,
planned postoperative analgesia with non-narcotic
drugs). Additionally, antiemetics and antibiotics

Table 2: “Questionnaire of patients and their division into groups by type of operation”.

(was/wasn't)

87 (87,88 %)

Laparoscopic Laparoscopic gastric Laparoscopic
Exponent intraperitoneal bypass resection of the colon
n=299 n=97 n=27
Pain 3,87+1,15 4,40 £ 0,94 2,67 +0,83
Nausea 0 39(40,21 %)/ 2 (7,41 %)/
Vomiting 12 (12,12 %) / 58 (59,79 %) 26 (92,59 %)

Bloating (was/wasn't)

31 (31,31%) /

13 (13,4 %)/

4 (14,81 %)/

68 (68,69 %) 84 (86,6 %) 23 (85,19 %)
Hunger 2,67+ 0,83 534+1,07 3,04+ 0,71
Thirst 2,69 + 0,87 438+ 0,96 2.07+0,73

Passage of flatus (was/wasn't)

23 (23,23%) /
76 (76,77%)

37(38,14 %)/
61(61,86 %)

19 (70,37%)/
8 (29,63 %)

Stool (was/wasn't) 14 (14,14 %) / 29(29,90 %)/ 17(62,96%)/
85 (85,86 %) 68 (70,1 %) 10 (37,04 %)
Weakness 2,96 + 0,87 4,49 + 0,82 2,3+0,72
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were prescribed in the postoperative period. All
trocar wounds were washed with antiseptic solu-
tions before suturing. Fundamental principles
such as reduction of drainage, probes, and ure-
thral catheters were also used during all periods
of treatment. Early activation of the patient - in
2-8 hours after operation was obligatory. Elastic
or pneumocompression of the lower extremities
(in patients with a body mass index greater than
40 kg / m?) was used to prevent thromboembolic
complications. (Alon D et al., 2019).

At the beginning of our work, we conducted a
study in patients who underwent LHE - 34 patients
who used ERAS protocols (experimental) and 34
patients with traditional perioperative manage-
ment (control). They were offered a questionnaire
where they assessed the following postoperatively
indicators: pain, nausea, bloating, hunger, thirst,
flatulence, stool, general weakness, depression.
Based on the obtained statistical data, it was found
that pain was at least twice less in the experimen-
tal group (2.74 +/- 1.05) than in the control group
(6.26 +/- 1.52). There was also a decrease in nau-
sea and vomiting, bloating in the experimental
group, namely: manifestations of nausea in the ex-
perimental group were in 6 patients (17.6%), and
in the control group in 22 patients (64.7%), in rela-
tion to bloating in in the experimental group only
3 patients (8.8%) had bloating, and in the control
12 patients (35.3%). Regarding the assessment of
hunger in the experimental group, these feelings
were 3 times less than in the control (1.97 +/- 0.63
vs. 6.03 +/- 1.75, respectively) and thirst 2 times
(experimental-2.4 + / -1.16, and control-5.94 +/-
1.5). Also, patients from the experimental group
noted early (in 25 patients (75.3%) flatulence,
compared with 3 (8.8%) in the control group.As
for the appearance of stool, only one patient had
stool in the first 24 hours after surgery(experimen-
tal group). The general weakness in patients from
the experimental group was estimated at 2.26 +/-
0.86 points, and in the control group this value was
equal to 6.47 +/- 1.26 points. group were lower at
1.5 +/- 0.86, and in the control group-4.79 +/- 1.07.

Discussion

After analyzing the data after the discharge of
patients who applied the principles of ERAS, we
obtained data that showed that the average bed-
day was 1.73 days in LHE, 1.43 in LGP, 4.99 in
LBI and 4.3 in LOC.

ISSN 1996-353X
ISSN 2311-6951

Sampling was also performed for different
types of surgical interventions:

LGP and “open” GP were compared, the aver-
age operation time was 117 +/- 35 min and 145
+/- 41 min, respectively, relative to the time spent
by the patient in the hospital, the following data
were obtained: LGP-2,65 +/- 1, 21 days, and at
“open” GP-7,91 +/- 1,52 days.

Analyzing the data obtained by comparing
groups of patients divided by type of operation,
namely Laparoscopic intraperitoneal hernioplasty
(99 cases), Laparoscopic gastric bypass (97 cases),
Laparoscopic resection of the colon (27 cases), we
obtained the following results: pain was greatest
after gastric bypass surgery, least after laparoscop-
ic resection of the colon, nausea or vomiting were
most common after laparoscopic gastric bypass
surgery, bloating was most pronounced after lap-
aroscopic intraperitoneal hernioplasty, feeling of
hunger and thirst after patients of the stomach, the
presence of stool in the first postoperative days
was observed in patients after laparoscopic resec-
tion of the intestine, the general weakness is most
pronounced after laparoscopic gastric bypass.

Conclusions

Application of ERAS protocols:

1. Reduces pain for the all period of the patient’s
stay in the hospital.

2. Reduces patients stay in the hospital

3. Accelerates the return to normal quality of life
4. Reduces the risk of postoperative complica-
tions.

All this was possible due to the reduction of
the patient’s stress response during the pre-, in-
tra-, and early postoperative periods.
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ERAS nporokosnu B npakTuui xipypra. Ham nocsia.

IIpuxoabko €sreniit’, logpde Onexcanap?, Crenenko OQiexcanap?

'Crynent, Hartionansuuit Meanunuii yaisepcuteT iM. O.0.boromonbis, M. Kuis, Ykpaina

*Kadenpa 3aranpHoi Xipyprii Ne2, HarionanbHui MEMYHUIN yHIBEpCUTET iMEHI
0.0. boromonsug, M. KuiB, Ykpaina

Anoranisi: Konneniiisi mBuakoi Xipyprii nependadae TpuBajie 3HIKEHHS CTPECOBOT PeaKIIii mij
Yac onepaTUBHUX BTpy4aHsb. [1ix yac manaemii npuHmmnu Xipyprii ERAS e 1ie 61b11 akTyaibHUMH,
100 3MEHITUTH TepeOyBaHHs B JIIKAPHI 1 TAKAM YWHOM 3MEHIIUTH PU3UK 3apaKeHHS. Y JTaHOMY
JOCITIPKeHHI BUKOPUCTAHO METOIUKY OMUTYBAHHS Ta MOPIBHSHHS JaHUX MAIIEHTIB, K1 JIKYIOThCS
Ha kadenapi 3aranbHoi xipyprii Ne2 HMYVY imeni O.0O. boromornsiis y niepiof 3 Bepechs 2011 poky 1o
tpaBeHb 2019 poky, a came — 569 mailieHTiB, sIKUM OyJI0 TPOBEACHO IUIAHOBY OIEPAIIii0 3a MPOTO-
kosiamu ERAS Ta manoiHBa3uBHI onepaTHUBHI BTpy4YaHHs. 3a momoMororo mpotokoniB ERAS Oymo
MOKa3aHo, 110 CepeNHil ikoBwii AeHb ctanoBuB 1,73 mus y LHE, 1,43 y LGP, 4,99 y LBI Tta 4,3
a1 y LOC. Takox mpoBoauiu Bi0ip mpoo st pi3HUX BUIIB XIPYPriYHUX BTPYUYaHb: MOPIBHIOBAIH
JIT'TI Ta «Bigkputy» I'Tl, cepenniii uac onepaii cranoBuB 117 +/- 35 xB ta 145 +/- 41 XB BiINOBITHO
710 yacy nepeOyBaHHs Malli€eHTa y JikapHi oTpuMano Taki gaHi: JIT'TI-2,65 +/- 1, 21 nens, a npu «Bij-
kputomy» I'TI-7,91 +/- 1,52 no6u. BucnoBku: 3actocyBanus npotokoniB ERAS: 3menmrye 6ib Ha
BeCh nepiof mepeOyBaHHS MalliEHTa B CTAIllOHApi, CKOPOUYE MepeOyBaHHS B CTAIllOHAP1, MPHUCKOPIOE
MIOBEPHEHHS 10 HOPMAJIBHOT SIKOCT1 KHUTTS, 3HIDKY€E PU3HK MICISONEPAlliiHIX YCKIIaIHEHb.

Kuro4oBi ciioBa: 3aranpHa Xipyprisi, aHaJIbre3isi, repHiomIacTuKa, XOJIeIUCTEKTOMIs, AHTUEMETH-
ku, HII3II. )
© 2022 by the authors; licensee
USMYJ, Kyiv, Ukraine.
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Anomauia: yepebpanorutl ivleMivHull iHCy1bm - 0OHe 3 HAUDLIbLW NOWUPEHUX 3AX60PI0EAHb, U0
CNPUYUHAIOMb NCUXOEMOYIUHT, KOeHIMUBHI ma pyxosi posnaou. CyuacHi 00CioKHceHHs CNPAMOBAHI
HA NOwyK OIONO02IYHUX MAPKEPI8 YPAadiCeHHs 20J106HO20 MO3KY Hpu OiazHocmuyi IHCYIbmis,
30Kpema, GQizuuHux, 8i3yanizayiunux, eleKmpogizionociyHux, 2iCMonN0ciuHUX, 2eHemuyHUx
ma HeupoOHANbHUX, GUIHAYEHHS SAKUX Modce Npuckopumu ougepenyitny oiacnocmuxy. Mema
00CNIONCeHHsT — OYIHUMU pigeHb Heupompodiuno2o haxkmopy MO3Ky 6 Kposi, CmaH MOMOPHUX
i KoeHimusHux hyHKyiti 6 2cocmpomy nepiodi iwemiynoeo incynomy na 1 ma 14 006y, a maxooc
MONCIUBICMb BUKOPUCMAHHSA PIBHS HEUpompoghiuno2o hakmopy Mo3Ky Kpo8i 8 sKocmi mapkepa
BIOHOB/IEHHs PYX0BOI ma iHMeleKmyaibHO-MHeCMUYHOI cghepu npu amepompomoOOmMuyHoOMy ma
KapoioemOoniuHOMy niOmunax iwemiyno2o iHcyiomy. Y oocnioocenns 0yno exaouerHo 34 ocobu
3 0iacHO30M 2oCmpuil IWeMiYHUll HCYIbM. 3anexHCHO 8i0 pe3ynbmamis KAIHIYHO020 0OCMeNHCeHHs.
nayieumis 06y10 po3nodineno Ha 2 epynu: epyna I — nayicnmu, 6 AKUX ieMiyHUull iHCYl1bM BUHUK
BHACNIO0K AMEPOCKIEPOMUYHO20 YPANCEHHS CYOUH KAPOMUOHOI CUCTEMU 3 PO3BUMKOM OKII03ii
3a mexanizmom amepompom60o3y (17 ocib), epyna 2 — nayienmu, y aKux iuleMivHUul iHCy1bm UHUK
BHACNIOOK YPANCEeHHs CYOUH KAPOMUOHOI cucmemu 3 pO3GUMKOM OKII03Il 34 KapOoioemOOoniuHUM
mexanizmom (17 ocib). /lna nopieHanus KIIHIKO-1AOOPAMOPHUX NOKA3HUKIE 000AmMK080 010
BUOLIEHO KOHMPONLHY 2pYNy (NayieHmu He8poNo2iuH020 Bi00ieHHs, SAKI He MAaau YpAadiCeHHs
yenmpanvHoi Hepgosoi cucmemu - 11 oci6). Obcmedcenns nayicnmie nposederno Ha 1 ma 14
000y 3axeopiosanns. Momopni Qyuxyii oyinoeanu 3a cmynemem HNOBCAKOEHHOI AKMUBHOCMI
acumms, wo eusHavanu 3a inoexcom bapmen, cman xkoenimusnux ¢ynxyit - 3a wxanor Mini-
Mental State Examination. Inoexc bapmen na 1 000y cocmpozo nepiody iuiemiunozo iHcyibmy
nepeby8as 8 mexcax ecKoi 3anexicHocmi 01 KapoioemOoniuHo2o niomuny ma NoMIpHOL - 0/
amepompombomuunozo. Ilpomseom 14 ouie y docniodcysanux nayicumie o60x epyn 8i00ysanocs
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3POCMAaHHsL IHOeKCY 00 pigHs NOBHOI HezanexcHocmi y 2pyni 1 ma eekoeo cmyneHio 3a1exCHoCmi
y epyni 2. 'V obcmedicenux nayienmis i3 iuleMiuHumM iHCYIbmom OY10 GUSHAYEHO CepPeOHi 3HAUEHHS
3a wkanoiw Mini-Mental State Examination nHa pigHi noMipHO20 KocHImMugHo2o odegiyumy ua 1
000y npu 060x niomunax iwemiuno2o iHcyibmy. BiOnoenenns xoenimusHux ¢hynxyiti npomseom
14 0Onuie nicas iwemiunoeo iHcyibmy 8i00Y8ANOCA MINbKU Y OpYeitl 2pYyni 00 N1e2KUX KOSHIMUBHUX
posznadie. Konyenmpayisn uetipompogpiunozo ¢haxkmopy mo3ky na I 000y iwemiunozo iHCynibmy
PI3KO 3HUICYBANACS NOPIGHAHO 3 KOHMPOIbHOIO 2pynoto. Ompumani pe3yiomamu 0036015810Mb
PpOo3ena0amu BUHAYEHHS MO3KO8020 Helupompodiunoco hakmopy o0’ ekmusHuUM Oiomapkepom K
msiickocmi nepebicy KapoioemOoniuHo2o ma amepompomMoOmusHO20 iUemMiuH020 IHCYIbMY, Max i

NPOcHO3Y BIOHOBNEHHA MOMOPHUX | KOCHIMUBHUX YHKYTUL.

KirouoBi ciioBa: kapaioeMOomiuHui 1HCYIBT, 6GioMapkep, HelpoTpodiuamii pakTop MO3KY, KOT-

Hiii.

Beryn

epebpanbamii 1MIEMIYHUN 1HCYJIBT — OJHE 3
HaWOIIBII TOMMUPEHUX 3aXBOPIOBAHb, SIKI CIIPH-
YUHSIOTh TICUXOEMOIIiliHI, KOTHITUBHI Ta PyXOBI
poO3iaau, HEraTMBHO BIUIMBAIOTh Ha COIllaJIbHE
¢yHKLIOHYBaHHS Ta sKicTh kuTTs (Karantali
et al,, 2021). HalimomupeHIKUMH MATATIAMEA
IIIEMIYHOTO 1HCYNBTY, fAKi CKIaJaloTh Oijblie
50% BciX BHIAKiB, € arepoOTPOMOOTHYHUI Ta
KapaioeMOOiuHuN. Y pe3ysbTari epeHeCeHOTro
imemiuHoro iHcynbTy (II) mamienTH nepeBakHO
BTpaAYarOTh NPAINE3JaTHICTh, 0 POOUTH IIe 3a-
XBOPIOBAHHS TMPOBIIHOIO MPUYUHOIO 1HBAJIIH-
3arii oci0 3pijoro ta moxwiaoro Biky. KiiHiuHi
nposieu Il 3anmexars B CTymeHs Ta JIOKami3arii
ypaXXeHOi AUISHKH TOJOBHOTO MO3Ky. 3a3BHuait
y TAII€HTIB 13 1MIEMIYHUM 1HCYIBTOM B TOCTPO-
My TEpiofl CIOCTEepIraloThCsi MOTOPHI, KOTHI-
TUBHI Ta adexrtuBHi nopymenHs (Skrypnikov,
Zhyvotovska, Herasymenko, & Boiko, 2019).
Jlss TOCTPOTO TOpPYIIEHHSI MO3KOBOTO KPOBOO-
0iry 3a ilIeMIYHUM THUIIOM XapaKTepHUH MOJi-
Mopdi3M pyxoBuX posnaniB. KorHiTuBHI po3-
JIaad, IO BHUHMKAIOTh BHACIIJOK 1IIEMIYHOIO
IHCYNIBTY, TaKOX HPU3BOIATH OO0 OOMEKEHHS
KUTTETISUTBHOCTI Ta MOBCAKICHHOT aKTUBHOCTI.
3aBIsSKH BIPOBAKCHHIO MDKHApOMHOI KJIacu-
¢ikanii GpyHKIIIOHYBaHHS PO3yMOBI (QYHKIIIT HUH1
BUBYAIOTHCS HA PiBHI 3 IHIIMMH, OCKIJIBKH L€
Jla€ MOXKJIMBICTh BUKOPUCTOBYBATH €IMHI METO-
JIOJIOTIYHI MIIAXOAHW O OILIHKH IOKA3HUKIB 370-
por’st (Havlovska, Lytvynenko, Havlovskiy, &
Shkodina, 2021).

CydvacHi JOCHIDKEHHS CIpsSMOBaHI Ha IIO-
IIyK G10JIOTIYHHX MapKepiB ypaskeHHsS TOJOBHO-
ro MO3Ky HpHU JIIarHOCTHILI 1HCYJBTIB, 30KpeMa,

bi3uuHuX, Bizyali3aliifHUX, eneKTpodiziono-
TYHUX, TICTONIOTIYHUX, T€HETHYHUX Ta HEUpo-
HAJIbHUX, BU3HAUEHHS SIKUX MOXE MPUCKOPUTH
mudepenmiiiny niarnoctuky (Siket & Cadena,
2021). Tak, nepedpabHa imemist IPU3BOJUTD 10
BUBIJIBHEHHS Y KPOB PEYOBUH, II0 MOXKYTh PO3-
ISAaThCs SIK TOTeHIiH1 Oiomapkepu. Cepen
OCTaHHIX BHUJAUISIOTH IIaJIbHUA HEeWpoTpodiu-
Hui Qakrop, 6imok S-100, HelpoHcnenudiuny
€HoJ1a3y Ta HeHpoTpodiuHUI HaKTOP MO3KY.
BDNF (brain — derived neurotrophic factor -
MO3KOBUI HeWpoTpopiuHuil (akTop) — He-
poTpodiH HEeHTpaTbHOI HEPBOBOI CUCTEMHU, STKUN
peryisie po3BUTOK HEWPOHIB, CHHANTUYHY IJIac-
TUYHICTh T4 BUKOHY€E HEHPOMPOTEKTOPHY (YHK-
uito. BDNF Gepe akTuBHY ydacTh B KepyBaHHI
MDKKJTITUHHUMM =~ Ta BHYTPIIIHbOKJIITUHHUMU
CUTHAJIBHUMHU TIUISIXaMH, €()EeKTUBHO TOIepe-
JOKYIOUd 3arubens HepBoBUX KiiTHH. CydacHi
JOCITIIPKEHHS CBI4aTh MPO 3B’ A30K T€HETUYHHUX
noniMopdismiB reny, o konye BDNF, Ta piBHEM
KOTHITMBHUX 3MiH B 0CI0 Pi3HUX MOMYJSALi, 30-
Kpema Ipu XBopoOi Aublireiimepa Ta mu3opeHii
(Eyileten et al., 2021; Mori et al., 2021; Xia et al.,
2019). YHikanpHHUHA BIUIMB I[bOTO HEHPOTPOPiHY
Ha KJIITHHH TOJIOBHOTO MO3KY, & CaMe, CTUMYJISIIIiS
penapaTuBHUX MPOIIECIB Ta HEUPOTUIACTUYHOCTI
B LIEHTPaJIbHIA HEPBOBII CHCTEMI, 3yMOBIIIO€ aK-
TYyaJIbHICTh BU3HAYCHHS TUHAMIKHU 3M1H HOTO PiB-
HS IIPU TOCTPUX MOPYUICHHSIX MO3KOBOTO KPOBO-
00iry Ta mouryk BUPIIICHHs MPOOJIeMU JOCTaBKU
HOTO0 10 TKAHUH MO3KY Y SIKOCTi IEPCIIEKTUBHOTO
MeToAy JikyBaHHs. 3araiom BDNF posrisgaroTs
y SIKOCTI MapKepa YUIKOJDKEHHS HEpBOBOI TKa-
HUHU Ta aKTHBHOCTI pEMapaTUBHUX IPOIIECIB,
OCKIIBKH BiH 37aT€H CTUMYIIOBATH AH(epeHii-
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a0 HEeHpOHiB, IHAYKYBaTH PICT JCHIPHUTIB Ta
AKCOHIB y HampsMKy KJIITHUH-MIIIEHEH, CITOBLIb-
HIOBaTH BTOPUHHY 3aru0enb HEHpPOHiB.

Meta gocaigxkeHHs

Ouinutu piBeHb HeHpoTpodiuHOrO (haKTOpy
Mo3Ky (BDNF) B kpoBi, cTaH MOTOpPHHX 1 KOTHi-
TUBHHX (DYHKIINA B TOCTPOMY IEpiozi imeMiyHO-
ro iHcynbeTy Ha 1 Ta 14 moly, a TaKoX MOXKIIH-
BicTh BUKOpUcTaHHA piBHI BDNF kpoBi B sikocTi
MapKepa BiIHOBJICHHS PYXOBOI Ta 1HTEJIEKTyallb-
HO-MHECTHYHOI c(epu Mpu arepoTpOMOOTHYHO-
My Ta KapaioeMOOIYHOMY IMiATUIIAX 1IIEMIYHO-
O 1HCYJBTY.

Metonu

JlocaiKeHHsT TPOBOIMIIOCS Ha 6a3i Helpoxi-
pypriudoro Bigaiienns KIT «IlonTaBcbka oGmac-
Ha KiiHiyHa JikapHsa iMm. M.B.CkiiocoBcekoro
I[TOP» Ta neBpomoriunoro BimmienHs KII «1-a
MicpKa KiiHI4Ha JikapHs [lonTaBchKOi MiCHKOI
pamu». Y mociipkeHHs Oys0 BKJIIOYEHO 34 ma-
nieHTa 4osoBiuoi (19 ocib, 56%) Ta xinouoi (15
oci0, 44%) crari 13 cepenniMm Bikom 60,23+2,49
pokKiB (Bix 52 10 75 pokiB) i3 1iarHO30M TOCTPO-
To imeMivyHoTo iHCYIbTY. OOCTEeXKEHHS MAIlIEHTIB
Oyno npoBezneHo Ha 1 Ta 14 100y 3aXBOprOBaHHS.
Kputepisimu BKIIIOYEHHSI BU3HAYEHO: JIETKHUIl Ta
CepeHil CTYMiHb TSHKKOCTI 1HCYNBTY 3a National
Institutes of Health Stroke Scale (NIHSS <15 6a-
JiB), ICHA CBIJIOMiCTh 200 CTaH JIETKOTO OTITYIIICH-
Ha (IOKT 13 — 15 6aiiB), arepoTpoMOOTHUYHUI
abo kapmioemOomiyamii miarun II, imemivynui
THCYJIBT y KapOTUAHOMY OaceiiHi, BIICYyTHICTD 1H-
CyNbTiB B aHaMHe31. Kpurepii BUKITIOUSHHS: TSIK-
KM cTaH maiieHTa (comop abo KoMa Ha MOMEHT
rocmitanizanii), KpUNTOTeHHUH, JaKyHapHUR
a6o remomuHamiunui migrunu I, adasig, xpo-
HIYHI CyIMHHI Ypa)K€HHSI TOJIOBHOTO MO3KY, HEMi-
polereHepaTuBHI a00 TICUXi14HI 3aXBOPIOBAHHS B
aHaMHe31. Y maunieHTiB OyJ0 BU3HAYCHO CTYIIHB
TSDKKOCTI 1HCY/IBTY 3a 1mkajoro NIHSS, mposene-
Ho MPT a6o KT rosoBHOro MO3Ky, yIbTpa3By-
KOBE JTOCJIIJKCHHSI CyAMH IIUI Ta yIbTPa3ByKOBE
JOCTIKSHHS Ceplisl I BCTAHOBJICHHS MiITHITY
II. 3anmexHO BiJ pe3yNbTaTiB KIIHIYHOTO 0OCTe-
KECHHS MAIi€eHTiB OyJ0 PO3MOIUICHO HA 2 TPYIIH:
rpyna 1 — marienTu, B sskux II BUHUK BHACIIOK
aTepOCKIEPOTUYHOTO YPAaXKECHHS CYIUH KapOTH/I-
HOI CHCTEMH 3 PO3BUTKOM OKIIIO31i 3a MeXaHi3-
MoM areporpoM603y (17 ocib), rpyma 2 — maiieH-
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TH, Y KX I] BUHUK BHACHIJOK YpaKeHHS CyIUH
KapOTUAHOI CHUCTEMH 3 PO3BUTKOM OKJIIO31i 3a
KapaioemOomigHuM MexaHizmoMm (17 ocib). s
MOPIBHSHHS KJIIHIKO-JJAOOPAaTOPHUX IMOKAa3HUKIB
JOJJATKOBO OYyJI0 BUIUICHO KOHTPOJIBHY TPYyIy
(marieHTH HEBPOJIOTIYHOTO BIIJIUICHHS, sKI HE
Majli ypa)KeHHsI LEHTPaJIbHOI HEPBOBOI CHCTE-
Mu - 11 oci0). I'pynu Oynu penpe3eHTaTUBHUMU
Ta CHIBCTABHUMHU 3a BIKOM, CTaTTIO Ta PiBHEM
ocBiTH. Bcim marieHTam Oyiid TOSCHEH1 MOXKITH-
Bi MepeBaru Ta HACHIJKHU y4acTi B KIIHIYHOMY
nociimkenHni. Huvmu Oyrno Hamano iHdopMoBaHy
3rofly Ha y4acTh B JIOCHI/DKEHHI JJO TIOYATKy iX
npoueayp. JocmimkeHHsT TpOBOAWUIOCS BIAMO-
BiJTHO JI0 BUMOT XeJbCIHCHKOI AeKiapariii, Oymo
cxBajieHo KoMmiTeToM Oioetuku IlonTaBchkoro
JIEP>KaBHOTO MEUYHOTO YHIBEPCHUTETY.

Mortopai (yHKIT OIlIHIOBAIM 3a CTYIICHEM
MOBCSKJICHHOI aKTUBHOCTI JKUTTS, 1[0 BHU3HAYa-
71 3a iHgaekcom baprten. 3aranbha orinka 80-100
0aJjIiB BiAIOBimana IMOBHIA He3aideKHOCTi, 60-79
OaiB — JIETKOMY CTyIEHI0 3anexHocti, 40-59
6aniB — nomipaomy, 20-39 — BaKKOMY CTYIEHIO
3aJ€KHOCTI, <20 OaJiB - TOTaNbHII 3aJIEKHOCTI
(Liu et al., 2020).

VY o0cTexxyBaHMX TAIlI€EHTIB BUBYAIH CTaH
KOTHITUBHUX (YHKIIH 3a mkanoro Mini-Mental
State Examination (MMSE), BiamoBigHo 10 sikoi
28-30 6amniB BiAMOBiNATH BIACYTHOCTI KOTHITHB-
HUX TOpyIIeHb, 26-27 OamiB — JErKUM KOTHIi-
TUBHUM TMOPYUICHHSM, 24-25 GaniB — NOMipHUM
KOTHITUBHUM TOpyIIeHHsIM, 20-23 — jerkomy
cryneHto nementii, 11-19 — cepenHbomy cTy-
neHro aeMeHiii, 10 i MeHIIe — TSOKKIH AeMeHmil
(Kwon et al., 2020).

KinpkicHe BHU3HAUEHHS HEHWPOTPOPIYHOTO
¢daxTopa mo3ky (BDNF) y cuposarmi kpoBi Bu-
KOHaHO Ha 0a31 HAyKOBO-JOCIIJHOTO 1HCTUTYTY
TeHEeTHYHHUX Ta IMyHOJIOTIYHUX OCHOB PO3BHUTKY
narosiorii Ta (apmakorenetuku IlonaTaBchkoro
JIEP’)KaBHOTO MEIUYHOTO YHIBEPCUTETY IILISA-
XOM TBepaoda3Horo iMyHOPEPMEHTHOTO aHa-
nizy (ELISA) 3 Bukopucranusm Habopy «Brain
Derived Neurotrophic Factor (BDNF)» (Cloud-
Clone Corp., USA). JocnimkeHHs TPOBOIUIO-
Cs y IMHAMII JBOPA30BO: MEPIINNA 3a0ip KPOBi
y TaIlieHTa MPOBOAWIN Ha l-i IeHb BUHUKHEH-
ua I, npyruit — Ha 14 - ¥ nenp micas II. 3abip
nepudepudHoi BEHO3HOI KPOBI BUKOHYBAIA B
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CTEPWIBHHX YMOBaX 13 JIKTHOBOi BEHH 3 BHKO-
PHCTAHHSIM OJHOPA30BOi CTEPHIFHOI CHCTEMH
BaKyyMHOTO 3a00py KpOB1 3 aKTHBaTOPOM 3rOp-
taHHA (BD Vacutainer®, Bemukoopuranis). [
OTPHMAHHS CHPOBAaTKH 3pa3KH KPOB1 BHTPHMYBa-
JH BOPOAOBXK 30 XBHIHH MICIIA 3a00py IPH KIM-
HaTHI TeMIleparypi A1 3ropraHHs. [ToTiM 3pa3-
KH KpOB1 HeHTpH(}YTyBadH Ha mBuakocti 3000
00./xB BrpomoBk 10-15 XBHIHH IpH KIMHATHIH
Temneparypi. OTpHMaHa y TaKHil crmocié cHpo-
BaTKa KpOBI 30epiramacs J0 MPOBeIeHHS aHATI3Y
pH TeMmeparypi —80 °C.

JIIAd CTaTHCTHYHOTO aHANI3y OTPHMAaHHX Ja-
HHX BHKOpPHCTOByBainH Iporpamy IBM SPSS
Statistics 23.0 (IBM Corp., USA) ta EZR
Statistics 1.54 (Bix 20.12.2020 p.), mo 3Haxo-
JUTHCS Ha caiiTi MeIHIHOro yHiBepcHuTeTy JXu-
g1, SInonia (Kanda, 2013) y BIIKpHTOMY JOCTYIII.

HopmanpHICTH pO3MOALTY OTPHMAHHX Ja-
HHX OIIHIOBATH BIIIOBIIHO A0 KpHTepiro Illa-
mipo-Yintka. MeToqH OIHCOBOI  CTaTHCTHKH
OoOHpalH 3rigHO 3 THIIOM po3monury. Kimbkic-
HI JaHi OyIH TIpeAcCTaBlIeHl y BHITAL cepe-
Hporo apudmermunoro (M) Ta cepeIHBOKBa-
apaTHdHOi MOXHOKH (). KUIpKiCHI BeTHYHHH,
PO3MOILT SKHX BIAPI3HABCA Bl HOPMATIBHOTO,
IIPOJAEMOHCTPOBaH1 y BHIIAAL MemiaH (Me) Ta
IHTEePKBapTWIBHOTO (25%-75%) po3maxy (Ql-
Q3) 3a metomom T roki. BiIMIHHOCTI MK TPBO-
Ma IpyIIaMH aHaJTi3yBalH 3a JOIIOMOTOKO KpHTe-
piro Kpackena-Yomrica 3 Tectom J[aHHaA, a MIK
ZBOMa — 3a KpHTepieM Mana-YiTHi. [TopiBHAHHS
JBOX 3B’S3aHHX BHOIPOK IPOBOJHIH 3 BHKOPHC-
TaHHAM KpHTepito BitkokcoHa. Kopersmiitamii
aHaI3 BHKOHYBAIH 3 BHKOPHCTAHHIM KPHTEPIIO
CoipmeHa. Pe3ymprarH BBaKalH CTAaTHCTHYHO
3HAYHMHMH IIPH KPHTHIHOMY 3HadeHH1 p<0,05.

PesyabTaTn

JlocmipKyBaHi TPYIH TAMIE€HTIB OyIH CIIiB-
CTaBHI 32 BIKOM Ta cTarTio. CepeiHiii BIK MaIi€H-
TiB y rpymi 1 ckmagaB 63,25+2,71 pokiB, y TpyIi
2 —59,85+3,61 pokiB. I'pymy 1 cxnagamu 11 go-
T0BIKIB (65%) Ta 6 xiHOK (35%), rpymy 2 — 10
q0710BIKIB (59%) Ta 7 xiHOK (41%). TsoxkicTh
IHCYTIBTY 3a mKkamor NIHSS B o6ox rpymax Ha 1
100y BIAIOBIAIa CEPETHBOMY CTYIIEHIO, a caMe
5,0 (3,5-11,0) 6amB y rpymi 1 ta 7,0 (4,5-9,0)
6amB y rpymi 2. Ha 14 100y TSDKKICTE 1HCYIBTY
B 000X rpymax cTaTHCTHYHO 3HauuMo (p<0,05)
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Puc 1. /luHamika KOHIIEHTPAIii
HeiiporpodigHOro GakTopy B KpOBI1 MAIIEHTIB B
TOCTPOMY IIeP1O/Il 1IMIEMIYHOTO 1HCYIBTY Ha 1 Ta

14 noGy (mr/m)

3HHKyBalacsi B CEPeTHBOMY IO JIETKOTO PIBHSA
1 ckagana 3a mkamnoro NIHSS y rpym 1 — 4,0
(1,5-6,0) 6amB, ay rpym 2 — 3,0 (1,5-4,5) Ga-
mB. CTaTHCTHYHO 3HAYHUMHX BIAMIHHOCTEH MIXK
1-or0 Ta 2-010 rpynaMH 3a IIOKa3HHKAMH IIKaTH
NIHSS Ha 1 Ta 14 100y He BusaBieHO (p>0,05).

PiBenr Heiipotpodiunoro ¢axropy y 1 mody
MIC/I 1IMEeMIYHOTO IHCYNIBTY B KpPOBI IAITIEHTIB
rpymu 1 ckmamaB — 178,90 (132,44-233,90) mr/
M1, a B rpym 2 — 228,78 (187,20-312,02) or/mu,
110 HE MaJIO CTATHCTHYHO 3HAYHMHX B1IMIHHOC-
Teif Muk rpynamu (p>0,05), oqHak OyB 3HAUHMO
HIDKIAM (p<0,05) MOPIBHAHO 3 KOHTPOIEHOKO
TPYIOI0, B SKIii NOKAa3HHK cCKiIagaB — 734,65
(246,78 - 1107,84) nr/mn. Ha 14 no0y xoHIIeH-
tpamiss BDNF craructiuno 3HaunMo (p<0,05)
3pocia B 000X rpymax, a caMe y rpymi 1 10 252,39
(172,44-288,55) nr/mi, a B rpymi 2 — 10 533,63
(254,07-650,81) nr/mm, mo MPOAEMOHCTPOBAHO
Ha PHCYHKY 1. Y KOHTPOIBHI rpymi KOHIIEHTpa-
ms BDNF ckmagana 869,45 (660,83-1172.59)
r/mi, mo He Mano 3HaguMmoi (p>0,05) pizHHIU
3 MONePeaHIMH 3HaUeHHAMH y 1 100y rocmitanmi-
3amii. Kornentpamiss BDNF B xpoBi Ha 14 no0y
y Mali€HTIB rpynH 2 Oyla JOCTOBIPHO BHIIOK,
MOPIBHAHO 3 JAaHHMH B 1 rpyImi, mporte, B 000X
rpylax 3ajHiaiacs J0CTOBIPHO HIDKYOFO ITOPIB-
HSHO 3 KOHTPOJIBbHOI rpynoro (p<0,05).

VY mamieHTiB rpynH 1 3araasHHi 6an 3a 1HIEK-
com Bapren (IB) Ha 1 mo6y ckmas — 70,0 (35,0-
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Puc 2. /lunaMika OIIHKH 1HAEKCY aKTHBHOCTI Y
MTOBCSKJAEHHOMY JKHTTI Y HAIIIEHTIB B TOCTPOMY
MepioAl 1MIEeMIYHOrO 1HCYIIBTY Ha 1 Ta 14 moby
(6amn)
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Puc 3. /lunamika cTaHy KOTHITHBHHX (QYHKITIH Y
MAIIEHTIB B TOCTPOMY II€PiOzi
1IIeMIYHOTO 1HCYIRTY Ha 1 Ta 14 no0y
(6am)

80,0) 6amB, y rpymi 2 — 55,0 (50,0-70,0) Gamis
(puc.2). Ha 14 noGy micisa II moBcskaeHHa ak-
THBHICTB JXHTTA Ha 14 100y y rpym 1 ckiragana
—90,0(70,0-95,0) 6amis, a B rpymi 2 — 75,0 (70,0-
90,0) 6amiB. He Gyi1o BCTAHOBIIEHO CTaTHCTHIHO
JOCTOBIPHHX BIIMIHHOCTEH 3HAa4eHb IHIEKCY
Baprenr mik 1 Ta 2 rpynamu sk Ha 1, Tak 1 Ha
14 noGy 3axBoproBaHHs (p>0,05). BcraHoBneHO
JIOCTOBIPHE 3pOCTaHHA 1HAeKCY baprem B 00ox
rpynax Ha 14 o0y BimHOCHO piBHA Ha 1 00y
(p<0,05).

Ha 1 106y y mamieHTiB rpynu 1 3aransHuii 6at
3a mkanoro MMSE cknanas 25,0 (24,0-26,0) 6a-
mB, y rpym 2 - 25,0 (24,0-27,0) 6amiB, mo Bij-
ITOB11aJI0 TIOMIPHHM KOTHITHBHHM ITOPYTHEHHSM.
Y KOHTPOJIBHII Py 3araJbHAI 0al 3a KT
MMSE - 29.0 (28-30) 6amiB, mo BIAIOBIIAIO

BIZICYTHOCTI KOTHITHBHHX IOpymIeHb. CTaTHc-
THYHO 3HAYHMHX BIJIMIHHOCTeH 3araibHOro 6amy
3a mkamoro MMSE wmixk 1 Ta 2 rpynamu He BH-
sBreHo (p>0,05).

Ha 14 noGy piBeHB 3arajibHOro Gaty 3a IIKa-
oo MMSE y rpymi 1 ckragas — 25,0 (24,0-26,0)
6amiB, y rpymi 2 — 27,0 (26,0-28,0) 6amiB, y KoH-
TpOIBHIi rpymi — 29,0 (28,0-30,0) GamB (pucy-
HOK 3). BusBireHno nmocroBipHo (p<0,05) Hmxul
3HaA4YeHHS 3arajJpbHoro oary 3a mkamoro MMSE y
Ipy1i 1 MOPIBHSAHO 3 TPYIIOKO 2 Ta IPYIIOI0 KOHTP-
omo. Y rpymi 2 BCTAaHOBIEHO CTATHCTHYHO 3HA-
guMmo (p<0,05) OuTeII PiBHI 3aralIbHOTO Oaly 3a
mxkanoro MMSE Ha 14 100y mOpiBHSHO 3 Iiep-
10X T000I0.

JIIs OIIHKH 3B 3Ky MDK JOCIIKYBaHHMH
IOKAa3HHKAMH HaMH OyJI0 IPOBEIeHO KOpeIsIiii-

Ta6a. 1. Kopemamiiiai 38’ I13KH MUK 1a00paTopHO-KITIHIYHHMH OKa3HHKAMH Y MAIlI€HTIB TPynH |1 Ha

1 o0y
ITapameTpn NIHSS BDNF MMSE 1B

= 0.223 = 0,157 r=0.493
NIHSS ) p=0.045 p=0.391 p=0.018
= 0.223 r=0.532 r=0.167
BDNF p=10.045 p=10,021 p=10.036

MM = 0,157 r=0.532 1=0.469
SE p=0.391 p=10.021 p=10.073

E r=-0.493 r=0.167 1=0.469 i
p=0.018 p=10.036 p=10.073
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Taoa. 2. Kopensiiiai 38’ 43K4 MiX JIaOOpaTOPHO-KIIIHIYHUMHU MOKA3HUKAMH Y MALI€HTIB rpynu 2

Ha 1 700y

MapameTpu NIHSS BDNF MMSE Ib
r=-0,337 r=-0,153 =-0,472
NIHSS ) p=0,028 p=0,032 p=0.016
r=-0,337 r=0,682 1=0,448
BDNF p=0,028 ) p=0,021 p= 0,041
r=-0,153 r=0,682 =0,389
MMSE p=0,032 p=10,021 ) p= 10,089

- r=-0,472 r=0,448 =0,389
p=0,016 p= 10,041 p= 0,089 -

HUH aHaJi3 y TOCHIKyBaHUX rpynax. ¥ 1 mo0y B
rpyri 1 BCTaHOBIEHO NpsiMi KOpeIALiiHI 3B’ I3KU
MK KoHeHTpauiero BDNF 1 3aranbHOIO Kilb-
kictio 6amiB 3a MMSE (r = 0,532, p = 0,021),
Ib (r = 0,167, p = 0,036), 3BOpOTHiil 3B’sI30K
MK KoHIeHTpauiero BDNF i3 3aransHo0 Kilb-
kictio 6aniB 3a NIHSS (r = -0,223, p = 0,045),
mo npeacraBneHo B Tabn. 1. Takox BcTaHOB-
JICHO 3BOPOTHIM KOpeNsLiiHUIA 3B 30K 3arajib-
HO1 KinbkocTi 6aniB 3a NIHSS Tta Ib (r = -0,493,
p = 0,018), mo uinkoM 3akOHOMIpHO. Y TpyIi 2
Ha 1 moOy 3aXBOPIOBAaHHS BCTAHOBJIEHO TaKOXK
IpsIMI KOPEJSLiKHI 3B’ A3KH MK KOHLIEHTPALIIE0
BDNF 1 3aranpHOI0 KiIBKICTIO OajiB 3a MMSE
(r=0,682, p=10,021), Ib (r = 0,448, p = 0,041),
3BOPOTHIN KOPENALIMHUN 3B’SI30K MIXK KOHIICH-
Tpamiero BDNF Ta 3aranbHOI0 KiBKICTIO OamiB
3a NIHSS (r = -0,337, p = 0,028). [Topsin i3 um
BCTAHOBJICHO 3BOPOTHIN KOPEJALIMHUN 3B’ S30K
KiabKOCTI OamiB 3a mkanor NIHSS Ta kiapkocTi
6amniB 3a mkanoro MMSE (r = -0,153, p = 0,032)
ta Ib (r=- 0,472, p = 0,016), mo npeacraBieHo
B TaOIMIIi 2.

Ha 14 noOy y rpymi 1 BUsIBIIEHO NPpsIMUIA KOpe-
TSAUIRHUHN 3B’ 130K MiK KoHIleHTpaiiero BDNF ta
3arajgpHUM OasioM 3a mkanoro MMSE (r = 0,462,
p = 0,046) ta Ib (r = 0,647, p = 0,029), 3BOpOT-
Hill KOpeJsALiMHNN 3B 30K MK KOHIIEHTPALIEIO
BDNF ta NIHSS (r = -0,319, p = 0,013), mo
MPECTaBICHO Y TabmuIli 3.

VY rpymni 2 Ha 14 noOy 30epiranucs npsmi
KopessiliiiHi 3B’s3kM  KoHueHtpanii BDNF i3
KUIBKICTIO OaniB 3a mkanoro MMSE (r = 0,627,
p=0,039)Talb (r=0,717, p=0,002), 3BopoTHIit
Kopensiiiiauid 3B 130K KoHueHTpauii BDNF Ta
KUIbKOCTI OaniB 3a mkamoro NIHSS (r = -0,451,
p=0,007) TaIb (r=-0,458, p=0,015), mixx Ib Ta
3arajibHOIO KUIbKICTIO OaniB 3a mkanoro NIHSS
(r =-0,458, p = 0,015), mo npeacraBneHo B Ta-
omuwi 4.

UYepes 14 auiB micns Il xoHIeHTpallis Hew-
porpodiuHoro (Gaxkropy MO3Ky y KpOBI JOCTO-
BIDHO 3pocTaja y 000X Ipynax Mali€eHTiB, 13
NPEBAJTIOBAHHAM Y TPYIIi MAIIEHTIB 13 KapIioeM-
OOJIITYHUM 1HCYJBTOM, NIPH LILOMY OyJ1a JOCTOBIp-
HO HIDKYOIO BITHOCHO TPYITH KOHTPOJIIO.

Taoua. 3. Kopensuiiiai 38’ 43K4 MiX JIAOOPAaTOPHO-KJIIHIYHUMH TIOKa3HUKAaMH y TaLli€HTIB rpynu 1

Ha 14 moOy
IMapameTpn NIHSS BDNF MMSE Ib
r=0,319 = 0,369 = 0311
NIHSS - p=0013 p=0,136 p = 0,546
r=-0,319 = 0,462 = 0,647
BDNF p=0013 - p=0.046 p=0029
= 0,369 = 0,462 = 0,782
MMSE p=0,136 p =0.046 - p=0,093
s = 0311 r= 0,647 = 0,782 ]
p = 0,546 p=0,029 p=0,093
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Taoda. 4. Kopensuiitai 38’ 43K4 MiX JIaOOpaTOPHO-KIIHIYHUMHU TIOKa3HUKAMH Y MALI€HTIB rpynu 2 Ha

14 noby
IMapameTpu NIHSS BDNF MMSE Ib
r=-0,451 r=-0,211 r=-0,458
NIHSS - p=0,007 p=0.109 p=0015
r=-0,451 r=0,627 r=20,717
BDNF p =0,007 - p=0,039 p= 0002
= 0211 r=0,627 = 0,208
MMSE p=0.109 p=0039 - p=0349
B r=-0,458 r=20,717 = 0,208 i
p=0,015 p= 0,002 p=0,349
OO0roBopeHHst MU Tpu KagioemboniuHomy miaruii (Chaturvedi,

IToBcaKkaEeHHA aKTHUBHICTH XHUTTA MAI[ICHTIB
(Ib) ma 1 noGy rocrporo mepiony iMIEMIYHOTO
1HCYJIBTY JIETKOTO Ta CEPEIHBOrO CTYMEHS TSIK-
KOCTI mepelyBajia B MeXax JIETKOi 3aJIeKHOCTI
JUIsE KapAioeMOOMIYHOTO MIATUIY Ta MOMIPHOI
3aNIeKHOCTI Il arepoTpomboTryHoro. [Ipots-
romM 14 AHIB y IOCHI)KyBaHUX MaLi€HTIB 000X
rpyn BinOyBajiocsi 3pOCTAaHHS 1HAEKCY aKTHB-
HOCTI Y NMOBCSIKJEHHOMY KUTT1 0 PiBHS MOBHOI
HE3aJIeKHOCTI y Tpymi | Ta JIErKoTro CTYIEHIO
3aJIeKHOCTI y Tpy1i 2.

VY o0cTeXeHnX Mali€HTIB 13 1MIEMIYHUM 1H-
CyNIbTOM OyJ0 BHU3HAUEHO CEpeIHI 3HAUYEHHs 3a
mkanoro MMSE Ha piBHI MOMIPHOTO KOTHITUB-
Horo aedinuty Ha 1 100y npu 060x miarunax II.
BinHOBNEHHA KOTHITUBHUX (YHKIIM NpOTAroM
14 nHIB micnd IIEMIYHOTO 1HCYJBTY BigOyBajo-
Csl TUIBKU Y JIPYTid Ipymi O JIETKUX KOTHITUB-
HUX PO3JIa/liB, OJJHAK iX PiBEHb OyB JOCTOBIPHO
HUKYUM MOPIBHSAHO 3 TPYNOI0 KOHTPOJIIO. 3riIHO
3 CyYyaCHHMMHM JaHMMHU HaBiTh JIETKi KOTHITUBHI
3MIHH, BUSIBJICHI B TOCTPOMY IEPIOAl 1LIEMIYHO-
ro 1HCYNbBTY, CHPUYUHSIOTH HPUCKOPEHHS TEM-
Iy PO3BUTKY KOTHITUBHHUX IMOPYIICHH MPOTITOM
nepunx 12 pokiB (Zheng, Yan, Zhong, Yang, &
Xie, 2019).

Konuenrpariiss  Helporpodiunoro ¢pakropy
MO3Ky Ha | 100y 11IeMIYHOTO 1HCYIIBTY Pi3KO 3HHU-
KyBajacs MOPIBHSIHO 3 KOHTPOJIBHOIO I'PYTIOO
0e3 3HaYMMUX BIAMIHHOCTEHN y 0C10 3 aTepoTpoM-
OOTMYHMM Ta KapAi0eMOOJIYHUM 1HCYJIbTaMHU.
OTpuMaHi HaMH pe3yJbTaTH Y3TOIKYIOTbCA 13
JaHUMH CYyYacCHUX JOCTIKEHb, K1 CBiI4aTh Ipo
3poctanHs koHueHTpauii BDNF micns po3Butky
IT yepe3 2 TwxHI 13 OUIBII BUPAXKEHUMH 3MiHA-

Singh, Tiwari, & Thacker, 2020).

Binomo, 1o pisens BDNF npu Tsxkux iHCY b~
Tax € HE3aJCKHUM HPOTHOCTUYHMM (pakTopoM
(GYHKIIIOHAJIBHOI 3aJ7I€KHOCTI y MOBCSIKICHHOMY
KHUTTI 1 MOYKE pO3IIIAAATUCS Y AKOCTI OiomMapkepa
IpH owiHLI imeMiyHoro iHeyasTy (Hutanu, lancu,
Maier, Balasa, & Dobreanu, 2020). Cy4acHi g0-
CIIIHUKUA PO3TIIANAIOTH 3B’ SI30K MIXK CTyNEHEM
OpPraHiYHOTO YypaXXCHHS HEpBOBOi TKaHWHH, 30-
KpeMa BHUPAXKEHICTIO JIeHKoapeo3y Ta BIAHOB-
JICHHSIM MOTOpPHUX (PYHKIIIH, MOKa3yloTh L 3Mi-
HU Y SKOCTI HECHPHUATINBOTO MPOTHOCTHYHOTO
ynaHKKa (Panteleienko, 2020). BusiBneni mpsimi
KOpEeJISILiHI 3B’SI3KM MK 3arajJbHUM Oajnom 3a
mkanoro MMSE Ta koHIIEHTpali€ro HeWpoTpo-
¢iyHOrO (pakTOpy B KPOBI MALIEHTIB 3 1IIEMIY-
HUM 1HCYJBTOM JO3BOJISIIOTh PO3IVISIIATH OCTaH-
Hill K 00’€KTHBHHMI MapKkep BIJHOBJIECHHS came
KOTHITUBHOI c(epHu y rocTpoMy Mepiofi 3axXBo-
proBanHs. [lopsn 13 uuM moTpiOHO MIAKPECHUTH,
10 MALi€HTH 3 aTePOTPOMOOTUYHUM IMiATUIIOM
I Mmanu HIDKYY KOHIIEHTPAILIF0 HEUPOTPODIIHOTO
(dakTOpy MO3KY B KpPOBI Ta Tipily IWHAMIKy BiJl-
HOBJICHHSI KOTHITUBHUX (DYyHKIIIH.

Bapto 3a3HaunTH, 1110 Halle JOCIiIKEHHS Ma€e
MIeBHI OOMEXEHHSI, 110 3yMOBJICHE MaJIOIO BHOIp-
KOIO MaIieHTiB yepe3 ymoBu nanjaemii COVID-19
Ta 3HAYHY KUIBKICTb KPUTEPii BUKIIOUEHHS 3317151
3a0e3MeyeHHs JAOCTOBIPHUX pe3yibTarTiB, SIKI B
MOJANbIIOMY MOXYTh OyTH BUKOPUCTaHI y SIKO-
CT1 MIJIOTHUX JAHUX JJIS1 pO3PAXyHKY JTOCTaTHBO-
ro o0csAry BUOIPKHU KITIHIYHOTO JOCIIIIKESHHS.

BucHoBku

KonnenTpariiss M0o3k0BOro HEHpOTPOGIYHOTO
daxTopy (BDNF) y kpoBinamieHTiB i3 aTepoTpOM-
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OOTHYHHM 1HCYJBTOM Ta KapIi0eMOOIIUHUM iIIe-
MIYHUM 1HCYJIBTOM JIOCTOBIPHO 3HIDKYBaJjlacs Ha
1-ii Ta Ha 14-1i neHb 3aXBOPIOBAHHS MOPIBHIHO 13
MMOKa3HUKOM y KOHTPOJIbHIH rpymi. Ha 14-ii nenp
MICJS TIEPEHECEHOTO 1MIeMIYHOTO 1HCYIBTY KOH-
LIEHTpallisi MO3KOBOTO HelpoTpodidHoro (axro-
PY Y KpOBi 3pocTana mpu arepoTpoMOOTHYHOMY
Ta KapaioeMOOJIYHOMY IMIEMIYHOMY 1HCYJIBTI
3 JOCTOBIPHHM MPEBAOBAHHSM Yy TAIIEHTIB 13
KapAi0eMOOIIYHIM 1HCYJIBTOM, TIPHU IIbOMY OyJia
JOCTOBIPHO HMKYOIO TIOPIBHSHO 13 KOHTPOJIBHOIO
rpymnoto. Ha 14-#1 neHp micis nepeHeceHoro iie-
MIYHOTO 1HCYJBTY Y 000X Ipyrax XBOpUX Bif0y-
BaJIOCS JOCTOBIPHE 3HIKEHHS KUJIBKOCTI OaJiB 3a
mkanoro NIHSS, 3pocranns iHnekcy akTHBHOCTI
y MOBCSIKAEHHOMY KHTTI. JJOCTOBiIpHE 3pOCTaHHS
KUTBKOCTI OauiB 3a mkanoro MMSE Ha 14-it nenn
3aXBOPIOBAHHS BCTAHOBJICHO BUKIIIOYHO Yy TPyIi
MaIieHTIB 13 KapaioeMOomiyHUM iHCYabTOM. Ha
1-ii Ta 14-ii neHp 3aXBOPIOBaHHS BCTAaHOBJICHI
JIOCTOBIPHI MPsIMi KOPEJIALIiHI 3B’SI3KH KOHIICH-
Tparii MO3KOBOTO HEUTPOTpOo(didHOTO haKkTOpy 13
KUTbKiCTIO OamiB 3a mkaiaoro MMSE Tta ingexcom
AKTUBHOCTI TMAIlI€HTIB Y MOBCAKACHHOMY HUTTI,
3BOPOTHI — 13 KiJIbKicTIO OamiB 3a mkanoro NIHSS
MIPHU Kapai0eMOOIIYHOMY Ta aTepOTPOMOOTHIHO-
My iHCYnbTi. OTpUMaHi pe3yabTaTH A03BOJISIOTH
po3mIsAgaTH MO3KOBHH HeHpoTpodiuHmii dak-
TOp SIK MPOTHOCTHYHUI 00’ €KTUBHUI OioMapkep
MPOTHO3Y BiJTHOBJICHHSI MOTOPHHUX 1 KOTHITUBHUX
GyHKLIH Ta TSHKKOCTI mepediry kapaioemOomi-
HOTO Ta arepoTPOMOOTHYHOTrO iIIEMIYHOTO iH-
CYJIBTY.
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ISSN 2311-6951
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Neurotrophic factor of the brain as a marker of restoration of motor and cognitive
functions in the acute period of cardioembolic and atherothrombotic ischemic stroke
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Abstract: cerebral ischemic stroke is one of the most common diseases leading to psycho-emotion-
al, cognitive and movement disorders. Modern research is aimed at searching for biological markers of
brain damage in the diagnosis of strokes, in particular physical, imaging, electrophysiological, histo-
logical, genetic and neuronal markers, the determination of which can accelerate differential diagnosis.
The purpose of the study was to assess the level of brain-derived neurotrophic factor in the blood, the
state of motor and cognitive functions in the acute period of ischemic stroke on days 1 and 14, as well
as the possibility of using the level of blood-brain neurotrophic factor as a marker of restoration of the
motor and cognitive functions in atherothrombotic and cardioembolic subtypes of ischemic stroke. The
study included 34 people diagnosed with acute ischemic stroke. Depending on the results of the clin-
ical examination, the patients were divided into 2 groups: group 1 - patients in whom ischemic stroke
occurred due to atherosclerotic lesions of the vessels of the carotid system with the development of oc-
clusion by the mechanism of atherothrombosis (17 people), group 2 - patients in whom ischemic stroke
occurred against the background of damage to the vessels of the carotid system with the development
of occlusion by the cardioembolic mechanism (17 people). To compare clinical and laboratory param-
eters, a control group was additionally identified (patients of the neurological department who did not
have damage to the central nervous system - 11 people). Examination of patients was performed on 1
and 14 day of the disease. Motor functions were assessed by the degree of daily activity of life, which
was determined by the Barthel index, the state of cognitive functions - by the scale of Mini-Mental
State Examination Mental State Examination. The Bartel index on the 1st day of the acute period of
ischemic stroke was in the range of mild dependence for the cardioembolic subtype and moderate for
atherothrombotic. Within 14 days, the studied patients of both groups had the increased index to the
level of complete independence in group 1 and mild dependence in group 2. Among the examined
patients with ischemic stroke, average values on the MMSE scale were determined at the level of mod-
erate cognitive deficit per day in both subtypes of ischemic stroke. Restoration of cognitive function
within 14 days after ischemic stroke occurred only in the second group before mild cognitive impair-
ment. The concentration of neurotrophic factor of the brain on the 1st day of ischemic stroke decreased
sharply compared with the control group. The obtained results allow to consider the brain neurotrophic
factor as a prognostic objective biomarker of the prognosis of the restoration of motor and cognitive
functions and the severity of cardioembolic and _

.. . © 2022 by the authors; licensee
atherothrombotic ischemic stroke. USMYJ, Kyiv, Ukraine.
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Abstract: analysis of morphological and etiologic characteristics and clinical features of pancre-
atic abscesses on the basis of previous publications. Theoretical analysis and generalization, clas-
sification, analysis of scientific and methodical literature. The analysis of the literature was carried
out using electronic scientometric database Scopus, Web of Science, Ulrich's Periodicals, Google
Scholar, PubMed, Medline. We analyzed literary sources publicated since 1909, using the keywords,
such as: pancreatic abscess, abscess of pancreas. Articles published in professional English-lan-
guage journals were included. Were analyzed publications dedicated to acute pancreatitis, chronic
pancreatitis, infected pseudocysts as a cause of pancreatic abscess. We analyzed scientific works
concerning benign and malignant tumors of pancreaticoduodenal area, scientific papers concerning
fish bone penetration into the pancreas. Causes of pancreatic abscess development such as trauma
of the pancreas, thrombosis of a.lienalis and pancreas divisum were described in the publication
for the first time. Other scientific works are devoted to infectious agents, diagnosis and treatment of
abscesses. Pancreatic abscess is the body s response to pancreatic infection that is characterized by
specific morphological structure and heterospecific etiology. Pancreatic abscess is the transition state
that combines acute destructive (acute infected necrotizing pancreatitis) and chronic degenerative
(a chronic fibrotic-degenerative pancreatitis complicated by the pancreatic pseudocyst) pancreatitis.
Pancreatic abscess can be considered as the marker of chronization of inflamantory and destructive
pathological processes that need etiologic authentication and further treatment.

Keywords: abdominal abscess, acute pancreatitis, chronic pancreatitis, pancreatic pseudocyst,
chronic pancreatitis, pancreas

Introduction

Pancreatic abscesses (PA) are attributed to
nonspecific surgical abdominal infections, the
main cause is purulent-destructive and degener-
ative diseases of the pancreas. PA is a polyethio-
logical condition to the formation of which lead
chronic (Ammann,1992; Gedam, 2017; Rodri-
guez, 2020) and acute pancreatitis (Fink, 1988;
Rani, 2016; Reuken, 2018), the annual incidence
of which ranges from 13 to 45 per 100,000 per-
sons. (Hoilat & Katta, 2021). The other causes
of PA are the following - penetration of duode-

nal ulcers, perforation of the posterior wall of
the stomach into the bursa omentalis with subse-
quent penetration into the pancreas (An, K.Kim,
J. S.Kim & J.I.LKim, 2007), splenic artery throm-
bosis (Lun, Jiang, Xin & Zhang, 2017), cystic de-
generation and destruction of solid tumors - ad-
enocarcinomas, Non-Hodgkin lymphomas and
neuroendocrine tumors of pancreas (Greenberg,
Bank & Stark, 1990). The causative agents of in-
fection that often lead to the PA are Escherichia
coli, Enterococcus, Klebsiella, Staphylococcus,
Peptostreptococcus Ta Pseudomonas (Brook &
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Frazier, 1996; Srikanth et al. 2002). Considering
that the abscess is a morphological form of many
pancreatic diseases, rather than a single nosology,
identification of its cause is the first priority that
will determine prognosis and treatment tactics.

Aim

To analyze the characteristics of morpholog-
ical, etiologic and clinical features of pancreatic
abscesses on the basis of previous publications.

Materials and methods

The analysis of the literature was carried out
using electronic scientometric database Scopus,
Web of Science, Ulrich’s Periodicals, Google
Scholar, PubMed, Medline. We analyzed literary
sources publicated since 1909, using the key-
words, such as: pancreatic abscess, abscess of
pancreas. Articles published in professional En-
glish-language journals were included.

Rewiew and discussion

Most scientific works were focused on acute
pancreatitis as a cause of PA, but since the revi-
sion of Atlanta classification of acute pancreatitis
in 2012, pancreatic abscesses have been exclud-
ed from the list of complications of acute pan-
creatitis (Colvin, Smith, Morgan & Porter, 2020).
Local complications reflecting the evolution of
necrotic pancreatitis are classified as acute pan-
creatic fluid collections (APFC), acute necrotic
collections (ANC), acute pancreatic pseudocyst
(PC) and walled-off necrosis (WON). As a result,
in 2012 after the revision of the classification
of acute pancreatitis, diagnosis or complication
«pancreatic abscessy lost its clinical significance.

Microbiological characteristics of pathogens

of pancreatic abscess.

A PA is an encapsulated accumulation of pus
that has an intrapancreatic location. Approx-
imately one-third of pancreatic abscesses are
polymicrobial, caused mainly by enteric facul-
tative microorganisms, the other two-thirds are
predominantly gram-positive or gram-negative
aerobes and anaerobes. To identify the most com-
mon causative agents of PA Brook & Frazier
(1996) in the period from 1973 to 1988, based
on modern aerobic and anaerobic bacteriological
methodologies, investigated the types of agents
that caused abscess in 46 patient cases. During
the study Aerobic or facultative organisms were
present in 17 specimens (37%), anaerobes were
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present in 10 (22%), and mixed aerobic-anaero-
bic organisms were present in 19 (41%). The pre-
dominant aerobes were E. coli, K. Pneumoniae ta
S. aureus. The predominant anaerobes were Pep-
tostreptococcus, group B. Fragilis, Clostridium,
Prevotella, Veillonella and Fusobacterium. In the
literature were described the first reported cases
of PA caused by Bordetella bronchiseptica (Matic
& Bunce, 2015) and Salmonella enteritidis (Tai,
Upadhyay, Jain & Goldstein, 2018). Hemanth,
Guchait & Naithani (2015) performed a bacterio-
logical analysis of the abscess content in a case of
a 32-year-old woman and described the growth
of Candida tropicalis and Pseudomonas aerugi-
nosa. Gascun et al. (2007) described first report-
ed case of PA caused by Aeromonas hydrophila.
Reuken et al. (2018) performed a retrospective
analysis of pathogen spectrum and outcome of in-
fected pancreatic necrosis (WON) and pancreatic
pseudocysts (PC) collecting data from 113 pa-
tients. Fungal infections, predominantly caused
by Candida species, were identified in cases of
52 patients (46%). Patients with fungal pancreat-
ic infections had a longer hospital stay (34 days
vs 14 days, P < 0.001 needed intensive treatment
more often (55,8% vs 27,9%, P = 0,002) and had
a lower 365-day survival rate(78,4 [ SE, 6,6%] vs
95,0 [SE, 2,0%], P=0,035), than in patients with
bacterial etiology of pancreatic abscess. This
analysis demonstrates the polymicrobial aerobic
and anaerobic etiology of pancreatic abscess. In
the literature were described several cases of pan-
creatic abscess due to hematogenous spread of in-
fection. Tomas (2013) reported about infected ni-
dus in a case of a 70-year-old woman, which had
an odontogenic genesis and was visualised on CT
as a PA and had an odontogenic flora (Strepto-
coccus anginosus), obtained after bacteriological
examination. Pethe et al. (2020) reported about
odontogenic genesis of PA in a case of a 61-year-
old male. Aspirate from the pancreatic cyst grew
oral flora with Actinomyces Odontolyticus and
Rothia Dentocarioa.
Pancreatic tuberculosis as a factor in the
development of pancreatic abscess.

The incidence of pancreatic tuberculosis (PT)
has increased worldwide in recent decades, ac-
counting for 5% of all forms of tuberculosis.
There are cases misdiagnosed as cystic neo-
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plasms. The authors connect this to the diagnos-
tic similarity and similar clinical picture of these
diseases. Sometimes PT is complicated by PA,
which is frequently observed in patients with
immunodeficiency conditions (in HIV-positive
patients, diabetic patients) (Chavadi, 2015; Mau-
lahela, 2020). Panic, Maetzel, Bulajic, Radova-
novic & Lohr (2020) analyzed cases of pancre-
atic TB published from 1978 to 2017. In a total
of 121 cases a pancreatic abscesses were present
in 12.1% of patients, localised mainly in the pan-
creatic head (59.0%) and less often in the body
(18.2%), tail (13.4%) or neck (1.8%)

Pancreatic abscess in acute pancreatitis.

In 1988 Fink et al. (1988) analyzed 100 cas-
es of PA treated in five different hospitals in Los
Angeles, USA. All cases of pancreatic abscess
followed episodes of pancreatitis: 56 cases oc-
curred after the initial episode of pancreatitis, 12
after the second known attack of pancreatitis and
4 after the third attack. Only 48% of the patients
reported fever in history, and only 23% had a
temperature 38.3°C or above during hospital ad-
mission. 36% of patients had a normal serum am-
ylase concentration on hospital admission, and in
half of all cases the amylase concentration was
two times less than the normal level. In the litera-
ture were described 12 cases of xanthogranulem-
atous pancreatitis (XGP), which is a mixed in-
flammatory process characterized by infiltration
of lipid-laden foamy histiocytes and other inflam-
matory cells with marked fibrosis and destruction
of the parenchyma organ. Xanthogranulomatous
inflammation occurs in various organs such as
skin, gastrointestinal tract, genitourinary system,
soft tissues and lymph nodes. Okabayashi et al.
(2007) described 2 cases of PA on a background
of xanthogranulomatous pancreatitis.

Infected pancreatic pseudocyst (PC).

Pancreatic PC is an inflammatory lesion oc-
curred on the background of acute or chronic
pancreatitis. Since the revision of Atlanta clas-
sification of acute pancreatitis in 2012, pancre-
atic abscesses have been excluded from the list
of complications of acute pancreatitis and was
recommended to use the definition «pancreatic
pseudocyst» which has similar characteristics to
pancreatic abscess (pseudocapsule and presence
of pus). According to Tan, Zhou, Cao & Zhang
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(2018) pancreatic PC incidence range from 5 to
16% in cases of patients with acute pancreatitis,
while 20—40% in cases of patients with chronic
pancreatitis. The author also reported a correla-
tion between infectious pancreonecrosis and
the development of pancreatic pseudocyst (OR,
4.253; 95% CI, 3.574-7.339; p = 0.021) which
has been infected and led to the formation of pan-
creatic abscess.

Pancreatic abscess on the background of

chronic pancreatitis.

According to Khanna, Tiwary & Kumar
(2012) pancreatic pseudocysts is most common
to arise among patients with alcoholic chron-
ic pancreatitis (from 70% to 78%). The second
cause is idiopathic chronic pancreatitis (from 6%
to 16%), followed by biliary pancreatitis (from
6% to 8%). Ammann et al. (1992) analyzed 336
patients with chronic pancreatitis, 10 (3%) de-
veloped an intra-abdominal abscess (6 pancreat-
ic, 4 liver abscesses).The author reports, factors
that cause abscess formation may be divided into
two categories: general predisposing conditions
and local factors related to pancreatic abscess-
es. Intra-abdominal abscesses were significantly
more common in alcoholic CP (9 of 245; 3.7%)
as compared with nonalcoholic CP (1 of 91;
1.1%). Splenectomy, diabetes mellitus (DM) and
severe exocrine insufficiency may contribute to
the development of pancreatic abscess. Among
the local factors, the author includes pancreato-
jejunostomy, which was performed in 9 out of
10 patients. Rodriguez et al. (2020) also describe
the clinical case of pancreatic abscess in a case of
patient with chronic pancreatitis and decompen-
sated DM due to excessive alcohol consumption
for 5-months.

Acute obstructive suppurative pancreatic

ductitis (AOSPD).

In the literature were described 14 studies
(64 patients) concerning AOSPD, occurred on
the background of chronic pancreatitis (Gedam,
2017; Wali, 2015) or as a complication of pancre-
atic cancer (Iwatsuka, 2018; Sheikh et al., 2020;
Shimizuguchi et al., 2020). Gedam, Sadriwala &
Bansod (2017) reported about the case of 33-year-
old female with chronic pancreatitis, which on
ultrasonography was hyper-echoic and atrophic
pancreas with main pancreatic duct dilated up to 1

Ukrainian scientific medical youth journal, 2022, Issue 1(128)
http://mmj nmuofficial.com

44


http://mmj.nmuofficial.com
https://portal.issn.org/resource/issn/1996-353X
https://portal.issn.org/resource/issn/2311-6951
https://creativecommons.org/licenses/by/4.0/

UKkrainian Scientific Medical Youth Journal
Issue 1(128), 2022
Creative Commons «Attribution» 4.0

cm and 6mm calculus in the main pancreatic duct
at the level of pancreatic head, that according to
the author caused the development of AOSPD.
Shimizuguchi et al. (2020) reported about 5 pa-
tients with pancreatic ductal adenocarcinoma
(PDAC) and 1 patient with chronic myelogenous
leukemia (CML), which were diagnosed AOSPD.
In most cases each patient had fever and abdom-
inal pain. Endoscopic retrograde cholangiopan-
creatography (ERCP) showed dilatation of the
main pancreatic duct (MPD) and suppuration of
the pancreatic duct. Pseudocysts, abscesses and
pancreatic necrosis were excluded on abdominal
CT. The authors link the occurrence of AOSPD
with obstruction of the main pancreatic duct and
retrograde infection from the gastrointestinal tract
or biliary tract into the pancreas; bacteria pro-
duce serine protease, a kind of enzymes, and the
enzyme can damage the tight junctions between
pancreatic duct epithelial cells and allow leakage
of pancreatic juice through protease-activated re-
ceptor 2 (PAR2). Sheikh et al. (2020) ) reported
the development of acute obstructive purulent
ductitis in a case of 71-year-old patient with pan-
creatic adenocarcinoma. In the literature were de-
scribed 2 clinical cases of acute obstructive puru-
lent ductitis as a complication of ERCPG (Isono,
2016; Wang, 2019). The authors attribute this to
possible reflux of bacteria from the gastrointesti-
nal tract or biliary tract into the pancreas; oversize
stent, a swollen pancreas and insufficient sphinc-
terotomy of the papilla during the first ERCP may
have also aggravated outflow obstruction.

Pancreatic Abscesses associated with Splenic

artery Thrombosis.

Lun, Jiang, Xin & Zhang (2017) described the
case of a 65-year-old man, which was presented
with acute total splenic infarct of distal part of
the pancreas, complicated by the formation of an
abscess due to Splenic artery Thrombosis. The
authors related the development of an abscess to
the anatomical feature of blood vessels. In this
case, were detected no branches proximal to the
thrombosed segment, which provoked ischemic
necrosis of the tail of the pancreas with the sub-
sequent development of an abscess.

Pancreatic melioidosis.

In the literature published 1 article devoted to
the development of pancreatic abscess among pa-
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tients with melioidosis. Intra-abdominal abscess-
es are a common manifestation of melioidosis,
but the involvement of the pancreas is surprising-
ly rare and has not been registered before.Chong,
Lim & Sharif(2010) described 4 clinical cases of
pancreatic abscess on the background of meli-
oidosis. Three patients had multifocal microab-
scesses and one had a large focal abscess. Acute
and chronic pancreatitis were excluded on the ba-
sis of instrumental examination (abdominal CT).
In favor of melioidosis were indicators such as
general clinical manifestations, concomitant mi-
croabscessions of the liver and spleen, isolation
of the pathogen Pseudomonas pseudomallei from
blood and pus.

Among the rare causes of pancreatic abscess
in the literature were described cases of penetra-
tion of duodenal ulcers into the pancreas, which
was confirmed endoscopically (M. J.Kim, 2015).
An et al. (2007) described a case of perforation of
the posterior wall of the stomach into the pancre-
as by a fishbone. There are also isolated cases of
pancreatic abscess, secondary to Non-Hodgkin’s
pancreatic lymphoma, gastrinoma and in case of
patients with pancreatic adenocarcinoma (Green-
berg et al. 1990).

Diagnostics of pancreatic abscess.

In order to diagnose and establish the cause of
pancreatic abscesses should be used contrast-en-
hanced computed tomography (CT), which is the
most universal method for assessment of pancre-
atic diseases. It has a high rate of diagnostic ac-
curacy for determining the nature of both tumors
and inflammatory disease (Mathew & Thomas,
2017). CT has a sensitivity of 90-100% for the
diagnosis of a pseudocyst and fluid collections,
transabdominal ultrasound (US) is 70-90% sensi-
tive in detecting pancreatic pseudocyst or WOPN.
The sensitivity and specificity of MRI, CT, and
the US to detect solid debris within PFC are 100%
and 100%, 25% and 100%, and 88% and 54%,
respectively (Agalianos et al.2018; Umapathy et
al. 2020). Endoscopic ultrasound can detect most
of the cystic lesions even with size less than 2
cm, and it has 93—100% sensitivity and 92-98%
specificity for differentiating pseudocyst from
other fluid collections (Agalianos et al.2018). The
pancreas can be visualized with ultrasound in 75—
93% of patients (Dhaka et al. 2015).
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Treatment of pancreatic abscess.

Once the abscess is diagnosed, immediate
combined antibacterial and, if possible, minimally
invasive drainage should be performed. In
recent years there are many results of successful
surgical treatment of abdominal abscesses of
various localizations, including the pancreas,
by drainage under ultrasound or CT guidance
(Jo, 2015; Lee, 2017; Rani, 2016; Yang, 2016).
Shavrina et al. (2019) analyzed 103 clinical cases
of percutaneous ultrasound-assisted drainage
of intraperitoneal abscesses in the period from
2012 to 2017. According to the authors research,
full recovery was observed in 101 (98%) out
of 103 patients within 10-73 days. Drainage
with ultrasound navigation is an effective
independent way to treat abscesses. The method
has demonstrated high efficiency, availability and
safety, avoiding open surgical approach. Szakd et
al. (2020) compared the results of endoscopic and
percutaneous drainage of infected pseudocysts.
Clinical success of endoscopic intervention was
better than percutaneous drainage (OR = 3.36;
95%CI,1.48,7.63;p = 0.004). Also the recurrence
rate was lower after endoscopic drainage
(OR=0.23; 95% CI 0.08, 0.66; p=0.006).
Open methods used in patients with necrotising
pancreatitis. Van Brunschot et al. (2018) analized
1980 patients with necrotising pancreatitis,
1167 underwent open necrosectomy and 813
underwent minimally invasive surgical (n=467)
or endoscopic (n=346) necrosectomy. There
was a lower risk of death for minimally invasive
surgical necrosectomy (OR, 0.53; 95%CI 0.34
to 0.84; p=0.006) and endoscopic necrosectomy
(OR, 0.20; 95%CI 0.06 to 0.63; p=0.006).
Endoscopic necrosectomy was associated with a
lower risk of death than open necrosectomy in the
high-risk group (3/40 vs 12/40; risk ratio, 0.27;
95%CI 0.08 to 0.88; p=0.03) and in the very
high-risk group (12/57 vs 28/57; risk ratio, 0.43;
95%C10.24 to 0.77; p=0.005). Bang et al. (2019)
didn’t find significant difference in mortality
(endoscopy 8.8% vs surgery 6.3%; P =.999), but
complications rate was significantly higher in
the surgery group (0.69 £+ 1.03) compared with
the endoscopy group (0.15 = 0.44) (P = .007).
Wangetal. (2019) compare laparoscopic approach
or an open surgical procedure, percutaneous
catheter drainage and endoscopic drainage.
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Laparoscopic surgical approach associated with
the shortest mean length of stay (P = 0.009), and
it had the lowest total charge (P =0.03). All three
modalities have similar inpatient mortality (P =
0.28). The study also revealed that percutaneous
drainage associated with more emergent
admission (P < 0.001). Farias (2019) didn’t find
significant difference between treatment success
rate (risk difference [RD] —0.09; 95% confidence
interval [CI] [0.20,0.01]; P=.07) and recurrence
(RD: 0.02; 95% CI [-0.04,0.07]; P=.58) between
surgical and endoscopic treatment. Regarding
time of hospitalization, the endoscopic group
had better results (RD: —4.23; 95% CI [-5.18,
—3.29]; P<.00001). When it comes to treatment
cost, the endoscopic arm also had better outcomes
(RD: —4.68; 95% CI [-5.43,-3.94]; P<.00001).

Conclusions
1. Pancreatic abscess is the body’s response to
pancreatic infection that is characterized by spe-
cific morphological structure and heterospecific
etiology.
2. Pancreatic abscess is the transition state that
combines acute destructive (acute infected nec-
rotizing pancreatitis) and chronic degenerative (a
chronic fibrotic-degenerative pancreatitis compli-
cated by the pancreatic pseudocyst) pancreatitis.
3. Pancreatic abscess can be considered as the
marker of chronization of inflamantory and de-
structive pathological processes that need etio-
logic authentication and further treatment

Financing

This research received no specific grant from
any funding agency in the public, commercial, or
not-for-profit sectors.

Conflicts of interest

Authors have no conflict of interest to daclare.

Consent to publication

Its publication has been approved by all au-
thors and patients.

ORCID ID and AUTHORS CONTRIBU-
TION

0000-0002-4177-1771
Fedir,

(BDE) Yurkin Denis

A — Research concept and design, B — Collec-
tion and/or assembly of data, C — Data analysis
and interpretation, D — Writing the article, E —
Critical revision of the article, F — Final approval
of article

(ABCDEF) Prytkov

Ukrainian scientific medical youth journal, 2022, Issue 1(128)
http://mmj nmuofficial.com

46


http://mmj.nmuofficial.com
https://portal.issn.org/resource/issn/1996-353X
https://portal.issn.org/resource/issn/2311-6951
https://creativecommons.org/licenses/by/4.0/
https://orcid.org/

UKkrainian Scientific Medical Youth Journal ISSN 1996-353X
Issue 1(128), 2022 ISSN 2311-6951
Creative Commons «Attribution» 4.0

REFERENCES.

Agalianos, C., Passas, 1., Sideris, 1., Davides, D., & Dervenis, C. (2018). Review of management options for pancre-
atic pseudocysts. Translational gastroenterology and hepatology, 3. https://doi.org/10.21037/tgh.2018.03.03

Ammann, R., Miinch, R., Largiadér, F., Akovbiantz, A., & Marincek, B. (1992). Pancreatic and hepatic abscesses: a late
complication in 10 patients with chronic pancreatitis. Gastroenterology, 103(2), 560-565.. https://doi.org/10.1016/0016-
5085(92)90847-r

An, C. H., Kim, K. H., Kim, J. S., & Kim, J. I. (2007). Pancreatic abscess caused by gastric perforation. ANZ journal
of surgery, 77(8), 709-709. https://doi.org/10.1111/1.1445-2197.2007.04200.x

Bang, J. Y., Amoletti, J. P., Holt, B. A., Sutton, B., Hasan, M. K., Navaneethan, U., ... & Varadarajulu, S. (2019).
An endoscopic transluminal approach, compared with minimally invasive surgery, reduces complications and costs for
patients with necrotizing pancreatitis. Gastroenterology, 156(4), 1027-1040 https://doi.org/10.1053/j.gastro.2018.11.031

Brook, I., & Frazier, E. H. (1996). Microbiological analysis of pancreatic abscess. Clinical infectious diseases, 22(2),
384-385.. https://doi.org/10.1093/clinids/22.2.384

Chavadi, C. V., Kory, S., Rao, P., & Mahale, A. (2015). Pancreatic tuberculous abscess mimicking as cystic neoplasm:
A rare initial manifestation of AIDS-defining illness. Journal of HIV and Human Reproduction, 3(1), 20. https://doi.
org/10.4103/2321-9157.169175

Chong, V. H., Lim, K. S., & Sharif, F. (2010). Pancreatic involvement in melioidosis. JOP. Journal of the Pancreas,
11(4), 365-368. https://doi.org/10.6092/1590-8577/3622

Colvin, S. D., Smith, E. N., Morgan, D. E., & Porter, K. K. (2020). Acute pancreatitis: an update on the revised Atlanta
classification. Abdominal Radiology, 45(5), 1222-1231. https://doi.org/10.1007/s00261-019-02214-w

De Gascun, C. F., Rajan, L., O’Neill, E., Downey, P., & Smyth, E. G. (2007). Pancreatic abscess due to Aeromonas
hydrophila. Journal of Infection, 54(2), €59-e60. https://doi.org/10.1016/1.jinf.2006.03.037

de Tomas Palacios, J. (2013). Absceso pancreatico por Streptococcus anginosus postextraccion dental. Semergen:
revista espafiola de medicina de familia, (4), 241-242.. https://doi.org/10.1016/j.semerg.2012.11.004

Dhaka, N., Samanta, J., Kochhar, S., Kalra, N., Appasani, S., Manrai, M., & Kochhar, R. (2015). Pancreatic fluid col-
lections: What is the ideal imaging technique?. World journal of gastroenterology, 21(48), 13403 https://doi.org/10.3748/
wjg.v21.i48.13403

Farias, G., Bernardo, W. M., De Moura, D., Guedes, H. G., Brunaldi, V. O., Visconti, T., Gongalves, C., Sakai, C. M.,
Matuguma, S. E., Santos, M., Sakai, P., & De Moura, E. (2019). Endoscopic versus surgical treatment for pancreatic pseudo-
cysts: Systematic review and meta-analysis. Medicine, 98(8), e14255. https://doi.org/10.1097/MD.0000000000014255

Fink, A. S., Hiatt, J. R., Pitt, H. A., Bennion, R. S., DeSouza, L. R., McCoy, R. D., ... & Wilson, S. E. (1988). Indo-
lent presentation of pancreatic abscess: experience with 100 cases. Archives of Surgery, 123(9), 1067-1072. https://doi.
org/10.1001/archsurg.1988.01400330043006

Gedam, B. S., Sadriwala, Q. S., & Bansod, P. Y. (2017). Chronic pancreatitis with acute obstructive suppurative pan-
creatic ductitis: a rare case report. Journal of surgical case reports, 2017(2), rjx034. https://doi.org/10.1093/jscr/rjx034

Greenberg, R. E., Bank, S., & Stark, B. (1990). Adenocarcinoma of the pancreas producing pancreatitis and pancreatic
abscess. Pancreas, 5(1), 108-113. https://doi.org/10.1097/00006676-199001000-00017

Hemanth, B., Guchait, P., & Naithani, N. (2015). Candida tropicalis, an uncommon cause of pancreatic abscess: A
case report. International Journal of Advanced Medical and Health Research, 2(2), 116. _https://doi.org/10.4103/2349-
4220.172894

Hoilat, G. J., & Katta, S. (2021). Pancreatic Abscess. StatPearls [Internet].

Holden, J. L., Berne, T. V., & Rosoff, L. (1976). Pancreatic abscess following acute pancreatitis. Archives of Surgery,
111(8), 858-861. https://doi.org/10.1001/archsurg.1976.01360260026005

Isono, Y., Matsusaki, S., Tanaka, H., Tochio, T., Kumazawa, H., Sase, T., Saito, T., Okano, H., Baba, Y., & Mukai, K.
(2016). Acute obstructive suppurative pancreatic ductitis after endoscopic retrograde cholangiopancreatography in a pa-
tient with carcinoma of the pancreatic head:a case report. The Japanese journal of gastro-enterology, 113(2), 289-295.
https://doi.org/10.11405/nisshoshi.113.289

Iwatsuka, K., Nakagawara, H., Ogawa, M., Gotoda, T., Hayashi, S., Kinukawa, N., Hemmi, A., Yamao, K., Yanagisa-
wa, A., & Moriyama, M. (2018). Spontaneous Development of Acute Obstructive Suppurative Pancreatic Ductitis Asso-
ciated with Pancreatic Carcinoma: A First Case Report. Internal medicine (Tokyo, Japan), 57(9), 1241-1245. https://doi.
org/10.2169/internalmedicine.9862-17

Jo, H. G., Amarbat, B., Jeong, J. W., Song, H. Y., Song, S. R., & Kim, T. H. (2015). Could Transgastric Endoscopic
Ultrasound-Guided Aspiration Alone Be Effective for the Treatment of Pancreatic Abscesses?. Clinical endoscopy, 48(4),
345. https://doi.org/10.5946/ce.2015.48.4.345

Khanna, A. K., Tiwary, S. K., & Kumar, P. (2012). Pancreatic pseudocyst: therapeutic dilemma. International Journal
of Inflammation, 2012.. https://doi.org/10.1155/2012/279476

Ukrainian scientific medical youth journal, 2022, Issue 1(128)
http://mmj nmuofficial.com

47


http://mmj.nmuofficial.com
https://portal.issn.org/resource/issn/1996-353X
https://portal.issn.org/resource/issn/2311-6951
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.32345/USMYJ.4(127).2021.22-29
https://doi.org/10.32345/USMYJ.4(127).2021.22-29
https://doi.org/10.32345/USMYJ.4(127).2021.22-29
https://doi.org/10.32345/USMYJ.4(127).2021.22-29
https://doi.org/10.32345/USMYJ.4(127).2021.22-29
https://doi.org/10.32345/USMYJ.4(127).2021.22-29
https://doi.org/10.32345/USMYJ.4(127).2021.22-29
https://doi.org/10.32345/USMYJ.4(127).2021.22-29
https://doi.org/10.32345/USMYJ.4(127).2021.22-29
https://doi.org/10.32345/USMYJ.4(127).2021.22-29
https://doi.org/10.32345/USMYJ.4(127).2021.22-29
https://doi.org/10.32345/USMYJ.4(127).2021.22-29
https://doi.org/10.32345/USMYJ.4(127).2021.22-29
https://doi.org/10.32345/USMYJ.4(127).2021.22-29
https://doi.org/10.32345/USMYJ.4(127).2021.22-29
https://doi.org/10.32345/USMYJ.4(127).2021.22-29
https://doi.org/10.32345/USMYJ.4(127).2021.22-29
https://doi.org/10.32345/USMYJ.4(127).2021.22-29
https://doi.org/10.32345/USMYJ.4(127).2021.22-29
https://doi.org/10.32345/USMYJ.4(127).2021.22-29
https://doi.org/10.32345/USMYJ.4(127).2021.22-29
https://doi.org/10.32345/USMYJ.4(127).2021.22-29
https://doi.org/10.32345/USMYJ.4(127).2021.22-29
https://doi.org/10.32345/USMYJ.4(127).2021.22-29
https://doi.org/10.32345/USMYJ.4(127).2021.22-29
https://doi.org/10.32345/USMYJ.4(127).2021.22-29
https://doi.org/10.32345/USMYJ.4(127).2021.22-29
https://doi.org/10.32345/USMYJ.4(127).2021.22-29
https://doi.org/10.32345/USMYJ.4(127).2021.22-29
https://doi.org/10.32345/USMYJ.4(127).2021.22-29
https://doi.org/10.32345/USMYJ.4(127).2021.22-29

UKkrainian Scientific Medical Youth Journal ISSN 1996-353X
Issue 1(128), 2022 ISSN 2311-6951
Creative Commons «Attribution» 4.0

Kim, M. J., Seo, E., Kang, E. S., Kim, K. M., Oh, Y. M., Cho, B. H., ... & Park, S. M. (2015). Pyogenic pancreatic
abscess mimicking pancreatic neoplasm: a four-case series. The Korean Journal of Gastroenterology, 65(4), 252-257.
https://doi.org/10.4166/kjg.2015.65.4.252

Lee, J. Y., Kim, T. H., & Chon, H. K. (2017). Isolated Pyogenic Pancreatic Abscess Successfully Treated via Endo-
scopic Ultrasound-guided Drainage. The Korean Journal of Gastroenterology, 69(5), 321-324. https://doi.org/10.4166/
kjg.2017.69.5.321

Lun, Y., Jiang, H., Xin, S., & Zhang, J. (2017). Splenic and Pancreatic Abscesses Associated with In Situ Thrombosis
of Splenic Artery. Annals of vascular surgery, 45, 265-e9. https://doi.org/10.1016/j.avsg.2017.06.130

Mathew, D. L., & Thomas, (2017). A. Computed Tomography and Ultrasonographic Evaluation of Pancreatic Mass
Lesion. J] Med Res Prac, 06(06), 212-222. https://doi.org/10.20936/jmrp/06/06/04

Matic, N. A., & Bunce, P. E. (2015). Isolation of Bordetella bronchiseptica from blood and a pancreatic abscess. Jour-
nal of clinical microbiology, 53(5), 1778-1780. https://doi.org/10.1128/JCM.00175-15

Maulahela, H., Fauzi, A., & Rahadiani, N. (2020). Pancreatic Tuberculosis Abscess Successfully Treated With Se-
rial Endoscopic Ultrasound-Guided Aspirations. ACG case reports journal, 7(1), €00291. https://doi.org/10.14309/
¢rj.0000000000000291

Okabayashi, T., Nishimori, 1., Kobayashi, M., Sugimoto, T., Kohsaki, T., Okamoto, K., ... & Onishi, S. (2007). Xan-
thogranulomatous pancreatic abscess secondary to acute pancreatitis: two case reports. Hepato-gastroenterology, 54(78),
1648-1651. PMID: 18019685

Panic, N., Maetzel, H., Bulajic, M., Radovanovic, M., & Lohr, J. M. (2020). Pancreatic tuberculosis: A systematic
review of symptoms, diagnosis and treatment. United European Gastroenterology Journal, 8(4), 396-402. https://doi.
org/10.1177/2050640620902353

Pethe, G., Sohal, S., Sharag-Eldin, R., Akbari, R., Sanghani, R., Shirsath, S., ... & Techy, M. (2020). S3345 “Having
a Sweet Tooth”: Case of Oral Flora Found Within a Pancreatic Abscess. Official journal of the American College of Gas-
troenterology| ACG, 115, S1740-S1741. https://doi.org/10.14309/01.aj2.0000715428.03001.d6

Rani, R., uz Zaman, M. A., Mirani, A. J., & Sheikh, A. A. (2016). PANCREATIC ABSCESSES. The Professional
Medical Journal, 23(11), 1319-1322. https://doi.org/10.17957/TPMJ/16.3336

Reuken, P. A., Albig, H., Rddel, J., Hocke, M., Will, U., Stallmach, A., & Bruns, T. (2018). Fungal infections in pa-
tients with infected pancreatic necrosis and pseudocysts: risk factors and outcome. Pancreas, 47(1), 92-98.. https://doi.
org/10.1097/MPA.0000000000000965

Rodriguez, 1. O. G., Alonso, A. M., Diaz, V. F., & Fernandez, M. L. (2020). Absceso pancreatico en paciente con
pancreatitis alcohoélica cronica. Revista Espafiola de Quimioterapia, 33(6), 462. https://doi.org/10.37201/req/083.2020

Shavrina, N. V., Ermolov, A. S., Yartsev, P. A., Kirsanov, . I., Khamidova, L. T., Oleynik, M. G., & Tarasov, S. A. (2019).
Ultrasound in the diagnosis and treatment of abdominal abscesses. Khirurgiia, (11), 29-36. https://doi.org/10.17116/hiru-
rgia201911129

Sheikh, T., bin Wagqar, S. H., Ghazaleh, S., Burlen, J., Javaid, T., & Nawras, A. (2020). S1437 Acute Obstructive
Suppurative Pancreatic Ductitis (AOSPD) as Initial Presentation for Pancreatic Adenocarcinoma. Official journal of the
American College of Gastroenterology| ACG, 115, S694. https://doi.org/10.14309/01.ajg.0000707796.91293.5¢

Shimizuguchi, R., Kikuyama, M., Kamisawa, T., Kuruma, S., & Chiba, K. (2020). Acute obstructive suppura-
tive pancreatic ductitis in pancreatic malignancies. Endoscopy International Open, 8(12), E1765-E1768. https://doi.
org/10.1055/a-1268-7086

Srikanth, G., Sikora, S. S., Baijal, S. S., Ayyagiri, A., Kumar, A., Saxena, R., & Kapoor, V. K. (2002). Pancreatic ab-
scess: 10 years experience. ANZ journal of surgery, 72(12), 881-886.. https://doi.org/10.1046/1.1445-2197.2002.02584.x

Szaké, L., Matrai, P., Hegyi, P., Pécsi, D., Gyongyi, Z., Csupor, D., ... & Vincze, A. (2020). Endosinecopic and surgical
drainage for pancreatic fluid collections are better than percutaneous drainage: Meta-analysis. Pancreatology, 20(1), 132-
141. https://doi.org/10.1016/j.pan.2019.10.006

Tai, D. B. G., Upadhyay, L., Jain, R., & Goldstein, R. (2018). Pancreas as an Occult Source of Recurrent Salmo-

nella enteritidis Bacteremia in an Immunocompromised Patient. Case reports in infectious diseases, 2018. https://doi.
org/10.1155/2018/7296295

Tan, J. H., Zhou, L., Cao, R. C., & Zhang, G. W. (2018). Identification of risk factors for pancreatic pseudocysts forma-
tion, intervention and recurrence: a 15-year retrospective analysis in a tertiary hospital in China. BMC gastroenterology,
18(1), 1-9. https://doi.org/10.1186/s12876-018-0874-z

Umapathy, C., Gajendran, M., Mann, R., Boregowda, U., Theethira, T., Elhanafi, S., ... & Saligram, S. (2020). Pancre-
atic fluid collections: Clinical manifestations, diagnostic evaluation and management. Disease-a-Month, 66(11), 100986
https://doi.org/10.1016/j.disamonth.2020.100986

Ukrainian scientific medical youth journal, 2022, Issue 1 (128)
http://mmj nmuofficial.com

48


http://mmj.nmuofficial.com
https://portal.issn.org/resource/issn/1996-353X
https://portal.issn.org/resource/issn/2311-6951
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.32345/USMYJ.4(127).2021.22-29
https://doi.org/10.32345/USMYJ.4(127).2021.22-29
https://doi.org/10.32345/USMYJ.4(127).2021.22-29
https://doi.org/10.32345/USMYJ.4(127).2021.22-29
https://doi.org/10.32345/USMYJ.4(127).2021.22-29
https://doi.org/10.32345/USMYJ.4(127).2021.22-29
https://doi.org/10.32345/USMYJ.4(127).2021.22-29
https://doi.org/10.32345/USMYJ.4(127).2021.22-29
https://doi.org/10.32345/USMYJ.4(127).2021.22-29
https://doi.org/10.32345/USMYJ.4(127).2021.22-29
https://doi.org/10.32345/USMYJ.4(127).2021.22-29
https://doi.org/10.32345/USMYJ.4(127).2021.22-29
https://doi.org/10.32345/USMYJ.4(127).2021.22-29
https://doi.org/10.32345/USMYJ.4(127).2021.22-29
https://doi.org/10.32345/USMYJ.4(127).2021.22-29
https://doi.org/10.32345/USMYJ.4(127).2021.22-29
https://doi.org/10.32345/USMYJ.4(127).2021.22-29
https://doi.org/10.32345/USMYJ.4(127).2021.22-29
https://doi.org/10.32345/USMYJ.4(127).2021.22-29
https://doi.org/10.32345/USMYJ.4(127).2021.22-29
https://doi.org/10.32345/USMYJ.4(127).2021.22-29
https://doi.org/10.32345/USMYJ.4(127).2021.22-29
https://doi.org/10.32345/USMYJ.4(127).2021.22-29
https://doi.org/10.32345/USMYJ.4(127).2021.22-29
https://doi.org/10.32345/USMYJ.4(127).2021.22-29
https://doi.org/10.32345/USMYJ.4(127).2021.22-29
https://doi.org/10.32345/USMYJ.4(127).2021.22-29
https://doi.org/10.32345/USMYJ.4(127).2021.22-29
https://doi.org/10.32345/USMYJ.4(127).2021.22-29
https://doi.org/10.32345/USMYJ.4(127).2021.22-29

UKkrainian Scientific Medical Youth Journal ISSN 1996-353X
Issue 1(128), 2022 ISSN 2311-6951
Creative Commons «Attribution» 4.0

Van Brunschot, S., Hollemans, R. A., Bakker, O. J., Besselink, M. G., Baron, T. H., Beger, H. G., ... & Van Sant-
voort, H. C. (2018). Minimally invasive and endoscopic versus open necrosectomy for necrotising pancreatitis: a pooled
analysis of individual data for 1980 patients. Gut, 67(4), 697-706. https://doi.org/10.1136/gutjnl-2016-313341

Wali, E., Koo, P., & Packer, C. D. (2015). Acute obstructive suppurative pancreatic ductitis in an asymptomatic pa-
tient. Case reports in medicine, 2015. https://doi.org/10.1155/2015/919452

Wang, Z., Zhang, P. P., Bai, Y., & Wang, D. (2019). A rare case of acute obstructive suppurative pancreatic ductitis
associated with ERCP. Revista espanola de enfermedades digestivas: organo oficial de la Sociedad Espanola de Patologia
Digestiva, 111(1), 73-73. https://doi.org/10.17235/reed.2018.5756/2018

Wang, Y., Omar, Y. A., Agrawal, R., & Gong, Z. (2019). Comparison of treatment modalities in pancreatic pseudocyst:
A population based study. World journal of gastrointestinal surgery, 11(9), 365-372. https://doi.org/10.4240/wjgs.v11.
19.365

Yang, F., & Peng, Y. (2016). Progress in Diagnosis and Treatment of Severe Acute Pancreatitis Complicated with
Pancreatic Abscess. Chinese Journal of Gastroenterology, 21(3), 190-192..  https://doi.org/10.3969/].issn.1008-
7125.2016.03.011

Alcuecu MiINUTYHKOBOI 32J1031: Cy4YaCHHI OIS HA «CTapy» npodJjemy

IIputkos ®enip IOpkin lenuc

Kadenpa 3aransnoi xipyprii Nel, Hanionansuuit Meanuanii yaisepcureT imeHi O.0O.
Bboromonnbig, M. KuiB, Ykpaina
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AHOTAaUisi: HAa MiACTaBl momepenHix myOmikamii y (axoBux IKkepenax MpoaHali3yBaTh Xapak-
TepHi MOP(OJIOTiUHI, €TIONOTIYHI Ta KIIHIYHI 0COOMMBOCTI mepediry abcieciB MmiIuTyHKOBOI 3a110-
3u. TeopeTnyHMit aHami3 1 y3arajJbHEHHs, CUCTEMaTU3allisl, aHali3 HAyKOBOI Ta HayKOBO-METOIMYHOL
miteparypu. [IpoBeneHo aHaii3 JiTepaTypH, NMPUCBIYEHOI AOCHIPKEHHIO PUYMH PO3BUTKY adclie-
ciB mianuTyHKoBoi 3ano3u (I13) 3 BUKOpHUCTaHHSAM eNEKTPOHHUX HayKoMeTpudHHX 0a3 manux Google
Scholar, PubMed, Scopus, Web of Science Ta Medline. [IpoananizoBano iiteparypHi Jpkepena, 3a
KJIIOYOBHMHU CJIOBaMH - TAaHKpEaTHYHUH adcuec, abcuec miuuTyHKoBoi 3a103u 3 1909 poky. Britoue-
HO CTarTi ()aXOBHUX aHIIIOMOBHHUX BuAaHb. [IpoaHarnizoBaHO myOmiKallii, MPUCBIYEHI TOCTPOMY IaH-
KpeaTuTy, XpOHIYHOMY MTaHKPEaTUTYy, 1H(IKOBAHUM IICEBIOKICTAM SIK MIPUYMHI a0CIIECY i AILTYHKOBOT
3ano3u. [IpoaHanizoBaHo poOOTH MPUCBSUEHI JOOPOSKICHUM Ta 3JIOSKICHUM IyXJIMHAM MaHKpeaTo-
TyOIeHAIIbHOT 30HU, TICHETPAIlil MiAIUTYHKOBOI 321031 pHO’ 14010 KicTKO0. TpaBma miIuTyHKOBOT 3a-
7034, TpomM003 a.lienalis Ta pancreas divisum, Sk MPUYMHU PO3BUTKY aOCIIECY IMiIUTYHKOBOI 3aJI03H,
oIucaHi B JiTeparypi ynepuie. [Hii poOoTu — iHpEeKIIHHUMI YUHHUKAM, J1arHOCTHIII Ta JIIKYBaHHIO
abcreciB. AOcriec MiIIITYHKOBOI 3aJ7I03H € BiJIMOBIIII0 OpTraHi3Ma Ha MaHKPEaTHIHy 1H(EKIIiro, 1m0
XapaKTepU3y€eThCs crienindiaHo0 MopdoIoridHO0 OyI0BOO Ta Hecenn(iuHOO eTiojoriern. Adcec
MiAIUTYHKOBOT 3aJI034 € TEPEXiIHUM CTAHOM, IO MOEJHYE TOCTPUN AECTPYKTHUBHUHN (TocTpuil iH}I-
KOBAaHUN HEKPOTUYHHUM MAHKPEATUT) Ta XpPOHIUHUHN JIereHepaTUBHUMN (XpoHIYHUM (16po3HO-1ereHe-
paTUBHMIA MaHKPEaTUT yCKIaAHEHUH niceBokicToro [13) mankpearutu. AGcuec miJuuTyHKOBOI 3a/103H
MOXKHA BBaXKaTH MapKepOM «XpOHi3alii» 3amajJbHOr0 Ta JECTPYKTUBHOTO BIAHOCHO CHPHUSITIMBOTO
MaTOJIOTIYHOTO TIPOIIECY, IO MOTpeOye eTIONOTIYHOI 1MeHTH (KA Ta IHTEPBEHIIIHHOTO JIIKyBaHHSI.
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in patients with obesity

Litvynova Anastasiia

Kharkiv National Medical University, Department of General Practice — Family Medicine,
Kharkiv, Ukraine

Address for correspondence:

Litvynova Anastasiia
E-mail: In.itvynova@gmail.com

Abstract: musculoskeletal disorders are an extremely common pathology. They are the most com-
mon cause of chronic pain and disability: every minute, more than 30% of adults suffer from joint
pain or limited physical activity. These diseases significantly affect the psychosocial status of pa-
tients, their families, and caregivers. The course of joint diseases leads to loss of mobility, social
autonomy, such patients have higher rates of hospitalization and mortality. That is, the quality of life
significantly deteriorates, and the financial costs of health care for patients and society increase. It is
proved that one of the predictors of arthrosis is overweight. In the pathogenesis of osteoarthritis and
obesity, proinflammatory cytokines play an important role, the excess synthesis of which leads to the
progression and chronicity of the process. Therefore, the aim of our study was to determine the de-
pendence of interleukin-18 activity in patients with osteoarthritis, which occurs on the background of
obesity and without it. The study presents the study of interleukin-18 in 75 people with osteoarthritis
(OA), which occurred on the background of obesity (main group), and 50 patients with isolated OA
(comparison group). The control group consisted of 37 healthy individuals. The diagnosis of OA was
established based on the order of the Ministry of Health of Ukraine of 12.10.2006 “On medical care
for patients with osteoarthritis”, unified diagnostic criteria of the Association of Rheumatologists
of Ukraine (2004), and the criteria of the American College of Rheumatologists. The presence and
severity of obesity were assessed according to the criteria of the International Diabetes Federation
(IDF, 2005) based on the calculation of body mass index (BMI) according to the Kettle formula. When
determining the level of IL-18 in the main group, it was found that the content of this cytokine was
almost two times higher than the reference values (p <0.05). In the comparison group, the activity of
IL-18 increased 1.6 times (p <0.05). Comparison of the content of IL-18 between the study groups
allowed us to determine its increase in the presence of obesity by almost 1.2 times. The increase in IL-
18 content depended on the radiological stage of joint damage: the maximum value was recorded in
patients of the main group with stage 2 symptoms. Apparently, such results are a consequence of the
predominance of the inflammatory reaction in the progression of the pathology due to the comprehen-
sive involvement of extra-articular components (ligaments, tendons, bags, etc.). Slightly lower levels
of IL-18 in stage 1 OA are likely to be due to the involvement of a limited portion of joint tissue, while
the 3rd radiological stage is characterized by a predominance of dystrophic processes. In patients
with osteoarthritis, an increase in the content of IL-18 in the serum is determined, which is associ-
ated with the development of the inflammatory process in the components of the joint. The content
of IL-18 has a direct correlation with overweight / obesity and the radiological stage of the process
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in the joints. Increased proinflammatory cytokine IL-18, which is a component of the immune system
and simultaneously synthesized by adipocytes of adipose tissue, can be considered a factor that will
contribute to the preservation of chronic pain and progression of the pathology. Dynamic control of

IL-18 activity should be used as an indicator of the effectiveness of therapy.

Key words: osteoarthritis, obesity, interleukin-18, overweight, body mass index.

Introduction

Cytokines are considered endogenous immu-
nomodulators: they have a universal significance
in the regulation of all organ systems. Compared
to exogenous modulators (chemical, bacterial, or
plant origin), cytocins effect through specific re-
ceptors and are natural regulators of the functional
activity of different cell types. Interleukin-18 (IL
- 18) in a number of monoregulatory mediators
have a special place due to its key position among
other cytokines involved in the formation of con-
genital and acquired immune response Rex, D.,
Agarwal, N., Prasad, T., Kandasamy, R.K., Sub-
bannayya, Y., & Pinto, S. M. (2020), Min, H.K.,
Kim, S., Lee, J. Y., Kim, K. W,, Lee, S. H., &
Kim, H. R. (2021).

Almost 20 years later, the main properties of
this cytokine were determined. Thus, it was found
that IL-18 stimulates the production of IFN-y,
GM-CSF, IL-1, IL-2, adhesion molecules and
apoptosis factors Fas / FasL. At the same time,
IL-18 is involved in the activation of cytotoxic
T lymphocytes, NK cells, macrophages, dendritic
cells and promotes the formation of an effective
anti-infective and antitumor immune response.
IL-18 is able to activate cellular immunity, which
allows us to consider it a potential inducer of
protective immunity in cancer and infectious
processes (viral and bacterial) Mansoori, M. N.,
Shukla, P., Kakaji, M., Tyagi, A. M., Srivas-
tava, K., Shukla, M., Dixit, M., Kureel, J., Gup-
ta, S., & Singh, D. (2016), Min, H.K., Won,J. Y.,
Kim,B.M., Lee, K. A., Lee, S. J., Lee,S.H.,
Kim,H.R., & Kim, K. W. (2020).

IL-18, originally identified as an IFN-y-in-
ducing factor, also stimulates both congenital
and adaptive lymphocyte-mediated respons-
es (Thl and Th2), increasing NK cell activity
and apoptosis (Bhaumik, S., & Basu, R., 2017).
In general, it should be noted that due to the
presence of various directions of action of this
cytokine, it is involved not only in the body’s

protective reactions but also in the pathogenesis
of many diseases accompanied by chronic in-
flammation, autoimmune component, and tissue
destruction. It has been proved that the excess
of IL-18 in vitro can stimulate the expression of
adhesion molecules (ICAM-1 and VCAM), i.e.
it is involved in the infiltration of tissue by im-
munocompetent cells (Jung, Y. K., Kang, Y. M.,
& Han, S., 2019).

However, because IL-18, like many other im-
munoregulatory cytokines, is pleiotropic, its bi-
ological effects may, in some cases, be undesir-
able or unpredictable Fields, J. K., Giinther, S.,
& Sundberg, E. J. (2019). For example, in the
literature, there are ambiguous data on the ability
of IL-18 to stimulate Tx1 or Tx2 type; the use
of recombinant IL-18 in infectious or oncological
processes, leads to increased production of proin-
flammatory cytokines and adhesion molecules,
which along with the stimulatory effect on the for-
mation of a protective immune response can have
negative consequences, as this protein can cause
inflammation or metastasis Gracie,J.A., Fors-
ey,R.J., Chan, W. L., & Mclnnes, 1. B. (1999).

In general, it should be noted that due to the
presence of such diverse activity in this cytokine,
it is involved in the pathogenesis of many diseases.

Thus, the ability of IL-18 to stimulate the ac-
tivity of IL-1, one of the sites of formation of
which are adipocytes, may serve to determine
its receipt in obese patients Gracie, J. A., Fors-
ey,R.J., Chan, W. L., & Mclnnes, 1. B. (1999).

Aim

These theses were the basis for a study aimed
at establishing the clinical and prognostic value
of interleukin-18 activity in patients with osteo-
arthritis, which occurs against the background of
obesity.

Materials and methods

The study involved 75 patients with osteoar-
thritis with overweight or obesity (main group)
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and 50 patients with isolated OA (comparison
group). The study groups were identical in age,
sex, and history of OA. Thus, the average age of
patients in the main group was (30.92 £ 0.546)
years, among them were 48 (64%) men and 27
(36%) women; in the comparison group - (30.95
+ 0.545) years, including 32 (64%) men and 18
(36%) women. Thus, the groups were compara-
ble in age and gender.

All the patients involved in the study signed
a voluntary consent to participate in the study
in accordance with the provisions of the Helsen
Declaration (2000) and European Society Direc-
tive 86/609 on human participation in biomedical
research.

The diagnosis of OA was established follow-
ing the order of the Ministry of Health of Ukraine
of 12.10.2006 “On medical care for patients
with osteoarthritis”, unified diagnostic criteria of
the Association of Rheumatologists of Ukraine
(2004) and the criteria of the American College of
Rheumatologists Hochberg, M. C., Altman,R.D.,
April, K. T., & Tugwell, P., (2012). Stages of OA
were determined taking into account changes
in radiographs of joints according to the classi-
fication of H. Kellgren and RS Lawrence Kell-
gren,J.H., & Lawrence, J. S. (1957).

The presence and severity of obesity were as-
sessed according to the criteria of the Internation-
al Diabetes Federation (IDF , 2005) based on the
calculation of body mass index (BMI) according
to the Kettle formula: BMI = body weight (kg)/
height (m?) Hochberg, M. C., Altman, R. D.,
April, K. T., & Tugwell, P., (2012).

The activity of IL-18 (pg / ml) was determined
in fasting serum by enzyme-linked immunosor-
bent assay (ELISA) - sets of reagents VectorBEST
A-8870, China.

Statistical analysis was performed using the
software package “Statistica 10.0” and Excel
2010. To quantify the characteristics , the results
were provided in the form of medians (Me) with
quarter quartile interval [ Q25 %; Q75%], tak-
ing into account the lack of normal distribution.
Quantitative and order changes were compared
using the Mann-Whitney test. In all procedures
of statistical analysis, the level of significance
and p were taken to be equal to or less than 0.05
(p<0.05).

ISSN 1996-353X
ISSN 2311-6951

Results and discussion

According to the localization of joint damage,
patients with OA and obesity were distributed as
follows: involvement in the disease of the knee
joints (gonarthrosis) was observed in 30 people
(40%); moreover, unilateral lesions were found
in 10 cases. OA of the hip joints (coxarthrosis)
was registered in 12 patients (16%); unilateral
and bilateral joint damage occurred with the same
frequency - 6 patients. Combined lesions of the
knee and hip joints were observed in 25 patients
(33%). Simultaneous involvement in the pathol-
ogy of large and small joints was determined in 8
people (11%).

Among patients in the comparison group, the
“joint” distribution corresponded to the follow-
ing: 34 people (68%) were diagnosed with go-
narthrosis (unilateral lesions were found in 26
people), 10 patients (20%) - coxarthrosis (unilat-
eral lesions - 7 patients). Combined lesions of the
knee and hip joints were observed in 4 patients
(8%); additional involvement in the process of
small joints was recorded in 2 people (4%).

According to the duration of the disease, pa-
tients of the main group were divided into 4 sub-
groups (table 1).

Table 1. Distribution of the studied patients with
OA according to the anamnesis

Duration of Examined patients
anamnesis with Main Comparison
OA (years) group group
up to 3 28 (37,4%) 20 (40 %)
4-6 30 (40 %) 19 (38%)
7-10 13 (17,3 %) 6 (12 %)
More than 10 4 (5,3 %) 5 (10 %)

According to the Kettle index, the largest number
of patients had grade I obesity (BMI - 30-34.9
kg / m %) and 22 people were in the groups with
increased body weight (BMI - 25-29.9 kg / m ?)
and obesity II degree (BMI - 35-39.9 kg / m ?).

According to the changes in radiographs and
the classification of H. Kellgren and RS Law-
rence, patients with OA and obesity were divided
into 3 groups (table 2).

In the comparison group, the radiological stage
of osteoarthritis corresponded to the following:
I st. determined in 9 cases (18%), II st. - in 34
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Table 2. Distribution of patients in the main group with osteoarthritis by radiological stages and
body mass index

Distribution of patients by BMI
Examined patients (n = 75) O\(/relg;l)gh Stag(e;llzg ‘;))e Sy Stag?nlizozb)esny
Abs. % Abs. % Abs. %
Radiological I (n=21) 5 23,8 13 61,9 3 14,3
stages of II (n=38) 17 44,7 18 47,4 3 7,9
osteoarthritis 11 (n=16) - - - - 16 100

(68%) and III st. - in 7 (14%). Patients with stage
IV radiological OA were not involved.

In order to obtain control indicators, a group
of 37 healthy individuals of the same age (30.95
+ (0.545 years), sex (24 (64.9%) men and 13
(35.1%) women) and normal BMI.

When determining the level of IL-18 in the
main group, it was found that the content of this
cytokine was almost two times higher (99.46 +
1.8 pg/ ml) than in the control group (53.23 + 1.4

Table 3. The content of proinflammatory
cytokine IL- 18 in the serum of patients with OA

depending on BMI
BMI The content of IL-18
(pg /ml)
Control group (n=37) 53,23+ 1,4
Overweight (n=22) 99,95+2,8 *”
Stage I obesity (n=31) 94,82 +2,4 *
Stage II obesity (n=22) 105,49 £4,1 *

Note: p <0.001 * - relative to the control group;
p <0.05 - for a group of patients with stage II obesity.

pg / ml)), p <0.05. In the comparison group, the
activity of IL-18 also significantly exceeded the
control index (86.53 = 1.86 pg / ml, p <0.05), but
was lower than in the main group of patients. At
the same time, when determining the level of IL-
18, taking into account the stage of obesity, the
following results were obtained (table 3).

We can assume that with overweigh, an in-
crease of IL-18 may be the result of stressful ef-
fects of fat cells on periarticular tissues. Appar-
ently, in the 1st stage of obesity, there is a relative
control of this process, which inhibits the activity
of IL-18 compared to people with overweight;
while in the 2st obesity begins a powerful syn-
thesis of this cytokine by adipocytes, as well as
active involvement in the process of periarticular
tissues.

We analyzed and proved the dependence of
IL-18 activity on the degree of cartilage degrada-
tion (table 4).

In our opinion, the probable increase in IL-18
in patients with stage 2 radiological OA is the
result of the predominance of inflammatory re-

Table 4. The content of IL-18 (pg / ml) depending on the radiological stage of osteoarthritis in
overweight and obese patients

Radiological L
Control group (n=37) |  stages of . _ Stage I obesity Stage II obesity
osteoarthritis | OVerweigh (n=22) (n=31) (n=22)
I 89,95+4,97 (A) 90,66+3,7 (B) 91,86+3,02 (C)
53,23 + 1,4 (K) 1l 102,89+3,04 (D) 97,83+3,08 (E) 144,33+5,48 (F)
11 - - 102,77+3,05* G)

Notes:A,B,C,D,E,F,G,K - are marked and the groups are presented in table 4.
p <0.05 - probability of differences and is statistically significant between groups .
p A, G <0,05 - probability of difference between groups of patients with osteoarthritis and overweight and osteoar-

thritis and stage II obesity;

pK, A <0.05 - the probability of the difference between the control group and the group of patients with osteoarthritis

and overweight.
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actions due to the participation of extra-articular
tissues (ligaments, tendons, bags, etc.) in inflam-
matory processes, in contrast to stage 1, where
the processes of inflammation of these tissues
are somewhat limited. At the same time, the 3rd
radiological stage is characterized by a predomi-
nance of dystrophic processes.

Thus, the course of OA is accompanied by an
increase in the content of IL-18 relative to nor-
mal, which confirms the presence of an active in-
flammatory process and is natural, both in terms
of inflammation in periarticular tissues and the
overall involvement of the immune system in this
process. At the same time, in patients of the main
group, the activity of this cytokine was more
pronounced, which is the result of its additional
synthesis by adipocytes of adipose tissue. The ac-
cumulation in the serum of IL-18 in patients with
OA with altered BMI can be considered as a neg-
ative factor in immune disorders, which contrib-
utes to disease progression and its chronicity due
to the involvement of periarticular tissues with a
chronic inflammatory response due to the con-
stant synthesis of this cytokine by adipose tissue.

Conclusions

In patients with osteoarthritis, there is an in-
crease in the activity of interleukin-18 as a result
of the participation of the proinflammatory part
of the immune system in the systemic response.

ISSN 1996-353X
ISSN 2311-6951

The development of osteoarthritis on the back-
ground of obesity is accompanied by a probable
increase in IL-18 both in relation to the control
and the comparison group, which may be due to
the active participation of adipocytes in its syn-
thesis.

The activity of IL-18 in patients with osteo-
arthritis depends on the stage of obesity and the
degree of radiological changes in cartilage: it was
maximum at the 2 st. of the specified parameters.

The dynamics of the content of IL-18 can be
used as a control during long-term monitoring of
osteoarthritis.
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Posib iHTepuieiikiny 18 B mepediry i mporpecyBaHHi 0CTE€0aPTPUTY
B XBOPHX 3 OKUPIHHAM

JlirTBMHOBa AHAacTacifa

Kadenpa 3aranbHo1 TpakTUKH - CIMEMHOT METUITMHN Ta BHYTPIIIHIX XBOPOO, XapKiBChKUN
HaI[lOHAJIBHUI MEMYHUH yHIBepcUTET, XapKiB, YKpaiHa

Address for correspondence:
Litvynova Anastasiia

E-mail: In.itvynova@gmail.com

AHOTAaIifA: 3aXBOPIOBAaHHS OIIOPHO-PYXOBOTO anapary € HaJ3BHYailHO MOIIUPEHOI0 NaTOoJIOrI€0.
Bonu € Haii0iIbII YaCTOI0 MPUYMHOIO XPOHIYHOTO OO0 Ta iHBaMigHOCTI: moMuTi monan 30% mo-
POCIHX JIIOICH MOTEPHAIOTh BiJl OO0 B cyrmo0ax abo oOMeXeHHs pyX0oBOi akTUBHOCTI. [{aHi 3aXBo-
PIOBaHHS CYTT€BO BIUIMBAIOTH HA TICHXOCOIIATbHHUI CTAaTyC MAIiEHTIB, iX pOIMH Ta 0ci0, sKi 3a1i-
CHIOIOTH Joryisiz. [lepeOir 3axBopioBaHb CyrI00iB MPHU3BOIAUTH A0 BTPATU PYXJIHUBOCTI, COLIATBHOT
ABTOHOMHOCTI; TaKi XBOpI MarTh OLIBII BHCOKI MOKAa3HUKM rocmiTamizamii i cmeptHocTi. ToOTo,
3HAYHO MOTIPIIYETHCS SAKICTb KUTTA, 301IbIIYIOThCS (PIHAHCOBI BUTPATH HA OXOPOHY 30POB) S 3 OOKY
SIK TIAIIEATA, TaK 1 CyCIIbCTBA. JlOBEICHO, 110 OMHHUM i3 TIPEAUKTOPIB (hOpMyBaHHS apTPO3iB € HAI-
JIMIITKOBA Maca Tita. B maToreHesi octeapTpo3a Ta OKUPIHHS BXKIIMBY POJIb HA0YBalOTh MTpo3anaibHi
LUTOKIHYU, HA/UTMIIOK CHHTE3Y SKUX MPU3BOAUTH JI0 MPOTpecyBaHHS Ta XpoHizalii npouecy. Tomy,
METOIO HAIIIOTO JTOCIIKEHHsT OyII0 BU3HAYCHHS 3aJIS)KHOCTI aKTUBHOCTI iHTEpIelKiHy-18 y xBopux
Ha OCTEOAPTPHT, IO Mepedirae Ha i1 OXKUPIHHSA Ta 6€3 Hboro. B poO0TI mpecTaBieHo 10 CiiHKeHHS
iHTeprnelikiny-18 y 75 ocib 3 ocreoaprputom (OA), 1110 nepediraB Ha Ti1i 0KUPiHHS (OCHOBHA Tpyna),
ta 50 mauieHTiB Ha 130ap0BaHui OA (rpyna nopiBHaHHA). KoHTponbHY rpyity ckiiano 37 npakTUYHO
3nopoBux oci0. JliarHo3 OA BcTaHOBIIOBaIM criuparounch Ha Hakaz MO3 VYkpainu Bix 12.10.2006
poky «IIpo HamaHHS MEIUYHOI JOMIOMOTH XBOPHM 13 OCTE0apTPO30M», YHI(pIKOBAaHHX AiarHOCTHY-
HUX KpuTepiiB Acouiauii peBmarosoriB Ykpainu (2004) ta kpurepiiB AMepHUKaHCHKOI KOJIerii peBMa-
TOJIOT1B. HasiBHICTh Ta TSOKKICTh OKMUPIHHS OIIHIOBAJIM 3T1THO 3 KpuTepismu International Diabetes
Federation (IDF, 2005) na migcrasi po3paxyHky iHnekcy macu tina (IMT) 3a hopmynoro Ketne. [Tpu
BU3Ha4yeHHI1 piBHIO 1JI-18 y 0ci0 ocHOBHOI rpynu Oyl0 BCTAHOBJIEHO, 110 BMICT JAHOTO HUTOKIHY
Maiixe y 2 pasu niepeBuiyBaB pedepertHi 3HaueHHs (p<0,05). B rpyni nopiBHsSHHS akTUBHICTH 1J1I-
18 36inpmryBanaca y 1,6 paszi (p<0,05). ITopiBastaus Bmicty 1JI-18 Mix 1ocCipKyBaHUMU TpyaMu
JIO3BOJIMJIO BU3HAYUTH MOTO MIABUIIICHHS MPU HASIBHOCTI OKMPIHHS Maixke B 1,2 pa3u. 30UIbIICHHS
BMmicTy 1JI-18 3anekano BiJ peHTI€HOJOTIUHOI CTail ypa)XeHHs CyII00iB: MaKCUMajbHE 3HAYCHHS
peECTPYBAIIN Y XBOPUX OCHOBHOI IPYIH 3 2-10 CTAJi€I0 03HAaK. MalyTh, Taki pe3yIbTaTH € HACTI IKOM
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NepeBakaHHs 3aMalibHOI peakiii Ipy MporpecyBaHHI MaToJOri Yepe3 BcebiuyHe 3alydeHHs Io3a-
CYIIIOOOBHX CKJIAJ0BHX (3B’S30K, CYXOXHJIb, CyMOK TOIO). Jlekinpka MeHIn nokasHuku 1JI-18 npu
1-i cragii OA, WMOBIpHO, € pe3yJabTaTOM y4yacTi OOMEXEeHOT YaCTUHU TKaHUH CYIJI00iB; B TOH 4ac,
K JJ1s1 3-1 peHTTeHONOTIYHOI CTall € XapaKTepHUM TepeBakaHHS AUCTPOPIUHUX MPOIIECiB. Y XBO-
pHUX Ha OCTEOPAaTPUT BU3HAUYAETHCA 30UmbIIeHHS BMicTy 1JI-18 y cupoBariii KpoBi, 10 MOB’A3aHO 3
PO3BHUTKOM 3aIlaJIbHOTO MPOIIECY B KOMIIOHEHTaX cyrioba. Bmict IJI-18 mMae mpsimy kopensiiiiny 3a-
JICKHICTP 3 HAJUTMIIKOBOIO MACOIO TiJ1a/0KUPIHHAM Ta PEHTTCHOJIIOTIYHOIO CTAI€I0 TIPOLIECY Y CYIIIO-
0ax. 30UIbIIICHHS MPO3anajbHOTo UTOKIHY [JI-18, sKkuii € oMHUM 13 CKIIaJOBUX IMyHHOI CUCTEMH Ta
OTHOYACHO CHHTE3Y€ThCS QAIMOIMTaMH KUPOBOi TKAHWHU, MOKHA PO3IIIAATH B SIKOCTI (paKTopa, 1o
Oyne cupusaT 30epeKEHHIO XPOHIYHOTO OO0 Ta MPOTPECYBAaHHIO MATOJOT1i. JluHaMIYHUN KOHTPOJIb
akTuBHOCTI 1JI-18 HOIiIEHO BUKOPUCTOBYBATHU B SIKOCTI MOKa3HUKA €(PEKTUBHOCTI Teparmii.

KirouoBi c1i0Ba: octeoapTput, OKUPIHHS, iIHTEpIIeiiKiH-18, 3aiiBa Bara, iHIEKC MacH Tija.
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Abstract: glioblastoma (GBM) is an aggressive tumor with high rate of recurrence and esti-
mated survival of 15-18 months after diagnosis. Factors associated with longer survival of GBM
patients are age < 50 years, high performance status and radical resection of the primary tumor.
The optimal treatment for recurrence/ progression of GBM has not yet been determined and re-
mains a challenging issue. Stereotactic radiosurgery (SRS) is considered today as a therapeutic
option for effective treatment of recurrent malignant gliomas. The aim of this retrospective study
was to analyze the survival after SRS of the recurrent GBM in a cohort of 59 patients, which had a
radical resection of the primary tumor. The cohort consisted of 59 patients (28 / 47.5% of women
and 31/ 52.5% of men), the average age was 51 years (interval 24 - 81). SRS was performed by
means of linear accelerator “Trilogy” (USA) (6 MeV) from 2014 to 2020 at the State Institution
“Romodanov Neurosurgery Institute”. In all cases, the diagnosis of grade 4 GBM according to the
WHO classification was confirmed after neurosurgical procedures of the primary tumor. All 59 pa-
tients underwent the maximal safe removal of the primary tumor: in the vast majority of cases (54 /
91.5%) - in the perifocal area; in 5/ 8.5% of cases - subtotal. In all 59 cases, patients received ad-
juvant radiation therapy (total dose 60 Gy in 30 fractions), in 33 /55.9% of cases radiotherapy was
combined with concomitant alkylating chemotherapy (CHT) (Temozolomide 75 mg / m?). In 31 /
52.5% of patients, maintenance alkylating CHT was continued (Temozolomide 150-200 mg /m?). In
most cases (51 /86.4%) recurrent GBM (RGBM) was diagnosed by clinical and radiological signs;
in 8/ 13.6% of patients - after repeated surgery. Overall survival (OS), recurrence/progression free
survival (RFS) and survival after recurrence (SAR) represented the end-points of the study. The ef-
fect of the following quantitative and categorical factors (covariates) on the survival was studied.:
sex, age, performance status, combination of adjuvant RT with alkylating chemotherapy, neuro-
surgical procedures of RGBM, type of GBM recurrence, total dose of irradiation (BED, ) and SRS
dose (BED, ), number of SRS fractions, volume of target in SRS, duration of RFS. The effect of RFS
was studied in three independent groups: group I — RF'S < 10 months, group Il — RFS from 10 to 20
months; group Il — RFS > 20 months. The survival was analyzed by Kaplan-Meier (KM) method.
Log-rank test was used for analysis of the survival according to the binary predictors. The effect
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of several categorical factors on survival was analyzed by Pearson Chi-square test. The effect of
the quantitative covariates on survival was studied by regression analysis in Cox proportional risk
model. Hazard ratio was calculated with 95 % confidential intervals (CI). The analysis revealed
the following. Median OS following SRS RGBM was 26.3 months (95 % C1 17 —45.5), median RFS
was 12.9 months (95 % C1 8.4 —25.6), median SAR — 9.8 months (95 % C1 6.7 — 24.4). Two-year OS
in our study was 56 %. 6-month survival after SRS —77 %, one-year survival after SRS — 39 %, and
two-year survival after SRS — 28 %. The significant impact of performance status (p = 0.00159), du-
ration of recurrence-free period (p = 0.02711) and surgical resection of RGBM (p = 0.009391) on
the OS was demonstrated. The best OS was shown for the patients with Karnofsky score 90, recur-
rence occurring after more than 20 months and previous surgical resection of RGBM. The effects of
other factors on OS were not demonstrated. Such factors as age, sex, performance status, adjuvant
RT with concomitant alkylating CHT, surgical resection of RGBM, type of recurrence, number of
SRS fractions, BED,, in SRS RGBM, BED,, for overall courses of irradiation, SRS target volume
demonstrated no effect on SAR. SRS is non-invasive method for RGBM treatment that allows for
improving the survival without significant radiation toxicity. Primary biological properties of the
tumor seem to be of priority in determining the survival of RGBM patients. Although irradiation
of GBM is advantageous regarding the improvement of the survival, one could also speculate that
re-irradiation of the recurrent malignant glioma triggers some changes in its biology neutralizing

the potential effect of the survival factors that had predictive value before re-irradiation.

Key words: neoplasms, malignant glioma, glioblastoma, neurosurgical procedures, recurrence,

radiosurgery, survival.

Introduction

Glioblastoma (GBM) is the most common pri-
mary malignant brain tumor in adults I that is char-
acterized by the negative prognosis, high rate of re-
currence and mortality (Wen et al., 2019, Siminska
et al., 2021). GBM ranks third by the prevalence
among all tumors of central nervous system (CNS)
and first among malignant tumors of CNS. GBM is
the most aggressive of all brain tumors. In majori-
ty of cases, patients die within 15-18 months after
diagnosis. Five-year survival of GBM patients is
not more than 6.8 % (Ostrom et al., 2021). Among
the factors associated with better survival of GBM
patients are the age below 50, better performance
status, and radical resection of tumor. O°-methyl-
guanine DNA methyltransferase (MGMT) pro-
moter methylation is considered as more favorable
prognostic molecular feature (Wick et al., 2018).
Mutation of /DH gene (isocitrate dehydrogenase)
and 1p19q codeletion were considered as the sig-
nificant prognostic factor in the former WHO clas-
sifications of CNS tumors. Nevertheless, in WHO
classification 2016, these features are considered
as the characteristic signs of the specified subtypes
of gliomas. Therefore, these markers could not be
of prognostic value within the framework of each
specified subtype (Weller et al., 2021).

It should be recognized that the association be-
tween the extent of tumor resection and treatment
outcome in GBM patients is still a point of dis-
cussion. It is believed the prevention of the sur-
gically acquired neurological deficits that worsen
the quality of life of the patient and increase the
risk of the additional postoperative complication
is more important than the extent of resection per
se. Moreover, the surgical intervention is not suf-
ficient for the treatment of the diffuse gliomas,
which require complex therapy (Gulati et al.,
2011, Kommers et al., 2021, Sacko et al., 2021).
Nevertheless, less extent of resection and larger
volume of residual tumor tissue represent the neg-
ative prognostic factors for gliomas of different
subtypes whichever are their grades (Grabowski
et al., 2014, Brown et al., 2016, Molinaro et al.,
2020). There are no data from corresponding ran-
domized controlled clinical trials since the design
of the trial to resolve this problem encounters the
utmost difficulties (Weller et al., 2021). At the
same time, one should take note of the local recur-
rence pattern (usually within 2 cm from the area
covered by the primary tumor) that is typical for
GBM (Rapp et al., 2017). Such local recurrence
within 2 cm from the resection cavity is believed
as inevitable taking into account extremely high
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level of recurrence (Brandes et al., 2009, Ddrner
et al., 2013). The optimal approach for treating re-
currence or progression of high-grade glioma is
still debatable and remains a difficult problem for
multidisciplinary teems of neurooncologists. Ste-
reotactic radiosurgery (SRS) as the high-tech pre-
cision treatment is considered as the therapeutic
option for effective management of the recurrent
malignant gliomas (Brédutigam et al., 2019, Lovo
et al., 2021). Due to up-to-date improved tech-
niques of radiotherapy, novel visualization tech-
niques, and increasing radiobiological knowledge
of brain tissues, the repeated irradiation became
possible for this complicated category of patients.

The decision is taken on an individual basis tak-

ing into account the nature of the recurrence, the

previous treatment, the performance status as well
as the preferences of the patient and the expect-

ed quality of life (Garcia-Cabezas et al., 2021).

Several aspects of reirradiation of GBM patients

are awaiting their decision, in particular, criteria

for selecting of the most favorable candidates
for such a treatment and accounting for the fac-
tors that affect positively the survival. The pres-
ent study deals with the analysis of the survival
after radiosurgery of recurrent GBM (RGBM) in
patients with radical resection of primary tumor.

The factors affecting survival in this category of

patients is also analyzed.

Aim

Analysis of survival after SRS of RGBM in
cohort of patients with radical resection of pri-
mary tumor.

Methods

The data of the prospective study performed at
the State Institution “Romodanov Neurosurgery

Institute, National Academy of Medical Scienc-

es of Ukraine” have been presented. The study

included 59 patients with RGBM treated with

SRS using linear accelerator “Trilogy” (USA) (6

MeV) in 2014-2020. The study was approved by

the Committee on Ethics and Bioethics of the In-

stitute (Meeting Minutes No. 3 of June 6, 2016).
Inclusion criteria:

» males and females aged above 18 years;

* voluntary informed written consent to partic-
ipate in the study, willingness and ability to
comply with the procedures of the study and
the follow-up;
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+ anticipated survival time of more than 3
months;

* pathohistologically confirmed diagnosis of
GBM,;

* pathohistologically confirmed recurrence/pro-
gression of GBM or clinical-and-radiological
features of recurrence/progression of GBM;

* >3 de novo multicentric recurrent tumors;

* Karnofsky performance status (KI) > 70;
performance status according to ECOG
(Eastern Cooperative Oncology Group) scale
<0-2.

The distribution of the patients under study
according to the major characteristics is given in

Table 1.

Table 1. Major characteristics of patients

Number of
patients
Characteristics (total %
number
n=59)
Sex
males 31 52.5
females 28 47.5
Age (years)
mean 51
range 24 — 81
Localization of primary tumor
lobar 54 91.5
median extension 5 8.5
multicentric growth 0 0
MGMT status
methylated promoter of
MGMT gene 3 5.1
non-methylated promoter of
MGMT gene 6 10.2
no data 50 84.7
IDH 1 status
IDH]I - wild type 9 15.3
no data 50 84.7
Adjuvant radiotherapy (RT)
(60 Gy, 30 fractions) +
concomitant chemotherapy
(CHT) (Temozolomide 75
mg/m? 7 days a week during
RT course) 33 55.9
Adjuvant RT (60 Gy,
30 fractions) without
concomitant CHT 26 44.1
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Volume of primary tumor
resection
total 54 91.5
subtotal 5 8.5
Adjuvant CHT (Temozolo-
mide 150-200 mg/m?)
yes 31 52.5
no 28 47.5
Type of GBM recurrence
local growth 41 69.5
multifocal growth 11 18.6
de novo solitary tumor 7 11.9
Performance status (KI)
prior to SRS
90 11 18.6
80 22 37.3
70 26 44.1
Surgical resection of RGBM
yes 8 13.6
no 51 86.4
Number of SRS fractions
1 40 67.8
3 6 10.2
4 6 10.2
5 7 11.8
PTV (cm?) in SRS
median 13.99
95 % confidence interval (CI) | 11.6—-17.2
p| <0.0001
BED,, in SRS of RGBM (Gy)
median 39.3
95 % CI| 393-433
p 0.0217
Overall BED for all courses
(Gy)
median 110.2
95% CI | 108.0-114.2
p 0.0483
Prescription dose (PD) in
SRS of RGBM (Gy)
median 14.0
95 % CI 12-16
p 0.0001
Total boost dose (TBD) in
SRS of RGBM (Gy)
median 18.0
95%CI| 16-18.5
p| <0.0001

According to the requirements of the State
Standard of Ukraine, Shapiro-Wilk test was used
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for testing normality of data distribution. The
following data were shown to be normally dis-
tributed: the age in the general group of obser-
vation (p = 0.0785); biologically effective dose
(BED,)) — both overall BED,, and BED,, in SRS
of the recurrent tumor in female patients (p =
0.8020 and p = 0.1373, respectively); the age and
BED, in SRS of the recurrence in male patients
(p =0.3752 and p = 0.8355, respectively). When
the data were not normally distributed, the pa-
rameters of a central tendency (median with 95 %
confidential intervals (CI): min-max) were used.

The group under study comprised 28 (47.5 %)
females and 31 (52.5 %) males. The mean age
was 51 years (range 24-81). The mean age of
male patients was 52.7 years (29-81). The me-
dian age of female patients was 54.4 (95 % CI
38.5-56.0; p = 0.0088).

The diagnosis of GBM grade 4 according to
WHO classification was verified following the
surgical treatment of the primary tumor.

The maximal safe resection of the primary
tumor was performed in radical extent. In most
cases (54/91.5 %), the “total” resection along the
perifocal area was provided; in 5 (8.5 %) cases,
the resection was subtotal.

It should be noted that molecular genetic as-
sessment of MGMT status and IDHI mutation
of the primary tumor was performed only in few
cases (9/15.3 %). This could be explained by the
fact that the majority of patients included into the
study have been under treatment before the mo-
lecular genetic tests were implemented following
the revision of WHO classification of CNS tu-
mors in 2016 (Louis et al., 2016).

In all cases, the neurosurgical procedure of the
primary tumor was followed by the adjuvant ra-
diotherapy (TBD 60 Gy, 30 fractions). In 33 cas-
es, radiotherapy was combined with the concom-
itant alkylating CHT (Temozolomide 75 mg/m?).
In 31 (52.5 %) cases, CHT with Temozolomide
(150-200 mg/m?) continued after the completion
of adjuvant CHT.

In most cases (51/86.4 %), the persistence
of the disease was confirmed by the complex of
clinical and radiological features being indicative
of the local recurrence or extended GBM growth.
RGBM was visualized as the focus of patholog-
ical accumulation of paramagnetic in brain MRI

Ukrainian scientific medical youth journal, 2022, Issue 1(128)
http://mmj nmuofficial.com

60


http://mmj.nmuofficial.com
https://portal.issn.org/resource/issn/1996-353X
https://portal.issn.org/resource/issn/2311-6951
https://creativecommons.org/licenses/by/4.0/

UKkrainian Scientific Medical Youth Journal
Issue 1(128), 2022
Creative Commons «Attribution» 4.0

with intravenous paramagnetic contrast within
the area of the resection of the primary tumor
(local recurrence/continuous GBM growth) or de
novo solitary focus or several foci of multicenter
growth without pseudoprogression features ac-
cording to RANO (Response Assessment in Neu-
ro-Oncology) criteria (Wen et al., 2010). When
possible, the conventional diagnostic procedures
were supplemented with perfusion techniques
(MRI or CT) taking into account their advantag-
es in differential diagnosis between RGBM and
pseudoprogression.

In 8 (13.6 %) cases, the recurrent/continuous
tumor growth was diagnosed based on pathomo-
rphological findings following the secondary sur-
gical intervention (5 cases of subtotal resection
and 3 cases of partial resection).

In all cases, when the persistence of the dis-
ease was suspected, the final decision was taken
by the multidisciplinary neuro-oncological group
consisted of neurosurgeon, medical oncologist,
radiation oncologist and radiologist.

According to the recurrence pattern, the pa-
tients with local growth of tumor (within the
area of the primary tumor) were predominant
(41/69.5%). The progression of multicenter type
(11/18.6%) or de novo appearance of solitary
tumor focus (7/11.9 %) was less prevalent. Sug-
gesting that the shared features exist in de novo
appearance of solitary tumor focus and GBM
progression of multicenter type, we could consid-
er these two patterns as the phases of the single
process of the multifocal tumor growth. On this
assumption, we thought it appropriate to combine
the patients with these two patterns of progres-
sion into a single group for the purposes of the
statistical analysis of the results.

SRS was performed provided that the per-
formance status of the patient was not less than
70 points according to KI or < 0-2 according to
ECOG scale. In almost half of the patients under
study (26/44.1 %), KI was 70.

Linear accelerator “Trilogy” (USA) (6 MeV)
was used for SRS treatment. The target volume
of irradiation was delineated by fusion MRI and
CT images. The gross tumor volume (GTV) was
defined as the visible lesion on MRI contrast-en-
hanced images. The additional field for CTV
(Clinical Tumor Volume) was not added but for
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PTV (Planning Tumor Volume) the “safety mar-
gin” up to 5.0 mm was added (Briutigam et al.,
2019). In cases of previous surgical resection of
RGBM, the irradiation target comprised the sur-
gical cavity and the adjacent cerebral tissue. The
borderlines for irradiation target were delineat-
ed in the way allowing to reduce maximally the
contact between the irradiation area and the brain
critical structures (visual tracts, optic nerves, chi-
asm, brainstem, hippocampus). The dose regime
was defined on an individual basis taking into
account the volume of the irradiated target, its
localization regarding the proximity to the brain
critical structures, BED , for the first course of ir-
radiation; time elapsed since the first irradiation.
The permissible dose loading onto the critical
structures of the brain was calculated according
to the estimated normal tissue complication prob-
ability (NTCP) (Marks et al., 2010).

The parameters of irradiation and dose frac-
tionation in SRS of RGBM are given in Table 1.

SRS was performed without concomitant sys-
temic therapy.

As accompanying therapy (by clinical indi-
cations — symptomatic cerebral edema, epileptic
attacks, etc.), corticosteroids with oral inhibitors
of proton pump, anticonvulsants, and osmotic di-
uretics were used.

Overall survival (OS), recurrence-free (pro-
gression-free) survival (RFS) and survival after
recurrence (SAR) represented the end-points of
the study. OS was calculated in months as the
time from the date of the surgical resection of
the primary tumor to the date of death (event) or
the date of the last observation (censured obser-
vation). The rates of 3-, 6-, 12-, 18-, 24-month
survival were also assessed.

RFS was calculated as the time from the date
of the surgical resection of the primary tumor to
the date of SRS RGBM. SAR was calculated as
the time from the date of SRS to the date of death
(event) or the date of the last observation (cen-
sured observation).

The effect of the following quantitative and
categorical factors (covariates) on the survival
was studied: sex, age, performance status (KI),
combination of adjuvant RT with alkylating
CHT, surgical resection of RGBM, type of GBM
recurrence, overall dose for the total courses of
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irradiation (BED,,) and SRS dose (PD, TBD,
BED ), number of SRS fractions, volume of tar-
get in SRS, duration of RFS.

The effect of RFS was studied in three inde-
pendent groups of patients: group I — RFS < 10
months; group II — RFS from 10 to 20 months;
group IIT — RFS > 20 months.

The survival was analyzed by Kaplan-Meier
(KM) method.

Log-rank test (for comparing survival curved
for different groups under study) was used for
analysis of the survival according to the binary
predictors. The effect of several categorical fac-
tors on survival was analyzed by Pearson Chi-
square test

The effect of the quantitative covariates on
survival was studied by regression analysis in
Cox proportional risks model. Hazard ratio (HR)
was calculated with 95 % CI.

The statistical significance was proved by com-
paring p values obtained with the critical accep-
tance/rejection level for statistical hypotheses o =
5 %. STATISTICA 64 ver.10.0.1011.0 StatSoft Inc
was used for the statistical processing of the data.

Results

1. Survival study

At the time of the survival analysis, 42 (71.19
%) of 59 patients died.

OS median in the cohort under study was 26.3
months (95 % CI 17 —45.5), RFS median — 12.9
months (95 % CI 8.4 — 25.6), SAR median — 9.8
months (95 % CI 6.7 — 24.4).

12-month OS was 93 % (95 % CI 86 — 100),
18-month OS — 68 % (95 % CI 56 — 80), 24-month
OS —55 % (95 % CI1 42 — 68).

6-month RFS was 84 % (95 % CI 74 — 93),
12-month RFS—52 % (95 % CI138—66); 18-month
RFS —52 % (95 % CI 38 — 66); 24-month RFS —
26 % (95 % CI 12 - 39).

For SAR, 3-month survival was 89 % (95 %
CI 82 — 97), 6-month survival — 77 % (95 % CS
67— 88), 12-month survival — 39 % (95 % CI 26 —
53), 18-month survival — 34 % (95 % CI 21 — 48),
24-month survival — 28 % (95 % CI 14 — 41).

The analysis of survival demonstrates the most
patients (77 %) survive not less than 6 months
following SRS RGBM, while more than half of
patients (56 %) survive 24 months following the
surgical resection of the primary tumor.
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Survival data in the cohort under study are
presented in Fig. 1-3.

2. Analysis of survival predictors

The design of the study envisaged to analyze
OS and SAR depending on several quantitative
and categorical factors: sex, age, performance
status (KI), combination of adjuvant RT with al-
kylating CHT, surgical resection of RGBM, type
of GBM recurrence, overall dose load for the
total courses of itradiation (BED ) and in SRS
(BED,; PD; TBD), number of SRS fractions,
volume of target in SRS, duration of RFS.

These factors were considered as such that
could affect potentially the survival parameters in
RGBM patients. This fact encouraged us to per-
form the corresponding analysis.

2.1. Analysis of survival according to bina-
ry predictors

OS and SAR were analyzed according to the
following predictors:

* Combination of adjuvant RT with alkylat-
ing CHT (Temozolomide 75 mg/m2): groups
“Adjuvant RT + concomitant CHT” vs “Adju-
vant RT without concomitant CHT”;

* Type of GBM recurrence: groups “Local re-
currence” vs “De novo solitary tumor + multi-
focal growth”;

* Number of SRS fractions: groups “one frac-
tion” vs “more than one fraction”;

» Sex: groups “males” vs “females”;

« BEDII in SRS RGBM: groups “>40.0 Gy” vs
“<40.0 Gy”;

« BEDI1 for overall courses of irradiation:
groups “>110.0 Gy” vs “< 110.0 Gy”’;

 Surgical resection of RGBM: groups “Surgi-
cal resection of RGBM” vs “Without surgical
resection of RGBM”

« Age: groups “< 45 years” vs “> 45 years”.
The results of the statistical analysis are given

in Table 2.

The analysis has not revealed the statistically
significant effects on survival (OS or SAR) of
the following factors: combination of adjuvant
RT with alkylating CHT, type of GBM recur-
rence (“Local recurrence” vs “De novo solitary
tumor + multifocal growth)”, number of SRS
fractions (“one fraction” vs “more than one frac-
tion”), sex, age (“< 45 years” vs “> 45 years”),
BEDI1 in SRS RGBM (“> 40.0 Gy” vs “<40.0
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Fig. 1. Kaplan-Meier curve of OS (in months) for retrospective
analysis of 59 RGBM patients

Fig. 2. Kaplan-Meier curve of RFS (in months) for retrospective
analysis of 59 RGBM patients
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Gy”), BEDI11 for overall courses of irradiation
(“>110.0 Gy” vs “< 110.0 Gy”).

The significance of the predictive value of
the sex as to OS (p = 0.05627) is borderline as
to the acceptance or rejection of null hypothesis.
It 1s probable that the increased number of ob-
servations could result in statistically significant
difference in OS between males and females (p
< 0.05). Therefore, this question requires fur-
ther analysis with increased number of patients
that should contribute to the increased statistical
power.

We have shown the statistically significant
difference in OS between groups “Surgical resec-
tion of RGBM” and “Without surgical resection
of RGBM” (p = 0.02711) with better outcome in
patients to whom the surgical resection of RGBM
has been performed. Nevertheless, no difference
in SAR between these groups has been demon-
strated (p = 0.36582). Further studies are required
to resolve this inconsistency. Since surgical re-
section of RGBM affects positively on OS, the
same effect could be supposed also for SAR with
increasing number of patients included into fur-
ther study.

2.2. Analysis of the effects of categorical fac-
tors on survival

According to the design of the study, we have
analyzed the effects of categorical factors (per-
formance status, type of GBM recurrence, age
group and RFS) on the survival.

We have not demonstrated the predictive val-
ue of the type of GBM recurrence as to OS when
OS of patients with local recurrence, de novo sol-
itary tumor and multifocal type progression was
compared (Chi-square = 1.750949; df = 2; p =
0.41667). Moreover, the type of recurrence was
not predictive for survival after SRS (Chi-square
=3.579759; df =2; p=0.16700).

The comparison of survival in groups strat-
ified according to their age (group I — < 45
years; group II — 45-59 years; group III — > 60
years) has not demonstrated statistically signifi-
cant difference both for OS (Chi-square
1.822209; df = 2; p = 0.40209) and for survival
after SRS (Chi-square = 2.296786; df = 2; p =
0.31716).

In contrast, the significant effect of per-
formance status (KI) on OS has been shown
(Chi-square = 12.88648; df = 2; p = 0.00159).
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Table 2. Analysis of the predictive value of studied factors on OS and SAR

Factor Calculation data
Combination of adjuvant RT with 0s Log-Rank Test WW =-1.052; Sum = 39.078; 073683
alkylating CHT: groups “Adjuvant Var =9.7979; Test statistic = -0.336057 p=7
RT + concomitant CHT” vs Los-Rank Test WW = 2.843: S 3042
“Adjuvant RT without itant Og-hank 1€s = -2.645; Sum = 55.42; _
o T ifhout concomitant | SAR vy~ 9 8842; Test statistic = - 0904326 p=0.36582
Type of GBM recurrence: groups | | Log-Rank Test WW =-2.564; Sum =39.078; | '_ 1
“Local recurrence” vs “De novo Var = 8.4276; Test statistic = -0.883379 p=v
solitary tumor + multifocal growth”
SAR Log-Rank Test WW =-3.401; Sum = 39.421; — 0.24350
Var = 8.5018; Test statistic =-1.16627 p="
Number of SRS fractions: groups Os | Log-Rank Test WW = 1.1857; Sum =39.078; | _ oo,
“one fraction” vs “more than one Var = 8.6788; Test statistic = 0.4024739 p=
fraction” Log-Rank Test WW = -0.8917; Sum = 39.421
og-Rank Tes =-0. ;oum = 55, 5 —
BAlR Var = 8.7552; Test statistic = -0.301355 9=l
Sex: groups “males” vs “females” Log-Rank Test WW = 6.0101 Sum = 39.078; B
O5 | Var=9.9121; Test statistic = 1.908977 p=0.05627
Log-Rank Test WW = 4.2980; Sum = 39.421; _
AR Var = 9.9994; Test statistic = 1.359195 9= Bl
BEDI1 in SRS RGBM: groups “> Os | Log-Rank Test WW =0.28047. Sum =39.078. | '_ o o-910
40.0 Gy” vs “< 40.0 Gy” Var = 9.9350; Test statistic = 0.0889822 p=
Log-Rank Test WW = 2.4034; Sum = 39.421; _
SAR | Var = 10.022; Test statistic = 0.7591867 p=0.48381
BEDII for overall courses of 0S Log-Rank Test WW = -2.165; Sum = 39.078; _ 0.48460
irradiation: groups “> 110.0 Gy” vs Var = 9.5924; Test statistic = -0.698928 p=0.
“<110.0 Gy”
Log-Rank Test WW =2.1781; Sum = 39.421; _
SAR | Var = 9.6768; Test statistic = 0.7001883 p=0.48381
Surgical resection of RGBM: groups os | Log-Rank Test): WW =4.7700; Sum =39.078; | _ 1571
“Surgical resection of RGBM” Var = 4.6592; Test statistic = 2.209868 p=v
vs “Without surgical resection of Loo-Rank Test WW — -2.843: S 39421
RGBM” og-Rank Tes =-2.843; Sum = 39.421; _
AR Var = 9.8842; Test statistic = -0.904326 9= 06582
Age: groups “< 45 years” vs “> 45 os |Log-Rank Test WW =3.8279 Sum = 39.078 — 0.20929
years” Var = 9.2955; Test statistic = 1.255516 p=5
Log-Rank Test WW = 2.5193; Sum = 39.421; _
SAR | Var = 9.3773; Test statistic = 0.8227000 p=0.41068

Significant difference in OS was also demon-
strated when OS was compared in three groups
of patients stratified according to RFS, namely,
RFS < 10 months; 10-20 months; > 20 months
(Chi-square = 1.750949; df = 2; p = 0.00066).
The median of OS in patients with KI = 70 was
17.1 months, KI = 80 — 26.6 months, KI = 90 —
39.1 months.

At the same time, neither the duration of re-
currence-free period, nor performance status af-
fected SAR (Chi-square = 1.468320; df =2; p =
0.47992 and Chi-square = 1.203675; df =2; p =
0.54781, respectively). The corresponding KM
curves were practically the same.

The results of the analysis are presented in
Fig. 4-7.
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Fig. 4. Kaplan-Meier curves of OS (in months) for

retrospective analysis of the cohort of 59 RGBM

patients depending on Karnofsky performance
status
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Fig. 5. Kaplan-Meier curves of SAR (in months)

for retrospective analysis of the cohort of

59 RGBM npatients depending on Karnofsky
performance status

Fig.6. Kaplan-Meier curves of OS (in months) for

retrospective analysis of the cohort of 59 RGBM

patients depending on the time to recurrence with

stratification in three groups: RFS < 10 months;
10-20 months; > 20 months

Fig. 7. Kaplan-Meier curves of SAR (in months)
for retrospective analysis of the cohort of 59
RGBM patients depending on the time to
recurrence with stratification in three groups:
RFS < 10 months; 10-20 months; > 20 months

2.3. Analysis of the effects of quantitative
covariates on survival

The Cox proportional risk model was used for
analyzing the effect of quantitative covariates on
the survival. According to the design of the study,
we have analyzed the effects of the following
covariates: age, duration of recurrence-free peri-
od, number of SRS fractions, SRS RGBM dose
(PD, TBD, BED,,), BED,, for overall courses of
irradiation, SRS target volume. The results of the
corresponding statistical calculations are given in
Tables 2 and 3.

Only RFS demonstrated the significant impact
on OS in the cohort under study (HR 0.97; 95 %
CI10.94 —0.99, p = 0.009391). For other covari-
ates, no statistically significant effect on survival
risks has been demonstrated.

Radiotoxicity following SRS

All patients tolerated well SRS. No cases of
severe radiotoxicity grade > 2 according to CTC
(Common Terminology Criteria for Adverse
Events (CTCAE — Version 5.0) (Freites-Martinez
et al., 2021) was registered.
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Discussion

RGBM prognosis is the most desperate in
neuro-oncology. Meanwhile, there is still no con-
sensus as to the standards of treatment of such
patients. One of the reasons is the absence of the
highly effective therapies with the acceptable
toxicity profile. When the strategy of treatment is
elaborated, such factors as the previous therapy,
age of patient, performance status, status of the
methylation of the promoter of MGMT gene, and
the feature of the progression of the disease are
conventionally considered (Weller et al., 2021).
Nevertheless, certain evidence in favor of the
usefulness of the repeated irradiation in RGBM
currently exists. SRS RGBM as the repeated irra-
diation following the first RT course is deemed as
one of the most promising method for treatment
of such patients allowing for improving their sur-
vival. Nevertheless, the randomized clinical trials
are required for elucidating the optimal treatment
strategy (Garcia-Cabezas et al., 2021).

SRS as the technique for RGBM treatment has
been known for more than two decades. Firstly,
SRS is promising due to its noninvasiveness.
Moreover, SRS allows delivering a dose with
high submillimeter precision providing for the
high dose gradient at the border between the ir-
radiated target and the adjacent tissues with min-
imal neurotoxicity. This is of peculiar importance
since these patients have already received high
radiation dose during the first course of RT. After
all, other non-invasive alternatives are not avail-
able. As to such non-invasive technique as low
intensity alternating electric fields (Tumor-treat-
ing fields, TTF), this method is not highly avail-
able (Lovo et al., 2021).

In 1995, one of the first studies devoted to the
use of SRS for RGBM treatment analyzed the
outcome of SRS treatment in 35 patients with
recurrent malignant glioma (26 GB multiforme
and 9 anaplastic gliomas; mean volume of irradi-
ated target 28 cm?) (Hall et al., 1995). OS in this
cohort was 21 months with survival after SRS —
8 months. Young age of the patient represented
the predictive factor of better survival in both
univariate and multivariate analysis. Improved
survival was associated with better performance
status (KI) in univariate analysis. Nevertheless,
such factors as histological type of tumor, target
volume or dose did not affect survival. Radiation
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necrosis rate was 14 % and the number of the
surgeries due to symptomatic necrosis was lower
than after brachitherapy.

In the study by German authors (Combs et
al., 2005), survival rate after SRS RGBM was
somehow higher. In a group of 32 patients with
RGBM, median of OS was 22 months and medi-
an of survival after SRS — 10 months (the medi-
an follow-up time was 13 months). The survival
rate at one year was 90 %, and 49 % and 26 %
at 2 and 3 years. 6-month and 12-month survival
following SRS was 72 % and 28 %, respective-
ly. The median of progression-free survival fol-
lowing SRS was 7 months. The profile of SRS
toxicity was acceptable. No severe cases of acute
radiation toxicity (grade >2) or severe long-term
toxicities including radionecrosis were observed.

It should be emphasized that both studies
above were published before the large-scale im-
plementation of Stupp protocol of alkylating CHT
with Temozolomide into neurooncological prac-
tice (Stupp et al., 2005). The use of Temozolo-
mide in concomitant and adjuvant regimens al-
lows increasing two-year OS in GBM patients to
26.5 % as compared to 10.4 % for postoperative
RT as single treatment modality. Nevertheless, if
one checks these data against those obtained with
SRS in RBGM, a credit should be given to the
contribution of the improved radiation technolo-
gies into the increasing survival of such patients.

In this context, the study by Ohgaki et al., 2004
that presented results of the population study of
the GBM patients’ survival in Zurich canton is
worthwhile noticing. Among 715 patients treat-
ed in 1980-1994, one-year survival amounted to
17.7 % while two-year survival — only 3.3 %.

Niranjan et al., 2018 analyzed 297 histologi-
cally confirmed RGBM cases treated by Gamma
knife in Pittsburgh, USA. Retrospective analysis
demonstrated OS median of 18 months and one-
year and two-year survival — 72.5 % and 29.5 %,
respectively. The survival median after SRS was
9 months. Among significant predictors were tar-
get volume < 14 cm3, dose > 15 Gy and age of
patients < 60 years. The side reactions were ob-
served in 23 % of cases. In most cases, they were
controlled by corticosteroids.

Along with several clinical reports on the re-
peated irradiation treatment of RGBM, including
SRS, there are some publications on contain-
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ing meta-analyses of the current experience in
the field. In recent study, the database compris-
ing 2095 RGBM patients who were subjected
to the re-irradiation in 1998-2018 due to GBM
recurrence/progression was analyzed (Kazmi
et al.,, 2019). Meta-analysis demonstrated that
6-month survival following irradiation was 73 %
and 12-month survival — 36 %. Irradiation with
<5 fractions was associated with higher 6-month
progression-free survival (47 % vs 26 %,
P = 0.005) that is in favor of radiosurgical treat-
ment approaches in RGBM. In general, the toxic-
ity of re-irradiation was acceptable, although the
data presented ion different studies varied. There-
fore, according to meta-analysis data, re-irradia-
tion of RGBM provides for the acceptable con-
trol of the disease and acceptable survival levels.

Our data on survival following SRS RGBM are
quite comparable to that of other authors. Namely,
OS median was 26.3 months (95 % CI 17 —45.5),
RFS median was 12.9 months (95 % CI 8.4 —25.6),
SAR median — 9.8 months (95% CI 6.7 — 24.4).
Two-year survival of patients in our study was 56
% (95 % CI 42 — 68); one-year survival —39 % (95
% CI26 —53). These data are similar to those pre-
sented in both clinical reports and meta-analyses.
Our analysis of the survival predictors deserves
special attention. We have demonstrated that only
surgical resection of RGBM, performance status
before SRS and duration of recurrence-free period
are predictors of better OS. No factors under study
affected SAR that was rather unexpected. Such re-
sults are somehow related to the results presented
by Combs et al., 2005, who did not find the associ-
ation between any of studied factors (age, perfor-
mance status, extent of respectability of primary
tumor, duration of recurrence-free period, class
according to RPA classification, PTV volume) and
survival values.

It is logical to assume that both our data and
the findings presented by other teams are in favor
of the concept claiming the priority of the prima-
ry biological properties of the tumors in defin-
ing the survival of GBM patients independently
of treatment modalities. Although irradiation of
GBM is advantageous regarding the improve-
ment of the survival, one could also suppose that
re-irradiation of the recurrent malignant glioma
triggers some changes in its biological properties
offsetting the potential effects on survival exert-
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ed by several factors that had predictive survival

value before re-irradiation.

To sum up, both our own data and the data by
other authors demonstrate the suitability of SRS
in the treatment of RGBM. This therapeutic mo-
dality could be considered as the appreciable fac-
tor of the current progress in RGBM treatment.
Nevertheless, the optimization of the approaches
in RGBM treatment remains the urgent problem
in neuro-oncology inciting to further studies in
the field.

Conclusions
1. OS median following SRS RGBM was 26.3

months (95 % CI 17 —45.5), RFS median was

12.9 months (95 % CI 8.4 — 25.6), SAR medi-

an — 9.8 months (95 % CI1 6.7 — 24.4).

2. Two-year OS in our study was 56 %. 6-month
survival after SRS —77 %; one-year survival
after SRS — 39 %, and two-year survival after
SRS — 28 %.

3. The significant effect of performance status
(p = 0.00159), duration of recurrence-free pe-
riod (p = 0.02711) and surgical resection of
RGBM (p =0.009391) on the OS was demon-
strated. The best OS was shown for the pa-
tients with KI 90, recurrence occurring after
more than 20 months and previous surgical re-
section of RGBM. The effects of other factors
on OS were not demonstrated.

4. No significant impact on SAR of such factors
as age, sex, KI, combination of the adjuvant
RT with alkylating CTH, surgical resection of
RGBM, type of recurrence, number of SRS
fractions, BED,, in SRS RGBM, BED , for
overall courses of irradiation, SRS target vol-
ume was demonstrated.

5. Radiosurgery is non-invasive method for
RGBM treatment that allows for improving
the survival without significant radiation tox-
icity. Primary biological properties of the tu-
mor seem to be of priority in determining the
survival of RGBM patients.

6. Although irradiation of GBM is advantageous
regarding the improvement of the survival,
one could also suppose that re-irradiation of
the recurrent malignant glioma triggers some
changes in its biological properties offsetting
the potential effects on survival exerted by
several factors that had predictive survival
value before re-irradiation.
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BuzkuBaHnicTh micJisi pagioxipypriusoro JJikyBaHHsI pellUAMBHUX J1i00J1aCTOM
Y XBOPHUX i3 PAIHKAJBbHOI0 Pe3eKI[i€I0 MEPBUHHOI Iy XJIUHHA

I'psizoB Annpiii', [maBaubkuii Osexcanap’, 3emckoBa Okcana', I'psizoB Anapiii’,
Yysamosa Oabra', Xmeabuunbkuii lenaniii', [llyoa Ipuna’, Kpyuok Ipuna’, [lleBennoB
Maxkcum', CtyJeii Boaogumup?

! lepkaBHa ycraHoBa «IHCTUTYT Heltpoxipypril iM. akaa. A.Il. PomoganoBa HAMH Vkpainmy,
KuiB, Ykpaina

? [acTutyT npukinaaHoro cucremMHoro aHanizy HTYVY «KIII imeni 1. Cukopcbkoro», Kuis,
VYkpaina

AHoranis: rmiobnacroma (I'B) — e arpecuBHa myxJiMHa, 110 XapaKTEPU3YEThCS BUCOKUM PiBHEM
peLMINBYBaHHS Ta MPU3BOIUTH 0 CMEPTi OLIBIIOCTI XBOpUX depe3 15—18 micsiiB miciis BCTaHOB-
JeHHs IiarHo3y. @akropamu, 110 acOIIOIOTHCS 3 OLIBII TPUBAIOIO BIKUBaHICTIO XBopuX Ha ['B, € Bik
10 50 pokiB, Kpaluil pyHKIIOHAIBHUN CTAaTyC Ta paJvKajibHa pPe3eKiis NEPBUHHOI MyXJIUHU. OnTH-
MaJibHe JIKyBaHHS pHU peuuuBi abo nporpecyBanHi I'b 10 11boro yacy He BU3HaY€HO Ta 3ajMIIa-
€ThCS CKJIATHOI0 TIpodiiemoro. Crepeorakcuuna paaioxipypris (CPX) € MeTomom mperu3iifHoro BUCO-
KOTEXHOJIOTTYHOTO OMPOMiIHEHHS, 1110 PO3IVISIIA€THCS ChOTOAHI SIK TepareBTHUYHA OMIlisi €)eKTUBHOTO
BITUBY HA PELUUINBHI 31I0SIKICHI ITTiOMU. METO0 JAHOTO PETPOCHIEKTUBHOTO IOCTIIKEHHS OyB aHami3
BrkuBaHocTi micnss CPX peunausHoi I'b B koropti 59 xBopux, kUM Oysi0 IPOBEIEHO PaAUKAIbHY
pe3eKIlio MepBUHHOI MyXIuHH. J{ocimkyBaHa koropTa ckianaiach 3 59 xsopux (28 / 47,5% xiHOK
ta 31 /52,5% 4vomnoBiKkiB); cepeaHii Bik B 3arajbHii rpymi ckias 51 pik (intepsan 24 — 81). CPX mpo-
BOJWIIOCH Ha JiHiitHOMY nipuckopioBaui «Trilogy» (CILA) (6 MeV) B nepiox 3 2014 p. mo 2020p. B
Hep:xaBHiii ycTaHoBi «[HCTUTYT Helpoxipyprii im. akan. A.Il. PomonanoBa HAMH VYkpaiam». B ycix
Bunaakax niarao3 I'b 4 crymnenro 3a kinacudikamiero BOO3 OyB miaTBepxeHIi TaToMOp(oI0TriaHO
Iicis pe3eKiii NepBUHHOI MyxJuHU. BeiMm 59 xBopum Oynio mpoBeieHO MakcUMalbHe Oe3NeuHe BU-
JaJICHHS IEPBUHHOT MyXJIMHHU B PaIMKAIBHOMY 00’ €Mi: B TIEPEBaXHIN KUTBKOCTI CITOCTEPEXEHb (54 /
91,5%) — no nepudoxkanbHii 30Hi; B 5 / 8,5% Bumnaakax — cy0ToranabHo. B ycix 59 Bunagkax xBopum
OyJ10 MPOBEICHO aJ]’ FOBAaHTHE IIPOMEHEBE JIIKYBaHHS MiCII BUAAJICHHS IEPBUHHOI MyXJIMHU (CyMapHa
Boruuinesa go3a (CBJ) 60 I'p, 30 ¢pakuiit), sxe B 33 Bunagkax Oysa0 noeaHane 3 ankiaorwyowo XT
(Temozomomin 75 mr/m?). Y 31/ 52,5 % xBoporo micis 3aBepiieHHs. KoHkoMiTanTHOT X T mpomoB-
xunock XT mikyBanHs (Temo3zoiomin 150-200 mr/ m?). ¥V 6inbmiocti cioctepexens (51 / 86,4 %)
PI'b Gy1n0 niarHOCTOBAHO 3a CYKYIHICTIO KIIIHIKO-paAioNoriyHux o3Hak; y 8 / 13,6 % xBopux — mna-
TOMOP(OJIOTIUHO, MIiCJIA MOBTOPHOTO XIPYpridyHOTo BTpydaHHs. KiHIIEBUMU TOYKaMU JOCHTIKESHHS
Oynu 3aranbpHa BKuBaHICTh (3B), 6e3pennauBHa (OesnporpecuBHa) BuxkuBaHicTh (BPB) Ta Brxu-
BaHICTh micisg HacTaHHs peunauBy (BIIP). BuBuaBcs BIiMB Ha BUKMBAHICTh HACTYITHUX KUTbKICHUX
Ta KaTeropiajJbHUX (aKTOPIB: CTaTh, BiK, (PyHKIIOHAIBHUHN cTaTyC, moeqHaHHs aj’toBaHTHOI [1T 3
ankumorouoro XT, xipypriune Buganeras PI'b, Tun penmnusyBanus I'b, 1o30Be HaBaHTakeHHsI 3a BCi
KypcHU ONPOMiHEHHs CyMapHO (3a Gionoridno-edexruBHOI0 103010 (BED ) Ta npu CPX, KilbKiCTh
¢bpaxuiit CPX, 06’em mimeni CPX, tepmin 6e3penuanBHoro nepiony/smxusanocti (bPB). Bruius Ha
BIDKMBAHICTh Takoro ¢dakropy sk bPB mocmimkyBaBces MIIgsxoM po3noijIeHHs KOTOPTH Ha TPU He3a-
JISKHI TPYIH B 3aJIGKHOCTI BijJl TPUBAJIOCTI Oe3pernuauBHoro nepiony: rpymna [ — BPB < 10 micsis;
rpyna Il — BPB Bix 10 qo 20 micsiis; rpyna I1I — BPB > 20 micsmiB. BuxuBanicTh XBopux OyJia mpo-
aHaiizoBaHa metogoM Kammana-Maiiepa (KM). Jlorapudmidyauii paHroBHid TeCT (IU1s1 TOPIBHSHHS
KM KpHuBHX BHXHMBAHOCTI JUISl PI3HUX TOCHIIKYBAHUX T'PYM) BUKOPUCTOBYBAJIN JIsi JOCHIKESHHS
BIKMBAHOCTI 3a OiHapHUMU npenukropamu. [1opiBHSHHS BIUIMBY JAEKUIBKOX KaTeropialbHUX (hak-
TOPiB Ha BM)KUBAHICTh 3IIHCHIOBAIOCH 3a jomoMoroio y>-tecty (Pearson Chi-square test). J[ns mo-
CJTIJDKEHHS BIUTMBY Ha BWKHMBAHICTh KUTBKICHMX KOBapiaT BUKOPHUCTOBYBAJIM PETPECIMHMIA aHAI3 3a
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MoJeuTIo TponopiiHux pusukiB Kokca. CriBBigHomenns pusukis (hazard ratio, HR) po3paxoBano
3 95% noBipunmu iHTepBanamu (/11). B pe3ynsraTi npoBeaeHoro anamisy Oyjino BUSBICHO HACTYITHE.
Meniana 3B micinss CPX PI'b cknana 26,3 micsmis (95% I 17 — 45,5), meniana BPB — 12,9 micsmiB
(95% 11 8,4 —25,6) , meniana BIIP — 9,8 micsauis (95% /1 6,7 — 24,4). IBopiuna 3B Oyna nocarayra
Oinb1I0t0 MoNoBUHOK (56%) xBopux. [licna CPX 6-micsuna BuxkUBaHICTH ckiana 77%. OauH pik
nicist CPX PI'b mposkunu 39% xBopux, aa poku micist CPX — 28% xBopux. Taki paxkropu sik GpyHK-
nioHansHUM craryc 3a inaekcom Kapuaoscbkoro (IK) mpu CPX PI'b (p = 0,00159), tpuBanicts 6e3-
peuuauBHoro nepioxy (p = 0,02711) ta npoBeaenns xipypriunoro Buganensus PI'b (p = 0,009391)
MIPOAEMOHCTPYBAIM CTaTUCTUYHO 3Hauyl il BB Ha 3B. Haiikpaury 3B y BuGipui manu xBopi 13
90 6amamu 3a IK; 3a ymoBu Hactanus peruauBy I'b micis 20 micsmiB i npu BukoHaHH1 pesekuii PI'B.
[Hmi qocmimkeni pakTopu He MoKa3zaiy 3Hadymoro BiumBy Ha 3B. He Oyro 3a¢ikcoBano craructuy-
HO 3HauyIoro BIuMBy Ha BIIP jkoqHOTrO 13 HACTYNHUX JOCTIIKYBaHUX (DAaKTOPIB: CTATh, BIK, (PyHK-
nioHanpHUM cTaryc 3a IK, npoBenenns ax’toBanTHOI [T 3 ankimorouoro XT, Xipypriude BUAageHHS
PI'b, Tun penunuByBanHs I'b, 1030Be HaBaHTa)keHHs 3a BC1 KypCH OIPOMIHEHHSI CyMapHO (BED1 )
ta mpu CPX (BED, ; TI/; CBJI), kinbkicts dpakuiti CPX, 06’em mimeni CPX, BPB. Xoua i xBopi 3
PI'b BigHOCATHCS 10 OAHI€T 3 HAHMEHII OOHAAIMIMBUX 11010 POTHO3Y KAaTEropiii B HEHPOOHKOJIOT ],
OTpHUMaHi HaMHU JaHi MIATBEPIKYIOTh TOLUIBHICTh 3acTocyBaHHA CPX 3 MeTOI0 MOIOBXKEHHS BUXKHU-
BAaHOCTI TaKWX TAIlI€EHTIB Ta CBIYaTh MPO BiJCYTHICTh aCOIIMOBAHOI TSXKKOI MMPOMEHEBOI TOKCHY-
HocTi. [lepBuHHI 61070TIYHI BIACTUBOCTI MYXJIMHU UMOBIPHO BIITPAIOTh MPIOPUTETHY POJb MO0
BIIUBY Ha BH>KMBaHICTh XBOpUX 13 PI'B. Onpominenns PI'b npuzBonuts 1o 3611bmenns BIIP. Ipote
HE MO)KHA BUKJIIOUUTH, 1110 3MIHH, sIK1 B110YBalOThCs y 0610J10T11 pELUAUBHOI 3105KICHOT INIIOMHU TICIIS
MTOBTOPHOTO OTIPOMIHEHHS, MOXKYTh HiBEJIOBAaTH IOTEHIIIHII BIUTMB HA BIDKUBAHICTh TUX (PaKTOPIB,
10 MaJIF MPEIUKTUBHY I[IHHICTH JI0 TIOBTOPHOTO ONPOMiHEHHSI.

Ki1r040Bi ci10Ba: HOBOyTBOPEHHS, 37I05IKiCHA ITTioMa, TIio01acToMa, HeMpoXipypriuHi BTpydaHHs,
peLuanB, paaioXipyprisi, BUKHUBAHICTb.
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Anomauyia: npu po3pobyi pexomeHOayilti CMoCcoO8HO UOOPY Memody 00e3001eHHs. NPpU PeKoH-
CMPYKMUBHUX MA eCMeMUYHUX XIPYP2IYHUX 6MPYUAHHAX HA MOJOYHUX 3A103AX BAINCIUBOIO € OYIH-
Ka eghekmuenocmi ma be3neku amecmesionociunozo 3abesneuenns. OKpim enaugy Ha YeHmpaioHy
HepBo8y cucmemy, 3a2albHa aHecmesis YUHUMb KOMNIEKCHUL 6NIUE HA OP2AHI3M, Y MOMY YUCII
BUKAUKAIOUU 3MIHU Y PI3HUX IAHKAX Memabonizmy. Memaboniuni sminu, nog’sa3ami 3 Xipypeiunum
cmpecom, 8KIYAOMb AKMUBAyito Kamaoboriunux npoyecie i 30invuenus npomeonizy. Memoro oa-
HOI pobomu Oy10 po3pobumu mooenb oyinKu egheKmusHocmi anecmesii nio 4ac peKoOHCMpyKmue-
HUX ma ecmemuyHux Xipyp2iuHux empyyaHs HA MONOYHUX 3A103AX, A MAKON’C pO3pOOUmMuU 8iono-
8i0HULl npomokol. B pobomi npogedeno nokpokogy OYiHKY egheKmusHocmi aHecmesionociuHo2o
3abe3neuenus npu peKOHCMPYKMUBHUX ONepayisix Ha MOLOYHUX 3a103ax. [ncmpymenmom oyinku
eexmusHocmi 015 CMEOPEeHHAM NPOSHOCMUYHOL MOOeNi pU3UKy 8 Hawlii pobomi Oye kamezopiaib-
HUU QHAI3 YACMOMU XIPYP2IUHUX YCKIAOHEHb, d MAKONC 2eMOOUHAMIYHUX Ma MemOOOIIUHUX 3MIH
3anedcHo 6i0 gizuunoco cmamycy nayienmie 3a ASA. [{na cmeopenns npoenocmuyHoi mooeni pu-
3UKY 8 HAWill pOOOMI BUKOPUCMOBYBABC MemOo0 DIHAPHOI 102iCMUYHOT pecpecii 3 BUKOPUCTNAHHAM
naxkemy cneyiaibHo2o npuznavenus SPSS. 3a ouxomomiuny nepeminny nputiHamo 8ipocioHicms
nicasonepayitiHux YCKaIaoHeHb Y 8ionogioHocmi 00 HezanexcHux nepeminnux. Cepeo He3anenCcHux
nepemMiHHUX 68 MoOelb OVIu 8KII0YeHI MAaKi YUCi08i napamempu K 6iK, iHOeKC Macu miid, emicm
2NII0K03U, KpeamuHiny, BIS enympiwnvoonepayiunuii, 8HympiuHb00nepayiuHul CUCMoIiYHUl ap-
mepianbHUux Muck, mpueaiicms 6mMpyyanHs, O0IbOSUL CUHOPOM Yepe3 24 200uHU NiCaA 6MPYYAHHS,
KOZHIMUGHi nopyuients depes 24 2oounu nicia empyuanns. Ceped Kkame2opiaibHUx nepemiHHux
8i0ibpani eud anecmesii, knac nayienma 3a ASA. YV 3anpononosanomy npomokoni oyinku egpex-
MUBHOCMi anecmesii nid Yac peKoOHCMpPYKMUBHUX MA eCMeMUYHUX XIPYP2iuHUX 6mpy4ansb HaA MO-
JIOYUHUX 3A710304X 30 00CACHEHHS NOPO206OI CyMU KOeiyieHmi6 3 BUKOPUCMAHHAM WKAU USHAYEHO
2PYNny pUu3uKy. AKUW0 CymMa npocHOCMUYHUX Koeghiyicnmis 0opisHioe abo Hudicua, Hidc -19,8, puzuk
MinimanvHul, oinewa -19,8 i nuocua 19,8, puzuk HeguzHauerull; AKUO OOPIBHIOE AOO 8UWA, HIdHC
19,8, puzux eucoxuii. Yymausicms npomoxony cknana 95,7%, cneyugiunicmo — 93,5%, nosumus-
Ha npoeHocmuyna yinHicmo — 91,8%, Hecamusna npoenocmuyna yinHicmo — 92,9%. @axmopHuii
AHANI3 KIIHIKO-QHAMHECMUYHUX, anapamHux ma 1a00pamopHux NOKA3HUKI8 y NAyi€HmMis, AKUM
OV10 Nposedeno peKOHCMPYKMUGHI ma ecmemuydti Xipyp2iuni 6MpyyanHs HA MOLOYHUX 3d]03AX,
003807116 6CMaHO8UmMU 2pynu (hakmopis, AKi 8U3HaA4armev eapiamugHicms o3uax. Pospobnenuti
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NPOMOKON OYIHKU epekmusHocmi anecmesii nio uac pekoHCMpPYKMUSHUX ma ecmemudHux Xipyp-
2IYHUX 8MPYUYAHb HA MOJOYHUX 3A/I03AX XAPAKMEPUIYEMbC NAPAMEMpamuy KAIHIYHOI YIHHOCMI,
oocmamuimu 05 3ACMOCYB8AHHA ) AHeCMe3i0102TYHOMY 3abe3neuenHi peKOHCMPYKMUGHUX ma ec-
MEeMUYHUX XIPYP2IUHUX 6MPYUaHb HA MOJIOYHUX 3A71030X.

KurouoBi ciioBa: aHecresis, MOJIOUHI 3aJ103H, MaMOILIACTHKA, IPOTHOCTUYHA I[IHHICTh TECTIB,

IIPOTHO3.

Beryn

[Ipu po3podii pekomMeHaariii CTOCOBHO BH-
O0opy meromy 00e300JieHHS TMPU PEKOHCTPYK-
TUBHHX Ta €CTETHYHUX XIPYPriYHHX BTpYyYaH-
HSX Ha MOJIOYHHMX 3aJI03aX BAXIIMBOIO € OIliHKA
e(eKTUBHOCTI Ta OE3MEeKH aHEeCTEe310JI0TIYHOTO
3abesnedyenns. Cuig qoAar, Mo JaHWA MPOTO-
KOJI TIOBUHEH BPAaXOBYBaTH K IMOOIYHI e(eKTh
3arajbHOI aHecTe3il, 3 SKUMHU CTHKAIOTLCS IIalli-
€HTKU TICJISI TUTACTHYHMUX omepariii Ha M3, tak
1 e(eKTUBHICTh MepHONepaliiiHoro 3He0O0IeH-
HA. 30KpemMa, HEBWIIIKOBaHH ab0 HEAOCTaTHHO
KEpOBaHMI MicIsonepaiiHuii O611b MOXe MaTu
CUCTEMHI HACIliJK{, HETaTUBHO BIUIMBAIOYM Ha
SIKICTh JKHTTA marieHTok. 3a ganumu (P. Riche-
bé, V. Brulotte. 2019) 76 % >xiHOK micisa ecTe-
TUYHUX orepamii Ha M3 ckapKuiucs Ha 3MiHY
qyTIUBOCTI, 44 % — Ha BUHUKHEHHS TOCTPOrO
micisonepariitnoro 6omo, mo y 9,5 % otpu-
MaB XapakTep MOCTIHHOTO (OibIne 2 MICSIIIB)
(G. E. Woodworth, R.M.J.Ivie, S. M. Nelson
[et al.], 2017). Inmii aBTOpHM TakoX 3a3HAYAIOTh,
[0 XPOHIYHUHN Oib € Cepio3HOI0 MPOOIEMOIO,
3 AKOI0 CTHKaIOThCs Bix 20 mo 60 % KIHOK mic-
7S PEKOHCTPYKTUBHUX OTEpariii Ha MOJOYHHX
3amo3ax (Wong, M.Y.Y.Leung, C. W. Cheung.
2019). Okpim TorO, TiciusonepalnifHa Hy10Ta,
omoBanHs (IIOHB) Ta iX cymyTHe BUHUKHEHHS
MPOAOBXKYIOTh 3alUIIATUCS OJHUMHU 3 Haidac-
TIUX YCKJIAJHEHb MICHS 3arajdbHOXIPypTriuHUX
BTpy4aHb. Xo04a I1i pPO3Ja i PiIKO MPU3BOIATH 10
Cepilo3HUX YCKIIaTHEHb (JeriTpaTaltis, eJIeKTpo-
JITHI PO3JMaay, acmipaiisi IUTYHKOBOTO BMICTY,
kpoBoteua), [IOHB 3HayHO BIIMBaEe Ha SAKICTh
KHUTTS MAII€HTIB, a TAKOXX 301JIbIIIy€E BApTICTh Ta
TPHUBAJIICTh NepeOyBaHHA Y JIIKapHi MICTs omnepa-
uii (S. M. Pokkinen, A. Yli-Hankala, M. L. Kal-
liomaki. 2014). binpin cXWIBHUMHU 10 PO3BUTKY
ITOHB € xiHKHM MOCTITyOEPTAaTHOTO BIKY, 8 TAKOX
JIFOMIH, TII0 MaJIK B aHAMHE31 IePUCTATBTHYHI PO3-
namu. Tako HarajabHOI MPOOIIEMOIO CyYacHOI
Xipyprii Ta aHecTe310JIoTii € MOTEHIIWHUNA pH-

3MK KOTHITUBHUX MOPYIIEHb HIiCIs XipypriuHOro
BTPYYaHHs Ta HAPKO3y, 10 MOXKE 3HAYHO TOTip-
HIyBaTU iX SIKICTb JKUTTA. YacToTa KOTHITUBHHUX
PO371a/1iB TO3UTUBHO KOPEJIOE 3 TIIMOMHOIO aHe-
cTesli, 1 mpenapary AJs 3aralbHOro HapKo3y po3-
DIISIAI0THCS SIK O[HA 3 TIPUYHH TAKUX TMOPYIIEHb
(Yu W. 2010). OkpiM BIUIMBY Ha LEHTpaJbHY
HEPBOBY CHCTEMY, 3arajbHa aHeCTe3is YHHUTh
KOMIUIEKCHUH BIUIMB Ha OpraHi3M, y TOMY 4HCIi
BUKJIMKAIOYM 3MIHU Y PI3HUX JIaHKaX MeTa0oI13-
My. MeTabomniuHi 3MiHH, TOB’A3aHi1 3 XIpypridHUM
CTPECOM, BKJIIOYAIOTh AKTUBAIIIIO KaTaOOIIYHHUX
HPOIIECIB 1 301IBIICHHS TPOTEOTI3Y.

Tomy, METOIO JAHOTO PO3/LTY OYJI0 PO3POOUTH
MOJIENTb OI[IHKK €(EeKTUBHOCTI aHecTe31l MmiJ] yac
PEKOHCTPYKTUBHHUX Ta €CTETUYHUX XipyprigHUX
BTpy4YaHb Ha MOJIOYHHUX 3aJ103aX, a TAKOXK PO3PO-
OWTH BIAMOBIIHUI TPOTOKOI.

3a OI[IHKM MeTa0OIIYHOTrO CTaTycy Ta 3arajib-
HOKJIIHIYHUX TTOKa3HUKIB MAIlI€EHTIB B TIEPHUOIIE-
pauiiHoMy mepiofii BCTAHOBJIEHO BipOTiHE 3HU-
’KEHHsI P1BHS TeéMONIO0IHY B MicIsionepaliiHOMy
nepionai (Ha 5,8%, p<0,05), BMICTY epUTPOLIUTIB
(ma 10,5%, p<0,05), TpomboruTiB (Ha 32,7%,
p<0,05), mpupict yncna neiixouutis (Ha 36,7%,
p<0,05) Ta MIBUIKOCTI OCiIaHHS €PUTPOLUTIB -
LIOE (na 26,7%, p<0,05). 3a cepeanimMu 3Ha4EH-
HAMH O10XIMIYHUX TOKA3HHUKIB CIIOCTEPIrajoch
30ibIIeHHs piBHSA Timikemil (Ha 41,7%, p<0,05),
MPUPICT BMICTY KpeaTuHiHy 3 (Ha 33,8%, p<0,05),
neviHkoBUX TpaHcaMiHaz - AnAT (wa 51,1%,
p<0,05) Ta AcAT (ua 44,5%, p<0,05), 36inbm1eH-
Hs piBHSA Hatpito (Ha 6,5%, p<0,05) Ta kamito (Ha
41,0%, p<0,05).

BcraHoBieHo, 110 3arajbHa 4acToTa MICIHs-
OTepaIliiiHUX €Mi30/iB CTaHOBUJIA 48 BHUIAIKIB
(40,0%) cepen 3aranbHOI KITBKOCTI 00CTEKEHUX.
3 HUX, YCKJIQJHEHb, OB’ SI3aHUX 3 MPOBEACHHIM
€CTETUYHUX Ta PEKOHCTPYKTUBHHUX BTPY4aHb — 3
Bunaaku (2,5%). Bci Bunaaku micisioneparin-
HUX YCKJIAJJHEHb OyJIM Mpe/ICTaBlIeH] KOHTPAKTY-
poto beiikepa. KiiHiuHI yCcKiIalHeHHSI, OB’ A3aH1
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3 aHECTE310JI0T1YHIM 3a0e3MeUCHHSIM MPEACTaB-
JIeH1 J0AAaTKOBOIO MOTPeOOr0 B omioigax yepes 3
(5,0%) ta 8 romun (2,5%), miciusonepariiHo
Hyznotoro (8,3%) ta 6moBoTtoro (3,4%). Enizonu
rinepreHsii B paHHbOMY HicCIIsIOTIepaliiHOMY I1e-
pionai BepudikoBaHi y 4,2% maii€HTOK, T1MOTeH311
—y 1,7%, nopyuieHHs: puTMy Ta MPOBITHOCTI — Y
1,7%. MetabomniuHi Ta KJIiHIKO-Tab0paTOpHi ermi-
30111 y TepuorepaniiHoMy mepioi Oyiau mpen-
CTaBJieHI aHeMIYHMM CUHApPOMOM | cTymeHs 3i
3HIDKEHHSM remornodiny menmie 120 1/ (2,5%),
roctpoa3oBOI0  PEAKIIE€0 3  MiABUIICHHIM
HIOE 6inbme 20 mm/rox. (1,7%), rineprimikemi-
eto (4,1%), rinepkpearuninemiero (1,7%) ta ri-
nepkamiemiero (0,8%).

JIOCTITHUKY BKa3ylOTh, III0 META0OIYHI PO3-
Jany Tichs aHecTe3li BUHHUKAIOTh caMe B Iie-
puonepariitnomy mepiomni (Nakai A, Nakada T,
Okamoto S, Takahashi Y, Sakakura N, Nakadal,
Kuroda H. 2021). Jlani maTtojoriuHi mporecu
MOXYTh 3aTpUMaTH BUIHCKY 3 JIKapHi, TOMY
oco0nrBa yBara MOBHUHHA MPUIIISATHCS: KOTHI-
TUBHOMY BiJIHOBJICHHIO, BiJIHOBJICHHIO Kapiore-
MOJMHAMIKH, OIlIHIII OO0JIHOBOTO CHHAPOMY, Ca-
MOOIIiHIII (DI3UYHOT aKTUBHOCTI, 2 TAKOXK aHAIIIZY
micisonepariiuux HynoTu Ta omootu (Wang J,
Zhao G, Song G, Liu J. J Pain Res. 2021). ITic-
JsIonepariiiiii HygoTa Ta OJII0BOTa € 0COOIUBOIO
npoOJIeMOI0 NPU MalUX XIPYpridyHUX BTpYyYaH-
HSIX, @ TAKOX €CTCTUYHHX BTPYYAHHSX, OCKLIb-
KH [1€ MOXKE TIPU3BECTH 10 3aTPUMKHU BUITUCKH 31
cTamioHapy a0o0 T03alUTaHOBOTO HAJIXOKCHHS
1o mikapHi (Zhao X, Wang H, Wang HJ, Wang,
Xing YA, Li ST, Chen LH. Med Sci Monit.
2021). OxpiM TOTO, MOBIAOMIISETHCS PO PIBEHB
HEIOCTAaTHhOI aHecTe3ii Ta OONLOBHI CHHIPOM.
30kpeMa, Ha TiCISONepaniifHul OUTb BKa3yIOTh
oinpie 30% mamieHTiB Micls €CTETUUYHUX BTPY-
YaHHIX HA MOJIOYHHX 3aJ103aX, SIKI OIIHIOIOTh
OOJBBHUI CHHIPOM SIK TOMIpHUN a00 CHUIBHUI
(Salomé A, Harkouk H, Fletcher D, Martinez V.
J Clin Med. 2021). Tomy onTuManbHa CTpareris
y micrnsionepaniiHoMy mepiozi, sika 3amodirarume
00JILOBOMY CHHJIPOMY, MICIISIOTIEpalliiHIM HY/I0-
Ti Ta OJFOBOTI MTPOJTOBKYE OOTOBOPIOBATHUCS!.

Mera

Meroro nmaHoro poOGotu Oylio MOKpalIeHHS
SIKOCTI aHEeCTEe310JI0T1YHOr0 3a0e3MeuyeHHs Ta
3MEHIIEHHS KUIBKOCTI MOXIIMBUX YCKIIAQJHEHb Y

ISSN 1996-353X
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MAIiEHTOK, SKAM BHKOHYIOTHCS XIpypriuHi ec-
TeTUYHI a00 PEKOHCTPYKTHBHI BTpPY4YaHHS Ha
MOJIOUHUX 3aj03ax. J{is uporo Oyno BUpILIEHO
pPO3pOOUTH MOJENh OIIHKH €()EKTUBHOCTI aHe-
cTe3il MiJ] Yac peKOHCTPYKTUBHUX Ta €CTETUYHHUX
XIpypriyHUX BTPYYaHb HA MOJIOYHHX 3aJ103aX, a
TaKOX PO3POOUTH BiIOBITHHIA MTPOTOKOIL.

Marepiaam i MeToau

B nHamomy mocmipKeHHI MEpIIMM KpPOKOM
nepe CTBOPEHHSIM MPOTHOCTHYHOI MOJIENI TTic-
JsionepaliiHuX mofii, OyB KareropiajabHHUN
aHami3 (akTopiB BIUIMBY Ha BUHUKHEHHS Iie-
pHONepaIiHiX YCKJIaJHEHb (XipypridyHHX, Te-
MOJMHAMIYHHMX, METa0OJIYHUX) 3aJIeKHO BiJl
METOAy  aHEeCTEe310JIOTIYHOTO  3a0e3rNeueHHS.
BiporigHicTh po3BUTKY KOHTpakTypu belike-
pa craHoBwiIa 3,3% 3a 3aCTOCYBaHHS BHYTpIII-
HBbOBEHHOI aHecTe3li Ha OCHOBI mpomodory,
IHTANAIHHOT aHecTe3il ceBO(IypaHOM Ta KOM-
O1HOBAHOI IHTAIAIINHOI aHecTe31l 13 JOAaBaHHAM
omioizniB. B rpyni kom6iHOBaHOT aHecTe3ii i3 Mo-
nudikoBannMm PECS-6510koM ycKIagHeHb TuTac-
TUYHOI Xipyprii He cmoctepiranoch (¥*=0.615,
p=0.43). BigHOoCcHO HymoTH Ta OJIOBOTH B TIie-
puonepamiiinoMy mepioai HaWKpamuid pe3yib-
Tar BCTAHOBJIEHO Id KOMOIHOBaHOI aHecTesil
13 momudikoBanum PECS-6mokoMm — HaliMeHIIa
4acToTa MICIS0NepaIiitHol Hy0Ta, BiICYTHICTh
micisionepamifHol Hy10TH, HalO1IbIIE - TIPU 1H-
rajsiiiHiA anecresii ceBodurypanom (¥2=1.709,
p=0.191, Generalized odds ratio - 0.279 [0.09-
0.84]). Ilorpeba B omioigax yepe3 3 Ta 8 roguH
MiCISIONIEPAIifHOTO Tepioay Oyna JoBeneHa s
OJTHOKOMIIOHEHTHOT aHeCTe311, IPOTe HE JUIsT KOM-
6inoBanoi (}2=5.053, p=0.025, Generalized odds
ratio 0.184 [0.07-0.52]).

B po6oti Oyno npoBeaeHo ominky 347 gocii-
JOKEHB 3 0a3 JaHUX MEIUYHUX KypHaJIiB Ta Mix-
HApOIHOI MIaTHOpPMH peecTpy KITHIYHUX BUIIPO-
OyBaHb. B yciX mpoaHamizoBaHUX IMTyOJiKaIisax
MOBIAOMIISIIOCS. TIPO  MMICIISOTepaIliiHi  HyIoTy
Ta OJIOBOTY TiCJsl BUMHUCKU. YacToTa micsione-
pamiiiHoi HyJOTH Ha T aHecTe3ii mponodoaom
OyJ1a HIDKYOIO y TIOPIBHSHHI 3 IHTaJISIIHHOIO aHe-
cresiero (13,8% mpotu 29,2% BiamosigHo, RR -
0,50 (95% I 0,35-0,71), p<0,001). Ananoriu-
HUM YUHOM, PU3HUK IIMX YCKIIQJHEHb OyB HIKIUM
MIpU TOPIBHSIHHI mpornodoiy 3 ceBOIIOPAHOM
(15,1% mpotu 26,7% Binnosigao, RR 0,56 (95%
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AL 0,34-0,90); p=0,02). IIpote, B ycix mocii-
JDKEHHSIX BUKOPHCTOBYBajlach MOHOKOMITOHEHT-
Ha aHecTe3is ceBoQUIypaHoOM, a He KOMOIHOBaHa.
BigHocHo 6010BOT0 CHHAPOMY HE OYJI0 BIpOTijI-
HOT Pi3HUIN MK MPOrodosIoM Ta ceBo(IypaHOM
(23,9% npotu 20,8% BignosigHo, RR-1,17 (95%
AT 0,89-1,55), p=0,26). 3aranom, 0OMeKyHOUUM
(hakTopoMm Oys1a BUCOKA HEOTHOPIAHICTH BUOOPOK
(76%) (G. Kumar, C.Stendall, R. Mistry, K. Gu-
rusamy, D. Walker. 2014).

VY BrnacHiii poOOTi JIOBenEHO, L0 TiMEpTEeH-
3UBHI €301 dYacTime 3adikcoBaHi B Trpymax
iHTanAniiHo1 anectesii ceBodurypanom (10,0%,
OR — 1,47) 3 BipoOrigHOIO 3aJCKHICTIO B JIHIN-
Homy Tpenmi (32=5.59, p, . ....=0.061). 3nauno
piamie TimepTeH3WBHI emi30au BepudikoBaHi 3a
3acTOCYBaHHs ceBoduIypany 3 omioinamu (6,7%),
MpoTe He Mpu KOMOIHAIIT ceBoduIypaHy 3 MOJIH-
¢ixoBannm PECS-6moxom. Ilpu BHYTpIIIHBO-
BEHHI aHecTe3ii Ha OCHOBI Mpornodoiry B psi
BUIIJIKIB CIIOCTEPITAIUCh CIMi30AN TilOTeH311
(x2=3.66, p=0.056) Ta HAAULTYHOYKOBI €CKTpa-
cuctonu (y2=3.66, p=0.056). BcranosneHo, 1o
rinepkpeatutinemis (6,7%, x2=3.661, p=0.056)
ta rinepkaniemis (3,3%) Oynu BepudikoBaHi Ha
(hoH1 BHYTpPIIIHROBEHHOI aHecTe3li Ha OCHOBI
nponogomny. ITomipHa rineprimikeMis croTepira-
Jlach HalyacTile B TPyMi 1301bOBAHOTO 3aCTO-
cyBanHs ceBodurypany (10,0%), mo moBemeHo
KaTeropiaJbHUM aHaTI30M B JIIHIHHOMY TPEH/II
(x2=3.92, p,,.,.=0.141).

HactynmHuM KpokoM Tiepesi CTBOPSHHSIM TIPO-
THOCTHYHOI MOZET PU3UKY B HamIiil poboTi OyB
KaTeropiaJbHUN aHami3 YacTOTH XiPypPTiuHHUX
YCKJIaIHEHb, 4 TAKOX TeMOIWHAMIYHHX Ta Me-
TOOOIYHKMX €Mi30/iB 3aJIEKHO BiJ (HI3UIHOTO
cTarycy mamieHTiB 3a ASA. 3a OI[iHKM 4acTOTH
YCKJIQJHEHb TUIACTUYHOI Xipyprii BCTaHOBJICHO
JiHIMHY 3aJeXHICTh BiJl ()U3UYHOTO CTaHy Ia-
LIE€HTIB Ta OUIBIIY YacTOTY PO3BUTKY KOHTpPaK-
Typu bekkepa npu ASA III (15,4%, OR — 7,33,
v2=7.40, p=0.007). ®izuunnii craryc 3a ASA III
OyB 00’€KTHBHOIO NMPUYMHOIO PO3BHUTKY IMiCIIs-
omnepaniitnoi nynotu 23,1% (x2=1.82, p=0.176,
OR - 4.05). ITicnsionepariiitna 6110BOTa BUHUKA-
na 3 yactororo 3,4% npu ASA 1, 2,1% - ASA I,
7,7% - ASA 1II. Hamu noBeneHo, 1o rinepTeH-
3uBHI remoanHaMiuHi (23,1%, ¥2=10.9, p=0.001)
Ta aputmiuHi (2=3.45, p=0.063) enizonu 4iTKO
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acoritoBanucs 3 ¢pizngauM crarycom 3a ASAIIL
Ha BimMiHy Bia TiMOTEH3WBHHX, JC, 3T1IHO Ka-
TEropialbHOTO aHalli3y, MaB C3a4EHHS CTaTycC
ASAII (x2=0.07, p=0.79).

3a OMIHKYU JaHWX KiTBKOX JOCHTIKEHb IMOBi-
JIOMJISITOCH TPO HEBIPOTIIHY PI3HUINIO iIHTEHCHB-
HOCTI MiCIIIonepaniiHoro 000 MporodoILHO0
Ta THTAIALIHHOIO aHEeCTE31€10, POTE BKA3YETHCS
HA BaXJIMBICTh BUXITHOTO (DI3MYHOTO CTaTyCy
nanienTa (Passos SC, Stahlschmidt A, Blanco J,
Spader ML, Brandao RB, Castro SMJ, Gutierrez
CS, Silva Neto PCD, Stefani LPC. 2021).

VY poboTi NiHIAHY 3aNeXHICTh Bl CTaTyCy
ASA noBeneHO BITHOCHO aHEMIYHOTO CHHJIPOMY
Ta roctpodazoBoi peaxiii B MiCISIONEpaiifHOMY
nepioai (ASA III — 7,7%, ASAIIL — 4,1 ta 2,1%,
p=0.064), a TakoXX 1070 €mi30/AiB rinepKamxieMii
(7,7%) Ta rinepkpearuninemii (15,4%, p=0.004).
BiporifHicTh TineprimiKeMiYHUX €IMi30/IiB TaKOX
KOpEJIoBaia 3 aHEeCTE310JIOTIYHUM  CTaTyCcoM
ASA Ta cnocrepiranace y 23,1% mnauieHTOK 3i
crarycoM ASAIIL, 4,1% xBopux 31 crarycom
ASAII (x2=10.9, p=0.001).

Jyisi CTBOpEHHSI MPOTHOCTHYHOI MOJAETI pH-
3WKy B Halliil poOOTI BUKOPUCTOBYBABCS METO[
O1HApHOT JIOTICTUYHOI perpecii 3 BUKOPUCTAHHIM
MakKeTy cremniaabHoro npusHaueHHs SPSS. 3a au-
XOTOMIYHY TIEPEMIHHY NPUHHATO BIPOTiTHICTH
mic/sIoNepaliiHiuX yCKIaJHEHb Y BiIMOBITHOCTI
710 He3aJIe)KHUX nepeMiHHuX. Cepell He3aleKHUX
NEepEMIHHUX B MOJIENb Oy/M BKJIFOYEHI TaKi Ymc-
JIOB1 MMapaMeTpH sIK BiK, 1HACKC MAacH Tija, BMICT
IIIIOKO3H, KpeaTuHiny, BIS BHyTpimmHboOnIepartiii-
HUH, BHYTPIIIHbOOTIEPAIIHHUN CUCTOJIYHHUM ap-
TepialbHUX TUCK, TPUBAJICTh BTPyYaHHS, OOJIBO-
BUI CHHIPOM 4epe3 24 TOIUHU MICHs BTpydYaHHs,
KOTHITUBHI MOPYIIEHHS 4yepe3 24 TOIUHM Ticis
BTpy4anHs. Cepell KareropiaibHUX MEPEeMiHHHX
BiZiOpaHi BUJ aHecTe3il, Ki1ac mamienra 3a ASA.
[lpoBeneHHsT KAHOHIYHOTO  JIUCKPUMIHAHTHO-
ro aHalizy pe3yJbTaTiB OOCTE)KEHHS TMAIli€HTIB
CTaHJAPTHUM METOJIOM JIO3BOJHJIO PO3POOHTH
MaTeMaTH4YHI MOJIENi, B OCHOBY SIKUX MOKJIAJICHO
3aJ1aqy IMiIBUILEHHS 1HPOPMATHBHOCTI TPOTHO3Y-
BaHHA €(DEeKTUBHOCTI aHECTE310JI0TIUHOTO 3a0e3-
MICYCHHSI 32 PEKOHCTPYKTUBHUX Ta €CTETHYHHX
XIpypriuyHuX BTpy4YaHb Ha MOJIOYHUX 3AJ103aX.

3a TaHMMH BHBYCHHS YacCTOTH OKPEMHUX KIIi-
HIKO-aHAMHECTHYHUX (PaKTOPIB 1 MPOrHOCTHYHO-
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r'0 3HAYCHHS KOXKHOTO 13 KPUTEPIiB ONparboBaHO
MIPOTOKOJI MPOTHOCTHYHOI OIIIHKU €()EKTUBHOCTI
aHecTtesil M yac PEKOHCTPYKTHBHHUX Ta €CTe-
TUYHUX XIPypriuHUX BTPy4aHb HA MOJIOYHHX 3a-
j103ax, Taom. 1

Ipormoc
Panr | Knigiko-maToreHeTHwHi JEIBE,
daxTopa 03HAKH 3HAYEHH
a
Monoxounonenmua +11.5
1 Bua aHecTesil
Moougixosanuil PECS 2,7
LI cmyniss, +10.9
2 ASA
T emyning, 4.4
>50 pokis +10,3
3 Bik Bt
<30 poxis 5,0
=25 ke/m’ +37
4 IMT
<25 ke/m’® -1,6
»5,5 mMmone/n +5.3
5 BuicT rawkesH Ginbme
<5,5 MMmons/n -1.7
PiBenb KpeaTHHIHY Ginbmme >110 mEmons/n +3.2
6
70-110 mxmons/a -14
=70 +11.9
7 BIS
50-70 -10,2
F2-x 200uH +0.5
8 TpHBATICTL BTPYYaHHA
<2-X 200uH -1,2
Crcroiuunnii Z135 g0 <110 mmpmem | +3.3
9
apTepialbHHEA THCK, 110-135 Mt pm. cm. -83
10 BoaboBHIl CHEIPOM Yepe3 =4-x fanis +4.8
24 roaHHy Nicag BTPY1aHAA =]-20 6aia -3.7
KorniTngai nopymenas =10 gazis +1.7
11 wepes 24 roIuHn micus
<10 gazig 0.1
Empianey

Tab6umus 1. [TpoTokoa NpOrHoCTUYHOI
OLIHKK e()EeKTUBHOCTI aHecTe3ii i yac
PEKOHCTPYKTUBHUX Ta €CTETHYHUX XiIPYPTidYHUX
BTpyYaHb Ha MOJIOYHHUX 3aJ1033aX

CTpyKTypHO TMPOTOKOJ Ma€ BUIIIST TaOlu-
I, SKa BKJIFOYAE KJIIHIKO-aHAMHECTHYHI O3HAKH
Ta BIJMOBIAHI IM MPOTHOCTUYHI KOEQIIIEHTH 1
IIKaJTy OIIHKH Pe3yJbTaTy MPOrHO3yBaHHS. 3a
KOXKHOIO KIIIHIYHOO O3HAKOIO BU3HAYAIH 11 HasB-
HICTh Y BIJICYTHICTb, & BIAMIOBIIHI IPOTHOCTHY-
Hi Koe(iLIEHTH TOIaBAIH.

3a MOCATHEHHS MOPOTOBOI CyMH KoeirieH-
TiB 3 BUKOPUCTAHHSIM IIKaJIH BU3HAYAIH TPYITY
PHU3HKY: SKIIO CyMa MPOTHOCTUYHHUX KOe(illi€H-
TiB JIOPIBHIOE 200 HIDK4YA, HIXK -19,8, pu3uk Mi-
HiMaJIbHMM; Oinbina -19,8 1 Hmwxkva 19,8, pusuk
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HEBU3HAYCHUH; SKIIO TOPiBHIOE a00 BHINA, HIXK
19,8, pu3UK BUCOKHUH.

3a OIIHKM MeTa0OIIYHOTO CTAaTyCy Ta 3arajib-
HOKJIIHIYHUX TTOKa3HHUKIB MAIli€EHTIB B TEPHOIIC-
parfiiiHoMy TiepioJii BCTAHOBJICHO BipOTiHE 3HU-
YKEHHS PIBHS TeMOIVIO0IHY B TiCIsS0TIEpalITHOMY
nepionai (Ha 5,8%, p<0,05), BMICTY epUTPOLIUTIB
(ma 10,5%, p<0,05), TpombouuTiB (Ha 32,7%,
p<0,05), mpupict uncna neixouutis (Ha 36,7%,
p<0,05) Ta MWBUAKOCTI OCIJaHHS €PUTPOIUTIB -
IOE (ua 26,7%, p<0,05). 3a cepeanimMu 3Ha4YCH-
HAMH O10XIMIYHUX TIOKa3HHMKIB CIOCTEPIrajoch
30imbIIeHHs piBHSA Timikemil (Ha 41,7%, p<0,05),
MPUPICT BMICTY KpeaTuHiHy 3 (Ha 33,8%, p<0,05),
nediHkoBUX TpaHcaminaz - AnAT (wa 51,1%,
p<0,05) Ta AcAT (na 44,5%, p<0,05), 30inb111eH-
Hs piBHSA HaTpito (Ha 6,5%, p<0,05) Ta kamito (Ha
41,0%, p<0,05).

BcraHoBiieHo, mo 3araibHa 4acToTa MicHsi-
oTepaIiifHuX €mi30/diB CTaHOBMWJIA 48 BHUIAIKIB
(40,0%) cepen 3aranbHOI KITBKOCTI 00CTEKECHUX.
3 HHX, YCKIIQJIHEHb, TIOB’I3aHUX 3 MPOBEICHHIM
€CTETHUYHUX Ta PEKOHCTPYKTUBHUX BTPyUYaHb — 3
Bunaaku (2,5%). Bci Bunaaku micisionepari-
HUX YCKJIQJIHCHb OYyJIH MpeICcTaBlIeH] KOHTPAKTY-
poto beiikepa. KimiHivHI yCcKIaIHeHHsI, OB’ A3aH1
3 QHECTE310JI0TTYHIM 3a0e3MeUeHHSIM MPECTaB-
JIeH1 JIOAaTKOBOIO MOTPEOOI0 B Omioigax 4yepes 3
(5,0%) ta 8 romuu (2,5%), micisonepaniiHo
Hynotor (8,3%) ta OmoBororo (3,4%). Emizo-
I TiepTeH3ii B paHHbOMY MicisioneparitHoMy
nepioai Bepudikonani y 4,2% mnaii€HToK, rino-
Tensii — y 1,7%, mOpyIIeHHsT pUTMY Ta HPOBiJ-
HOCTl — y 1,7%. MetabomniyHi Ta KJIiHIKO-J1a00-
paTopHi emi3oau y mepHonepaiiHoMy mnepiosui
Oynu TpeacTaBlieHI aHEMIYHUM CHHIAPOMOM 1
CTyHeHs 31 3HWKEHHSIM remMornooiny menme 120
/1 (2,5%), roctpoda3zoBoi0 peaxii€ro 3 IMiJIBU-
mernsim LIOE Ginbire 20 mm/rox. (1,7%), rinep-
riikemiero (4,1%), rinepkpearuninemiero (1,7%)
Ta rinepkamniemiero (0,8%).

Pe3yabTaru

JloBenieHO, 110 TOYHICTH 3aPOIIOHOBAHOI MO-
neni ckimanae 98,8%, a MPOTHOCTUYHY MOJIEIH
HicIIIoNepaifHuX YCKIaJHEHb IPU €CTETUYHHUX
BTPYYaHHIX Ha MOJIOUHHMX 3aj03ax Oyna mpej-
craBieHa piBHsHHIM (Mai. 1):

ByB 3amponoHnoBaHuii IPOTOKOJ OIIHKH e(eK-
TUBHOCTI aHecTe3ii MiJ] Yac PeKOHCTPYKTUBHUX
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Mamntonok 1. @opmyna IpOrHOCTUYHOTO PIBHSIHHS

Ta €CTETUYHUX XIPYPriuHUX BTPYYaHb HA MOJIOY-
HUX 3aJ103aX. 3a JOCSATHEHHS OPOrOBOI CyMH KO-
eQIIieHTIB 3 BUKOPUCTAHHIM LIKAJIA BU3HAYCHO
IpyIy PU3MKY: SKIIO CyMa NPOTHOCTUYHUX KOE-
(iieHTIB JOPIBHIOE 00 HIDKYA, HIXK -19,8, pusuk
MiHIMaIbHUH; Oltbma -19,8 1 Hwkya 19,8, puszuk
HEBU3HAYCHHI; SKIIO NOPiBHIOE ab0 BHINA, HIX
19,8, pusuk BucOKuil. UyTIMBICTH MPOTOKOIY
cknana 95,7%, cnenudivnictb — 93,5%, mo3u-
THBHA MPOTHOCTHYHA HiHHICTE — 91,8%, Hera-
THUBHA MMPOTHOCTHYHA HIHHICTh — 92,9%.

Oo0rosopeHHs

[IpoBeneHHST KaHOHIYHOTO TUCKPUMIHAHTHO-
TO aHaji3y pe3yJabTaTiB OOCTEKEHHS MAaIliEHTIB
CTaHJAPTHUM METOJOM JIO3BOJHJIO PO3POOHUTH
MaTeMaTU4HI MOJIeNi, B OCHOBY SIKUX IMOKJaJe-
HO 3a/1a4y MiABHUILEHHS 1H(OPMATHUBHOCTI IMpPO-
THO3yBaHHS €(EKTUBHOCTI aHECTE310JIOTTYHOTO
3a0e3neYeHHS 32 PEKOHCTPYKTUBHUX Ta €CTETHUY-
HUX XIpypri4HUX BTpy4YaHb Ha MOJIOYHHUX 3aJ1032.
VY koIHOMY 3 MpOaHaTI30BaHUX AOCTIIKEHb HE
OyJ10 3apEECTPOBAHO CEPHO3HUX MOOTYHHX eek-
TiB aHecTe3ii, 1 e OyJI0 OUiKyBaHUM , OCKUJIBKH
BEJIMKA 3aXBOPIOBAHICTh Ta CMEPTHICTh, 0€3MO0-
CepeqHbO MOB)SA3aH1 3 aHEeCTe31€10, 3apa3 3yCTpi-
yatoTbes Bkpah pigko (G. Kumar, C. Stendall,
R.Mistry, K. Gurusamy , D. Walker. 2014).

[Ipore, € noxaswu, 110 micasonepariitti yckmazi-
HEHHSI 3aJIe)KaTh He JIMIIE BiJl BUIY aHeCTe3li, ane
€ HIYKYHUMU TIPH O1TBIII BACOKOMY (PiI3UYHOMY CTa-
tyc. Lleii (hakT € BaXKIIMBUM Yy KITIHII ITACTUIHOT
Xipyprii, Tak sK 0araro Mali€HTIB BiA4yBalOTh
micisonepariiiHi HynoTy Ta ONIOBOTY, a TaKOX
BKa3ylOTh Ha OOJIHOBUI CHHAPOM Ta MOTPEOYIOTh
MOBTOPHOI TocCIHiTam3amii B 3B 3Ky 3 MeTado-
JIYHUMHU YCKJIQJHCHHSMHU JIUIIE TICIs BUIHCKU
3 mikapHi (Tyagi A, Ramanujam M, Sethi AK,
Mohta M. 2021). Ilicas BUOUCKH 3aXBOPIOBa-
HICTh Ha MICISONEpaIliHy HYJIOTy Ta OJIOBOTY
cranoBuTh 10 30-50%. Takum umHOM, BUOIp

oTmepaiifHoOro MeToay aHectesii Moxe 3abe3sre-
YUTH TPO(UTAKTUKY JHIIEe HA PaHHIX CTaIIfgX
micisionepaniiftnoi Hygotu Ta OmoBoTH. ToOTO,
JUTSI OLTBIIIOCTI MAIlI€HTIB TOBUHHA OYTH CILJIaHO-
BaHa BIAMOBIAHA CTpaTerist a0 MPOTOKOJI BEJICH-
HS MICIISIONEPAIifHOTO TIePioYy.

BucHoBkn

@dakTopHUII aHaI3 KIiHIKO-aHAMHECTHYHHX,
armapaTHUX Ta JIAOOPATOPHHUX IMOKA3HHKIB y Ma-
IIEHTIB, SIKUM OYJIO TIPOBEICHO PEKOHCTPYKTHB-
Hi Ta €CTETUYHI XipypriuyHi BTpy4YaHHS Ha MO-
JOYHHMX 3a703aX, JO3BOJUB BCTAHOBHUTU TPYIH
(dakTopiB, SKi BU3HAYAIOTh BapiaTUBHICTH O3HAK.
Po3pobnenuit mpoTokosn OMIHKKA €(EeKTHBHOCTI
aHecTe3ii miJ Jac PeKOHCTPYKTUBHUX Ta ecTe-
TUYHHUX XIPypriuHUX BTPy4aHb HA MOJIOYHUX 3a-
JI033aX XapaKTepH3YEThCs MapaMeTpaMu KIiHIY-
HOT IIIHHOCTI, JOCTATHIMH JJisi 3aCTOCYBaHHS y
aHecTe310JI0TIYHOMY 3a0e3eueHHI PeKOHCTPYK-
TUBHUX T4 €CTETHYHUX XIPypriuHUX BTPYYaHb HA
MOJIOYHHUX 3aJI03aX.

diHaHCyBaHHS

Jlane nociipKeHHS HEe OTPUMAJIO 30BHIIIHBO-
ro (piHaHCYBaHHSI.

Konduiikr inTepecin

VY npencrasieHiit po6oTi HeMae KOHQITIKTY 1H-
TEpeciB.

3roga Ha nmyOJikaniro

3rofa Ha myOmikalilo oTpUMaHa Bij ycixX ma-
IIEHTIB SK1 Oy/nM 3ajydeHi y MPOCHEKTUBHE J0-
CITIDKSHHS.
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The use of a predictive model of postoperative complications and a protocol for
assessing the effectiveness of anesthesia in reconstructive and aesthetic surgical
interventions on the mammary glands
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Abstract: When developing recommendations for choosing a method of anesthesia for recon-
structive and aesthetic surgical interventions on the mammary glands, it is important to evaluate the
effectiveness and safety of anesthetic management. In addition to the effect on the central nervous
system, general anesthesia has a complex effect on the body, including causing changes in various
parts of the metabolism. Metabolic changes associated with surgical stress include activation of cata-
bolic processes and increased proteolysis. The aim of this work was to develop a model for assessing
the effectiveness of anesthesia during reconstructive and aesthetic surgical interventions on the mam-
mary glands, as well as to develop an appropriate protocol. The work carried out a step-by-step as-
sessment of the effectiveness of anesthetic management in reconstructive operations on the mammary
glands. The performance evaluation tool for creating a predictive risk model in our work was a cat-
egorical analysis of the frequency of surgical complications, as well as hemodynamic and metabolic
changes, depending on the physical status of patients with ASA. To create a predictive risk model, we
used a binary logistic regression method using the SPSS special-purpose package. The probability
of postoperative complications was taken as a dichotomous variable in accordance with indepen-
dent variables. Among the independent variables, the model included such numerical parameters as
age, body mass index, glucose, creatinine, intraoperative BIS, intraoperative systolic blood pressure,
duration of intervention, pain syndrome 24 hours after the intervention, cognitive impairment 24
hours after the intervention. Among the categorical variables, the type of anesthesia, the class of the
patient according to ASA were selected. In the proposed protocol for assessing the effectiveness of
anesthesia during reconstructive and aesthetic surgical interventions on the mammary glands, when
the threshold sum of coefficients is reached, a risk group is determined using a scale. The sum of
prognostic coefficients is equal to or lower than -19.8, the risk is minimal; greater than -19.8 and
less than 19.8, the risk is uncertain; if equal to or higher than 19.8, the risk is high. The sensitivity of
the protocol was 95.7%, specificity - 93.5%, positive predictive value - 91.8%, negative predictive
value - 92.9%. Factor analysis of clinical, anamnestic, instrumental and laboratory parameters in
patients who underwent reconstructive and aesthetic surgical interventions on the mammary glands
made it possible to establish groups of factors that determine the variability of signs. The developed
protocol for assessing the effectiveness of anesthesia during reconstructive and aesthetic surgical
interventions on the mammary glands is characterized by parameters of clinical value sufficient for
the anesthetic support of reconstructive and aesthetic surgical interventions on the mammary glands.

Key words: anesthesia, breast, mammaplasty, prognosis.
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Abstract: the article presents the results of studying the technological properties of medicinal
plant raw materials Siberian Statice (Limonium gmelinii), namely specific, volumetric, bulk den-
sity, determination of absorption coefficient and swelling rate, as well as porosity, free volume
layer and fractional composition. Grinded raw materials from the aboveground part of Siberian
Statice, which included stems, inflorescences, flowers was the object of the study. Siberian Staticea
(Limonium gmelinii) is a perennial herbaceous bare plant of the Kermek genus, which contains
tannins, flavonoids, hydroxycinnamic acids, anthocyanins, coumarins, carbohydrates, polysaccha-
rides, organic acids, amino acids and others. The raw material in the Genichesk district of the
Kherson region was harvested in 2021. The study of basic technological properties was carried out
according to generally accepted methods, which are listed in the State Pharmacopoeia of Ukraine.
The data obtained during the study indicate that the composition of the grinded raw material is
polydisperse and it is not possible to determine one predominant fraction. Particles with a size of
2,8-1,0 mm are about 80% of the composition. This diversity of composition can be explained by
the fact that the studied aboveground part of plant raw materials includes a thick-branched stem,
inflorescences with small regular flowers. The humidity of the studied raw materials is 0,23%. The
specific density of raw materials is 1,3446 + 0,0073 g/cm’, and the volumetric density of plant raw
materials is 0,4679 + 0,0450 g/cm®. Bulk mass after shrinkage decreased from 80 to 69, which is
13,75%. Volumetric shrinkage increased from 0,1251 g/cm’to 0,1436 g/cm’. Indicators of porosity,
porosity and free volume layer (0,6933 g/cm’, 0,7326 g/cm’, 0,9073 g/cm’, respectively) are quite
high, which indicates a good absorption capacity of raw materials. The average value of the ab-
sorption coefficient was 6,33 £ 0,34, which indicates a high cost of extractant, and the swelling
rate shows that the investigated raw material doesn't swell, this indicates the presence of pores
inside the stem, where the extractant is retained, but does not increase linear dimensions and vol-
ume plant raw materials. The technological properties of Siberian Statice (Limonium gmelinii)
raw materials have been experimentally determined, which allow choosing the optimal extraction
methods for the studied raw materials, namely the extraction method, the ratio of raw materials:
extractant, the nature of the extractant.

Key words: Siberian Statice (Limonium gmelinii), plants medicinal, flower essences.
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Introduction

The modern world is increasingly turning to
herbal medicines for the treatment of various
pathological conditions, as well as their preven-
tion. They have a wide range of biological action,
low toxicity and are in demand among the popu-
lation. Therefore, the study of new sources for the
creation of drugs based on medicinal plant raw
materials is quite relevant.

Siberian Statice herb was selected for the
study, as this medicinal plant raw material is offi-
cial only in the Kazakhstan Republic. In Ukraine,
this raw material is used only in folk medicine.
Only the root of Siberian Statice is used, from
which the substance “Limonidine” was obtained,
on the basis of which a tincture and ointment were
obtained. Therefore, the aboveground part of the
studied raw material is a promising source of bi-
ologically active substances and requires further
research. This raw material has a wide range of
biological action, namely it has high antioxidant,
anti-inflammatory, capillary-strengthening, hepa-
toprotective, antimicrobial, antimutagenic and
antiviral properties. Used at the gastrointestinal
tract diseases, improves blood supply to internal
organs, also has a wound-healing effect, and is
effective for rinsing the mouth with any inflam-
matory diseases (XKycynosa I, 1 iH., 2012; I'pox-
3iHCBKHH, A. M., 1992).

To obtain a medicinal substance from the grass
of Siberian Statice, it is necessary to choose the
optimal method of production, which will ensure
the maximum yield of active substances. The
extraction of BAS from medicinal plant raw ma-
terials is an important process in the creation of
herbal medicines. Extraction is a physical-tech-
nological process based on diffusion phenomena
and its efficiency depends on many parameters:
selectivity of the extractant, extraction meth-
od, degree of grinding of raw materials, etc., as
well as technological properties of raw materi-
als (Grytsyk, A, Dubel, N & Grytsyk, L 2021;
VYkpainu, . @., 2014). Therefore, for choosing
of extraction methods, the nature of the extractant
and the ratio of raw materials: extractant, need
to study the technological characteristics of raw
materials, because these indicators will affect the
efficiency of the extraction process (Ilporynke-
Bu4, O. O., [Ipucsoxuiok, K. O. & Tlonomapso-
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Ba JI. A., 2019). They make it possible to define
cost norms of plant raw materials and extractant
for the efficiency of the extraction process.

Aim

Investigation of technological parameters of
medicinal plant raw materials Siberian Statice
(Limonium gmelinii) to select the optimal ex-
traction regime. The study was aimed to deter-
mine the properties of raw materials such as:
specific, volumetric, bulk density, determination
of the absorption coefficient and swelling rate, as
well as porosity, porosity, free volume layer and
fractional composition.

Materials and methods

Grinded raw materials from the aboveground
part of Siberian Statice (Limonium gmelinii)
which included stems, inflorescences, and flow-
ers was the object of the study. The raw material
was harvested of wild plants in the fields between
the Henichesk town and the Henicheska Hirka
village, near the Henichesk Strait in the Henich-
esk district of the Kherson region in August 2021.
Siberian Staticea (Limonium gmelinii) is a peren-
nial herbaceous bare plant of the Kermek genus,
which contains tannins, flavonoids, hydroxycin-
namic acids, anthocyanins, coumarins, carbohy-
drates, polysaccharides, organic acids, amino ac-
ids and others (Koxxamkynosa, XK. A., 2011). The
research of basic technological properties was
carried out according to generally accepted meth-
ods. (bacara €. 1., 2013; IIporynkeBuy,O.O.,
ITpucsxniok, K. O. & ITonomapsosalJl. A., 2019;
[Tanara, B. f. & Cyp, C. B. 2012; Ykpaiunu, /. ®.,
2014)

Results

First of all, the fractional composition of me-
dicinal plant raw materials was studied. After
all, the first stage of raw material processing is
grinding, which is one of the main factors in-
fluencing the diffusion rate and completeness
of extraction of biologically active substanc-
es during extraction, which affects the density,
swelling and absorption coefficients of plant raw
materials. Assessment of the quality of raw ma-
terials was performed by sieve analysis, which
is a quantitative characteristic of the fractional
composition of grinded medicinal plant raw ma-
terials. The weighted average particle size is the
main parameter.
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Table 1. The results of the fractional composition determination (n = 3)

) Sieve analysis of raw materials
Sieves No T.he size of the Passing through a sieve
sieve cells, mm Average value, %. | Total balance, %. . ’
3 4,0 11,394 11,394 88,606
4 2,8 16,601 27,995 72,005
5 2,0 20,792 48,787 51,213
6 1,4 25,045 73,832 26,168
7 1,0 17,067 90,899 9,101
8 0,7 6,714 97,613 2,387
9 0,5 1,635 99,248 0,752
Pallet 0.752 100 0

The sieve analysis results of medicinal plant
raw materials are in table 1.

Analyzing the data obtained during the study,
we can conclude that the composition of the
grinded raw material is polydisperse and it is not
possible to determine one predominant fraction.
Particles with a size of 2,8-1,0 mm are about 80%
of the composition. This diversity of composition
can be explained by the fact that the studied abo-
veground part of plant raw materials includes a
thick branched stem, inflorescences with small
regular flowers.

Determination of loss-on—drying of medicinal
plant raw materials was performed according to
the SPU method (Vkpainu, . @., 2014). Humid-
ity of the investigated raw materials is 0,23%,
have been established as a result of research.

Further research at determining the volumetric
and specific density of raw materials was aimed,
which have no less effect on the completeness of
extraction.

Specific density (d,) is the ratio of absolutely
dry grinded medicinal plant raw materials to the
volume of plant raw materials. The study of this
indicator will further predict the raw materials
loading volume extractor (Illanara, B. f. & Cyp,

C.B., 2012; Ykpainn, J. ®@., 2014). The results of
the study are shown in table 2.

The specific density of raw materials is 1.3446
+0.0073 g/cm?.

Volumetric density (d ) was defined as the ra-
tio of the mass of grinded raw material at natural
or specified humidity to its total volume, con-
taining pores, cracks and capillaries filled with
air (Yxpainm, . @., 2014). The results of de-
termining the volumetric density are shown in
table 3.

Bulk density (d,) was defined as the ratio of
grinded raw material at natural or specified hu-
midity to the total volume occupied by the raw ma-
terial together with the pores of the particles and
the free volume between them (Alkhalaf,M.V.,
Ruban, O. A., Gerbina, N.A. & Masliy, J. S.,
2018; bucara €. 1., 2013; Grytsyk A. et al, 2021;
VYkpaiunuy, /. @., 2014).

Bulk volume and volumetric shrinkage were
determined according to the SPU methods. The
results of the experiment are shown in table 4.

The results of the experiment show that the
bulk volume after shrinkage decreased from 80
to 69, which is 13,75%. Volumetric shrinkage in-
creased from 0,1251 g/cm’to 0,1436 g/cm’.

Table 2. The results of the specific dens

ity raw materials determination (n = 3)

Mass of
pycnometer with
purified water, g

Mass of absolutely
dry grinded raw
materials, g

with water

Mass of pycnometer

materials, g

Specific
density of raw
materials, g/cm?

The average value of
the specific density of
raw materials, g/cm?

and raw

5,011 173,558 174,856 1,3495
5,008 173,342 174,642 1,3506 1,3446+0,0073
5,017 174,072 175,327 1,3336
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Table 3. The results of the volumetric density of plant raw materials determination (n = 3)

Ser. [ Mass of plant Volume occupied by | Volumetric density of | The average value of the volumetric
No. | raw materials, g | raw materials, g/cm? raw materials, g/cm® density of raw materials, g/cm?

1 10,028 20 0,5014

2 10,038 20 0,5019 0,4679+0,0450

3 10,011 25 0,4004

The volumetric density of plant raw materials is 0,4679 + 0,0450 g/cm®.

The obtained results of specific, volumet-
ric and bulk density of plant raw materials used
to calculate its porosity and free volume layer,
which make it possible to identify the required
ratio of raw materials: extractant. These indica-
tors are calculated according to the SPU formulas
(Vkpainu, . @., 2014).

Porosity of raw materials (P) was character-
ized as the size of the cavities inside the raw ma-
terial particles and was defined as the ratio of the
difference between the specific density and volu-
metric density to the specific density.

Porosity of the raw material layer (P) was
characterized as the size of the cavities between
the particles of plant material and was defined

as the ratio of the difference between volumetric
and bulk density to volumetric density.

The free volume of the raw material layer (V)
is characterized as the relative volume of free
space per unit of raw material layer (cavities in-
side and between particles), and is calculated as
the ratio of the difference between specific and
bulk densities to specific density. The results of
determining the porosity, porosity of the raw ma-
terial layer and free volume of the raw material
layer are shown in table 5.

Determination of absorption and swelling
coefficients are important indicators of the ex-
traction conditions choice, which show the ability
of raw materials to absorb the extractant, which

Table 4. The results of the bulk volume and volumetric shrinkage of plant raw materials

determination (n = 3)

. Raw Bulk Bulk density Bulk density (after Shrinkage
Volumetric . c c c
. materials | volume after | (before shrinkage), | shrinkage), m/V___, capacity
shrinkage . 1250

mass shrinkage, ml m/V , g/ml orm/V,_ . g/ml (VY 55 ml
v, 80
Vi 78

10,003 0,1250 0,1429 10
Vi 72
V1250 70
v, 78
Vi 76

10,007 0,1283 0,1450 9
Vi 70
VIZSO 69
v, 82
Vi 78

10,004 0,1220 0,1429 12
Vi 72
V1250 70

Average value 0,1251 +£0,0021 0,1436 +0,0009 10,3 +1,3
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Table 5. The results of the porosity, porosity of
the raw material layer and free volume of the
raw material layer determination

Porosity g/cm? 0,6933
Porosity of the raw material layer g/cm® | 0,7326
Free volume layer g/cm? 0,9073

The porosity, porosity of the raw material layer and free
volume layer are quite high, which indicates good absorp-
tion capacity of raw materials.

affects the cost factor in the process, because us-
ing tabular values is not always rational.

To determine the absorption coefficient in a
graduated glass cylinder with a capacity of 25 ml
(height - 125 + 5 mm, the price of the mark - 5
ml), equipped with a ground stopper was placed
1 g of the raw material. 25 ml of 96,6% ethanol
solution was added to the test sample and closed
the cylinder by stopper. Leave to infuse for 4, 6
and 8 hours. 4, 6 and 8 hours after, the extractant
was drained and the volume of the fused extract
was measured. The absorption coefficient was
determined by the ratio of the obtained extract
volume to the filled extractant volume (Illama-
ta,B. 4. & Cyp, C. B., 2012; Vkpaiuu, 1. ©.,
2014). The results are shown in table 6.

The average value of the absorption coeffi-
cient was 6,33 = 0,34, which indicates the high
cost of the extractant.

At the swelling coefficients determination,
1.0 g of the grinded tested sample was placed in a

ISSN 1996-353X
ISSN 2311-6951

graduated glass cylinder of 25 ml capacity, height
(125 = 5) mm, division value of 0,5 ml, equipped
with a ground stopper. The test sample was wet
by 1,0 ml 96% ethanol, 25 ml of water was add-
ed and the cylinder was closed. The cylinder was
shacked vigorously every 10 min during 1 h, then
left for 3 h. By rotating the cylinder around the
vertical axis, the main volume of fluid is released
after 90 min test start. Measure the volume occu-
pied by the test sample, taking into account the
sticky mucus (Ykpainu, J[. ®@., 2014). The results
of the experiment are shown in table 7.

The study results of the absorption and swell-
ing coefficients indicate that raw material has the
ability to absorb the extractant, but does not swell,
which indicates the presence of pores inside the
stem, where the extractant is retained, but does
not increase the linear dimensions and volumes
of raw materials.

The main technological parameters are sum-
marized, based on the data obtained during the
experiment, are shown in table 8.

Conclusions

The technological properties of Siberian Stati-
ce (Limonium gmelinii) raw materials have been
experimentally determined, namely loss-on—dry-
ing, fractional composition, specific, volumetric
and bulk density, porosity, porosity of the raw
material layer, absorption and swelling coeffi-
cient. The obtained data indicate that the compo-
sition of the grinded raw material is polydisperse,
since the studied aboveground part of plant raw

Table 6. The absorption coefficient determination (n = 3)

Raw materials 95% ethanol Infusion duration, | Obtained extract Absorption
mass, g. volume, ml. h volume, ml. coefficient

4 22 3.0

1,000 25 6 20 5.0

8 19 6.0

4 21 4.0

1,003 25 6 19 6.0

8 18 7.0

4 22 3.0

1,005 25 6 20 5.0

8 19 6.0
Average value 6,33+ 0,34
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Table 7. The results of the plant raw materials swelling coefficient determination

Ser.No./ Ethanol/ water The frequency of Total duration The test sample
mass, g | volume for wetting | the cylinder shaking | of raw materials | occupied volume, with
raw materials during 1 hour swelling, h the sticky mucus, ml

1/1,000 1/25 Every 10 minutes 4 7,5

6 7,5

8 7,5
2/1,002 1/25 Every 10 minutes 4 7.5

6 7,5

9 7,5
3 /1,005 1/25 Every 10 minutes 4 8,0

6 8,0

9 8,0

materials includes a thick-branched stem, inflo-
rescences with small regular flowers. The humid-
ity of the studied raw materials is 0.23%. Value
of specific, volumetric and bulk density, porosity,
porosity of the raw material layer and free vol-
ume layer indicates a good absorption capacity of
raw material. But researched raw material does
not swell, which indicates the presence of pores
inside the stem, where the extractant is retained,
but does not increase the linear dimensions and
volumes of raw materials. The determined tech-
nological properties allow choosing the optimal
extraction methods for the studied raw materials.
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Table 8. The main technological parameters of plant raw materials

Technological parameters

Unit of measurement

The results of determination n =3

Loss-on—drying % 0,23
Specific density g/cm? 1,3446 + 0,0073
Volumetric density g/em’ 0,4679 £ 0,0450
Bulk density to shrinkage g/cm’ 0,1251 +£0,0021
Bulk density after shrinkage g/cm’? 0,1436 + 0,0009
Porosity - 0,6933
Porosity of the raw material layer - 0,7326
Free volume layer - 0,9073
Absorption coefficient - 0,75 +0,017
Swelling coefficient - 0
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BuBYeHHS TEXHOJIOTTYHMX BJIACTHBOCTEMH JIIKAPCHKOI POCJIMHHOI CHPOBHHM
Kepmexy I'mestina

(Limonium Gmelinii)
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AHOTAllifA: B CTATTI MPEJICTaBICHO PE3yJbTaTH BUBUEHHS TEXHOJIOTIYHMX BIACTUBOCTEH JiKap-
cpKkoi pocnuHHOi cupoBuHHu Kepmeka I'menina (Limonium gmelinii), a came nuTomoi, 06’€MHOI Ta
HACHUITHOI TYCTHHH, BU3HAYEHHs Koe]illieHTa MOIIMHAHHS Ta MOKa3HHWKa HaOyXaHHS, a TAaKOX I0-
PHUCTICTh, HOPO3HICTh, BIIbHUI 00’ €M 11apy Ta ¢ppakiiiinuii ckiaaa. O6’ekToM nociiKeHHs Oyia mno-
NpiOHEeHa cUpOBMHA 3 HaJ3eMHOi yacTuHU Kepmeky ['merniHa sika BKitodaia ctelna, CynBiTTs, KBITH.
Kepmek I'menina (Limonium gmelinii) — 6araTopiuyHa TpaB)sIHUCTA TOJIa POCIHHA 3 POy KEPMEKOBUX,
10 MICTUTh yOWJIbHI PEYOBUHH, (IaBaHOIAH, TAPOKCUKOPHYHI KUCIOTH, aHTOLIAHH, KyMapuHH,
BYIJIEBOJIM, TIOJICaXapyuay, OpraHiuHl KHCIOTH, aMIHOKUCIOTH Ta iH. CupoBuHa Oyia 3aroToBJI€Ha
y I'eniuecbkomy paitoni XepcoHckkoi obmacti y 2021 poui. BuB4eHHS OCHOBHUX TEXHOJIOTIYHUX
BJIACTMBOCTEN MPOBOJMIIOCS 32 3arajIbHONPUHHATUMHI METOJJMKaMU, K1 HaBeJieH1 y [lepkaBHiii dap-
Makonei Ykpainu. OTpuMaHHI MiJl 4ac AOCTIDKEHHS AaHl CBiuYaTh, 10 CKJIAJ MOAPIOHEHOi cupo-
BHUHHU € TOJIAMCIIEPCHUM 1 HE MOXKJIMBO BHU3HAUWUTHU OJHY IepeBakarouy (ppakuiro. I[Topsaky 80 %
CKJIay CKJIaJaloTh YacTKU 3 po3MipoM 2,8-1,0 mm. Taky pi3HOMaHITHICTb CKJIa/ly MOXKHA HOSICHUTH
THUM, III0 JOCII/KyBaHa Ha/[36MHA YacTHHA POCIMHHOI CHPOBHHHU BKIIIOYA€ B ceOe TOBCTE pO3rairy-
&KeHe cTe00, CyUBITTA 3 APIOHUMHU NPaBWIBHUMHU KBiTaMHU. BoJOTiCTh OCTIIKYyBaHOT CUPOBHHU
ctanoBuTh 0,23 %. [Iutoma ryctuna cupoBuHa cranoBuTh 1,3446+0,0073 r/cM3, a 06’eMHa TycTHHA
POCIMHHOI CHpOBUHH cTaHOBUTH 0,4679+0,0450 r/cm®. Hacumauii 06’ €M Micas ycaaKu 3MEHIIHBCS
3 80 10 69, mo y BimcoTkax craHoBUTh 13,75 %. Hacunna ryctuna micnst ycaaku 3pocia 3 0,1251 1/
cm3 10 0,1436 r/cm3. Tloka3HUKH HOPUCTOCTI, MOPO3HOCTI Ta BUILHOTO 00’ emy miapy (0,6933 r/em?,
0,7326 r/cm?, 0,9073 r/cM® BiAMOBIHO) € JOCHTH BHCOKI, 110 BKa3ye Ha J00pY MOIIMHAIOUY 3/1aT-
HicTh cupoBUHH. CepeHe 3HaueHHS Koe(illieHTa MOTTMHAHHS CTaHOBHIO 6,33+0,34, 110 CBITYHUTH
PO BEJHKI 3aTpaTH €KCTPAreHTy, a MOKa3HUK HAaOyXaHHS IMOKa3ye, M0 JOCHiKyBaHa CHPOBHHA HE
Halyxae, 11e CBIAYUTH PO HASBHICTh MOP BCEpeAMHI cTebia, Je 3aTPUMY€EThCSl €KCTPAreHT, alle He
30UTBIITYETHCS JIHIAHI pO3Mipu 1 00>€MU CHPOBHUHU. EKCTIEpUMEHTAIBPHO BU3HAYEHO TEXHOJIOTTYHI
BiactuBOcTi cupoBuHU Kepmeky Inemina (Limonium gmelinit), ki atoTh 3MOTy 00paTH ONTUMAJb-
HI METOJIM €KCTparyBaHHs JUIsl TOCIII)KYBaHOI CHPOBMHH, @ CaM€ METOJ] eKCTparyBaHHs, CIIIBB1JIHO-
LIEHHS] CUPOBMHA : €KCTPAreHT, IPUPOLy EKCTpareHTa.

Kurouosi caoBa: Kepmek ['menina (Limonium gmelinii), nikapcbka poCIWHHA CUPOBHHA, TEXHO-
JIOT14H1 BJIACTUBOCTI.
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Abstract: it is well known that the health of the child depends largely on the health of his mother
during pregnancy. There are no clear criteria in the available sources and clinical protocols for pre-
dicting the risk of macrosomia, which may further adversely affect pregnancy management in gen-
eral. Our aim was to analyze the maternal and neonatal outcomes and complications in Ukrainian
cohort of patients during pregnancy with fetal macrosomia by conducting a prospective analysis of
the history of pregnancies and childbirth of adolescent girls’ mothers with gynecological pathology,
born with large to gestational age from the reference indicators. This was a retrospective cohort
study. 68 histories of pregnancy and childbirth were analyzed. The incidence of maternal and neo-
natal complications in pregnant women with macrosomia (birth weight greater than 4000 g) was
compared with that in pregnancy with normal body weight (2500-4000 g). Macrosomia is associated
with significantly higher maternal age and gestational age. In macrosomia, significantly more births
were completed by caesarean section. With a fetal weight above 4500 g, the risk of postpartum hem-
orrhage increased. Macrosomia has been shown to be associated with severe adverse outcomes for
both mother and fetus.

Key words: fetal macrosomia, girls, puberty, menstrual cycle, pregnancy complications, cesarean
section

Socio-economic reasons often force a woman
to work in any conditions, including those that

Introduction
It is well known that the health of the child de-

pends largely on the health of his mother during
pregnancy. The crisis situation in the social, eco-
nomic and other spheres of our life, environmental
pollution have a direct negative impact on women
of childbearing age (Tuchkina, I et al., 2021).

The health indicators of Ukrainian women are
currently characterized by high maternal mortali-
ty, diseases of the reproductive organs, including
sexually transmitted diseases, an increase in the
frequency of infertility, menstrual disorders, and
reproductive health disorders are noted already in
childhood and adolescence.

are harmful and hazardous to health, and this is
associated with an additional risk of disruption
of her reproductive functions, as well as the de-
velopment of fetal and newborn pathology (Din-
nik, V. O et al., 2020) .

Scientists are now defining fetal weight over
4,000 grams as a fetal macrosomia. It is asso-
ciated with a significant risk of complications
in the mother and newborn (Paige D. Wartko et
al., 2021). Urgent caesarean section, postpartum
hemorrhage or anal sphincter damage are often
associated with macrosomal pregnancy(Li Shang
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et al, 2021). So there is a lot of information about
neonatal complications, such as shoulder dysto-
cia, clavicle or humerus fracture, and birth as-
phyxia (M.C. Vieira et al., 2019).

Aim

Our aim was to analyze the maternal and neo-
natal outcomes and complications in Ukrainian
cohort of patients during pregnancy with fetal
macrosomia by conducting a prospective analy-
sis of the history of pregnancies and childbirth of
adolescent girls’ mothers with gynecological pa-
thology, born with large to gestational age from
the reference indicators.

Materials and Methods

The study was conducted at the clinical base
of the Department of Obstetrics, Gynecology and
Pediatric Gynecology of the Kharkiv National
Medical University - “Kharkiv City Maternity
Hospital No. 1”. The study was approved by the
Commission on Ethics and Bioethics of Kharkiv
National Medical University and met the ethical
standards of the Bioethics Committee, developed
in accordance with the Helsinki Declaration of
the World Association “Ethical Principles for
Conducting Scientific Medical Research Involv-
ing Humans”, as amended in 2013. All patients
provided written informed consent to participate
in the study.

We retrospectively analyzed 68 histories of
pregnancies and childbirth of mothers of girls
born with excess or deficiency of body weight.
The patients were delivered from 2008 to 2013
in “Kharkiv City Maternity Hospital No. 1”. The
main group consisted of 26 mothers of adolescent
girls with birth weight over 4000.0 g. The control
group was formed by 32 mothers of girls born
with a body weight of 3000 - 4000.0 gr.

Inclusion criteria: Accurate birth weight infor-
mation, birth at gestational age 37-41 weeks. Pa-
tients born at less than 37 weeks or more than 41
weeks from multiple pregnancies were excluded
from the study.

Statistical data processing was carried out us-
ing the Statistica 6.0 software package and Mi-
crosoft Excel Office 10. Hypotheses about the
equality of the two means were tested using Stu-
dent’s t-test. The measurement was considered
significant at p<0.05.In the absence of a normal
distribution in the studied samples, nonparamet-
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ric methods were used to compare groups. To
compare two independent samples, the Wilcox-
on-Mann-Whitney U test was used. The statisti-
cal significance of differences between qualita-
tive characteristics was assessed using the y2 test.
The nature and severity of relationships between
different indicators were determined using simple
and rank correlation according to Spearman. Dif-
ferences were considered statistically significant
at p<0.05.

Results

A total of 68 participants were included in this
study. Features of pregnancies, childbirth and
perinatal outcomes are shown in Table 1.

Data are given as median (interquartile range)
or n(%). Adjusted Bonferroni significance lev-
el, P=0.025. For comparison with normal-
birth-weight (BW) group: *P<0.0001; P<0.01.
CS, Cesarean section.

The main complication of pregnancy in the
main group was preeclampsia of varying se-
verity, the frequency of which was 38.2+3.6%
and was significantly higher compared to other
groups (21.4+3.0%, p<0.001).

Threatening abortion complicated the gesta-
tional process in the main group with approxi-
mately the same frequency, respectively, and was
17.443.9%, while in the 2nd group this pathology
was 8.8+2.1% (p< 0.05).

Anemia was diagnosed significantly more of-
ten in mothers of girls significantly more often
in the control group (19.242.9%, p<0.01) and 2.6
times higher than the corresponding figure in the
main group (3.5+2.6%, p<0.001).

Of particular interest is the fact that in the
main group the peak of the main complications
occurred at the critical time for the gonads in
the antenatal period of ontogenesis, namely at
the gestational age of 17-20 weeks (12.9+2.5%,
p<0.05), when in the dynamics of a strict se-
quence of follicular maturation in the ovaries
of the fetuses, a period of primordial follicles is
distinguished and at a gestational age of 25-30
weeks (18.0£2.9%; p<0.001), which corresponds
to the period of precavitary follicles.

In women of the main group, there was anoth-
er peak of complications, which occurred at 36-
40 weeks of gestation (12.9+2.5%; p<0.01), co-
inciding with the appearance of large abdominal
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Table 1. Maternal and pregnancy characteristics in pregnancies delivering non-macrosomic fetus

and those with fetal macrosomia

ISSN 1996-353X
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Maternal and pregnancy characteristics Normal BW Macrosomia
Age( years) 28.7 (24.2 - 32.5) (25.5-34.6)*
Height(kg) 66.0 (58.0 — 78.0) 73.1 (63.9 — 90.0)*
Weight(cm) 1.64 (1.60 — 1.68) 1.67 (1.62 — 1.74)*
Chronic hypertension 0,86% 0,93%
Pre-existing diabetes mellitus 0,56% 0,61%
Gestational diabetes mellitus 2,45% 4,8%*
Nulliparous 52,3% 42.7%
Parous without previous macrosomia 42,6% 32,5%%*
Parous with previous macrosomia 6,4% 24,6%%*
Gestational age at delivery (weeks) 39,55(38,5 -40,6) 40,6(40,0 — 41,3)*
Spontaneous onset of labor 70,6% 58,9%

No labor, elective CS 10,45% 10,2%
Induction of labor 13,5% 33,5%%*
Spontaneous vaginal delivery 69,8% 61,5%%*
Instrumental vaginal delivery 10,1% 9,4%
Elective CS 11,5% 9.8%
Emergency CS 15,7% 22,4%*
Estimated blood loss (mL) 325(240-470) 430(320-700)

follicles. This may contribute to the disruption of
the formation of structural and functional differ-
entiation of the ovaries, and therefore, children
born with a large body weight are at risk of devel-
oping reproductive dysfunction in the postnatal
period of ontogenesis.

In the main group, there was a high incidence
of such complications of childbirth as untimely
rupture of amniotic fluid and anomalies in labor
activity.

Untimely discharge of amniotic fluid in the
main group(16.3+2.8%) was diagnosed almost
2 times more often than in the control group
(9.3 +2.2%, p<0.05).

The same pattern was noted in relation to
anomalies of labor activity, which in the main
groups (16.9+2.8%) is almost 2 times higher

than the frequency of this complication in control
group (9.9+2.2%, p<0.05).

The average birth weight in the control group
was 3243.6£27.1 grams, and in the main group it
was 4277.8+73.5 grams, height was 52.0+1.3 cm,
54.7£1.0 cm, respectively. .

Birth trauma of newborns occurred in the
main group in 9.6+2.2%, which is more than 2
times higher than the same indicator (3.8+1.4%,
p<0.05) in the control group.

Discussion

The obstetrician-gynecologist always needs
to choose the proper management of pregnancy
and childbirth with suspected macrosomia (Ju-
lius Nuwagaba et al., 2022). Our work shows that
with an increase in birth weight, there is a risk of
caesarean section and postpartum hemorrhage, as
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well as neonatal complications such as shoulder
dystocia and neonatal hypoglycemia.

The age of pregnant women with macrosomia
was significantly higher in the control group. We
have shown that the risk of macrosomia increased
at gestation greater than 40 weeks. With the risk
of developing macrosomia, the frequency of cae-
sarean section increases.

Recently scientists proved that ultrasound as-
sessment of fetal macrosomia increases the risk
of caesarean section, regardless of the actual
weight of the fetus at birth (Committee on Prac-
tice Bulletins, 2020).

The frequency of pregnancy, which was ac-
companied by gestational and pregestational di-
abetopathy was 4.3% in our study, which coin-
cided with the data of previous studies (Fayed A
et al., 2022). Diabetes mellitus significantly more
often accompanied macrosomal pregnancies. We
found a higher incidence of perineal soft tissue
ruptures in macrosomia. The fact of increased risk
of postpartum hemorrhage has long been general-
ly recognized, and our data coincided with those
already known (B.J. Voskamp et al., 2020). The
risk of shoulder dystocia increased with increas-
ing gestational age at delivery and in diabetic
pregnancies (Mark A. Clapp et al., 2022).

Conclusion

Thus, the overall frequency of complications
during pregnancy was higher in mothers of girls
born large to gestational age, with their occur-
rence at a critical time for the gonads, which
contributes to the disruption of the processes of
structural and functional differentiation of the
gonads in female fetuses. In the 1st group, preg-
nancy was significantly more often complicated
by preeclampsia, the frequency of which was
38.2+3.6%, p<0.001.

Among the complications of labor in the main
group, untimely rupture of amniotic fluid and
anomalies in labor activity dominated. The fre-
quency of birth injuries of large newborns, noted
by pediatricians, was 2 times higher compared
to children born with an average body weight,
which will negatively affect the formation of the
central mechanisms of regulation of reproductive
function in them. Untimely discharge of amniot-
ic fluid in the main group(16.3+2.8%, p<0.05).
The same pattern was noted in relation to anom-
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alies of labor activity, which in the main groups
16.9+2.8%, p<0.05.

Our work shows that pregnancy and childbirth
with macrosomia are associated with numerous se-
rious complications, leading to adverse outcomes
for both the mother and the infant. Of particular
interest is the fact that in the main group the peak
of the main complications occurred at the critical
time for the gonads in the antenatal period of on-
togenesis, namely at the gestational age of 17-20
weeks (12.9+£2.5%, p<0.05), when in the dynam-
ics of a strict sequence of follicular maturation in
the ovaries of the fetuses, a period of primordial
follicles is distinguished and at a gestational age
0f25-30 weeks (18.0£2.9%; p<0.001), which cor-
responds to the period of precavitary follicles.

In women of the main group, there was anoth-
er peak of complications, which occurred at 36-
40 weeks of gestation (12.9+2.5%; p<0.01), co-
inciding with the appearance of large abdominal
follicles. This may contribute to the disruption of
the formation of structural and functional differ-
entiation of the ovaries, and therefore, children
born with a large body weight are at risk of devel-
oping reproductive dysfunction in the postnatal
period of ontogenesis.

The identification of prognostic criteria for the
development of macrosomia is necessary to as-
sess the risks of pregnancy and childbirth.

Birth trauma of newborns occurred in the main
group in 9.6+2.2%, p<0.05.
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MaKpOCOMiﬂ InJjioaa. aHaJi3 MATCPUHCBKHUX Ta HEOHATAJBbHHUX pe3y.]1]>TaTiB
Ta YCKJIAAHCHD

IInannenko Haraus, Tyukina Ipuna

Kadenpa akymepcTBa, riHEKOJIOT1T Ta AUTIYO1 TTHEKOJOT{, XapKiBCHKUI HAI[IOHATBHHUI
MEIWYHUNA YHIBEPCUTET, M. XapKiB, YKpaiHa
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Pylypenko Natalia
E-mail: nataliva.pele@gmail.com

AHOTAILiSI 3araJIbHOBIIOMO, IO 3I0POBYSI TUTHHU 0araro B 4OMY 3aJIe)KHUTh BiJl 37I0POB)sl Marepi
i 9ac BariTHOCTI. Y JOCTYIHUX JDKepenax 1 KIIHIYHAX MPOTOKOJIAX BIACYTHI YiTKiI KpHTEpii mpo-
THO3YBaHHSI PU3UKY MaKpOCOMii, III0 MOXKE HETaTHBHO MMO3HAYMTHUCS HA BEJCHHI BAariTHOCTI B IILJIO-
My. Hammoro metoro Oys1o mpoaHaii3yBaTd MaTepUHCHKI Ta HEOHATAIBbHI PE3yJIbTaTH Ta YCKIIAIHCHHS
B YKpaiHCBHKiM KOTOpPTI MAali€HTIB MiJl Yac BariTHOCTI 3 MAaKPOCOMIEIO IJI0Ja IUISXOM HPOBEACHHS
MIPOCHEKTHBHOTO aHaJli3y aHAMHE3Y BariTHOCTEH Ta MOJIOTiB MaTepiB IiBUAT-IIJIITKIB i3 T1HEKOJIO-
TIYHOIO MATOJIOTI€I0, HAPOKEHUX BiJ BEJIMKOTO JIO TeCTAIliifHOro BiKy BiJl OMOpPHI MOKa3HUKH. Lle
OyJI0 peTPOCTICKTHBHE KOTOPTHE JOCIipkeHHs. [IpoananizoBaHo 68 icTOpiil BariTHOCTI Ta MOJIOTIB.
YacToTa MaTepUHCHKMX Ta HEOHATAJIBHUX YCKJIAJIHEHb y BAariTHUX 3 MAaKPOCOMI€IO (Maca Tijia MpH
HapokeHHi monay 4000 r) mopiBHIOBajacs 3 TAKOK MPHU BariTHOCTI 3 HOPMAJILHOIO MAcolo Tijia
(2500—4000 r). Makpocomist TOB>si3aHa 31 3HAYHO BUIIIMM BIKOM MarTepi Ta recTamiiauM Bikom. [Ipu
MaKpOCOMii JIOCTOBIPHO OiNbIIe TOJOTIB 3aBEPIIMIIOCS KecapeBUM po3THHOM. [Ipu Maci rona mo-
Ha 4500 r 301IbIyBaBCs PU3HK MICIIANIONOTOBOT KpoBOTEYi. byiio moka3aHo, o MakpocoMist oB)si-
3aHa 3 BAKKHUMH HECIIPHUATINBUMU PE3yJIbTaTaMH K MaTepi, TakK TUIO/aA.

KaruoBi ciaoBa: mMakpocomisi IIofa, JiBYaTKa, CTAaTeBE J03PIBaHHS, MCHCTPYaJTbHHHA UK,
YCKJIQJHEHHS BariTHOCTI, K€CapiB PO3THH.
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Cy4acHi norisiim Ha MOJICKYJISIPHI Ta CyIMHHI MeXaHi3MHI PO3BUTKY
npeeKJaMIICil

Hlyminina Tersna' , CimBka SpocnaBa’

'CryneHt, YKropoachbKuil HalllOHAIBHUN YHIBEPCHUTET, YKropoj, Ykpaina

?Kadenapa diziosorii Ta marodiziosorii, YKropoacsKuii HaliOHAJbHHI YHIBEPCUTET, YKIOPO/I,
VYkpaina

Address for correspondence:

Shumilina Tetiana
E-mail: tetyana2001t@gmail.com

Anomayia: y cmammi y3a2albHEHO aPSYMEHMU ma KOHMpAp2YMEHMU 6 pPAMKAX HAyKO8OI
OUCKYCIT 000 NUMAHHS MeXaHi3mMie po3eumxy npeekaamncii. OcHoena mema yb020 00CNI0NHCEHHS ye
V3a2anbHeHHs IHopMayii npo MONeKYIAPHI ma cYOUHHI MEXAHI3MU NPeeKIaMNCii. 3a605Ku 0emanbHOMY
BUBUEHHIO IMeEPAMYPHUX 0xcepel, IXHIU cucmemamu3ayii ma nioxooie 00 supiueHHs npooiemu, 6yno
BUSBIEHO, WO 2eHeMUYHI Ma aKkmopu HABKOTUUWHBO2O CEPed08UUd BUKIUKAIOMb 0e3d0anmayit
niayenmu, Wo npu3eoo0ums 00 depexmHoi niayenmayii, anonmosy iHeasUeHUX yumompoghoonacmis,
HeaoeK8amHo20 eKCNAHCUBHO20 PeMOOENIO8AHHS CRIPATbHUX apmepilti ma NAAYeHMAapHOo20 MUCK).
Axmyanvnicms 0ocniodiceHHs: 0aHOi namonozii noisi2cac 8 momy, Wo 60Ha 6a2amo 6 YoMy BU3HAYAE
NEePpUHAMATbHY Ma MAMepUuHCcvbKy 3axgeopiosanicms. OOHAK, HA CbO2OOHI HEMAE YIMKO20 Vs8leHHS
npo 0cobaUBOCMI MONLEKYIAPHUX MA CYOUHHUX MEXAHI3MIE NPeeKIaMncii, momy ye npusgooums 00
cynepeurnocmeil y NiKV8AHHI MAKUX 8ATMHUX HCIHOK, WO NEPEUIKOONCAE CBOEUACHOMY, AOEKBAMHOMY
JiKysanHio ma npoginakmuyi. byno euxopucmano OibnioceManmuunuli. Memoo ma KOHMEHM-
auaniz aimepamypu 6iOHOCHO NUMAHb HOBUX OOCHIOHNCEHb NO OCODIUBOCMAM MEXAHI3MIE PO3BUMKY
npeexnamncii. B cmammi npedcmasieno pe3yivbmamu 00CII0HMCeHb, SKI 3AC8I0UUNU, WO NIAYEeHMAPHA
iwemiss Cnpuse BUBLIbHEHHIO OIOAKMUBHUX (HAKMOPIE y MAMEPUHCLKUL KPOB0ODie, BUKIUKAIOUU
oucoananc Mixnc aHmMuaHeio2eHHOI0 POYUHHOI MUPOIUHKIHA3010-1, pO3UUHHUM eHOOo2NIHOM ma
NPOAH2I02eHHUM CYOUHHUM eHOOMEeNiANbHUM (AaKmopom pocmy, haxmopom pocmy niayeHmu ma
mpancgopmyrouum axmopom pocmy B. [lnayenmapmua iwemis maxoxc cmumynioe GUBLIbHEHHS
NPO3ananbHUX YUMoKinie, paxmopy, wo iHOYKYe 2inoKcito, akmusHux popm KUCHIO Ma A20HICMUYHUX
aymoanmumin 0o peyenmopie anciomenzuny 1 muny. LI yupxynowoui akmopu uayineui Ha
eHoomenil CYOUH, BUKIUKAIOUY 2eHepani308aHull eHOOmenio3 y CUCTNeMHUX, HUPKOBUX, YepeOpaibHUX
Ma NeYiHKo8UX CYOUHAX i NPU3800AMb 00 3MEHULEHHSL CYOUHHUX PO3UUPIOBAYIE, MAKUX SK OKCUO A30M)),
npocmayukiiz, pakmop cinepnonapusayii, ma 30i1bUeHHS CYOUHO3BYHCYBATLHUX 3AC00I8, MAKUX K
enoomenin-1 ma mpombokcan A2. BioakmusHi hakmopu maxkoic nauBaroms Ha 21A0OKY MYCKYIaAmMypy
CYOUH [ NOCUTIIOIOMb MEXAHIZMU CYOUHHO20 CKOPOYEHHSL, BKIIOUANYU YUMO30IbHUlL , npomeinkinazy C
ma Rho-kina3zy. Jlocniosxcenns emnipuuno niomeepoxicye ma meopemuino 00800Umb, Wo nooaibule
PO3VMIHHS 83AEMOOTI MidiC OI0AKMUBHUMU hakmopamu, CYOUHHUMU MEXAHIZMAMU MA MOJLEKYIAPHUMU
MIWeEHAMU NOBUHHO OONOMO2SMU PO3POOUMU OilbUl epeKmueHi 3ax00u 01 PAHHbLO2O BUABNEHH MA
npoginakmuxu npeexiamncii. Pe3ynomamu nposedeno20 00CHiONCeHHS MON*CYMb Oymu KOPUCHUMU
0711 iKapie nepeuHHOI 1aHKU, 2IHEKON0218, Kapoionoais, mepanesmis.
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KurouoBi cjioBa: aprepialibHUN THUCK, BAariTHICTh, €HAOTENIN, IUIAICHTAPHUN KPOBOOOIT, I,

MIPEEKIIAMIICIS, CyIMHO3BYKYBaJbHI pEYOBHHHU.

Beryn

[Ipeexnamrcis (I1E) - ne cuaapom cuctemHoi
3ananabHOl BIAMOBIII Marepi, SIKUM Bpakae MHO-
KUHHI CHCTEMHU OpraHiB (HHPKOBa, MEYiHKOBA,
JIeTeHEeBa, MO3KOBA, IJIAIIEHTapHA), YCKIIAJHIOE
BariTHICTh 1 Ma€ BUCOKY YacTOTYy PELUAMBY MpPHU
HACTYMHHUX BariTHOCTAX. O/HI€IO 3 HallaKTyallb-
HIIIMX Npo0jeM B NepUHATaNIbHIM MEAMIIMHI 3a-
JMIIAEThCS apTepianbHa TiNepTeH3is BariTHUX.
Tomy B ychOMYy CBITI 3HaYHOIO MIPOIO 301TBIIIY-
€TbCS MaTEPUHCHKA Ta MEpUHATajJbHA 3aXBOPIO-
BaHICTh - Bi 46 mo 78%, cmeptHicTh - Bix 10
10 30%. (Butalia, S., Audibert, F., Coté, A. M.,
Firoz, T., Logan, A. G., Magee, L. A, ... & Cana-
da, H., 2018). Kpim Toro, aprepiaibHa rinepTeH-
3151 y BariTHUX BBaXA€ThCSI OCHOBHOIO TPUUNHOIO
3atpuMku pocty miony (3PII) ta mianenrapHoi
TUCYHKIIT 1 HAPOHKEHHSI HEMOBJIST 3 HU3bKOIO
Macoro Tina. Pa3oM 3 umM, y Halll 4ac HEMae 4iT-
KHX YSBJI€Hb IIPO OCOOJIMBOCTI MOJIEKYISPHUX 1
CYIMHHHMX MEXaHi3MiB PO3BUTKY INpEeeKIaMIICii
Ta B pa3l yCKJIaJHEHHS - aJanTauii pi3HUX CHUC-
TEM JKUTTEAUIBHOCTI B MaT€pPHHCHKO-IUIONO-
BoMy Komruiekci. Ile Beme mo cymepeuHocTeit y
TAKTHIl TAKUX BariTHUX, 10 MEPEIIKOIKAE CBO-
€4aCHUM Ta aJeKBaTHUM JIIKyBaJIbHO-IIpOQiIaK-
TUYHUM 3aXO0/1aM.

[Ipeeknamricisi € CeplO3HUM YCKJIaHCHHIM
BariTHOCTI, 10 HPOSIBISETHCA SIK TIIEPTOHISA Ta
4acTo SIK BHYTpPIIIHbOYTPOOHE OOMEKEHHS poc-
TY, aJle OCHOBHI IaTo(i31010T14HI MEXaHI3MHU OC-
TaTOYHO HE3’ SICOBaHI.

HopmanpHa BariTHICTh OB’ s13aHa 3 BETMKUMHU
MaTKOBO-TUTAIICHTAPHUMH Ta TEMOAMHAMIYHUMHU
3MiHAMH JJis 3a0€3Me4eHHs MMOKUBHUX Ta MeTa-
OomiyHuX MoTped 3poctarodoro mwioxy. [lmaneH-
TapHUH PO3BUTOK Ta 1HBa3iA TPo(oOIACTIB Y CIIi-
pajbHi apTepii MaTKu NIATPUMYIOTH aJI€KBaTHUN
TUCK Y MaTKOBO-IUIalleHTapHii nepdy3ii. 3011b-
LIEHHSI CEPLIEBOr0 BUKUAY Y IJIa3Mi KpOB1 Mare-
pl mapajnenabHO 13 CHCTEMHOIO Ba30[MJIATaLlIEl0
Ta 3HIDKEHHSIM CYIWHHOTO OTIOpY, MPHU3BOAUTH
JI0 HE3HAYHOT'O 3HI)KEHHS apTepialbHOTO THCKY
(AT). Wi 3MiHu, MOB’s13aH1 3 BariTHICTIO, BUMa-
raloTh 3HAYHOI PETPOMOJENALIl MAaTKOBO-ILIA-
[EHTApHOTO Ta CYIMHHOTO KPOBOTOKY Y Pi3HHX

TKaHMHAX Ta opraHax marepi. dizionorivynai Ta
TOPMOHAJIBHI aJIanTaIlii y eHA0TeNalbHUX Meli-
aropax 1 IUIIxXaxX CKOPOYCHHS CY[IUH BIIITPaOTh
MEBHY POJIb y PETYJSIlii CUCTEMHOTO Ta MAaTKO-
BO-ILTAIIEHTAPHOTO KPOBOTOKY IIiJl Yac BariTHO-
cti. Kpim TOrO, MaTpuKcHI MeTalompoTeiHa3u
(MMPS) BingirparoTe poiib y Aerpajariii OijKiB
no3akiiTuHHOr0 Matpukcy (ECM) Ta perpomo-
JISTIOBaHHI CYJIMH TIi]] 4ac BariTHOCTI.

Ha BigMiHy BiJ 3HWKEHHS apTepiajbHOTO THC-
Ky 111 9aC HOPMaJIbHOI BariTHOCTI, Y JEAKHUX XKi-
HOK MOK€ BUSIBJISITHCS TITIEPTEH31s 11 9ac BariT-
HOCTI B OJIHIA 3 YOTHPHOX (popM: XpoHiIUHa, SKa
HACTa€ JI0 BariTHOCTI, MPEEKIaMIICis, XpOHIYHa
rinepTeH3is 3 MOE€JHAHOI TMpeeKIaMIICIer0, Ta
HenpoTeiHoBa recramiitia. [Ipeexnammcis (ITE)
BIJIMBae Ha 5-8% BaritHocTell y CromydeHux
[MTarax AMepuku Ta -8 MUIBHOHIB BariTHOCTEH
y BcboMy cBiTI. (Sisti, G., & Colombi, I., 2019).
(TITE) xapakTepu3yeThcsi HOBUM MTOYATKOM Timep-
TeH31i, s’Ika HACTyIa€e N0 BariTHOCTI abo Ticis
20 THKHIB TeCTarlii 1 9acTo 3 MPOTeiHypiero abo
6e3 nei. [1E moxe nmporpecyBaru a0 ekjamcii, 3
JIESTKOI0 TIMepTEeH3i€10, epedpaIbHO €IeMOI0,
CyIOMaMH Ta MaTEPUHCHKOIO CMEPTIO, 110 CTaHO-
BUTh 15-20% marepuHcbKoi cmepTtHOCTI. I1E Ta-
KOK 9aCTO aCOIIFOETHCS 3 BHYTPIIIHBOYTPOOHUM
OOMEXEHHSIM POCTY IUIOJa, MO0 CTaHOBUTH 10-
15% HegoHOIIEHOT BariTHOCTI 1 HEBEIUKHAM TSI
BariTHOCTI recraiiaum BikoMm. I1E Takox Moxe
OyTH 4aCTUHOIO CHHAPOMY MiJABHILEHOTO TeMO-
T3y MEYIHKOBUX (PEPMEHTIB 3 HU3bKUM BMiCTOM
TpoMOOIIMTIB, Ha3BaHOTO JikapeM Jlyicom Baiin-
mreiiHoMm y 1982 p.

Xoua IIE € OCHOBHOIO NMPUYUHOI MaTEpPUH-
ChKOi (heTanbHOI 3aXBOPIOBAHOCTI Ta CMEPTHO-
cTi, ii eTioyorisg Ta maTodizionoris 10 KiHIS He
BuBYCHI. Jleski reHeTwuHi, neMorpadivHi, mie-
TUYHI Ta MHJIOBI YAHHUKUA PU3UKY HABKOJIMIII-
HBOTO CEPEIOBUIIA CIIPUIHHSIOTH JI€3aIalTaIlII0
TUTAlIeHTH, 1e(EeKTHY IUIalleHTAIliI0 Ta 3MEHIIICH-
HS MaTKOBO-IUTAIIEHTapHOTO Tepdy3iiHOTO THC-
ky (RUPP). HeanexBarHa riarneHTarisi Ta iHBa-
31 TpodoOnacTiB y cripaibHi apTepii Ta CTIHKY
MaTKH MPU3BOIIATH 10 1IIEMii/T1IMOKCIT IJIaIeHTH.
OxpeclieHHsI MeXaHi3MiB, 10 BUKJIHKAIOTH -
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(eKTHY TIIAIIeHTALlII0 Ha PaHHIX TepMiHaX Barit-
HOCTI Ta CHpHsi€ BUHUKHEHHIO Y JIOIUHU Tpee-
KJIaMTIICii, Oylo CKJIaJHUM, ajie JOCIiHKCHHS Ha
MOJIEISIX TBAapUH JOMOMOINIM 3pO3YyMITH MOIii,
10 BiAOYJIMCS IMiCIIsl IOYATKOBOT 1IIeMil TUTaleH-
Th. Xipypriuda iaaykiis RUPP ta imemis rura-
IIEHTH TIi]] 9ac Mi3HKOI BariTHOCTI Y OBEIlb, COOAK,
KpOJIMKIB, ITypiB Ta MUIICH TOKa3ye NesKi Xa-
pakrepuctuku [1E, BKIII0OYarouu TiHepTEH3IIO IMi]T
yac BaritHocTi (HTN-Preg), 3HM>KeHHSI HUPKOBO-
ro notoky miazmu (IUGR). Takox BariTHi orypu,
110 3a3HAJIM TPUBAIMUX TEPIOJiB reCcTamiiiHol Ti-
nokcii, gemoHcTpytoth IIE-noxiOHi Xapakrepu-
ctuku. Jlocmimkenns Ha ux monensix HTN-Preg
MoKa3aly, 00 IUIAIEHTapHa 1MIeMis/TImOKCis
BHUKJIMKA€ BHUBUIPHCHHS O10aKTUBHUX (DaKTOPIB,
TaKUX K aHTHAHTIOTeHHI (DaKTOPH, po3anaibHi
LIUTOKIHM, (HAaKTOP, IO BHUKIUKAETHCS TIMOKCIEIO
(HIF), peaktuBHi ¢popmu kucHio (ROS) Ta anri-
orer3un Il (Ang 1l) aronictuyHi ayToaHTHTIIA
penentopa 1 Tumy (AT1 R) (AT1 AA). Li uup-
KYJIIOI04i (pakTopH CIIPSIMOBaHI Ha €HIOTENIH Cy-
JIVH, IO CTIPUYINHSIE CHI0TETaNbHY JUCHYHKIIIO
Ta 3MIHH DPO3CIA0IIOI0YMX Ta CKOPOUYBAJIbHHUX
(akTopiB, OTPUMAHUX 3 EHAOTENII0. bioakTHBHI
(hakTOpH TaKOXX CIPSMOBaHI Ha CyAWHHI TIIaJIKi
M’SI3U 1 BIUIMBAIOTh HA MEXaHI3MH CKOPOYEHHS
CYZIMH, 1110 IPU3BOJAUTH /10 TIOCUIICHHS 3BY>KEHHS
cynuH. bioakTuBHI (hakTOPH TaKOK MOXKYTh OyTH
cupsmoBani Ha MMPS ta ECM, mio npussene 1o
HEaJICKBaTHOTO PEMOJICIIIOBAHHS CyIuH. SIKII0
Il 3MIHU BiJOYBalOThCS B CHCTEMHHX CYAHHAX,
BOHHM CIPUYUHSIOTH TEHEPAIi30BaHy CYyIWHHY
TUC(YHKINIO Ta TIMEPTEH3i0, TOAlI SK 3MIHH B
KITyOOUKax BHKJIMKAIOTh KIIYOOUYKOBUI EHIOTE-
71103, 301TBIIEHHS MPOHMKHOCTI KIyOOUYKiB Ta
npoTeinypito. 3MiHH y CyIMHAX MO3KY BUKJIMKA-
10Th HAOPSIK Ta CyAOMU TOJIOBHOTO MO3KY, TOI1 SIK
3MIHH y CYIWHAaX TMEYiHKU MPHU3BOIATH IO CHUH-
JPOMY ITiIBUIIIEHOTO TeMOJIi3y MEYiHKOBUX (ep-
MEHTIB 3 HU3bKUM BMICTOM TPOMOOLUTIB. 3MiHU
B MAaTKOBO-IUIAIICHTAPHOMY PEMOJIECNIIOBaHHI Ta
TUTALlEHTapHIM BacKyIspu3alii 3MEHIIYIOTh IL1a-
LIEHTapHUN KPOBOTIK 1 MPU3BOJATH 0 BHYTPIIII-
HBOYTPOOHOTO OOMEKEHHS POCTY IIJIOAA.

Mera

Po3rnsinyTH, SIK MIIalleHTapHa ieMis BUKIIH-
Ka€ BUBUIBHCHHS PI3HUX O10aKTUBHHX Ta IUP-
KyJrorouux (akTopiB. BusHauuTH pi3Hi MOJEKy-

ISSN 1996-353X
ISSN 2311-6951

JSIPHI MiIIEH] B €HIOTENI1 CYIUH IIaJKuX M’ s31B

(VSM) Ta nozakiituaHomMy marpukci (ECM),

SIK1 MOTJIH O TIPU3BECTH 0 CYAUHHOI TUCYHKITIT,

3MEHIICHHSI CYIMHHOI peyakcallii, HOCHJICHHS Ba-

30KOHCTPHKIIii, HEAJEKBATHOTO PEMOJICITFOBAaHHS

CyIHH Ta TIMepTeH31i BariTHUX. YIPOIOBXK OIJIs-

JTy MU KOPOTKO TIPeACTaBUMO (haKTOpH Ta iX cTaH

MiJl Yac HOpMaJbHOI BariTHOCTI, a TIOTIM 3MiHH,

o crioctepirarorhes y roneit 3 [E. 1 3pemroro,

MU PO3IIISIHEMO, K 1AeHTH(IKAIS CYIUHHHUX Ta

MOJICKYJSIPHUX MEXaHi3MIB MOXE JIOTIOMOTTH

PO3pOOUTH HOBI TTIIXOAH /ISl BUSBIICHHS Ta MPO-

¢inakruku I1E.

Metoan
VY nmocnipkeHHi Oylii BUKOpUCTaHI MeTonu Oi-

OmiorpadiuHOrO Ta KOHTEHT-aHAI3y JIITEpPaTypH,

CEMAHTUYHOTO TPYITyBaHHS, & TAKOXK MOPIBHSIIb-

HOTO MiJXOAY Ta CUHTE3Y BiIHOCHO MUTaHb HOBUX

JOCTIKEHb 10 OCOOJHMBOCTSIM MEXaHI3MIB PO3-

BUTKY mipeekamicii. OdimiiHi JOKyMeHTH, 3Ha-

JIeH1 Ha BeO-caiitax, Oynu mpoaHalli3oBaHi, a Bij-

MOB1THA 1H(OpMAITis 3rpyTOBaHa Ta IMOPiBHIHA.
PesyabTaTn
B nanuii yac npuifHATO BBa)KaTu, 110 Ipee-

KjIamricisi mportikae B 1Bi cramii (A. Kang,

H. Struben, 2008). Ha mepriii BinOyBaeThCs OPY-

[IICHHSI B3a€EMUH MIX 1HBa31€10 PAaHHBOTO TPO(H0O-

J1acTa 1 pEMOJICITIOBAHHS CIiPAIbHUX apTePi, 110

MPU3BOAMTE JI0 HEAOCTATHHOTO KPOBOIOCTAYAH-

Hs TUIAIEHTH 1 OKCUIAHTHOTO CTPECy 11 TKaHWH.

Ha npyriii crazii po3BHBa€ETbCS «MaTEPHUHCHKUI

CHUH/IPOMY», 1110 BUSBJISIETbCSA Y BUIIISAI TeHEpai-

30BaHOI CHCTEMHOI 3amajabHOI BIAMOBI/L, A0 SKOI

3aJTy4eHO SIK JICUKOILIUTH, TaK 1 €HJAOMETPiil.
BaxnuBe 3HadYeHHS MPU PO3BUTKY JJTAHOTO

YCKJIQTHEHHS BariTHOCTI MalOTh O10XiMiYHI, MO-

JEKYJISIPHO-TEHETUYHI Ta IMYHOJIOT1UHI MEXaHi3-

MH, 1110 TIPUBOJATH 10 MOP(OIOTIYHUX 3MiH IJ1a-

IEHTH 1 OOYMOBIIOIOTH PO3BUTOK IUIAIEHTAPHOT

nuchynkiii. BoHu BKIIO49aOTh B ceOe KiJIbKa ma-

TOJIOTIYHUX MEXaHI3MiB:

* HEIOCTAaTHICTh iHBa3ii IuTOTpOd0OIaACTY;

* TOpYIIEHHS IIAIICHTAPHOTO KPOBOTOKY (TUIa-
[IEHTapHa 1eMis);

* MaToJOTiyHa 3MiHa MaTKOBO-IUIAIIEHTAPHO-
ro kpoBoobiry (Shamshirsaz, A. A., Ravan-
gard, S.F., & Egan, J. F., 2012);

* ypaKeHHs IUIalleHTapHOro Oap’epy 3 MoOpy-
HIEHHSM ioro nmpoHukHocTi T1E.
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[loBHOmiHHA recTamiliHa nepedyaoBa Ci-
paIbHUX apTepiil TUIAICHTH CYNPOBOIKYETHCS
3aMIIICHHSAM M’ S30BO-€IaCTUYHUX BOJIOKOH (hi-
OpHMHOIIOM 1 PO3MIMPEHHSM IPOCBITY apTepii,
3a0e3Meuyoyr MPUPICT MATKOBO-IUTAIICHTAPHO-
rO KPOBOTOKY B 00CS31, SIKMM HEOOXITHHUM ISt
HOpPMAaJIbHOTO Tepediry BariTHOCTI 1 PO3BHUTKY
mioaa. [IpoBigHY poib B 1IbOMY MPOIECI BiABO-
ISTh 1HBa311 IUTOTpOodoOIacTa, SIKUil BIUTMBAE HA
TpaHc(hopmarliito eHJIOMETpiaJIbHUX CErMEHTIB
CHipaJbHUX apTepiii B MepIIoMy TPUMECTPI Ba-
TITHOCTI, a B PYrOMy TPUMECTPi- MiOMETpialib-
Hux cermeHTiB (Gbala, M. O., & Adegoke, A. L.,
2021). lutorpodobracT B JaHOMY BHUIIAJKY I10-
BOJIUTKCS SIK «IICEBIOMYXJIMHA », sIKA IMIUIAHTY-
€ThCS B eHIOMeTpi. Ha BiagMiHy Bix iHBa3HMBHOT
MyXJIMHU a00 3amayibHOi peakilii, IMIUIaHTAallis €
KOHTPOJILOBAHUM TMpolecoM. bynb-sikuii nucoa-
JaHC MK (paKTOpaMu, IO CIPHUSIOTH 1 OOMEXy-
I0Th 1HBA31I0 MUTOTPOdOOIACTY, MOKE BUKIIHUKA-
TH TIATOJIOTiIO0, TIOB’sI3aHy 3 BariTHICTIO, B TOMY
YUCIT 1 MPEeKIaMIICIIO.

Jlnist ynpaBiiHHS IpoIlecaMu iHBasii, eHgome-
Tpid 3MIHIOE CKJIAJ[ MO3aKJIITHHHOTO MaTpHUKCa,
BuaUIsIE 1 TiepeTBoproe (aktop pocty (TGF) B
TKaHWHHI 1HT10iTOpH Metanonporeinas (TIMP).
(Youssef, L., Miranda, J., Paules, C., Garcia-Ote-
ro, L., Vellvé, K., Kalapotharakos, G., ... & Cris-
pi, F., 2020). Ycmimna iHBa3is 1 iMmiaHTamis
00yMOBJIEHI 3aTHICTIO KIITUH Tpodobiacra 10
MPOTEOJTI3y KOMIIOHEHTIB EKCTPALENIOISIPHOTO
MaTpHUKCY, B SIKUX TNPUIAMAIOTH Oe3MOCepeTHIo
y4acTh MaTpukcHi metaionporeinazu (MMP),
10 BUPOOJISFOTHCS OaraTtosiicpHIMH CUMILIACTa-
mu (Brouwers, L. (2018).

[Ipy BUHMKHEHHI TTPEEKIIAMIICIi IMiIBUIIY€Th-
csl Oomip JenuayanbHOI OOOJOHKH, IO CIpPHUSE
MIPUTHIYEHHIO MPOIIECiB 1HBa31i muToTpododmac-
Ta 1 J3UCY €ACTUYHO-M S3€BUX KOMIIOHEHTIB
CTIHOK CIipajbHUX apTepiii. BinOyBaeTbcs 3MiHa
piBHS ekcnpecii MaTpUKCHUX METaJonmpoTeinas
(MMP-1, -2, -3 1 -9), moacekux giMponuTapHux
AHTHUIEHIB, TUIAIIGHTAPHOTO TOPMOHY JIAKTOTEHA,
10 TIPU3BOUTH JIO JUCAHTIOTCHE3Y.

3’sBas€TbCS BCe OLIbBINE [OKa3iB, IO 3MiHA
aAKTHBHOCTI MaTPUKCHHUX METAJIONPOTEiHAa3 Bele
110 TIopyIeHHs iHBa3ii Tpodobnacra (Abbas, Y.,
Turco, M. Y., Burton, G. J., & Moffett, A., 2020).
Kpim Toro, Oyno BUsBICHO, 110 3MiHA PiBHS €KC-
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npecii MAaTpUKCHUX METaJonpoTeinas (0coOIrBO
MMP-2) rpae Benuky poJib B 3a0€31€4eHHI TTPO-
IECiB pO3MHUpPEHHs CyauH y xKiHok 3 [1E B mopiB-
HSHHI 3 HOPMOTEH3MBHOIO BariTHicTIO (Reshet-
nikov, E. A., 2017). Lli nani Oynu miaTBepmKeHi
KITIHIYHUMM JOCHIUKEHHSAMH, B SKUX JIE€TaJbHO
onucani nupkymowodi pisBai MMP i ix engoren-
HUX 1HT10ITOPOB Yy JKIHOK 3 TINEPTOHIEI0, BUKIIN-
kaHoi BariTHicTiO (Ren, Z., Cui, N., Zhu, M., &
Khalil, R. A., 2018).

Kpim 1poro, He BiOyBaeThCsl EPETBOPEHHS
Oinka E-kagrepuna, mo 3a0esnedye KIITHHHY
aares3iro 1 mpomidepariro eniTemalbHuX KIITHH
B TpaHCMEMOpaHHHUH aare3uBHUIN OIJOK CYIWH-
HOro eHjaoTenito VE-kKaarepuH i MOYMHAETHCS
CHHTE3 SHJI0TEeIIaIbHUX MOJIEKYJI CIMEHCTBA IMYy-
HoroOyiHiB: VCAM-1 i PECAM-1, ekcnpecis
SKHX 3a3BUYall BiJJ3HAYAETHCS B TOIIKODKEHUX
aprepisx (Sousa Gomes, M., Guimaraes, M., &
Montenegro, N., 2019). Lle cBiguuTh Mpo T€, 110
UTOTPO(HOOIACT BTPATUB 3MATHICTH J0 TIIMOOKOT
iHBa3ii. [HBa3uBHI KIITHHU HHUTOTpOodoOIaCTY
nenu(epeHItioTCsS B CHHIUTIN 1 TAKUM YHHOM
BTPayYaloTh MPOHUKAIOYY 3/IaTHICTb.

CynuHHI TOpYIICHHS, SIKi CIIOYaTKy BHHHUKA-
I0Th B IUJIAICHTI, TeHEePali3yloThCs 1 TeMOANHA-
MiYHI 3MiHM HaOyBalOTh CUCTEMHOTO XapaKTepy.
VYpaxkeHHsI CYIWHHOI CUCTEMH IUTALICHTH CIIPH-
si€ TIIBUIICHHIO 11 MPOHUKHOCTI. B ymoBax jo-
KaJIbHOI 11IeMii BOPCHHYATOTO XOPiOHA, 3HIKE-
HOTO MIiKpPOBOPCIHYATOTO KPOBOTOKY 1 TiMOKCIi,
ileMi3oBaHa IUIaleHTa IOYMHAE MPOITYKYBaTH B
KPOBOTIK (haKTOPH, IO BHKJIUKAIOTH PO3MOBCIO-
JOKEHY CHIOTEMaNbHY IUCQYHKIIIO 3 TOJIop-
TaHHUMH CHCTEMHHUMHU MPOSIBAMHU — MIpO3araibHi
nutokiau TNFa, IL-1, IL-6, pakTop anrioreHesy
VEGEF 1 #toro peuentopu SFItl, PIGF a6o enmo-
r1iH, npoteinu miarneHTd PP13 (de Limar, T.H.,
2009). IIpoBeneHi YMCIEHHI MOCHIIKEHHS J03-
BOJISIFOTH MIPHUITYCTUTH, IO HEIOCTATHS Kijlb-
KIiCTh IIUX (paKTOPIB MOXKE MPU3BECTH JI0 PO3IBUT-
ky IIE. (Dobrokhotova, J. E., Zalesskaya, S. A.,
Zubareva,E.A., Zubarev, A. R., & Rumyantse-
va,T.A.,2017).

Ha nymky G.C. Smith et al. (2018), 3unxena
KOHIICHTpAIlisl IUTOKIHIB 0OYMOBIIIOE HEIOCTAT-
Hili CHHTE3 METaJOBMICHHX 1 CEPHHOBUX IIPO-
Teas, a TAKOXK KoJUlareHa3 4-ro THILY, IO MOPY-
nrye MexaHi3Mm iHBa3ii 1 Beme no po3sutky IIE.
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[Tepenbauaerbes, mo npu [IE B mpoueci iHBa3ii
TpodobiacTa He BiAOYyBAETHCS aACKBAaTHUX 3MIH
KIIiTHH TpodobiacTa B cynuHax miomeTpis. JlaHi,
OTPUMaHI I Yac JAOCIIJDKEHHS aHTUTCHHOI aK-
TUBHOCTI B MATEPUHCHKUX TKAHWHAX, YTBOPEHHS
IIUTOKIHIB Ta METAJONMPOTEiHA3 B MICIIi TUIAIICH-
TaIlil, CBi[4aTh PO MOPYIIEHHS KX MPOLECIB.

['enepamizaitis  BUAUICHHS ITUTOTOKCUYHUX
(akTOpiB BeJe 10 MOLIKOKEHHSI MaTKOBO-

TUTALIEHTAPHOTO KOMITJICKCY, aKTHBAIlii arpera-
[IHHOT AKTUBHOCTI EPUTPOIIHTIB 1 TPOMOOIIHTIB

1 10 IOPYIICHHS CHHTE3Y Ba30aKTHBHHUX PEUO-
BUH - IPOCTALUKIIIHY, TpoMOOKcaHy A2, pakropa

Binne6panma, (iOpoHEKTHHY, TKAaHUHHOTO
aKTHBAaTOpa IUIa3MIiHOTEHy 1 ioro iHriditropa,
€HJIOTeITIaIbHOTO peJlakcyodoro Qakropa, ski
MPUIHSITO BBAYKATH OCHOBHUMHU MapKepaMu JIUC-
¢bynkuii eaporenito npu IIE. (Feng, X., Liu, Y.,
Zhang, Y., Zhang, Y., Li, H., Zheng, Q., ... &
Xu,Z.,2021).

VY myOmnmikamisix OCTaHHIX POKiB 3’SBISETHCA
BCe OLbIIE TaHUX MPO BILTUB HA PO3BUTOK

I1E BpomxeHux, abo (QyHKIIOHATBHUX HOpPY-
meHb B IMyHHIH cuctemi Matepi. (Mazlum, F.,
Gharesi-Fard, B., Hadinedoushan, H., & Bakhshi-
zadeh Ghashti, Y., 2021). Bwussneno, mo Hea-
JIeKBaTHA 1HBA3is 1UTOTpodobdIacTy MOXKe OyTH
HacmigkoM 3HWKeHHs ekcnpecii HLA-G, mo
MIPOBOKY€E TIOPYIICHHS y B3a€MOJISX TKAaHUH TPO-
¢dobmnacra 3 penuayansaumMu NK-kimitnHaMu 1 ix
peuienTopamy, siKi BilirpaloTh OJHY 3 MPOBIIHUX
poJieli B mporecax CHHTE3Y IMyHOPETYISATOPHUX
IUTOKIHIB 1 pakTopiB aHTioreHesy. (Sato Y., 2020).

Benuke 3nauennsa B po3Butky IIE mae mopy-
IICHHS TOPMOHAJIBHOI PEryisiii pi3HUX (QyHK-
il oprasiB i cuctem. [linTBepIKEHHSIM IIHOTO €
MOPYIIEHHSI OPraHHOTO KPOBOTOKY, CEPIIEBO-CY-
JTUHHOT CUCTEMHU, MeTa00J113MYy, BHACIIIIOK 3MIHU
¢GyHKLIi peHiHaHTiI0TEeH3WHOBOI, TiMOTaIamMo-Ti-
no¢izapHO-HATHUPKOBOI, KaJIIKPEeTH-KIHIHOBOI,
MPOCTArNIaHAXHOBOI CUCTEM, (PYHKIIIT TUIALIEHTH.
Tax, npu [1E crioctepiraerbest nedinuT rineprii-
KO3WJIBOBAHOTO JIFOJICBKOTO XPOHIYHOTO TOHA0-
TPOIIiHY, SIKU Oepe y4acTh HpU HOPMaJIbHOMY
nepebiry BariTHOCTI B mporueci iHBa3zii Tpodo0-
JacTa i CTUMYITIOE 3pOCTAaHHS KJIITHH IUTOTPO-
¢dobnacty mnamnenTu. Takox Oyino BHSIBIICHO, 11O
3pOCTaHHS OCMOTHYHOTO THCKY, OOYMOBJIICHO
TeHEepaTi30BaHUM CIIa3MOM CYIUH, SIKUH TPU3BO-
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JUTH 10 TOpYyHmeHHS (YHKIII 0CMOpPENenTopiB,
MOCHJICHHSI CEKpellii aHTUIAIYPETUYHOTO TOPMO-
HY, 3aTPUMIIl PiAMHU B OpTraHi3Mi, 30UIbIIEHHS
KaHaJIbIIEBOI peabcopOirii, MiABUIIIEHOTO YTBO-
PEHHSI XOJIECTepUHA, L0 BEJE /0 CHIOTENi03Y,
eHAApTEePIiTy, TIMepTEH311, MPOrpecye Ba30Casm,
YTBOPIOETHCSI KOMILJIEKC MIiKPOIHUPKYIATOPHIX
MOPYIICHbB, SIKI XapaKTEPH1 IJIs TINEPTCH3UBHUX
nopymiens BaritHocTi. (Echeverria, C., Eltit, F.,
Santibanez, J. F., Gatica, S., Cabello-Verrugio, C.,
& Simon, F., 2020). 3ByXeHHs NpeKaIIPHUX
apTepioN CIpHsi€ MOPYIICHHIO OCTKAIUIIPHOTO
KpoBOTOKY. Lle Bene 10 po3nagy MiKpOIMPKYIIs-
1111, 3HKEHHSI TKAaHUHHOT niepdy3ii, pO3BUTKY Ti-
MOKCIT 1 MOaIbIIMX 3MiH B TKAHUHAX.

[HmuM hakTopom, 10 1HIYKYE MOUTKOIKSHHS
SHJIOTEITII0 TIPH TPECKIIAMIICIi, € aKTHBAIlis HEH-
TpodiIiB, OMOCEPEAKOBaHA TMEPEKUCHUM OKHC-
JICHHSIM JIIITITIB 1 OKCUJJATUBHHUM CTpecoM. (Aris,
A., Benali, S., & Ouellet, A., 2009). 36iab111eHHS
BUTPHUX PaJUKaTIB 1 3HIKEHHS aKTHUBHOCTI aH-
TUOKCUJAHTHUX CHUCTEM MOXXE BUHUKATH Ha TIi
BIUTMBY 30BHIIIHIX ()aKTOPIB 1 HA T TINOKCHY-
HUX TKAaHWH, N0 MPHU3BOJMUTH JIO amomTo3y ado
HEKPO3y KIITUH CHHIHUTIOTPO(OOIACTY, a TAKOK
JI0 OKHCJICHHSI OKPEMHX O1IKIB-PETryISITOPIB 1 Cy-
MIEPOKCUIATUBHOTO CTPECY OPTaHiB.

IMOBIpHO TIpHYMHAMHU PO3BUTKY OKCHJIATHB-
HOTO CTpeCy € MOpYILIeHHS eKcrpecii (Gakropis,
10 BOJIOMIIOTH BIACTUBOCTSMU CHIOTENiaIbHUX
TOKCHHIB: CHIOTETiaNbHU (DAKTOp Bazopeak-
cariii, 1o MPEACTABIISIE COO0I0 MOHOOKCH]T a30Ty
(NO); merunoBani ananoru L-aprininy: acume-
TpuuHui nuMetunaprinii (ADMA) 1 MoHOMe-
tunaprigia (MMA), siki € eHIOTeHHUMH 1HT10i-
Topamu eHpotenianbHoi NO-cunTtazu (eNOS).
(San Juan-Reyes, S., Gomez-Olivan, L. M., Is-
las-Flores, H., & Dublan-Garcia, O., 2020).

Cnin 3a3Ha4MTH, 10 BCI MEpepaxoBaHi BHILE
npu4rHA po3BUTKY [1E, B Tiif un 1HIIH

Mipi B3a€EMONOB’S3aHI 1 MOXYTh BIUIMBATH
OJIH Ha OJTHOTO.

[Tix wac ¢izionmoriunoro nepediry BariTHOCTI
OIMCAaHl BUILE MEXAHI3MHU 3HAXOIATHCS B OlJIBIII-
MEHIII piBHOBaXXHOMY cTaHi. OiHaK 11 piBHOBara
MOXE MOPYUIYBAaTHCS: MPHU HASIBHOCTI OYIb-KO-
ro 3 MepepaxoBaHUX BUIIE HETAaTUBHUX (DAaKTOPiB
MO>KE€ BUHUKATH PO3BUTOK O€31iui MaTOIOTTYHUX
peaxiiiii, mo npu3BoaATh 10 hopmyBanus [1E.
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OOroBopeHHsi Ta BHCHOBKH

TakuM 4MHOM, PE3IOMYIOUM JlaHi JITepaTypu
3 MOJIEKYJSIPHUM MexaHi3MaMm po3Buky I1E, cmin
3a3HAYMTH, 110 €TIOMaTOreHe3 MpeeKyIamIIcii J10-
CUTbH CKJIaJJHHH, B HBOTO 3aJIy4€H1 pi3HI MEXaH13-
MH, TIOB’5I3aH1 3 €HJOTeNalbHOK AUChYHKIIIEI0,
TOPMOHAJIBHOIO PETYIISIIEI0, MOPYIISHHAM IIIa-
LIEHTApPHOT'O KPOBOTOKY Ta 1HBa31€0 IUTOTPO(POO-
nacra. Baxume 3HaueHHs B po3BUTKY 1IE rparors
Taki YUHHUKHU K PIBEHb €KCHpecii MaTPUKCHUX
MeTaJIoNpoTeiHa3, eHAO0TeNaIbHOro (hakTopa Ba-
30penakcarlii, IHTepJIeHKiHIB 1 IIUTOKIHIB, a TAKOXK
OKCHJATUBHUI CTPEC Ta IMyHOJIOT14HI TOKA3HUKHU.

Omxe, imIeMiYHA/TIMOKCHYHA INIAaIl€HTa BH-
KJIMKa€ BUBLIbHEHHS O010aKTMBHMX (aKTOpIB,
takux sk sFlt-1, sEng, TNFa, IL-6, HIF, ROS
ta AT 1AA. bioakTtuBHI (akTOpu MOXYTh OyTH
HaI[IJICHI HA eHJI0TeTialnbHI KIITUHU, CIIPUYUHS-
10YM TUC(HYHKIIIO €HAOTENII0, 3MEHIIYIOUU Cy-
JUHOPO3IINPIOBAJIbHI PEYOBUHU Ta 30UIBIIYIOUN
ET-1, abo xmituau VSM, cripuduHso9n 30171b-
wenHsA, PKC, ROCK, Ta npu3BoauTH A0 MOCH-
JI€HHSI 3BY)XKEHHS CyIMH. bloakTuBH1 (akTopu
MOXYTh TakoX OyTH HampaBieHi Ha MMPS ta
ECM, cnpuuuHsoun HeaJeKBaTHI CyIWHHI pe-
MOJICJIIOBAaHHS, 110 MPU3BOAMUTH 10 MiABHILEHOI
purinnocti cynuH tTa HTN-Preg, abo HeanexBar-
HOTO MaTKOBO-IIAIIEHTAPHOTO PEMOJIETIOBaHHS,
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[0 TPHU3BOIUTH JO PECTPHUKIII, siIkKa OOMEXye
pict Ta [UGR. PiBHI 1tux 010J0T1YHO-aKTUBHHUX
(dakTopiB Ta CyAMHHUX MEiaTOPiB 3MIHIOIOTHCS
MIPOTSATOM BariTHOCTI, HA paHHIX, MI3HIX CTaIIfgX
Ta Jerkii ¢popmi npeexiamrcii. [Toganerie po-
3yMIHHS B3a€MOJIi Mk O10aKTMBHUMU (pakTOpa-
MU, CYTUHHUMH MEXaHi3MaMH Ta MOJEKYJISPHU-
MU MIIIEHSIMU TIOBUHHO JOMOMOITH PO3POOUTH
OinbIn eeKTHUBHI 3aXOAW IS PAaHHBOTO BUSB-
JIEHHS Ta MPOQITaAKTUKH MPEEKIIAMIICII.

dinaHCyBaHHA

JlaHna cTaTTs He OTpUMYyBaJia 30BHIIIHBOTO (i-
HAHCYBaHHS.

Kondguikr inTepecin

BincyTHiid.

3roaa Ha myo0Jiikaniro

Bci aBTOpu 03HAOMIICHI 3 TEKCTOM PYKOTIHCY
Ta HaJlaJIu 3roAy Ha HOTo MyOITiKaIlio.

ORCID ID Ta BHecOK aBTOpiB

0000-0001-9423-5553 (A, C, D) Tetiana Shu-
milina

0000-0002-9364-7254 (B, E, F) Yaroslava
Slyvka

A — Research concept and design, B — Collec-
tion and/or assembly of data, C — Data analysis
and interpretation, D — Writing the article, E —
Critical revision of the article, F — Final approval
of article

JIUTEPATYPA

Abbas, Y., Turco, M. Y., Burton, G. J., & Moffett, A. (2020). Investigation of human trophoblast invasion in vitro. Hu-

man Reproduction Update, 26(4), 501-513.

Aris, A., Benali, S., & Ouellet, A. (2009). Potential biomarkers of preeclampsia: inverse correlation between hydrogen
peroxide and nitric oxide early in maternal circulation and at term in placenta of women with preeclampsia. Placenta, 30(4),

342.

Brouwers, L. (2018). Failing the stress test: Spiral artery pathology in pregnancy and the interplay with maternal car-
diovascular health (Doctoral dissertation, Utrecht University).

Butalia, S., Audibert, F., Coté, A. M., Firoz, T., Logan, A. G., Magee, L. A., ... & Canada, H. (2018). Hypertension Can-
ada’s 2018 guidelines for the management of hypertension in pregnancy. Canadian Journal of Cardiology, 34(5), 526-531.

de Limar, T. H. (2009). Cytokine gene polymorphisms in pre-eclampsia and eclampsia. Hypertens. Res, 32(7), 565.
Dobrokhotova, J. E., Zalesskaya, S. A., Zubareva, E. A., Zubarev, A. R., & Rumyantseva, T. A. (2017). Evaluation of
Placental Blood Flow in Patients with Placental Insufficiency. International Journal of Biomedicine, 7(1), 28-31.

Echeverria, C., Eltit, F., Santibanez, J. F., Gatica, S., Cabello-Verrugio, C., & Simon, F. (2020). Endothelial dys-
function in pregnancy metabolic disorders. Biochimica et Biophysica Acta (BBA)-Molecular Basis of Disease, 1866(2),

165414.

Feng, X., Liu, Y., Zhang, Y., Zhang, Y., Li, H., Zheng, Q., ... & Xu, Z. (2021). New views on endothelial dysfunction
in gestational hypertension and potential therapy targets. Drug Discovery Today.

Gbala, M. O., & Adegoke, A. 1. (2021). Hypertension in pregnancy. In Contemporary Obstetrics and Gynecology for

Developing Countries (pp. 289-298). Springer, Cham.

Ukrainian scientific medical youth journal, 2022, Issue 1(128)
http://mmj nmuofficial.com

101


http://mmj.nmuofficial.com
https://portal.issn.org/resource/issn/1996-353X
https://portal.issn.org/resource/issn/2311-6951
https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0001-9423-5553
https://orcid.org/0000-0002-9364-7254

UKkrainian Scientific Medical Youth Journal ISSN 1996-353X
Issue 1(128), 2022 ISSN 2311-6951
Creative Commons «Attribution» 4.0

Kang, A., & Struben, H. (2008). Pre-eclampsia screening in first and second trimester. Therapeutische Umschau.
Revue thérapeutique, 65(11), 663-666.

Mazlum, F., Gharesi-Fard, B., Hadinedoushan, H., & Bakhshizadeh Ghashti, Y. (2021). Association between inter-

leukin-32 gene polymorphism and susceptibility to preeclampsia: Running Head: Association of IL-32 and preeclamp-
sia. Hypertension in Pregnancy, 1-8.

Shamshirsaz, A. A., Ravangard, S. F., & Egan, J. F. (2012). Fetal hydronephrosis as a predictor of neonatal urologic
outcomes. J. Ultrasound. Med, 31(6), 947.

Ren, Z., Cui, N., Zhu, M., & Khalil, R. A. (2018). Placental growth factor reverses decreased vascular and uteropla-
cental MMP-2 and MMP-9 and increased MMP-1 and MMP-7 and collagen types I and IV in hypertensive pregnan-
cy. American Journal of Physiology-Heart and Circulatory Physiology, 315(1), H33-H47.

Reshetnikov, E. A. (2017). Associations of insertion-deletion polymorphism of angiotensin-converting enzyme with
the risk of preeclampsia development among pregnant women in Central Russia. Asian Journal of Pharmaceutics (AJP):
Free full text articles from Asian J Pharm, 11(03).

San Juan-Reyes, S., Gomez-Olivan, L. M., Islas-Flores, H., & Dublan-Garcia, O. (2020). Oxidative stress in pregnan-
cy complicated by preeclampsia. Archives of biochemistry and biophysics, 681, 108255.

Sato, Y. (2020). Endovascular trophoblast and spiral artery remodeling. Molecular and cellular endocrinology, 503,
110699.

Sousa Gomes, M., Guimardes, M., & Montenegro, N. (2019). Thrombolysis in pregnancy: a literature review. The
Journal of Maternal-Fetal & Neonatal Medicine, 32(14), 2418-2428.

Youssef, L., Miranda, J., Paules, C., Garcia-Otero, L., Vellvé, K., Kalapotharakos, G., ... & Crispi, F. (2020). Fetal
cardiac remodeling and dysfunction is associated with both preeclampsia and fetal growth restriction. American journal
of obstetrics and gynecology, 222(1), 79-el.

Ukrainian scientific medical youth journal, 2022, Issue 1 (128)
http://mmj nmuofficial.com

102


http://mmj.nmuofficial.com
https://portal.issn.org/resource/issn/1996-353X
https://portal.issn.org/resource/issn/2311-6951
https://creativecommons.org/licenses/by/4.0/

UKkrainian Scientific Medical Youth Journal ISSN 1996-353X
Issue 1(128), 2022 ISSN 2311-6951
Creative Commons «Attribution» 4.0

Modern views on the molecular and vascular mechanisms of preeclampsia
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Annotation: the article summarizes the arguments and counterarguments in the scientific discus-
sion on the mechanisms of preeclampsia. The main purpose of this study is to summarize information
about the molecular and vascular mechanisms of preeclampsia. Thanks to a detailed study of liter-
ature sources, their systematization and approaches to solving the problem, it was found that genet-
ic and environmental factors cause placental maladaptation, which leads to defective placentation,
apoptosis of invasive cytotrophoblasts, inadequate expansive remodeling of spiral arteries. The rele-
vance of the study of this pathology is that it largely determines the perinatal and maternal morbidity.
However, today there is no clear idea about the features of the molecular and vascular mechanisms of
preeclampsia, which leads to inconsistencies in the treatment of such pregnant women, which averts
timely, adequate treatment and prevention. The bibliosemantic method and the content analysis of
the literature concerning questions of new researches on features of mechanisms of development
of preeclampsia were used. The article presents the results of studies that have shown that placental
ischemia promotes the release of bioactive factors into the maternal circulation, causing an imbalance
between antiangiogenic soluble tyrosine kinase-1, soluble endoglin and proangiogenic vascular en-
dothelial growth factor stimulates the release of proinflammatory cytokines, hypoxia-inducing factor,
reactive oxygen species and agonistic autoantibodies to type 1 angiotensin receptors. These circulat-
ing factors target the vascular endothelium, causing generalized endotheliosis in the systemic, renal,
cerebral, and hepatic vessels, and lead to a decrease in vascular dilators such as nitric oxide, prostacy-
clin, hyperpolarization factor, and increased vasoconstrictors such as endothelin-1 and thromboxane
A2. Bioactive factors also affect vascular smooth muscle and enhance vascular contraction mecha-
nisms, including cytosolic , protein kinase C, and Rho-kinase. The study empirically confirms and
theoretically proves that further understanding of the interaction between bioactive factors, vascular
mechanisms and molecular targets should help to develop more effective measures for early detection
and prevention of preeclampsia. The results of the study will be useful for primary care physicians,
gynecologists, cardiologists, therapists.

Keywords: blood pressure, endothelium, fetus, placental circulation, pre-eclampsia, pregnancy,
vasoconstrictor agents.
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Abstract: malnutrition worsens the course of the main disease and requires early diagnosis. We
were aiming to identify the prevalence of malnutrition and to elicit the most effective nutritional
screening tool for malnutrition in children with epidermolysis bullosa. A cross-sectional study for
prevalence and suitable nutritional screening tool for malnutrition of 26 patients of age 2 to 18 years
with mean age 8,65+3,86 were carried out. There were 14 females (53.8%) and 12 males (46.2%).
Anthropometric data, medical and nutrition history were obtained. The following nutritional screen-
ing tools were studied: PYMS, STAMP, STRONGFkids, and we calculated the degree of malnutrition
with online calculator PediTools, taking into account Z-score of anthropometric indicators. We eval-
uated the validity of these screening tools by calculating the sensitivity and specificity alongside
their accuracy with the 2x2 table using MEDCALC statistical software. According to clinical man-
ifestation, there were 11 (42.3%) children with severe malnutrition, 7 (26.9%) with moderate and 8
(30.8%) without malnutrition. Using different nutritional screening tools we found the following: on
STRONGkids, 14 (53.9%) had low risk, 3 (11.5%) - moderate risk, 9 (34.6%) - high risk of malnu-
trition, sensitivity was 66.67%, specificity - 100%, accuracy — 76.92%. On STAMP we found, with
5(19.2%) low risk, 7 (26.9%) - moderate risk, 14 (53.9%) - severe risk, sensitivity was 100%, spec-
ificity — 62.5%, accuracy — 88.46%. On PYMS, there were 11 (42.3%) with low risk and 8 (30.8%)
with moderate risk, 7 (26.9%) with severe risk; sensitivity was 83.33%, specificity - 100 %, accura-
cy — 88.46%. We did not find a good nutritional tool for screening of malnutrition in patients with
epidermolysis bullosa. But PYMS have shown more efficiency in comparison with STRONGkids and
STAMP because it includes evaluation of BMI which makes it possible to evaluate whether the body
mass is insufficient or normal.

Keywords: epidermolysis bullosa, nutrition assessment, nutritional status, malnutrition, pediatrics.

Introduction Marta Gambra-Arzoz et al estimated in a study
In hospitalized patients, malnutrition is a sig- with 282 hospitalized children with different pa-
nificant yet hidden problem that can determine thology that the prevalence of acute and chron-
the disease outcome, hence the need for nutrition- ic malnutrition is 13.7% and 7.4% respectively
al screening tools and proper nutritional care as (Gambra-Arzoz et al., 2020).
nutritional involvement is directly related to the Other recent studies estimated 12-24% as mal-
severity of the associated clinical complication. nourished in hospitalized children (Shaughnessy
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& Kirkland, 2016). Also, Rasmussen et al mea-
sured nutritional risk in a hospital and elicited
that 20%-50% of hospitalized patients are under-
nourished and a larger number of these patients
are undernourished on admission and for the rest
malnutrition developed during the hospital stay
(Rasmussen, Holst & Kondrup, 2010; Bharadwaj
etal., 2016).

Epidermolysis bullosa (EB) is a group of in-
herited rare genetic dermatoses characterized by
mucocutaneous fragility and blister formation,
often triggered by minimal skin friction. The
main types of EB are EB simplex, junctional,
dystrophic and Kindler (Bardhan et al., 2020).

EB can be inherited as autosomal dominant or
recessive with varying degrees of severity rang-
ing from mild to fatal. The major symptoms of
any type of EB include scars, hair loss and de-
formities of extremities, fragile skin with blisters
generalized or localized on the skin and muco-
sa. It also involves extracutaneous complications
such as esophageal strictures, squamous cell skin
cancer, constipation, malnutrition, gastroesopha-
geal reflux disease, anemia etc. (Mariath, Santin,
Schuler-Faccini & Kiszewski, 2020).

Nutritional deficiency can develop from effects
of extracutaneous involvement and increased
burden on the body metabolism and immune
system complication the disease itself creating a
vicious cycle of complications. Also, extracuta-
neous blistering and narrowing of the esophagus
will decrease food intake and further decrease the
available nutrient for the highly stressed body.
All these factors contribute to the development of
malnutrition in EB patients (Zidorio et al., 2015).

Nutritional screening tools are important to
identify the risk of malnutrition on admission but
there are several nutritional screening tools (NST)
and the question remains, how does one choose
from this pool of available nutritional screening
tools being that each tool has been designed with
different goals and application process?

Some papers in the literature identified
STRONGkids as an easy-to-use nutritional
screening tool for hospitalized patients (Hulst,
Zwart, Hop, & Joosten, 2010; Joosten & Hulst,
2014; Durakbasa, Fettahoglu, Bayar, Mutus &
Okur, 2014), however, STRONGkids showed
low efficiency in identifying the risk of malnutri-
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tion in some diseases (da Cruz Gouveia, Tassita-
no & da Silva, 2018). Hence, the need for elicit-
ing the most effective tool for identifying the risk
of malnutrition in diseases like EB.

According to the European Society of Paren-
teral and Enteral Nutrition (  ESPEN), the use
of NST can help with early recognition prevent-
ing further deterioration in hospitalized patients
thereby reducing their hospital cost and stay time
(Hartman, Shamir, Hecht & Koletzko, 2012; Wo-
noputri, Djais & Rosalina, 2014).

The available NST for pediatric patients in-
clude:

1. Nutritional Risk Score (NRS)

2. Pediatric Nutritional Risk Score (PNRS)

3. Screening Tool for the Assessment of Malnu-
trition in Pediatrics (STAMP)

Subjective Global Nutritional Assessment
(SGNA)

Pediatric Yorkhill Malnutrition Score (PYMS)
Screening Tool for Risk Of impaired Nutri-
tional Status and Growth (STRONGKids)
Aim

The aim of our study was to identify the prev-
alence of malnutrition in EB patients among dif-
ferent age groups and to elicit the most effective
Nutritional Screening Tool for the predicting of
malnutrition in children with EB.

Materials and Methods

Patients

A cross-sectional study for prevalence and
suitable nutritional screening tool for malnutri-
tion of 26 EB patients of age 2 to 18 years was
carried out at the EB cabinet in Ukrainian Nation-
al Children’s Specialized Hospital «OKHMAT-
DYT».

For this research, we compared the efficiency
of STRONGkids, STAMP, PYMS in predicting
the risk of malnutrition.

Data collection

Patients’ general data parameters were collect-
ed and they include the date of birth, age, sex, an-
thropometric parameters included height, weight,
body mass index (BMI), recent and unintentional
weight loss, gastrointestinal complaints.

Reference Standard

We compared the results of the selected Nu-
tritional screening tools to the anthropometric
Z-scores of these EB patients. We obtained each

9]
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Patient’s Z-score using the online calculator Ped-
iTools which allowed us to calculate weight,
height and BMI, as well as exact percentile and
Z-score based on the Center for Disease Control
growth charts.

It is widely accepted that the normal nutrition-
al value of Z-score is above -2.0 SD; moderately
malnourished if Z-score of two anthropometric
parameters (BMI, or weight for age, or weight
for height (WFH), or height for age) are between
-3.0 and -2 SD; severely malnourished if Z-score
is below -3.0 SD or edema (Bouma, 2017).

Screening Tool for Risk of Impaired

Nutritional Status and Growth (STRONGkids)

STRONGKids is a nutritional screening tool
designed to identify the risk of malnutrition and
was developed according to the ESPEN guide-
lines. (Huysentruyt et al., 2013). It comprises of
four questions on subjective clinical assessment,
high-risk disease, feeding characteristics, weight
loss or poor weight gain. Each question is scored
1-2 points with a maximum total score of 5 points.
Adding all scores assesses the total risk of malnu-
trition. High risk malnutrition is recorded when
total risk = 4-5 points, moderate risk =1-3 points,
low risk=0 point.

Screening Tool for the Assessment of

Malnutrition in Pediatrics (STAMP)

A team from Royal Manchester Children’s
Hospital and the University of Ulster, the lead in-
vestigator being Helen McCarthy, Lecturer and
Honorary Pediatric Dietitian, developed STAMP
(www.stampscreeningtool.org). It consists of
3 elements: Diagnosis with nutritional implica-
tions, Nutritional intake and Child’s measure-
ment (height and weight). For this purpose, we
used the centile quick reference table according
to the Center for Disease Control. The total score
was labeled as high risk when total risk >4 points,
medium risk =2-3 points, low risk = 0-1 points.

Pediatrics Yorkhill Malnutrition Score

(PYMS)

PYMS was created in Glasgow according to
a national standard set that identified the impor-
tance of screening for malnutrition in patients
over 1 year old. It consists of 4 questions: about
recent weight loss, reducing food intake, possible
affection of nutrition due to recent hospitalization
and estimation of BMI in children. The high risk
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Table 1. The Demographics characteristics of
the patients with EB

Patient characteristics Total (n=26)
Age (years) 8.65+3.86
Sex frequency
Female 14 (53.8%)
Male 12 (46.2%)
Types of EB

Simplex 7 (26.9%)
Junctional 2 (7.7%)
Dystrophic 17 (65.4%)

of malnutrition is determined when the total risk
1s > 2 points.

Statistical analysis

We analyzed all data using Microsoft Excel.
The results are presented as the mean and stan-
dard deviation (M£SD). The test for normality of
distribution of the sample was carried out by the
Kolmogorov-Smirnov test.

We evaluated the validity of PYMS, STAMP,
STONGKkids, by calculating the sensitivity and
specificity alongside their accuracy with the 2x2
table using MEDCALC statistical software. Con-
fidence interval (CI 95%) was determined sepa-
rately for each of these parameters. P-value less
than 0.05 was considered statistically significant.

Results

We analyzed a total of 26 patients suffering
from EB. The patients aged between 2 to 18
years with mean age 8.65+3.86. Most patients
(65.4%) had the dystrophic type of EB (Table 1).
69.2% of EB patients had chronic protein-energy
malnutrition of moderate and severe degree and
only 30.8% were with normal nutritional status
(fig. 1). Most of the children with DEB suffered

Fig. 1. Distribution of the patients with EB due
to severity of malnutrition

Severe; 42,30% M Normal;

30,80%

W[oderate,
26.90%
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Fig. 2. Distribution of malnutrition severity in
children with different types of EB

from severe malnutrition, while most children
with EBS had normal nutritional status (fig. 2).
All patients with EB suffered from different
gastrointestinal disorders such as dental prob-
lems, chewing pain, constipation, dysphagia,
feeling of fullness when eating, nausea and vom-
iting. We noticed that 62.5% of children with
normal nutritional status, 85.7% with moderate
malnutrition, and 90.9% with severe malnutrition
had dental problems. Group differences are not
statistically significant, p=0.278, but it is clear
that the number of patients with dental prob-
lems increases with declining nutritional status.
Only 37.5 % of children without malnutrition
and 42.8% with moderate degree noted constipa-
tion in comparison with 72.7% who had severe
malnutrition. Group differences are not statisti-
cally significant, p=0.249, but as in the previous
case, the number of patients with constipation
increases with worsening of malnutrition. 57.1%
of patients with moderate malnutrition noted

Table 2. Prevalence of gastrointestinal
complaints in EB patients with different severity

ISSN 1996-353X
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problems with swallowing (dysphagia) and only
18.2% of patients with severe malnutrition had a
similar symptom. In our view, children with se-
vere malnutrition do not complaint very often on
dysphagia due to the predominant use of liquid
food in this group (most of the patients in this
group had dilatation of esophagus due to steno-
sis) in contrast to 57.1% of patients with mod-
erate malnutrition who eat solid and liquid food
and subjectively complaining about problems
with swallowing. All described data are present-
ed in Table 2.

Evaluation of STAMP, PYMS AND

STRONGKids tools in EB patients

Using different nutritional screening tools, we
found the following:

On STRONGKkids, 14 (53.9%) had low risk,
3 (11.5%) - moderate risk, 9 (34.6%) - high risk,
sensitivity was 66.67%, specificity - 100%, accu-
racy — 76.92%.

On STAMP we found, with 5 (19.2%) low
risk, 7 (26.9%) - moderate risk, 14

(53.9%) - severe risk, sensitivity was 100%,
specificity - 62.50%, accuracy - 88.46%.

On PYMS, there were 11 (42.3%) with low
risk and 8(30.8%) moderate risk, 7 (26.9%) with
severe risk, sensitivity was 83.33%, specificity -
100 %, accuracy - 88.46%.

These variables are shown in Table 3.

With the 2x2 table using MEDCALC statis-
tical software we calculated the validity that is
shown in Table 4.

We did not find a good nutritional tool for
screening malnutrition in EB patients. Sensitivity
for STAMP and PYMS were 100% and 83.33%
respectively.

We found more efficiency with PYMS being

of malnutrition - ) e k
the most efficient in the prediction of malnutri-
DEGREE SEVERITY tion in EB patients in comparison with STRON-
COMPLAINTS O18 ML Gkids, which showed 66.67% sensitivity.
Normal | Moderate | Severe
Dental problems 62.5% | 85.7% | 90.9% Table 3. The results of nutrition screening tools
Chewing problems | 37.5% | 57.1% | 54.5% in EB patients
Constipation 37.5% 42.8% | 72.7% NST| STAMP | STRONGkids PYMS
Dysphagia 25.0% 57.1% 18.2% Risk
Get full quickly 12.5% 28.6% 27.3% Low 5(19.2%) |14 (53.9%) 11 (42.3%)
Nausea 25.0% 0% 18.2% | |Moderate |7 (26.9%) |3 (11.5%) |8 (30.8%)
Vomiting 12.5% 0% 0% Severe 14 (53.9%) | 9 (34.6%) 7 (26.9%)
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Table 4. Evaluation of STAMP, PYMS AND STRONGEkids tools in EB patients

Index Screening tools
STAMP STRONGkids PYMS

Sensitivity, 100.00 % 66.67 % 83.33 %

95% CI, % 81.47-100.00 40.99-86,66 58.58-96.42

Specificity, 62.50 % 100.00 % 100.00 %

95% CI, % 24.49-91.48 63.06-100.00 63.06-100.00 %

Accuracy, 88.46 % 76.92 % 88.46 %

95% CI, % 69.85-97.55 56.35-91.03 69.85-97.55 %
Discussion ids was superior to STAMP in terms of validity
Most works in literature recommended because STAMP over-diagnosed the number of

STRONGkids as a more efficient nutritional
screening tool for patients with chronic diseases
(Huysentruyt et al., 2013; Durakbasa.ct al., 2014;
Lara-Pompa et al., 2020), but with a focus on EB
patients, STRONGEkids was very inefficient. This
is because EB is not included in the disease list
for calculating STRONGKkids. Also, STRONGk-
ids focuses on disease symptoms occurring in the
last 1-3 days and a few weeks to months, which
does not favor patients with chronic diseases oc-
curring for years like in EB.

Undernutrition is classically subdivided into
acute undernutrition (defined by the World Health
Organization (WHO) as the weight for height
[WFH] <-2 SD) and chronic undernutrition (de-
fined by the WHO as height for age [HFA] <-2
SD).

Koen Huysentruyt et al were the first to validate
the use of the STRONGEkids by nurses as an easy-
to-use rapid nutritional screening tool for hospital-
ized patients. In their study with the Belgian pop-
ulation of hospitalized children they found a good
correlation of STRONGkids with acute malnutri-
tion, but not with chronic undernutrition. (Huysen-
truyt et al., 2013). This means that STRONGkids
has a poor correlation with chronic undernutrition,
which further reinforces our result.

Lama More RA et al studied nutritional
screening tools for hospitalized pediatric patients
in Spain and they tried to validate STAMP for
nutritional screening (Lama More et al., 2012).
They concluded that STAMP is a simple and use-
ful tool for nutritional screening, avoiding the
need to assess all patients on admission in order
to identify those under nutritional risk.

Rebecca Ling et al compared STAMP with
STRONGEkids and concluded that STRONGKk-

children with nutritional risk and STRONGkids
had a closer correlation to the nutritional status
but this does not apply to patients with EB and it
further reiterates the fact that each screening tool
has been designed with different goals (Rebecca,
Victoria Hedges & Peter, 2011).

In our study, STRONGkids under-diagnosed
the number of children with nutritional risk.
STRONGkids found 53.9% of the patients as low
risk, 11.5% as moderate risk, and 34.6% as high
risk and this does not correlate with the nutri-
tional status recorded by Z-score as 42.3% with
severe malnutrition, 26.9% moderate, and 30.8%
with normal malnutrition

PYMS-assessed nutritional risk showed the
closest correlation with Malnutrition status in
accordance to Z-score and this was also con-
firmed by the high results of 83.33% Sensitivity,
100% specificity, 88.46% accuracy followed by
STAMP which showed 100% sensitivity, 62.50%
specificity, 88.46% accuracy.

STRONGEKids did not show a strong correla-
tion to the standard nutritional status.

There is no universally accepted nutritional
screening tool for predicting the risk of malnu-
trition but this is mainly due to the lack of a uni-
versally accepted definition for malnutrition. EB
is a rare genetic disease but the need to identify
malnutrition and the risk of malnutrition cannot
be overemphasized as this determines the effec-
tiveness of its management.

Malnutrition is associated with many out-
comes including longer hospital stay, increase
morbidity and mortality and increase cost of dis-
ease management.

There are six nutritional screening tools for
hospitalized pediatric patients and all six can
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identify the risk of malnutrition but not accurate
in all diseases and for this reason we compared
the efficiency amongst STAMP, PYMS, and
STRONGKids.

Against the popular notion in the literature
that STRONGkids can be the most effective
tool for identifying the risk of malnutrition, we
found PYMS to be the most sensitive followed
by STAMP.

Epidermolysis Bullosa is a chronic lifetime
disease, therefore, a screening tool that focuses
on eliciting acute symptoms will not be effective
as seen with STRONGKids.

Nutritional screening should be conducted on
admission and on regular follow-up assessment
during admission (Joosten & Hulst, 2014).

Conclusions

In conclusion, 69.2% of EB patients are suf-
fering from chronic protein-energy malnutrition
moderate or severe degree. We do not have a gold
standard nutritional tool for effective identifica-
tion of malnutrition in EB patients, but PYMS
and STAMP have shown a positive correlation
with reference nutritional status while STRON-
Gkids is poorly efficient for EB patients.

Recommendation

We recommend that PYMS and STAMP nutri-
tional screening tools be studied in a larger EB
population as they show a more prospective re-
sult for calculating the risk of malnutrition in

ISSN 1996-353X
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EB patients. Taking into consideration the partic-
ularities of the disease in our patients, it would
probably be better to develop a specific nutrition-
al screening tool for EB patients, which would
take into account the most common gastrointesti-
nal complications that affect the development of
malnutrition.
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E¢exTuBHICTH CKPMHIHTOBHX ONUTYBAJBHUKIB JJIS1 AIaTHOCTUKHM MaJIbHYTPHUILIl
y Aiteii i3 OyJIb03HUM emiiepMoIi3oM

OmxykBy Bikropis',Cinrx Oaecs?
lep>xaBHa nikapus Kinrcrona, Kinrcron, SImaiika

’Kadenpa nemiarpii Nel, Hamionansuuit Meauunwuii yaiepcureT iM. O.0. Boromosbiist, Kuis,
Vkpaina; Kadpenpa neniatpii [IBH3 «KuiBchkuii Mmeanunmii yniBepcurer», Kuis, Ykpaina

Address for correspondence:
Olesia Singh
E-mail: olesiasingh1985@gmail.com

AHoTanis. binKkoBo-eHepreTHuHa HEAOCTATHICTh (MAJIbHYTPHIIISl) MOTIpIIy€e epedir 0CHOBHOTO
3aXBOPIOBaHHS, TOMY MOTpeOy€e paHHBOI AIarHOCTUKUA. METOI0 HAIIOTO JOCIIKEHHS OyJI0 BCTaHO-
BUTH YacTOTy OiKoBO-eHepreTudHoi HenoctatHocTi (BEH) y miteit 13 OynbO3HHM emifgepMoiizoM
(BE) Ta mocniautu epeKTUBHICTh CKPUHIHTOBUX OINUTYBAJbHUKIB JJIi BU3HAYEHHS ii PU3HKIB BU-
HUKHEHHs. Byn0 mpoBeneHO OTHOMOMEHTHE JOCIIIKeHHS, B IKOMY Opaji y4acTh 26 MHali€eHTIB 3
BE Bikom Big 2 no 18 pokiB (cepeaniit Bik 8,65+3,86 p.). Cepen narmientiB Oyno 14 (53,8%) miBuar
Ta 12 (46,2%) xnonuis. ITanienTam Oys0 NIpoBeIeHO aHTPOIIOMETPIIO Ta OLIHEHO HYTPUTUBHUIM CTa-
tyc. Jns BusHaueHHst pusuky po3Butky BEH Oynu BuKopucTaHI Taki CKPUHIHTOBI ONUTYBAJIbHUKHU:
PYMS, STAMP, STRONGkids. Ctynins Tsxkocti BEH Bu3Hauanu, BpaxoBytoun Z-KpuTepiit aHTpo-
MIOMETPUYHUX [TOKA3HHUKIB, 32 JIOOMOT010 OHJIalH KayibKynstopa PediTools. Mu ouinunu BaniaHICTh
CKPUHIHTOBUX OINUTYBAJIbHUKIB, BU3HAUYUBIIM Yy TJIUBICTh, CHEIU(IUYHICT Ta TOYHICTH 32 JOIOMO-
roro Tabnuui 2x2 cratuctuyHoro nporpamuoro 3atdesnedenss MEDCALC. Cepen oO6cTexxeHux na-
uienTiB i3 BE tsoxky BEH Oyno niarnoctoBanoy 11 (42,3 %), BEH nmomipHoi BaxkocTi —y 7 (26,9 %),
a B 8 (30,8 %) niteit o3nak BEH ne Oyno BusiBiieHo. 3a pesyasraramu onutyBaibHnka STRONGkids
14 (53,9%) niteit manu HU3bKUH pusuk po3Butky BEH, 3 (11,5%) niteit Manu nmoMmipHHUM pU3UK
ta 9 (34,6%) niteit — BUCOKHMI pU3MK, YyTIUBICTh cKiana 66,67%, cneuudiunicts — 100 %, Tou-
HICTb — 76,92%. 3a pe3ynpratamu onutyBaibHuka STAMP mu BusiBun y 5 (19,2%) niteit Huzpkuit
pusuk BEH, y 7 (26,9%) — nomipuuii pusuk, y 14 (53,9%) — Bucokuil pusuk, 4yIUBICTh CKJlajia
100%, crerudiunicts — 62,5%, TouHicTh — 88,46%. 3a pe3ynpraramu onuTyBanbHuka PYMS Gyro
11 (42,3%) nitedt 3 Hu3zpkuM pusukoMm bEH, 8 (30,8%) 3 momipHum pusukoM, 7 (26.9%) 3 BUCOKUM
pusukoM; 9y TuBicTh — 83,33 %, cnenudiunicts — 100 %, TounicTs — 88,46 %. Mu He 3HANILIH 1/1e-
aJIbHOTO CKPUHIHTOBOTO ONUTYBaJIbHUKA JJIs BU3HaYeHHsS pu3uKy po3Butky BEH y nanienris i3 Oy-
Ib03HUM eninepmoitizoMm. Ane PYMS nokasas 6inbiy edextuBHicTh y nopiBHsaHHI 3 STRONGKkids
ta STAMP, ockunbku BiH BKIItodae oiiHKy IMT, 1110 1a€ 3Mory onocepeakoBaHo CyIUTH PO HYTpH-
TUBHHUH CTaH JUTHUHHU.

KurouoBi ci1oBa: Oynb0o3HUH €MiIepMoITi3, OIlIHKA XapyyBaHHs, CTaH XapuyBaHHsI, MaJIbHYTPHIILs,
nesiaTpis.

© 2022 by the authors; licensee
USMYJ, Kyiv, Ukraine.
This article is an open access
article distributed under the terms
and conditions of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0/)

Ukrainian scientific medical youth journal, 2022, Issue 1(128)
http://mmj nmuofficial.com

111


http://mmj.nmuofficial.com
https://portal.issn.org/resource/issn/1996-353X
https://portal.issn.org/resource/issn/2311-6951
https://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
mailto:olesiasingh1985@gmail.com

Ukrainian Scientific Medical Youth Journal
Issue 1(128), 2022
Creative Commons «Attribution» 4.0

ISSN 1996-353X
ISSN 2311-6951

Anpeca 111 KOPeCIOH/ICHIII:

Penaxmig YKpaiHCBKOTO HayKOBO-MEIHYHOTO
MOIIOIDKHOTIO JKypHAILY,

HayKoBHH Bijai1 HMY,

Oyn. T.I1leBuenka, 13, m.Kuig, 01601
www.mmj.nmuofficial.com

Correspondence address:

Editorial board of the Ukrainian Scientific Medical
Youth Journal

Research Department of NMU,

13, T. Shevchenka blvd. Kyiv, 01601

www.mmj.nmuofficial.com

E-mail: usmyj@ukr.net

HanioHanpHAH MEIUIHAH YHIBEPCHTET
iMeni O.0.ForoMombIs
www.nmuofficial.com

E-mail: usmyj@ukr.net
Bogomolets National Medical
University

www.nmuofficial.com

BupaBamanii 1iv «AJTE®-Ykpaina»
01030, KuiB, Byn b. XmensHuIBKOTO, 32, 0¢. 402
Ten.:+380442840860, daxc:+380442840850

e-mail: adef@adef.com.ua

www.adef.com.ua

«ADEF-Ukraine» Publishing House
01030, Kyiv, B. Khmelnitskogo str., 32, of 40a
tel.:+380442840860, fax:+380442840850

e-mail: adef@adef.com.ua

www.adef.com.ua

CBioNTBO Cy6’€KTa BUIAaBHUYOI CIIPABH
JIK Ne 4605 Bix 28.08.2013 p.
ITigmucano mo apyky 23.03.2022 p.

®opmar 60x84/8, npyk odceTHHI, namip odceTHHH
Tupax 50, 3am. Ne JK-2022/15.03.

Certificate of the subject of publishing
JIK Ne 4605 dated 28.08.2013

Signed in print on 23.03.2022 p.
Format 60x84/8, offset print, offset paper
Circulation: 50 Order Ne J-2022/15.03.

112


http://mmj.nmuofficial.com
https://portal.issn.org/resource/issn/1996-353X
https://portal.issn.org/resource/issn/2311-6951
https://creativecommons.org/licenses/by/4.0/
http://www.mmj.nmuofficial.com
mailto:usmyj@ukr.net
http://www.nmuofficial.com
mailto:adef@adef.com.ua
http://www.adef.com.ua
http://www.mmj.nmuofficial.com
mailto:usmyj@ukr.net
http://www.nmuofficial.com
mailto:adef@adef.com.ua
http://www.adef.com.ua

	_heading=h.30j0zll
	_heading=h.k83batfs1htk
	_heading=h.1fob9te
	_heading=h.3znysh7
	_GoBack
	_heading=h.1t3h5sf
	_heading=h.4d34og8
	_heading=h.2s8eyo1
	_heading=h.jleixedm5lvc
	_heading=h.szcwhm18b5sq
	_GoBack
	_heading=h.zexeenm1nj7h
	_heading=h.gjdgxs
	_heading=h.m64hu89ywgxv
	_heading=h.jleixedm5lvc
	_GoBack
	_heading=h.gjdgxs
	_heading=h.iheqbg3gtd3m
	_heading=h.jr2wfphiizs7
	_heading=h.dekpcsswlqws
	_heading=h.30j0zll
	_heading=h.1fob9te
	_heading=h.2et92p0
	_heading=h.jleixedm5lvc
	_heading=h.d018renm62tc
	_GoBack
	_heading=h.b35b249qioon
	_heading=h.jleixedm5lvc
	_heading=h.kvyel862m7fe
	_heading=h.u0jtdjwb0mge
	_GoBack
	_heading=h.zdhhimxr0cih
	_heading=h.jleixedm5lvc
	_GoBack
	_GoBack
	_GoBack
	_heading=h.gjdgxs
	_heading=h.kg15t8itcmbx
	_heading=h.gjdgxs
	_heading=h.jleixedm5lvc
	_GoBack
	_heading=h.jleixedm5lvc
	_heading=h.f4zye7vr201
	_GoBack
	_heading=h.jleixedm5lvc
	_GoBack
	_GoBack

