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The aim of the study was to identify the dominant clonal lineages of pathogens causing combat wounds and to determine their ~ Keywords:
antimicrobial resistance determinants for the purpose of optimizing antimicrobial drug administration in wartime. antibiotics,
resistance, genome
sequencing, high-risk
clones, infection,
combat trauma.

Materials and methods. Microbiological monitoring of combat wound contents was carried out in patients of three medical hospi-
tals in the central region of Ukraine during 2014—2023. Molecular genetic studies involving whole genome sequencing (WGS) of
isolated cultures using Next-Generation Sequencing (NGS), followed by multilocus genotyping of genome sequences and gene
identification, were performed at the Walter Reed Army Institute of Research (USA). Antibiotic sensitivity was determined using

the disc diffusion method in accordance with the EUCAST recommendations.
Zaporozhye

Results. The results of bacteriological studies of combat wounds of the limbs and soft tissues of the torso during 2022 and 2023  Medical Journal.
have shown that A. baumannii (35.7 %), K. pneumoniae (20.7 %), and P. aeruginosa (14.9 %) were the most common organ- ~ 2025;27(5):355-360
isms cultured. For A. baumannii, 95.6 % of isolates were multidrug-resistant (MDR), and 41.1 % were classified as extensively

drug-resistant (XDR). Genome sequencing identified several high-risk international clones, including ST2, ST78 and ST1077,

which carried the carbapenemase genes bla,,, ,,, bla,, ,,and the 16S methyitransferase gene armA. Among the various strains

of P. aeruginosa, isolates of globally distributed clonal lines ST235, ST357, ST773, and ST1047 have been identified.

The K. pneumoniae isolates belonged to five distinct clonal groups: ST395, ST307, ST147, ST39, and ST23. Most of these isolates
carried carbapenemases and were classified as MDR and XDR.

Conclusions. This study analyzed bacterial pathogens from combat wounds in Ukraine (2014-2023), revealing a dominance of
MDR/XDR Gram-negative organisms, primarily Acinetobacter baumannii, Pseudomonas aeruginosa and Klebsiella pneumoniae.
Whole-genome sequencing identified the emergence of high-risk international clones (e. g. A. baumannii ST2, ST78, ST1077;
P. aeruginosa ST235, ST357, ST773, ST1047; K. pneumoniae ST147, ST307, ST395), many carrying bla,,,, bla,y,, 165 rRNA
methyltransferases and, in K. pneumoniae, hypervirulence markers. The findings underscore the close association between armed
conflict and the amplification of antimicrobial resistance, driven by high antibiotic consumption, complex evacuation pathways, and
nosocomial transmission in overstretched healthcare systems.

AHTMMiKpPOOHa pe3uCTEHTHICTb | reHOMHa eniaemionoria 6akTepiaAbHUX iHeKLiH Kntouosi croga:
v . . aHTUOIOTHKM,
y BiHCbKOBOMY KOHTEKCTi: YKpaiHa, 2014-2023 DESHCTEHTHICTS
CEKCeHyBaHHA
B. N. Kosanbuyk, M. Makl'aHH, I. A. Boryw, H. C. ®omiHa, 0. 0. ®omiH, B. M. KonapaTiok FEHOMA, KAOHM

BMCOKOIO PU3UKY,
iHOeKLis, 6oltoBa
TpaBMa.

Merta pob0TH — BUSIBNIEHHS! KIOHANMbHVX MiHil 30yAHWKIB IHEKLMA, WO AOMiHYHOTb, 6OI0BMX paH nig Yac BilHM B YkpaiHi, BU3Ha-
YeHHs! AeTEPMIHaHT CTIKOCTi BUAINEHUX MIKPOOpPraHiaMiB O aHTMGIOTUKIB 1151 €heKTUBHOTO aMIHICTPYBaHHS aHTUMIKPOGHNX
npenapariB y BOEHHWIA Yac.

Marepianu i MeToau. MonekynsipHo-reHeTi4Hi fOCTikeHHs! 3 cekBeHyBaHHs reHoma (WGS) BUAINEHIX KyrkTyp METOAOM «HOBOTO  3an4pisskuii
MOKOIIHHS1» 3 HACTYMHUM 6araToNOKyCHUM TUMYBaHHSAM NOCIIAOBHOCTE reHoMa 11 ineHTUdiKaLieto reHiB 3ailicHeHo y nabopaTopii  meanunmit xypHan.
BilicbkoBoro iHCTUTYTY JocrimpkeHs iM. Bontepa Piga (CLUA). YyTnmBsicTb [0 aHTUGIOTKIB BU3HAYEHO AUCKO-aNAY3iliHM MeTofoM  2025. T. 27, Ne 5(152).
BIANOBIAHO 10 pekoMeHaaLiit EUCAST. C.355-360

Pesynabrati. 3a pesynsratamu AOCTIMKEHHS BMICTY 60M0BUX paH KiHLIBOK i M'SIKUX TKaHWH Tyny6a, Lo saiickeHe y 2022-2023,
nigTBEpAUNN TEHAEHL0 A0 AOMiHYBaHHS A. baumannii (35,7 %) Ta K. pneumoniae (20,7 %), P. aeruginosa BugineHo y 14,9 %
BWNaakis. Bueunnu npodini heHoTUNOBOI PE3NCTEHTHOCTI, BCTaHOBUAW, WO A. baumannii y 95,6 % Bunagkis Hanexanu 4o
mynbtupesuncteHTHnx (MDR), a 41,1 % wramis xapaktepusyBanucs HagasnyaiHow pesncteHTHicTio (XDR). CekBeHyBaHHS
reHoma i3onsaTie A. baumannii BU3Haumno 8 pisHux knoHanbHux ninin: ST2, ST78 i ST1077, — wo € Hociamu kapbaneHemas
blagy, ., blag,, ., Ta reda armA. Cepeq wramis P. aeruginosa BUGIneHo i3onaTv KnoHanbHuX niin ST235 i ST357, ST773,
ST1047, wo maroTb rnobarbHe NOLMPEHHS! | € HOCISIMU FEHETUYHIX IETEPMIHAHT NPOAYKLIT GeTanakTamas posLLUMPEHOro cnekTpa
aii knacy A, D Ta metanobetanaktamas. Buainei isonatu K. pneumoniae Hanexanu nepeBaxHo 40 M'ATW KNOHANbHWX rpyn
ST395, ST307, ST147, ST39, ST23, wo nepesaxHo Oynn HocisMu kapbaneHemas i 3a (HEHOTUNOBOIO YYTNMBICTIO Hanexanu
no MDR i XDR wrawmis.

© The Author(s) 2025. This is an open access article under the Creative Commons CC BY 4.0 license
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BucHoBku. [MpoaHanisoBaHo 6akTepianbHi natoreHu, BUAineHi 3 60/oBMX paH ykpaiHCbkuX BiicbkoBocnyx6osLiB (2014-2023 pp.).
BcTaHoBneHo foMiHyBaHHS MynbTupeaucTeHTHUX (MDR) Ta ekcTpemanbHo peucTeHTHUX (XDR) rppamHeraTuBHUX MiKpoopraHiamis,
nepesaxHo Acinetobacter baumannii, Pseudomonas aeruginosa 1a Klebsiella pneumoniae. lMOBHOreHOMHE CEKBEHYBaHHS Aano
3MOry BUSIBUTW MiXXHApPOAOHi BUCOKOPU3UKOBI k1noHu (A. baumannii ST2, ST78, ST1077; P. aeruginosa ST235, ST357, ST773,

ST1047; K. pneumoniae ST147, ST307, ST395), i Barato i3 HUX HECYTb reHn bla

oxar Dlayo,, MeTnTpaHcdepas 16S pPHK, a

K. pneumoniae — LLie 1 MapKepW rinepBipyNeHTHOCTI. PeaynbtaTi JOCTIMKEHHS NATBEPAXYHOTb 3B'S30K MidK 30PONHNM KOHAAIKTOM i
MOLUMPEHHSIM aHTUMIKPOBHOT PE3UCTEHTHOCTI, LLIO 3yMOBEHE BUCOKUM PIBHEM NMpUIIMaHHs aHTUGIOTVKIB, CKagHUMM MapLLpyTamu
MeanYHoI eBakyalLlii Ta BHYTPILLHBOIIKAPHSHOK NepeaaYeto y nepeBaHTaXeHNX CUCTEMaxX OXOPOHU 30POB'S.

A significant challenge in contemporary military medicine
pertains to the management of infectious complications
arising from combat injuries, which affect more than a third
of wounded individuals. The complexity of resolving this
issue is associated with the global dissemination of anti-
biotic resistance in bacterial pathogens. The World Health
Organization (WHO) has included antibiotic resistance in
its list of the 10 major threats to global health. In 2015, the
WHO initiated a global surveillance system for antimicrobial
resistance (GLASS), encompassing over 120 countries.
According to the findings of GLASS, even in the relatively
peaceful year of 2019, antibiotic resistance was the direct
cause of 1.27 million deaths worldwide and contributed to
further 4.95 million deaths [1].

It is evident that a discernible correlation has been ob-
served between the propagation of antibiotic resistance and
geopolitical military conflicts over the past fifty years [2]. The
first reported cases of penicillin-resistant wound pathogens
in humans with military injuries were first reported during
World War Il. While the rate of staphylococcal resistance
to penicillin at this period was 17 %, by 1952, during the
Korean War, it had reached two-thirds of the strains isolated
from wounded soldiers. The first reports of enterobacteria
producing New Delhi (NDM) metallo-beta-lactamase in war
wounds were documented during the Libyan conflict. During
the military operations conducted by the coalition forces in
Iran and Afghanistan, carbapenem-resistant A. baumannii
swiftly emerged as a prominent threat, becoming a prevalent
cause of serious wound infections [3,4,5]. This phenomenon
can be explained by the fact that, in wartime, the urgent
need for daily empirical use of antibiotics in large numbers
of wounded patients exerts rapid and powerful selective
pressure on wound microflora. Concurrently, nosocomial
transmission plays a critical role in the dissemination of
these resistant bacterial strains, as the need for rapid
decision-making concerning treatment choices, aimed at
the preservation of life, often supersedes infection control
measures.

The full-scale Russian — Ukrainian war is no exception
in this regard. The microflora of combat wounds and the
antibiotic resistance profiles of wound pathogens have been
monitored from the onset of hostilities in eastern Ukraine
in 2014 to the present [6]. The findings provide compelling
evidence of a strong association between the proliferation of
antibiotic-resistant bacterial pathogens and armed conflicts.

Aim

The aim of the study was to identify the dominant clonal
lineages of pathogens causing combat wounds and to
determine their antimicrobial resistance determinants for

the purpose of optimizing antimicrobial drug administration
in wartime.

Materials and methods

A bacteriological study of the wound contents of wounded
patients who were treated in hospitals in the Central region
between March 2022 and September 2023 to receive spe-
cialized and highly specialized medical care was conducted.
For comparison, we used bacteriological data obtained
prior to the full-scale invasion, during the Anti-Terrorist
Operation / Joint Forces Operation (ATO / JFO) period
from 2014 to 2020.

Whole genome sequencing using lllumina MiSeq and
NextSeq instruments and subsequent molecular analysis
were performed in the USA at the Multidrug-resistant
Organism Repository and Surveillance Network (MRSN)
laboratory, as previously described [7,8,9].

Antibiotic sensitivity was tested using the disc diffusion
method in accordance with the European Committee on An-
timicrobial Susceptibility Testing (EUCAST) recommenda-
tions. Antibiotic resistance profiles were assessed according
to the criteria established by A. P. Magiorakos et al. [10].

Results

The results of bacteriological studies of 171 wounded sol-
diers with similar injuries in 20222023 confirmed the dom-
inance of non-fermenting Gram-negative microorganisms.
The species composition of wound pathogens underwent
a slight alteration, with an increase in the prevalence of
representatives of the Enterobacteriaceae family (Fig. 1).

The results of our investigations have shown a signifi-
cant increase in the frequency of K. pneumoniae isolation.
The findings of this study corroborate this trend, as the
frequency of this bacterial species isolation has increased
to 20.7 % compared to 8.6 % prior to the commencement
of the full-scale war. Among other Enterobacteriaceae found
in wound contents, E. coli was identified in 9.1 % of cases,
and Enterobacter spp. in 6.2 %. Among non-fermenting
Gram-negative bacteria, the frequency of A. baumannii
isolation has increased from 29.6 % to 35.7 % in the last
period, but P. aeruginosa has become much less common
(from 29.6 % to 14.9 %). The proportion of Gram-positive
cocci was low, and they were most often represented
(5.8 %) by Enterococcus spp.

In assessing the phenotypic resistance profiles of the
most prevalent wound pathogens, a predominance of mul-
tidrug-resistant (MDR) strains was observed, with 95.6 %
of A. baumannii isolates falling into this category. Notably,
41.1 % of these MDR strains demonstrated an extensive
degree of resistance, designated as extensively drug-re-
sistant (XDR). The molecular genetic analysis carried out
on the A. baumannii isolates revealed the presence of
eight distinct clonal lineages. The presence of such genetic
diversity was indicative of the multi-locality of Acinetobacter
sources in Ukraine.
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W 2014-2020 (%)

35.7 A. baumanii

14.9 P. aeruginosa

20.7 K. pneumoniae

6.6 Enterobacter spp.

9.1 E. coli

5.8 Enretococcus spp.

0.7 Staphylococcus spp.

2022-2023 (%)

Fig. 1. Pathogen Spectrum in Combat Wound Infections, Ukraine (20142020 vs. 2022-2023). Values indicate the proportion of isolates from combat wound infections in each period.

Representatives of high-risk international clones (ICs),
which are carriers of genetic determinants of resistance to
antibiotics of various classes, represent a large proportion
of isolated cultures. Consequently, 17.6 % of the A. bau-
mannii belonged to the world’s most widespread high-risk
clonal line ST2, and carried the carbapenemases bla,, , ,.,
bla,,, ,,» and 165 methyltransferase gene, armA, providing
resistance to all clinically relevant aminoglycosides. From
2014-2022, a single case of A. baumannii ST2 was isolated;
in contrast, from 2022-2023, 12 of the 68 isolated strains
belonged to this sequence type. This finding indicates the
intra-hospital and inter-hospital spread of pathogens. The
presence of genetically related isolates of this sequence
type, with no more than 10 single nucleotide differences
in the genome, in three hospitals in Vinnytsia, suggests
that these patients were in the same medical facility at the
previous stage of medical evacuation.

The phenotypic resistance exhibited by isolates of this
sequence type demonstrated a complete congruency with
their genotype. In the present study, seven isolates have
been found to carry the carbapenemase gene, bla,,, ,.,
and the armA 16S methyltransferase gene, therefore,
they were resistant to B-lactams and aminoglycosides
retaining susceptibility to colistin. In contrast, one isolate,
which carried the bla,,,, ,, carbapenemase gene but lacked
methyltransferase activity, demonstrated sensitivity to
colistin and tobramycin. The remaining isolates, devoid of
carbapenemase and methyltransferase genes, exhibited
MDR and sensitivity to colistin, aminoglycosides, and
carbapenems.

Itis noteworthy that 23 (33.8 %) strains of A. baumannii
are assigned to the globally prevalent clone lineage ST78
and its single locus variant (SLV) ST1077. Prior to 2022,
isolates of clone ST78 often were identified in the cultures
of wounded patients in Ukraine. The 12 isolates obtained
from three hospitals in Vinnytsia following 2022 formed a
cluster of genetically highly similar isolates, differing by 1-18
single-nucleotide differences. All isolates were found to be
carriers of the bla,, ,, carbapenemase gene, and nine
of these additionally carried the armA gene. The isolates
exhibited phenotypic sensitivity to colistin.

The most prevalent clone identified in our studies (17
isolates, 25 % of the total) was the clonal group ST19, which
has not been included in the list of high-risk international
clones being a carrier of carbapenemase genes. Five iso-
lates were identified as carrying the bla,,,, ,, gene, whereas
11 isolates were determined to harbor the bla,, ,,. In the
absence of 16S methyltransferase genes, all representa-
tives exhibited sensitivity to gentamicin and tobramycin, in
addition to colistin.

The representation of the high-risk clonal lines among
the P. aeruginosa isolates obtained was not significant. A
total of 40 bacterial isolates were taken, including three
isolates of ST235 (7.5 % of the total) and one isolate of
ST357 (2.5 %).

A considerably higher frequency of two other clones
was observed: ST773 (13 isolates, 32.5 %) and ST1047 (10
isolates, 25 %). Moreover, all recently recovered isolates
have been found to be genetically closely related (<10
single-nucleotide polymorphisms) to one isolate obtained
in 2019 from a wounded patient treated in a medical facility
in Kyiv. All isolates of this clonal line were resistant to fluo-
roquinolones and imipenem. Resistance to cephalosporin
antibiotics, aminoglycosides, and meropenem has been
found in 69.2 % of isolates of this clone. The only PDR
isolate identified in this study that was resistant to colistin
belonged to this clone. At the same time, three strains
(23.1 % of P. aeruginosa ST773 isolates) belonged to the
non-MDR (nMDR) group.

Among the ST773 isolates, four genetically related iso-
lates had a set of two metal-beta-lactamase genes, bla, ,,, ,
and bla,,, ,, as well as 165 rRNA methyltransferase rmtB4.
Another six isolates carried bla,, ,and the rmtB4 16S
methyltransferase gene. Phenotypic sensitivity to antibiotics
was consistent with the carriage of genetic markers, as the
nMDR isolates did not carry the genes for carbapenemase
and 16S RMTases production, and their resistance to fluo-
roquinolones was due to the gnr VC1 gene, and mutations
in the gyrA and parC genes.

Of the ten ST1047 isolates obtained in this study,
eight were isolated from patients in different departments
of the same hospital. Two of them were isolated from burn
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wounds, three from festering mine-blast wounds, and three
from the respiratory tract of intensive care unit patients with
signs of ventilator-associated pneumonia. Regardless of
the department in which the patient was treated and the
location of the sample collection, the isolates were highly
genetically related (0—1 allelic differences) suggesting noso-
comial transmission. All isolates of this clonal line belonged
to the XDR phenotype and were resistant to all antibiotics
regulated by EUCAST for P. aeruginosa, except for colis-
tin. It should be noted that all of them were also sensitive
to cefiderocol, which is currently unavailable in Ukraine.
Among the important genetic determinants of resistance in
all isolates of this clone is imipenemase bla,,,, .

The 56 isolates of K. pneumoniae belonged to five
clonal groups, and one isolate was classified as ST15. The
largest group was represented by the relatively young, high-
risk ST395 clone, identified in France in 2010, consisting of
20 isolates (35.7 %). The second most common group was
the long-known high-risk international clone ST307, which
consisted of 14 isolates (25.0 %). The globally widespread
clone ST147 accounted for 17.9 % (10 isolates). Among
the remaining isolates, 14.3 % (8 isolates) belonged to
ST39, and 5.4 % (3 isolates) belonged to ST23. In terms
of phenotypic sensitivity, isolates of the most common
sequence type ST-395 were divided into MDR - 55 % and
XDR-45 %. 60 % of isolates of this sequence type retained
sensitivity to at least one aminoglycoside antibiotic, 50 % to
ceftazidime/avibactam, and 50 % to tigecycline. Sensitivity
to other antibiotics was lower. Only one of the 20 isolates
did not carry carbapenemase genes, while the rest carried
the class D beta-lactamase gene bla, ,, or bla,, . All
strains of this clone carried the bla, ,, .. extended-spec-
trum beta-lactamase gene. Only one isolate had no genetic
markers of hypervirulence, while the rest carried one or a
combination of the yersiniibactin (ybt), mucoid factor (rmpA)
and aeroblastin (iuc) loci.

Fighting in Ukraine has been going on for over 10 years,
but before the full-scale war started in 2022, K. pneumo-
niae ST-307 was not found in wounded soldiers. Based on
phenotypic sensitivity, isolates were divided in half: 50 %
(n=7)-MDR, 50 % (n = 7) — XDR. Extended-resistance
variants were sensitive to colistin (n = 4) or to colistin
and tigecycline (n = 3), while MDR variants were also
sensitive to ceftazidime/avibactam, amikacin, meropenem
and imipenem. In the genome, 8 of 14 isolates had the
carbapenemase determinant bla,,, ., and only one of
them retained sensitivity to meropenem and imipenem.
6 other isolates did not carry carbapenemases and were
phenotypically sensitive to carbapenems. 9 isolates carried
the 16S RMTase armA and were phenotypically resistant
to aminoglycosides. Among the hypervirulence markers,
4 isolates of this clone had a combination of aeroblastin,
yersiniabactin and rmpA mucus regulator genes, 5 isolates
had aeroblastin and yersiniabactin, and the rest had only
the yersiniabactin gene.

We also have not detected any isolates of another
international high-risk clone, K. pneumoniae ST147, before
2022. 7 of the 10 isolates of this lineage obtained recently
belonged to XDR in terms of phenotypic sensitivity and
were sensitive only to colistin and amikacin or gentamicin.

All 10 isolates carried carbapenemase: 3 isolates car-

ried bla 3 isolates carried bla and the remaining

NDM-1? OXA-48'

4 isolates carried both. Only bla,, ,, carriers showed
phenotypic sensitivity to cephalosporins and imipenem/
cilastatin. Only 1 isolate carried the 16S rRNA methyltrans-
ferase armA, while the rest of the isolates were resistant to
aminoglycosides and fluoroquinolones due to the genetic
loci of aminoglycoside acyltransferases (aac(6’)-Ib-AKT),
the RND efflux pump gene ogxA, and muationsin the gyrA
and parC genes. Among the ST-147 isolates, 9 carried
aerobactin and yersiniibactin locus, one isolate had only
the aerobactin locus.

Discussion

The war in Ukraine has led to the emergence of a poten-
tially hazardous reservoir of high-risk clones of antibiotic-
resistant wound pathogens. A study of combat wounds
to the limbs and soft tissues of the torso in 161 wounded
soldiers between 2014 and 2020 revealed that the dom-
inant wound microflora was non-fermenting Gram-ne-
gative bacteria, namely A. baumannii and P. aeruginosa,
in tandem with members of the Enterobacteriaceae. In
the initial phase, the total proportion of these bacteria
constituted 80.2 % of the total number of isolated strains.
However, following the full-scale invasion, this proportion
increased to 93.5 % [11].

Itis known that on the European continent, representa-
tives of two clonal lines dominate among medical isolates of
A. baumannii: 1IC 1 and IC Il (ST19, ST2) [12]. Our findings
support this concept, as the combined proportion of isolates
belonging to these two clonal lineages among the strains,
we retrieved accounted for 45.5 %. Particular attention
should be drawn to the prevalence of the Acinetobacter
clone IC Y1, which constituted 33.8 % of the isolates and
was uniformly classified as MDR or XDR. The ST78 is
categorized as an International Clone 6 (IC6), and it is
designated as the “Italian clone” because it was first isolated
in ltaly during the mid-2000s [13].

The European Society of Clinical Microbiology and
Infectious Diseases has identified 10 high-risk clonal lines
of P. aeruginosa that are globally widespread and carry
genetic determinants to produce extended-spectrum be-
ta-lactamases of classes Aand D (bla, |, s Plape Dlages,
bla,), metallo-beta-lactamases (bla,,,, bla,,., bla,y,,), and
16S rRNA methylases rmtB4. The following list, arranged in
order of significance: ST235, ST111, ST233, ST244, ST357,
ST308, ST175, ST277, ST654, ST298 [14]. Before 2022,
ST235 isolates had not been documented in patients from
the hospitals included in this study, although they had been
reported in other regions of Ukraine [7]. In one hospital,
three genetically related ST235 isolates were identified,
two from burn wounds and one from a gunshot wound.
All isolates exhibited an XDR phenotype. In addition to
susceptibility to colistin, they demonstrated sensitivity to
ceftazidime / avibactam. Genomic analysis revealed the
presence of ESBL determinants, including class A bla . ,.
Before 2022, representatives of the high-risk clonal lineage
ST357 had not been reported in the hospitals participating
in this study. A single isolate detected during the present
investigation demonstrated susceptibility only to colistin.
P. aeruginosa ST773 lineage has long attracted attention
due to its global dissemination and frequent association
with metallo-B-lactamase production [15,16]. In our pre-
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vious studies, ST773 had also been identified; however,
its frequency of isolation increased after the onset of the
full-scale war[17].

Between 2017 and 2024, K. pneumoniae moved from
fifth to first place in the WHO list of bacteria with critically
high priority due to antibiotic resistance [1], reflecting a
global trend towards an increase in the proportion of this
bacteria in the development of severe infections. Our data
from 2022-2023 demonstrate a significant rise in Klebsiella
isolation, supporting this trend. The clinical significance of
K. pneumoniae is highlighted by the emergence and rapid
spread of convergent pathotypes of this bacterial species,
which, in addition to antibiotic resistance, carry molecular
genetic markers of hypervirulence and pose a significant
clinical threat [18,19].

Researchers from a number of foreign clinics have
also reported on the threat of global spread of high-risk
clones of wound pathogens since the beginning of the war
in Ukraine [20]. As early as March 2023, German medical
practitioners documented the isolation of K. pneumoniae
ST147, ST307 and ST395, A. baumannii ST78, and
P. aeruginosa ST1047 from wounded Ukrainian soldiers
who had been evacuated to Germany for treatment [21].
In the Netherlands, a country with a low prevalence of
multidrug-resistant bacteria, K. pneumoniae ST307,
ST147 and ST395, P. aeruginosa ST1047 and ST773
were isolated from persons displaced from Ukraine. Com-
parable findings have been documented from Denmark
and Poland [22,23].

To prevent the further spread of dangerous clones
of wound pathogens, the European Centre for Disease
Prevention and Control (ECDC) recommended preventive
isolation and screening for the presence of multidrug-re-
sistant bacteria in patients transferred from hospitals in
Ukraine [24].

Conclusions

1. This study provides a comprehensive analysis of
the antimicrobial resistance profiles and clonal population
structure of bacterial pathogens isolated from combat
wounds sustained during the war in Ukraine between 2014
and 2023.

2. Across this period, we documented a marked shift
towards the predominance of multidrug-resistant and
extensively drug-resistant Gram-negative organisms, with
Acinetobacter baumannii, Pseudomonas aeruginosa, and
Klebsiella pneumoniae as the principal etiological agents.

3. Whole-genome sequencing has revealed the
emergence and dissemination of high-risk international
clones, including A. baumannii ST2, ST78, and ST1077,
P. aeruginosa ST235, ST357, ST773, and ST1047, and
K. pneumoniae ST147, ST307, and ST395. Many of these
lineages carried clinically significant resistance determi-
nants, including bla,-type carbapenemases, bla,,,, and
16S rRNA methyltransferases, in combination with markers
of hypervirulence in K. pneumoniae.

Prospects for further research. Given the widespread
prevalence of international high-risk clones of wound patho-
gens in medical facilities at the third and fourth stages of
medical evacuation, it is essential to investigate their oc-
currence in healthcare facilities at earlier stages to identify
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their reservoirs and sources of dissemination. Furthermore,
a microbiological evaluation of the hospital environment in
these institutions is necessary to elucidate the pathways
and factors contributing to infection transmission.
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Infections resulting from combat wounds pose a significant challenge to modern medicine. Their unique polymicrobial nature,
combined with massive tissue damage and the presence of foreign bodies, creates a favorable environment for the development
of multidrug-resistant pathogens. The increasingly high level of antimicrobial resistance in the context of combat operations in
Ukraine underscores the critical need for continuous epidemiological surveillance and adaptation of clinical protocols.

The aim of this study was to determine the species composition and antimicrobial resistance profile of causative agents of sup-
purative-inflammatory soft tissue diseases in patients with blast-related trauma who were treated at a tertiary medical facility.

Materials and methods. A prospective, single-center, observational study was conducted from January to May 2025 at the Kyiv
Regional Clinical Hospital. A total of 276 wound samples were analyzed. The identification of microorganisms and testing of anti-
biotic sensitivity were performed according to the EUCAST methods and interpretation.

Results. Of the 276 samples, 86.6 % were positive. A total of 171 clinical strains were isolated, of which 58.5 % were Gram-neg-
ative and 38.2 % were Gram-positive microorganisms, and 2.3 % were fungi. The dominant etiological agent was Acinetobacter
baumannii (21.6 %), followed by Klebsiella pneumoniae (13.5 %) and Proteus mirabilis (7.0 %). In A. baumannii, extremely high
levels of resistance to carbapenems (imipenem — 83.8 %, meropenem — 73.0 %) and fluoroquinolones (94.6 %) were observed,
while high sensitivity to colistin (100.0 %) and tobramycin (73.0 %) was maintained.

Conclusions. The local results obtained confirm the nationwide trend of the dominance of multidrug-resistant Gram-negative patho-
gens in combat wound infections. The detected high level of resistance to broad-spectrum drugs indicates a critical need for the
optimization of empirical antibiotic therapy and the strengthening of infection prevention and control measures.
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Mikpob6ionoriuHunii npodirb Ta aHTUMIKPOOHA Pe3UCTEHTHICTL MiHHO-BUOYXOBHKX paH
B YKpaiHi: 0AHOLLEHTPOBE AOCAIAKEHHSA

I. B. ®inoHeHKo, 1. B. lLunoeuy, A. 0. Astoba, H. I. AHapycuiumn, M. A. Bac-HOpunLumH,
1. P. Tumeuko, 10. T. KoHeuHu#

IHcheKLi, 1O BMHWKAIOTL BHACMIAOK BOMOBMX NOPaHEHb, € CKMaHOI0 NPOBNEMOI0 Cy4acHOi MeAULIMHA. TXHS YHikanbHa nonimi-
kpobHa npupopa, noeaHaHa 3 MaCBHUM YLLIKOMKEHHAM TKaHWH | HASIBHICTIO YY)XXOPIAHWX Tifl, CTBOPIOE CNPUSTAINBE CepeaoBuLLE
L0151 PO3BUTKY MyNETUPE3NCTEHTHIX NaTOreHiB. 3pocTaHHst PiBHS NPOTUMIKPODHOI PE3VNCTEHTHOCTI B yMOBax 6010BuX Aili B YkpaiHi
nigTBEpPAXYE KpUTUYHY NoTpedy B BeanepepBHOMY enigemionoriyHoMy Harnsigi 1 agantauii KniHiYHMX NPOTOKONIB.

Merta po60oTH - BU3HAYEHHS 0COBNMBOCTEN BULOBOTO Cknagy Ta npodinto NpoTUMIKpoGHOT pe3ncTeHTHOCTi 30yaHWKIB THiiHO-3a-
nanbHUX 3aXBOPtOBaHb M'SIKUX TKAHWH Yy MaLjieHTiB i3 MiHHO-BMOYXOBOKO TPaBMOL, siki nepebyBani Ha nikyBaHHi y TPETUHHOMY
MeanyHOMY 3aknagi.

Marepianu i metoau. MpocnekTnBHE 0gHOLIEHTPOBE 06CepBaLliiHe AOCHIMKEHHS 3MIRCHANN 3 CiuHs A0 TpaBHs 2025 poky Ha 6a3i
KomyHanbHoro HekomepLiiHoro nignpuemcTaa Kuiscbkoi obnacHoi pagu «Kuicbka obnacHa kniHivHa nikapHs». MpoaHaniaoBaHo
276 3paskis, B3ATIX i3 paH. lgeHTudikaLlito MikpoopraHiaMmiB | TECTYBaHHS YyTIMBOCTI 40 aHTUGIOTVKIB 3MiACHNW, BUKOPUCTABLUY
METOAW 11 iHTepnpeTaLito, Wwo pekomeHgosaHi EUCAST.

Pe3yabtatn. 3 276 3paskis 86,6 % BUSBMNMCH NO3UTUBHUMW. BuaineHo 171 kniHivHMIA WTtam, cepen Hux 58,5 % — rpamHeraTvBHi,
38,2 % — rpamno3nTVBHI MikpoopraHiamu, 2,3 % — rpubu. ETionoriyHnin areHT, Wwo AomiHyBaB, — Acinetobacter baumannii (21,6 %);
meHLwwe Bussnsnu Klebsiella pneumoniae (13,5 %) Ta Proteus mirabilis (7,0 %). Ans A. baumannii 3achikcoBaHO BKpai BUCOKMIA
piBEHb PE3NCTEHTHOCTI A0 kapbaneHemis (imineHem — 83,8 %, MmeponeHem — 73,0 %) Ta chTopxiHonoHiB (94,6 %), ane 3bepiranacs
BMCOKa YyTImBICTb A0 konicTury (100,0 %) Ta Tobpamiumny (73,0 %).

BucHosku. OTpuMaHi nokarnbHi pesynstatit NigTBEPAKY0Tb 3aranbHOHaLIOHaNbHY TeHAEHL0 [0 AOMIHYBaHHS MyMbTUpEe3nc-
TEHTHUX rpaMHEeraTMBHIX 30yOHUWKIB B iHeKLUisx BoioBMX paH. BCTaHOBNEHO BUCOKMIA piBEHb PE3VNCTEHTHOCTI A0 Npenapartis
LUMPOKOrO CriekTpa Ail, WO NiATBEpMKYE KPUTUYHY NoTpeby B onTuMisaLii eMnipuyHoi aHTMGIoTKOTepanii Ta NoCUneHHi 3axoaiB
3 NpoQiNakTVKyW iHGEKLLi Ta IHEKLINHOTO KOHTPOIIO.

© The Author(s) 2025. This is an open access article under the Creative Commons CC BY 4.0 license
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The problem of antimicrobial resistance (AMR) is recog-
nized as one of the most critical global threats to public
health. Military conflicts, with their unique medical care
challenges and high rates of antibiotic resistance, act as
powerful catalysts for the accelerated spread of AMR [1,2].
Studies conducted in the context of the full-scale invasion
of Ukraine have already demonstrated an extremely high
level of resistance, particularly to carbapenems, among
pathogens such as Klebsiella pneumoniae, Acinetobacter
baumannii, and Pseudomonas aeruginosa [3]. Analysis
of strains isolated from wounded patients has revealed a
wide spectrum of resistance genes, including blaNDM-1,
blaOXA-23, blaOXA-48, and blaOXA-72. A highly unusual
co-production of NDM and KPC in Pseudomonas aerugi-
nosa and Acinetobacter baumannii has also been shown,
suggesting the rapid spread and evolution of resistance
genes [4]. Moreover, some strains, such as K. pneumo-
niae, have been identified as not only pan-resistant but also
hypervirulent, meaning they can cause severe infections
despite their resistance [5,6]. This highlights the critical
importance of continuous monitoring and the search for
new methods for eliminating these pathogens.

In light of this, conducting local studies is of particular
importance. Such research allows for the identification of
regional features of the microbiological landscape and
resistance profiles, which may differ from nationwide data.
Correlating local data with national epidemiological surveil-
lance data makes it possible to identify both unique regional
challenges and systemic problems in the healthcare system.

Aim

The aim of this study was to determine the species com-
position and antimicrobial resistance profile of causative
agents of suppurative-inflammatory soft tissue diseases

in patients with blast-related trauma who were treated at a
tertiary medical facility.

Materials and methods

This prospective, single-center observational study was con-
ducted over a 5-month period, from January to May 2025,
at the Kyiv Regional Clinical Hospital. This institution is one
of the oldest and largest public medical facilities in Ukraine,
providing multidisciplinary medical care to the Kyiv region
population. A total of 276 wound samples obtained from
patients in inpatient departments were included in the study.
The general characteristics of the study population
were as follows: mean age — 38.6 + 9.0 years (range: 19-59
years); mean weight—78.9 + 9.8 kg (range: 51-105 kg); sex
— all patients were male; mean length of stay in an intensive
care unit—41.2 + 32.8 days (range: 4-163 days); percent-
age of patients requiring mechanical ventilation — 7.3 %.
The wound surface was prepared for sample collection
using the Levine technique (wound cleansing with sterile
saline to clean and debride). Samples were collected
aseptically by rotating a sterile swab for 5 seconds over
a 1 cm? wound area. The samples were transported to
the bacteriological laboratory immediately after collection.
Cultural examination of the wound samples was
performed by inoculating them onto 5 % blood agar, man-
nitol-salt agar, and MacConkey agar, followed by aerobic

incubation at 37 °C for 18-24 hours. The identification of
clinical bacterial isolates was carried out based on mor-
phological and biochemical characteristics according to
standard methods.

The susceptibility profile of pure bacterial isolates was
determined using the Kirby-Bauer disk diffusion method.
The testing was performed with 26 different antibiotics
covering a wide range of classes. The interpretation of the
growth inhibition zone measurements was done according
to the EUCAST criteria.

The antibiotics used were: Amikacin (30 ug), Ampicillin
(2 pg), Aztreonam (30 ug), Ceftazidime (10 ug), Ciprofloxa-
cin (5 pg), Clindamycin (2 pg), Colistin reference MIC
from 0.25 mg/L to 16.00 mg/L, Ceftazidime / Avibactam
(30720 pg), Imipenem (10 ug), Cefepime (30 ug), Cefox-
itin (30 pg), Gentamicin (10 pg), Erythromycin (15 pg),
Linezolid (10 pg), Rifampicin (5 pg), Meropenem (10 pg),
Nitrofurantoin (100 ug), Levofloxacin (5 ug), Ampicillin / Sul-
bactam (10/10 pg), Trimethoprim / Sulfamethoxazole
(1.25/23.75 pg), Ticarcillin / Clavulanic acid (75/10 ug), Te-
icoplanin (30 ug), Tigecycline (15 pg), Tobramycin (10 pg),
Piperacillin / Tazobactam (30/6 pg), and Vancomycin (5 ug).

Statistical processing of data regarding the species
composition of microorganisms, their quantity, and antibio-
tic susceptibility was performed using the WHONET 5.6
software. To initially evaluate the reliability of the results,
confidence intervals were computed for each “microor-
ganism-antibiotic” combination. It was established that
an interval length below 15 % reflected high precision,
15-30 % suggested moderate precision, and above 30 %
denoted low precision, necessitating a larger sample size
or a reassessment of the methodology.

For example, the confidence interval length for the
susceptibility of Acinetobacter baumannii to ciprofloxacin
was 18.6 % (moderate precision), while for the susceptibility
of Klebsiella pneumoniae to amikacin it was 36.6 % (low
precision). These calculations emphasize that conclusions
regarding some “microorganism-antibiotic’ combinations
should be made with caution, and a larger sample size is
needed to obtain more reliable data.

Results

From the total of 276 samples examined, positive results
were obtained in 86.6 % of cases. In total, 171 clinical
strains corresponding to the main etiological agents of
infections were isolated. Gram-negative microorganisms
were dominant, accounting for 58.5 % (100 strains), while
Gram-positive organisms accounted for 38.2 % (67 strains).
Fungal microflora was also detected, making up 2.3 % (4
strains). Microbial associations of two and three cultures
were found in 7.4 % and 0.7 % of cases, respectively.

The dominant etiological agent most frequently iso-
lated from the biological materials of surgical wounds was
A. baumannii, which accounted for 37 of the isolated strains
(21.6 %). The next most common was K. pneumoniae
with 23 isolates (13.5 %), followed by Proteus mirabilis
(12 isolates, 7.0 %) and Pseudomonas aeruginosa (11
isolates, 6.4 %).

The resistance analysis of the 37 clinical strains of
A. baumannii showed an extremely high resistance to most
of the tested antibiotics. Specifically, 83.3 % of the strains
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AMK Amikacin CRO Ceftriaxone LNZ Linezolid TCC Ticarcillin / Clavulanic acid
AMP Ampicillin CzZA Ceftazidime / Avibactam LVX Levofloxacin TEC Teicoplanin

ATM Aztreonam ERY Erythromycin MEM Meropenem TGC Tigecycline

CAZ Ceftazidime FEP Cefepime NIT Nitrofurantoin TOB Tobramycin

CIP Ciprofloxacin FOX Cefoxitin RIF Rifampin TZP Piperacillin/Tazobactam
CLI Clindamycin GEN Gentamicin SAM Ampicillin / Sulbactam VAN Vancomycin

COoL Colistin IPM Imipenem SXT Trimethoprim / Sulfamethoxazole

Fig. 1. Antibiotic susceptibility profile of the studied isolates.

Table 1. Number of isolates tested with each antibiotic

e EE.lllllllElEEllElE..llllll

Acinetobacter - 37 37 -

baumannii

Enterococcus - 1" - - 1 - - - - - - - 11T 1" - 10 - - - - M1 N1 - 1M1 N
faecalis

Klebsiella 23 - 23 - 2 - 1 14 23 28 - 23 21 - 23 23 - - 23 14 - - - 23 23 -
pneumoniae

SS. pneumoniae

Proteus mirabilis 24 - 12 12 - - 10 12 2 - 24 9 - 12 12 - - 24 9 - - - 24 12 -
Pseudomonas 2 - 11 9 10 - - - 9 M1 - - 10 - M 10 - - - - - 3 - 2 11 -
aeruginosa

Staphylococcus 9 - - 9 9 - - - 9 - - 9 9 - - 5 - - - - 4 - - -
haemolyticus

were resistant to Trimethoprim / Sulfamethoxazole. Resist- Discussion

ance to carbapenems was also very high: 83.8 % of strains
were resistant to imipenem, and 73.0 % were resistant to
meropenem. The highest level of resistance was recorded
for fluoroquinolones, with resistance to ciprofloxacin and
levofloxacin at 94.6 %.

At the same time, A. baumannii showed significantly
lower resistance to tobramycin (27.0 %) compared to ami-
kacin (73.0 %) and gentamicin (37.8 %). Notably, no strains
resistant to colistin were detected (0 % resistant strains)
(Fig. 1, Tables 1, 2).

Other key pathogens also demonstrated significant
resistance. For example, in K. pneumoniae, the resistance
rate to Ceftazidime / Avibactam was 43.5 %. Pseudomonas
aeruginosa showed high resistance to cefepime (54.5 %)
and ciprofloxacin (50.0 %).

3anopi3bkuil MeAUYHNI XypHaA. Tom 27, Ne 5(152), BepeceHb - x0BTeHb 2025 p.

The results of this local study are generally in agreement
with the national trend described in the analytical report
from the Public Health Center of the Ministry of Health of
Ukraine. In both cases, a dominance of multidrug-resistant
Gram-negative bacteria was observed, particularly Acine-
tobacter spp. and K. pneumoniae. However, in our study,
A. baumannii was the most common pathogen (21.6 % of
all strains), whereas on a national scale, S. aureus ranked
first (24.8 %), with Acinetobacter spp. (23.6 %) and K. pneu-
moniae (18.1 %) in second and third place, respectively.
This difference is likely related to the specific nature of
the Kyiv Regional Clinical Hospital as a tertiary-level facility
that provides specialized medical care. Patients admitted
here often had established hospital-acquired infections
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Table 2. Susceptibility rates (%) of isolates to antibiotics

Parameter Acinetobacter Enterococcus Klebsiella pneumoniae | Proteus Pseudomonas Staphylococcus
baumannii faecalis SS. pneumoniae mirabilis aeruginosa haemolyticus

AMK 73.0 739 261 917 36.4 636 1.1 88.9

AMP = - = 91 00 99 - = = - = = = = - = = =

ATM - - - - - - 826 00 174 917 00 83 91 909 00 - - -

CAZ - - - - - - - - - - - - 667 333 00 - - -

clP 946 54 00 364 00 636 84 00 136 83 83 83 500 500 00 89 111 00

ol - - - - - - - - - - - - - - - 778 00 222

coL 00 00 1000 - - - 00 00 1000 - - - - - - - - -

CRO - - - - - - 1000 00 00 900 00 100 - - - - - -

CZA - - - - - - 435 00 565 250 00 750 444 00 556 - - -

ERY - - - = - - - - = - - - - = - 1000 00 00

FEP - - - - - - 870 00 130 917 00 83 545 455 00 - - -

FOX - - - - - - - - - - - - - - - 889 00 111

GEN 378 00 622 - - - 739 00 261 1000 00 00 - - - - - -

IPM 838 54 108 600 400 00 762 00 238 00 333 667 800 200 00 - - -

LNZ - - - 34 00 636 - - - - - - - - - 00 00 100

LVX 946 00 54 34 00 636 80 00 130 750 167 83 818 182 00 89 111 00

MEM 730 189 81 - - - 609 174 217 00 00 1000 500 - 500 - - -

NIT - - - 200 00 800 - - - - - - - - - - - -

RIF - - - - - - - - - - - - - - - 200 00 800

SAM - - - - - - 1000 00 00 667 00 333 - - - - - -

SXT 833 42 125 - - - 643 00 357 89 00 1M1 - - - - - -

TCcC - - - - - - - - - - - - 00 1000 00 - - -

TEC - - - 273 00 727 - - - - - - - - - - - -

TGC - - - 00 00 1000 - - = - - - - = - 00 00 1000

TOB 270 00 730 - - - 391 00 609 583 00 417 455 00 545 - - -

TZP - - - 91 99 00 957 00 43 83 00 917 455 545 00 - - -

VAN - - - 909 00 91 - - - - - - - - - - - -
caused by pathogens circulating within this specific hospital baumannii strains [7]. In our study, the level of resistance
environment. This highlights that the microbial profile can to meropenem was slightly lower: 73.0 % for A. baumannii
differ significantly at various stages of medical evacuation, and 60.9 % for K. pneumoniae according to the national
which requires the development of adapted clinical protocols report. However, this confirms the general trend of high
for each level of care. carbapenem resistance in Ukraine.

The national analytical report confirms that the length In contrast to our study, where Acinetobacter bau-
of hospital stay is a key factor in the spread of AMR. The mannii was the most common pathogen (21.6 %), another
highest number of positive samples was found in patients study involving patients transferred from Ukraine to a
who had been wounded for over 72 hours and hospital- Spanish hospital has found that Gram-negative rods and
ized for more than 48 hours. The report indicates a higher multidrug-resistant S. aureus were dominant. In that study,
frequency of isolating monitored pathogens in patients numerous resistance genes were identified, including NDM,
after 48 hours of hospitalization, suggesting a relationship KPC, OXA-48, VIM, IMP, and GES. Rare cases of NDM
between longer hospital stays and pathogen detection. It is and KPC co-production in Pseudomonas aeruginosa and
hypothesized that the initial contamination of the wound at ~ Acinetobacter baumannii were also detected, indicating a
the moment of injury, is often replaced by hospital-acquired, rapid evolution of resistance mechanisms [3].
multidrug-resistant pathogens due to the selective pressure Another important discovery completed by Swedish
of antibiotics and breaches in infection control measures. researchers concerns the phenomenon of “hypervirulence”
Patients who are transferred between multiple medical in pan-resistant strains of Klebsiella pneumoniae isolated
facilities are exposed to an increased risk of infection with from wounded Ukrainian patients. Typically, bacteria lose
polyresistant strains circulating in these institutions [2]. virulence by expending energy to develop resistance.

Our results are consistent with the findings of other However, these strains had a full set of genes that made
international studies on infectious complications of combat them both resistant to antibiotics and aggressive, capable
wounds in Ukraine, which also emphasize the problem of causing severe infections and rapid death in laboratory
of growing AMR. A study conducted in collaboration with animals. This highlights that combating such pathogens is
laboratories at Lund University (Sweden) and the EU complicated not only by their resistance but also by their
(EUCAST) has shown a high prevalence of multidrug-re- enhanced pathogenicity [8].
sistant Gram-negative bacterial infections among military All this data confirms that combat wound infections
trauma patients in Ukraine. Among 156 analyzed strains, in Ukraine differ from civilian injuries due to a high pro-
58 % were resistant to meropenem, including 76 % of portion of polymicrobial infections, the dominance of hos-
Klebsiella pneumoniae strains and 73 % of Acinetobacter pital-acquired multidrug-resistant pathogens (especially
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Gram-negative bacteria), and the presence of complex
genetic resistance mechanisms, which makes treatment
extremely challenging.

Conclusions

1. Findings from this study indicate that treating
purulent-inflammatory infections in blast injury patients
is complicated by the prevalence of highly resistant
Gram-negative bacteria, notably Acinetobacter baumannii,
Klebsiella pneumoniae, and Pseudomonas aeruginosa.
Their resistance to common broad-spectrum antibiotics,
including carbapenems and fluoroquinolones, limits the
effectiveness of current empirical therapy.

2. Identifying a link between the length of hospitalization
and the degree of resistance emphasizes that nosocomial
infections are a major contributor to the rise of AMR. This
challenge is significantly worsened by systemic failures
in tracking diseases (epidemiological surveillance), the
inappropriate use of antibiotics, and non-compliance with
laboratory quality standards.
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With the rising prevalence of multidrug-resistant (MDR), extensively drug-resistant (XDR), and pandrug-resistant (PDR) strains of Pseu-
domonas aeruginosa, the development of alternative therapeutic approaches has become increasingly important. Among these, the use
of bacteriophages represents a particularly promising strategy for the treatment of infections caused by multidrug-resistant pathogens.

The aim of this study was to isolate and characterize bacteriophages Iytically active against P. aeruginosa, to determine their activity
spectrum against clinical isolates, and to assess the potential of combining bacteriophages with antibiotics.

Materials and methods. The lytic activity of bacteriophages was tested against 23 clinical isolates of P. aeruginosa obtained from
pediatric bloodstream infections, including strains carrying antibiotic resistance genes bla, ,,, ,, bla,,, bla,,,, and bla, . Antimicrobial
susceptibility of bacterial isolates was determined using the disk diffusion method according to EUCAST recommendations. Bacterio-
phages were isolated from wastewater samples collected in Kyiv. Lytic activity was evaluated by the Spot test and a modified agar
overlay assay. Morphological characteristics were examined using transmission electron microscopy. Bacteriophage-antibiotic inter-
actions were assessed by a modified disk diffusion method.

Results. Between 2021 and 2024, a total of 62 bacteriophages were isolated from wastewater, belonging to the Myoviridae-like,
Siphoviridae-like, and Podoviridae-like morphotypes. Their lytic spectra varied considerably, ranging from narrow specificity (2—4
strains) to the ability to lyse more than 20 clinical bacterial isolates. Overall, 29.0 % of bacteriophages showed activity against multiple
strains, and some isolates exhibited a broad host range, with specific lysis observed in up to 91.3 % of tested strains. Combination
testing revealed a predominantly synergistic interaction between bacteriophages and -lactam antibiotics, manifested by an increase
in both plaque size and number.

Conclusions. The isolated bacteriophages demonstrated substantial variability in Iytic activity and have potential applications in
the treatment of infections caused by multidrug-resistant P. aeruginosa strains. The findings support the feasibility of establishing
bacteriophage collections and applying combined bacteriophage-antibiotic therapies. Considering the current epidemiological
situation in Ukraine, these results are of practical importance for the development of new antimicrobial strategies.
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EdektuBHicTb 6akrepiodaris npotu Pseudomonas aeruginosa
3 pisHUMHU npodiraMHM CTIHKOCTI A0 aHTUOIOTHKIB

B. A. MoHsToBCcbKMM, A. A. BopsiHuk, B. . LUnpo6okos, A. B. XapiHa

B ymoBax 3pocTanHsi yactot nosisn MDR, XDR T1a PDR wramis Pseudomonas aeruginosa 0cobnmBoro 3HayeHHs HabyBae noLuyk
ansTepHaTUBHUX NiAXoAiB 40 Tepanii iHEKLIiA, LLO HUMM cipuinHeHi. OfHa 3 NepCneKTUBHIX CTpaTErii — BUKOpUCTaHHs 6akTepiodaria
[N NiKyBaHHS iHGEKLIN, O CPUYMHEHI MIKPOOPraHi3Mamu 3 MHOKHHOKO NIKAPCHKOKO CTIMKICTHO.

Mera po6otu - i3ontoBaTit Ta cxapaktepuaysat GakTepiodary, ki NiTMYHO aKTBHI OO P. aeruginosa, BU3HAUMTH iXHIA CnekTp
AKTVUBHOCTI LOAO KNMiHIYHIX i30MTIB Ta OLHUTI NOTeHLian nogaHaHHs dharie 3 aHTUbioTVKamu.

Martepiau i meToau. [ns SOCTimKeHHs NITUYHOT aKTUBHOCTI chari BUKOPUCTaHO 23 KNiHiYHi i30nsiTh P, aeruginosa, Wwo BURINeHi y aitei
3 iHGDeKLiSIMI KPOBOTOKY, BKMKOYAKOUM LUTaMW, SiKi MICTUAM FreHW aHTUOIOTUKOPE3NCTEHTHOCTI bla,,,, bla,, bla,, bla.,. Yymusicts
BakTepianbHWX i30nATiB [0 aHTUBIOTWKIB BU3HAYaNM AVCKO-aMdy3iiHM METOZOM, BianosiaHo Ao pekomeHaauin EUCAST. BakTepiodharu
i3orntoBany 3i CTiyHWx Bog MicTa Kuesa. JlitniHy akTuBHICTb OLiHIoBanu MeTogom Spot test i MoandikoBaHM METOAOM arapoByX LLapiB.
Mopdponorito BUB4YanM 3a JONOMOrOK0 TPAHCMICIAHOI eneKTPOHHOI Mikpockonii. [Ins BU3Ha4eHHs dharoBo-aHTUBIOTMKOBOI B3aeMoji
BUKOPUCTaHO MOANCIKOBaHWIA ANCKO-ANCDY3iNHUA MeTOA.

Pesynsrati. Ynpogosx 2021-2024 pp. 3i CTi4HWX Bog i30MboBaHo 62 GakTepiodary, o Hanexanu go mopdotunie Myoviridae-like,
Siphoviridae-like Ta Podoviridae-like. BctaHoBneHo BapiabenbHicTb iXHbOro NiTMYHOMO CNeKTpa: Big By3bKoi cieLndiyHOCTi (2—4 LwTamm)
[0 3patHoCTi NisyBaTit noHag 20 kniHiYHWX GakTepianbHux isonsTis. 3aranom 29,0 % daris Oynu akTUBHUMM LLOAO Kinbkox GakTepi-
anbHWX LTaMiB, a OkpeMi charoBi i30nATY xapaKTepu3yBanucs LUMPOKMM CNeKTpoM i (cneumdivHmi nianc 8o 91,3 % npotectoBaHux
GakTepianbHuX LWTamiB). TecTyBaHHs KOMBIHOBAHOI Aji Aano 3Mory BCTAHOBUTY NEPEBAXHO CUHEPTIYHWIA edheKT B3aeMogji Mix charamm
Ta B-nakTaMH1UMK aHTUBIOTUKaMU, LU0 BUSIBIANM 3a 3BINbLUEHHSM i AiaMeTpa, i KinbKoCTi GrsiLLoK.

BucHoBKu. [30nb0BaHi 6akTepiotharn xapakTepuayrTbCs 3HAUHOK BapiabenbHICTHO NITUYHOT aKTUBHOCTI Ta MOTEHLIRHO MOXYTb
©OyTV BUKOpUCTaHI A1s NiKyBaHHS! iHCDEKLIN, CPUYMHEHNX WTaMamm P. aeruginosa 3 MHOXMHOK NIKapCbKoto CTilKiCTio. OTpuMaHi
pesynbTaty NigTBEPAKYOTh JOLINBHICTE CTBOPEHHS KOMNEKLN dharis i KOMGIHOBAHOMO 3acTocyBaHHS ix 3 aHTUBioTMkamu. Bpaxo-
BY0YM enigemionoriyHy cuTyauito B YkpaiHi, Lii AaHi MatoTb NPaKTUYHE 3HAYEHHS A1t PO3POOKM HOBMX NMPOTUMIKPODHMX CTpaTerii.
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Pseudomonas aeruginosa is a Gram-negative bacterium
that ranks among the leading causative agents of opportun-
istic infections in humans. This microorganism is capable of
inducing both acute and chronic infectious processes, par-
ticularly in immunocompromised individuals, such as those
with chronic obstructive pulmonary disease, cystic fibrosis,
malignancies, severe trauma, and burns. P, aeruginosa may
serve as the etiological agent of sepsis, ventilator-associat-
ed pneumonia, and infectious complications in patients with
COVID-19. Importantly, P. aeruginosa is one of the principal
pathogens of hospital-acquired infections, frequently asso-
ciated with the use of medical devices. Itis often implicated
in catheter-associated urinary tract infections, diabetic foot
infections, and ear infections, including ofitis externa and
chronic suppurative otitis media [1,2].

According to ECDC data, P. aeruginosa is the most
frequently isolated microorganism in cases of pneumonia
acquired in intensive care units across the European Union
(20.3 % of all isolated pathogens) [3]. The situation is fur-
ther complicated by the fact that treating infections caused
by P. aeruginosa is extremely challenging due to its high
mutation rate and ability to adapt through the acquisition
of antibiotic resistance [4]. In 2024, the World Health Or-
ganization classified carbapenem-resistant P. aeruginosa
strains as belonging to the “High Priority Group,” for which
there is an urgent need to develop new antibacterial agents
for clinical use [5]. Globally, the incidence of P. aeruginosa
infections has shown a general upward trend. This can be
partly attributed to the increasing prevalence of risk factors
for P. aeruginosa infections, such as population aging, a
growing burden of chronic diseases, more intensive use
of medical devices, and the rising number of immunosup-
pressed persons [6].

P. aeruginosa is also one of the leading nosocomial
pathogens in Ukraine, demonstrating a high potential for the
development of multidrug resistance, particularly to carba-
penems. According to ECDC data for 2021, resistance rates
of P, aeruginosa in Ukraine to antimicrobial agents were as
follows: carbapenems — 78.0 %, piperacillin-tazobactam
— 75.5 %, ceftazidime — 81.4 %, and fluoroquinolones —
81.4 %. At the same time, it was noted that the represent-
ativeness of isolates remained low, which limits the ability to
fully reflect the epidemiological situation in the country [7].

Under the conditions of war in Ukraine, due to the
substantial increase in the burden on healthcare facilities
and the large number of wounded individuals as a result of
active hostilities, a marked rise in the prevalence of multi-
drug-resistant P. aeruginosa strains has been observed. In
military and combat settings, P. aeruginosa was detected
in 14.8 % of postoperative wound samples and in 7.1 % of
intra-abdominal samples. Resistance to key antibiotics was
identified as follows: ciprofloxacin —45.6 %, meropenem —
67.4 %, ceftazidime — 52.3 %, and piperacillin/tazobactam
—-48.7 % [8].

According to the data from enhanced epidemiological
surveillance of antimicrobial resistance in microorganisms
causing purulent-inflammatory wound infections among
combat-related casualties, conducted by the Public Health
Center of the Ministry of Health of Ukraine in 2024, P. aeru-
ginosa ranked among the four most common pathogens
of wound infections. During 2024, this microorganism was
isolated in 13.7 % of clinical specimens obtained from
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wounded individuals. The antibiotic resistance of the isolat-
ed P. aeruginosa strains was characterized by high rates,
specifically: imipenem — 62.5 %, meropenem — 50.6 %,
levofloxacin — 60.7 %, ciprofloxacin — 59.3 %, ceftazidime
- 58.8 %, cefepime — 62.1 %, tobramycin — 55.8 %, and
piperacillin-tazobactam — 51.3 % [9].

Phage therapy, which employs lytic viruses as antimi-
crobial agents, holds promise as an adjunctive tool in the
treatment of infections caused by P. aeruginosa. Resistance
mechanisms that limit the effectiveness of antibiotics are
less likely to restrict the activity of bacteriophages, includ-
ing against bacteria residing within biofilms. Over the past
decade, several reports have documented successful
applications of bacteriophages in infections caused by
P, aeruginosa. Specifically, bacteriophages have been used
in the treatment of antibiotic-resistant infections in cystic
fibrosis [10], chronic pulmonary infections [11], prosthetic
vascular graft infections [12], bone and joint infections [13],
as well as skin ulcers and wounds [14].

Although commercial bacteriophage preparations
effective against P. aeruginosa currently exist and their
successful clinical applications have been documented, the
phage collections from which these preparations are derived
require regular updating. Since virulent bacteriophages are
characterized by narrow host specificity and can lyse only
a limited number of strains, updating collections necessi-
tates the inclusion of bacteriophages capable of effectively
targeting currently circulating bacterial isolates.

Aim
The aim of the present study was the isolation and char-
acterization of P. aeruginosa bacteriophages that may be

utilized both for the development of commercial phage
preparations and for personalized therapy.

Materials and methods

Atotal of 23 clinical isolates of P. aeruginosa, obtained from
pediatric patients with bloodstream infections, were used
in this study. In selected experiments, the reference strain
P. aeruginosa DSM 50071 from the Leibniz Institute DSMZ
— German Collection of Microorganisms and Cell Cultures
GmbH was also employed.

The susceptibility or resistance of clinical isolates to
antimicrobial agents was assessed following the recom-
mendations of EUCAST [15]. Susceptibility testing was per-
formed using the disk diffusion method on Mueller-Hinton
agar, with antibiotic disks supplied by HiMedia® [16]. After
incubation, the diameters of inhibition zones were meas-
ured to determine the susceptibility of the strains. Further
classification of isolates as susceptible, multidrug-resistant
(MDR), or extensively drug-resistant (XDR) was carried out
according to the criteria proposed by A. P. Magiorakos et
al. [17]. Analysis of antimicrobial resistance profiles was
conducted using the WHONET 2024 software.

All bacteriophages were isolated from wastewater
samples collected in Kyiv. Phage isolation was carried out
as follows: to remove coarse particulate matter, the samples
were first filtered through a paper filter, followed by decon-
tamination of bacterial flora through the addition of 5-10
drops of chloroform per 10 mL of sample, with subsequent
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Table 1. Characteristics of primers used in this study for the detection of antibiotic resistance genes

S S e Y N Y71 B =

bla

bla

bla

bla

TEM

NDM-1

IMP

VIM-1

F ATGAGTATTCAACATTTCCG
R CTGACAGTTACCAATGCTTA
F GGTTTGGCGATCTGGTTTTC
R CGGAATGGCTCATCACGATC
F CTACCGCAGCAGAGTCTTTG
R AACCAGTTTTGCCTTACCAT
F AGTGGTGAGTATCCGACAG
R ATGAAAGTGCGTGGAGAC

(9

52 621 [20]
57 587 21]
58 261 [22]

368
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exposure for 2 hours at room temperature. After chloroform
treatment, to eliminate lysed bacterial cells, the samples
were centrifuged at 3,000 rpm for 10 minutes.

To increase the likelihood of phage recovery, a pre-en-
richment step was performed: the wastewater sample was
incubated together with a broth culture of a susceptible bac-
terial strain in liquid medium for 18-24 hours at 36 + 1 °C.
Upon completion of incubation, the sample was centrifuged
at 12,000 x g for 10 minutes to remove lysed bacterial cells.
The supernatant was then sequentially passed through
membrane filters with pore sizes of 0.45 ym and 0.22 ym
(MF-Millipore™, Millex® GS MCE Membrane).

The presence of lytic bacteriophages in the sample was
determined using the Spot test method [18].

Apure phage lineage was obtained by triple sequential
re-plating of individual phage plaques (clear zones) on a
lawn of the corresponding susceptible bacterial culture,
ensuring clonality and purity of the phage isolate.

For quantitative determination of phage titers, a mo-
dified agar overlay method with certain simplifications was
used. Instead of the conventional double-layer agar, a single
layer was prepared, consisting of a commercial nutrient me-
dium (Nutrient Agar, HiMedia®, India), a 24-hour culture of
the target microorganisms (up to 1 mL), and an aliquot of the
corresponding phage dilution. For qualitative assessment
of the specific activity of isolated bacteriophages, the Spot
test method was employed [18].

Formvar-coated support grids were used to prepare
films for electron microscopy. Samples were contrasted
using 2 % phosphotungstic acid at pH 6.8, with an ex-
posure time of 1-2 minutes. Phage-containing samples
were applied to the film by the drop method, with a phage
concentration of at least 10° PFU/mL. Prepared specimens
were examined using a JEOL JEM-1230 transmission
electron microscope.

In this study, DNA obtained from bacterial cell ther-
molysates was used as the template for PCR. To prepare
bacterial strains for nucleic acid extraction, overnight
cultures (1.5 mL) in Eppendorf tubes were centrifuged for
5 minutes at 3,000 rpm. The supernatant was discarded,
and the resulting cell pellet was resuspended in 100 pL
of phosphate buffer. Bacterial DNA was subsequently
extracted using the commercial ExXTOPCR™ kit (A & A
Biotechnology, Poland).

For amplification, the commercial PCR Mix Plus Green
kit (A & A Biotechnology, Poland) was employed. The total
reaction volume was 25 L, comprising 12.5 pL of PCR
Mix Plus Green, 1 uM of each forward and reverse primer,
1 L of bacterial DNA, and deionized water up to the final
volume. PCR was performed on a Perkin ElImer GeneAMP
PCR System 2400 thermocycler (USA) for 30-35 cycles

(depending on the primers), using the following program:
DNA denaturation at 95 °C for 30 s, primer annealing
at 52-78 °C for 30-60 s (Table 1), elongation at 72 °C
for 15-60 s, followed by a final elongation at 72 °C for
7 minutes.

To study the effect of antibiotics on bacteriophage
replication, a modified Kirby—Bauer method was used,
performed as follows: up to 10 mL of molten nutrient agar,
cooled to 4045 °C, was supplemented with up to 1 mL of an
overnight bacterial culture and 100 uL of the corresponding
bacteriophage at a concentration of 1-5 x 10° PFU/mL.
The mixture was thoroughly mixed and poured into sterile
Petri dishes. After the agar layer solidified, the dishes were
placed in an incubator with the lid slightly ajar for 15 minutes
to allow surface drying. Commercial antibiotic discs (no
more than five discs per dish) were then evenly applied
to the surface of the prepared medium. The dishes were
subsequently incubated at 35 °C for 18-20 hours. Nutrient
Agar (HiMedia®, India) was used as the growth medium.

After incubation, the effect of antibiotics on bacterio-
phage replication was evaluated according to the following
criteria:

1. Synergy — the combined use of phage and antibiotic
produces a stronger effect than either agent alone. This was
manifested as an increase in the diameter and/or number of
phage plaques within the sublethal concentration zone of the
antibiotic (i. e., in the area of antibiotic diffusion immediately
beyond the bacterial growth inhibition zone);

2. Antagonism — the combined application results in
a reduced effect compared to the action of each agent
individually. This was observed as a decrease in the diam-
eter and/or number of phage plaques within the sublethal
antibiotic zone;

3. Additive (indifferent) effect — one component does
not alter the effect of the other. This was manifested by the
absence of changes in the diameter and/or number of phage
plaques in the presence of the antibiotic.

Results

Between 2021 and 2024, a total of 62 bacteriophages were
isolated from wastewater samples, exhibiting varying de-
grees of lytic activity. Clinical P, aeruginosa strains, collected
from healthcare facilities in Kyiv during the same three-year
period, were used for phage isolation.

To evaluate the activity of the isolated bacteriophag-
es against antibiotic-resistant strains, an additional 23
P, aeruginosa isolates obtained from bloodstream infections
were selected, representing diverse levels of antimicrobial
resistance. The susceptibility of these strains to antimicrobial
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Fig. 1. Antimicrobial susceptibility of P. aeruginosa strains used to assess the activity of the isolated bacteriophages. S: susceptible; I: susceptible, increased exposure; R: resistant.

agents was assessed using the disk diffusion method, and
molecular identification of selected genes associated with
antibiotic resistance was performed using PCR.

To determine susceptibility patterns, antimicrobial
agents from six main groups recommended for the
treatment of P. aeruginosa infections were used [15]:
penicillins (piperacillin, piperacillin/tazobactam), cephalo-
sporins (cefepime, ceftazidime, ceftazidime / avibactam),
carbapenems (imipenem, meropenem), monobactams
(aztreonam), fluoroquinolones (ciprofloxacin, levofloxacin,
norfloxacin, gatifloxacin), and aminoglycosides (amikacin,
tobramycin).

Analysis of antimicrobial resistance profiles using
WHONET 2024 software revealed that four isolates (strains
No. 1,6, 7, 22) were classified as “putative PDR,” two isolates
(strains No. 14, 21) as “confirmed XDR,” and 17 isolates as
“possible XDR,” requiring additional validation. Overall, the
tested strains exhibited moderate levels of resistance to
(-lactam antibiotics and fluoroquinolones (Fig. 1).

PCR analysis revealed that 52.2 % of P. aeruginosa
isolates carried the bla, ,, , gene (encoding the NDM-type
metallo-B-lactamase), 8.7 % harbored the bla, , gene (IMP-

type metallo-B-lactamase), 47.8 % contained the bla,,, gene
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(VIM-type metallo-B-lactamase), and 8.7 % possessed the
bla., gene (TEM-type B-lactamase).

Thus, the obtained bacterial isolates were consistent
with the study objectives and exhibited diverse antibiotic
resistance profiles.

In the subsequent stage of the experimental study,
the specific activity of the isolated bacteriophages, lytically
active against P. aeruginosa , was evaluated according to
two main criteria: the number of bacterial strains lysed by
each individual bacteriophage (i. e., the spectrum of its lytic
activity) and the number of bacteriophages capable of lysing
a single bacterial strain (i. e., the sensitivity of the bacterial
isolate to the bacteriophages).

The results of the assessment of the specific activity of the
bacteriophages demonstrated considerable variability in their
lytic spectrum, with lysis observed in 4.2 % to 87.5 % of the
total tested clinical multidrug-resistant P. aeruginosa isolates.

A total of 18 phage isolates, representing 29 % of the
entire phage collection, exhibited activity against individual
bacterial cultures. Specifically, 9isolates (14.4 %) lysed only
two bacterial strains, corresponding to a lytic spectrum of
8.3 %. Four isolates (6.5 %) lysed three strains, and one
isolate (1.6 %) lysed four strains, accounting for 13 % and
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Fig. 2. Transmission electron microscopy images of bacteriophages lytically active against clinical isolates of P. aeruginosa. Staining with 2 %
phosphotungstic acid: A-E — Myoviridae-like type; F — Podoviridae-like type; G, H — Siphoviridae-like type.
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17.4 % of the spectrum, respectively. Two isolates (3.2 %)
demonstrated activity against five strains (21.7 % of the
spectrum), one isolate (1.6 %) against six strains (26 %),
and two isolates (3.2 %) lysed seven bacterial strains
(30.4 %). Three isolates (4.8 %) exhibited activity against
eight strains (34.8 %), another three (4.8 %) against nine
strains (39.1 %), and five isolates (8.1 %) lysed ten strains
(43.5 %). Twoisolates (3.2 %) lysed eleven strains (47.8 %),
and three more (4.8 %) lysed twelve strains (52.2 %). Four
isolates (6.5 %) lysed thirteen strains (56.5 %), two isolates
(3.2 %) lysed fifteen strains (65.2 %), and single isolates
(1.6 % each) lysed sixteen (69.6 %), twenty (86.9 %), and
twenty-one (91.3 %) strains, respectively. This variability in
the Iytic spectrum reflects the substantial diversity of the
phage collection, ranging from narrow-host-specific isolates
to those capable of lysing a broad range of bacterial strains.

Concurrently, the sensitivity of the clinical P. aeruginosa
strains to the phage isolates was analyzed. This parameter
also exhibited variability, with bacterial culture susceptibility
ranging from 6.3 % (lysis of a single bacterial strain by four
bacteriophages) to 47.6 % (lysis of a single bacterial strain
by 30 different bacteriophages).

During the electron microscopy study, it was shown that
the isolated bacteriophages belonged to several morpholog-
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Fig. 3. Determination of phage - antibiotic interaction using the test
culture P. aeruginosa DSM 50071 and bacteriophage P1Sf.

A: LIonN (cefepime), MIP 30/6 (piperacillin/tazobactam),
['AT (gatifloxacin), Li®3 (ceftazidime/avibactam), MIP (piperacillin);

B: AMK (amikacin), TOB (tobramycin), JIB® (levofloxacin),
HOP (norfloxacin);

C: MEP (meropenem), EPI (ertapenem), A3M (aztreonam),
LN (ciprofloxacin).

ical types, including Myoviridae-like, Siphoviridae-like, and
Podoviridae-like types. The majority of the bacteriophages
were classified as Myoviridae-like types (Fig. 2).

In addition to determining the lytic spectrum of the isolat-
ed bacteriophages, a study was conducted to evaluate the
potential for combined use of P, aeruginosa bacteriophages
and antibiotics. The modified disk diffusion method allowed
the assessment of how different antibiotics, applied on paper
discs, affected the replication of the bacteriophage P1Sf
on a culture of P. aeruginosa DSM 50071 as they diffused
through the agar.

During the study, two types of interactions between the
bacteriophage and antibiotics were observed: synergistic
and additive effects (Fig. 3). Most of the tested antimicrobial
agents exhibited a synergistic effect.

Specifically, when the following antibiotics were applied
to the nutrient medium — piperacillin, piperacillin / tazobac-
tam, gatifloxacin, ceftazidime / avibactam, cefepime, levo-
floxacin, norfloxacin, ciprofloxacin, ertapenem, meropenem,
and aztreonam — synergism was observed. This manifested
as anincrease in the diameter of phage plaques in the zone
of sublethal antibiotic concentrations, indicating enhanced
phage replication under conditions of partial inhibition of
bacterial cell growth.
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Discussion

In this study, a total of 62 bacteriophages were successfully
isolated from wastewater samples collected in Kyiv, demon-
strating lytic activity against clinical isolates of P. aeruginosa,
including multidrug-resistant strains. These findings are
consistent with previous reports indicating that wastewater
represents one of the most reliable sources for isolating
bacteriophages targeting P. aeruginosa, due to the high
density of bacterial hosts present in such environments [23].
This isolation strategy is promising for updating phage
collections, which are essential both for the development
or renewal of commercial phage preparations and for per-
sonalized phage therapy.

Most of the bacteriophages tested in this study lysed
only a few bacterial strains (typically 2—4), and only a small
proportion exhibited a broad lytic spectrum (>10 strains).
This highlights the need for further selection and com-
bination of bacteriophages into targeted preparations,
continuously updating collections to account for currently
circulating resistant strains. These findings also corrob-
orate observations from other studies, indicating that
bacteriophages active against P. aeruginosa generally
possess a narrow host range, and thus effective therapy
typically requires the use of mixtures (cocktails) of multiple
bacteriophages [24].

The lysis of all 23 P. aeruginosa strains by bacterio-
phages from the collection demonstrates the therapeutic
potential of bacteriophages against multidrug-resistant
strains. Despite the presence of various resistance mech-
anisms in the bacterial strains tested, it was shown that
the bacteriophages were capable of actively lysing these
pathogenic bacteria.

It has been experimentally demonstrated that the
phage — antibiotic synergy of bacteriophage P1Sf, which is
Iytically active against P. aeruginosa DSM 50071, most fre-
quently occurs when using antimicrobial agents that disrupt
cell wall function and inhibit DNA gyrase and topoisomerase
IV. These findings are consistent with experimental studies
conducted by other researchers. For instance, Dana J.
Holger and colleagues showed that the combination of
phage — meropenem - colistin against multidrug-resistant
P. aeruginosa strains restored their susceptibility to mero-
penem [25]. Ferran A. A. et al. simulated oral ciprofloxacin
treatment combined with inhaled phage administration for
respiratory infections caused by P. aeruginosa, demonstrat-
ing that the combined use of bacteriophages and ciproflox-
acin prevented the growth of resistant bacteria both during
simultaneous and sequential treatment [26].

The obtained results highlight the potential of phage
therapy as an adjunctive tool in the treatment of infec-
tions caused by P. aeruginosa, particularly in Ukraine,
where the war has led to an increase in wound infections.
Bacteriophages may be applied for the management of
post-traumatic complications, wound infections, burns, and
osteomyelitis. Local bacteriophages from our collections can
also be adapted for topical therapy, for example, in wound
hydrogels. The efficacy of this approach has already been
demonstrated under laboratory conditions [27,28].

Limitations of the study include a focus on in vitro activity
without in vivo testing, the narrow host specificity of some
bacteriophages, and a limited number of bacterial strains.

Conclusions

1. Overall, the obtained data emphasize the importance
of further research on bacteriophages as adjunctive therapy
for combating multidrug-resistant P. aeruginosa.

2. Considering the current epidemiological background
in Ukraine, including the increased prevalence of XDR
clones due to the ongoing war, the phage isolates described
here may serve as valuable tools in outpatient or inpatient
management of complex nosocomial infections.

3. The findings also underscore the potential of phage
— antibiotic interactions as a novel approach in the clinical
treatment of severe and hard-to-treat infections, opening
opportunities for the development of optimized combination
therapy protocols and personalized patient care.

Perspectives of subsequent scientific research.
Future studies should encompass genomic analysis of
bacteriophages, evaluation of biofilm activity, and clinical
trials to enable integration into treatment protocols in
Ukraine. Overall, the isolated bacteriophages represent
a valuable resource for the development of new thera-
peutics, contributing to the fight against P. aeruginosa
antibiotic resistance.
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BoloBi nopaHeHHs1 MaricTpanbHUX CyauH KiHLIBOK HanexaTb 40 HaMCKMafHilLMX Y BiiCbkOBO-NOMbOBIN Xipyprii. BoHn Yacto
CYNPOBOMKYHOTHCA BENMKAMM LedeKTammn M'sKUX TKaHUH | BUCOKM PIBHEM NEPBUHHOI MIKpOBHOI KOHTaMiHaLi, Lo 3Ha4Ho nia-
BULLYE PU3MK YCKNaAHEHb Ta amnyTawii. Apo3nBHa KPOBOTEYa — OfHE 3 HaltHe6e3NeYHILLMX YCKNaaHEHb NICS PEKOHCTPYKTUBHUX
BTPYYaHb Ha MaricTpanbHux cyanHax, 6esnocepeaHbo BnMBae Ha 30epEeXeHHs KiHLIBKW Ta BXKMBAHICTb NaLlieHTiB, noTpedye
CBOEYACHOI NPOINaKTMK1 Ta eheKTUBHOIO XipypriYHOro KOHTPOHO.

Meta po60TH — BU3HAUMTI YACTOTY, hakTOpU PU3NKY Ta 0COBRMBOCTI XipypriYHOro fikyBaHHsi apO3WBHIX KPOBOTEY Y MOPaHEHNX
3 YLIKOZKEHHAMM MaricTpanbHUX CyauH KiHLIBOK, @ TakoX OLIHUTI ponb BakyyMHOI Tepanii y npodinakTuui Ta nikyBaHHi Lboro
YCKIaAHEHHS.

Marepiaav i meToau. 3aiicHNIM PETPOCNEKTUBHUIA aHani3 nikyBaHHs 85 BiicbkoBOCNYXGOBLIB i3 GOMOBUMM YLIKOLKEHHSIMY
maricTpanbHWX CyAuH KiHLIBOK, siki nepebyBanu Ha nikyBaHHi y KMiHiLli CyAnHHOT Xipyprii HauioHanbHoro BiicbkoBo-Me-
[MYHOrO KNiHIYHOTO LIeHTPY «[0NOBHWMIA BiliCbKOBUI KNiHiYHMIA rocnitanby» y 2022 poui. BakyymHy Tepanito 3actocyBanu B
ycix Bunagkax (100 %) sik cknagoBy KOMMIEKCHOO XipypriYHOro nikyBaHHs. Bu3Haunnm 4actoTy BUHUKHEHHS apO3UBHUX
KPOBOTEY, iXHill 3B'A30K 3 iHGIEKLIAHNMY YCKNaAHEHHAMW, YaC BUHUKHEHHS, METOAM XipypriYHOro KOHTPOIKO Ta OCTaTOuHi
pe3ynsTaTit fliKyBaHHS.

Pesynbratn. ApoaviBHi kposoTeui 3adikcoBaHo y 9 (13 %) nauieHTiB, y TpbOX i3 HUX — NOBTOPHI eni3oay (40 TPLOX pasis). Ycknaa-
HEHHS Hall4acTiLLe NOB’si3aHe 3 NoKanbHOK PaHOBO iHdeKLieto (N = 4) Ta cencucom (n = 3). MegiaHa Yacy BUHWKHEHHS KpOBOTEY
craHoBuna 18 gHis (aianasoH — Big 6 40 29 AHiB). MNepBrHHA KOHTaMiHaLiA BUsBReHa y 57 % nopaHeHux. Y nepLunn TxaeHb y
74 % Bunaakie SOMIHYBanM rpamno3vTUBHI MIKPOOPraHiamMu, a Ha TPETLOMY TUXKHI NepeBaXkany rpaMHEraTuBHi NaToreHu, 3okpema
Acinetobacter baumannii (53 %) Ta Pseudomonas aeruginosa (15 %). OCHOBHi MeTOu KOHTPOMHO KPOBOTEMI BKITKOYanu ayTOBEHO3He
npoTe3yBaHHs (N = 4), anonpoTe3yBaHHs ( N = 2), MiryBaHHA (N = 2) Ta YLWWBAHHS CyAMHHOI CTiHKM (n = 1). AMnyTaLjto BUKOHAHO
B OJHOTO NaLjieHTa. lletanbHux Bunagkie He 6yno.

BucHoBKHM. ApO31BHI KPOBOTENI 3aNMLLAKOTLCS OAHIE 3 HAaNCKNaaHILLMX Npobnem nig Yac NikyBaHHS NOPaHEHUX 3 YLLKOMKEHHAMM
MaricTpasnbHUX CyauH KiHLBOK, 0COOMMBO Ha GhOHI iH(DEKLIHNX YCKaaHEHD i cencucy. 3axMcT CyaMHHOI CTIHKM Bifl arpecuBHUX
30BHiILLHIX (haKTOpIB, CBOEYACHE 3aCTOCYBaHHS BakyyMHOI Tepanii Ta LBMAKE 3aKpUTTS AedhekTy M'SKUX TKaHUH — KIKYOBI 3aXoau
npoinaKkT1kM apo3nBHUX KPOBOTEY.
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erosion-related
bleeding, combat
trauma, negative
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therapy, vascular
injury, bleeding, war
in Ukraine.
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Erosion-related bleeding in combat-related extremity vascular trauma

lu. lu. Sivash, B. M. Koval

Combat-related extremity vascular injuries are among the most challenging in military surgery. These injuries are frequently
associated with extensive soft-tissue loss and high levels of initial wound contaminations, which significantly increase the risk of
erosion-related bleeding and limb loss. Erosion-related bleeding is one of the most dangerous complications following reconstruc-
tive procedures on major vessels; it directly affects limb preservation and patient survival, thus necessitating timely prevention
and effective surgical control.

The aim of the study was to determine the incidence, risk factors, and features of surgical treatment of erosive bleeding in wounded
patients with injuries to major limb vessels, and to assess the role of vacuum therapy in the prevention and management of this
complication.

Materials and methods. A retrospective study was conducted on 85 military personnel with combat-related extremity vascular injuries
treated at a Role IV military medical facility in Kyiv in 2022. Negative pressure wound therapy (NPWT) was applied in all cases
as part of a comprehensive staged surgical treatment protocol. The variables analyzed included the incidence of erosion-related
bleeding, its association with infectious complications, timing of hemorrhage onset, microbiological culture results, methods of
surgical control, limb salvage, and mortality outcomes.

Results. Erosion-related bleeding occurred in 9 patients (13 %) with recurrent episodes (up to three events) in three cases. The
complication was most frequently associated with a localized wound infection (n = 4) and sepsis (n = 3). The median time to onset
of erosion-related bleeding was 18 days (range 6-29 days). Primary wound contamination was present in 57 % of patients. During
the first week, Gram-positive organisms predominated (74 %), while by the third week, Gram-negative pathogens became domi-
nant, primarily Acinetobacter baumannii (53 %) and Pseudomonas aeruginosa (15 %). Hemorrhage control techniques included
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OpwuriHaAbHI AOCAIAXKEHHS

autogenous vein grafts (n = 4), allograft replacements (n = 2), vessel ligations (n = 2), and vessel wall repair (n = 1). A secondary
amputation was required in one patient, and no deaths were recorded. NPWT was used both before and after bleeding episodes
to optimize wound conditions and prepare for definitive soft-tissue coverage.

Conclusions. Erosion-related bleeding remains a significant challenge in the management of combat-related extremity vascular
injuries, especially in the presence of severe infection and sepsis. Key preventive measures include protecting vascular repairs
from mechanical trauma and desiccation, early and appropriate use of NPWT, and timely definitive soft-tissue coverage.

[MoLKOmpKEHHS MaricTpanbHUX CyaVH KiHLIBOK CTAaHOBMATbL
12-14 % y CTpyKTYpi Cy4acHoi GO 0BOI TpaBMy. ixHs yacTo-
Ta 3pOCTaE Yepes BUKOPUCTAHHS BYUCOKOEHEPTETUYHOI 30poi
(FPV-ppoHu, BUbYyXOBi NpUCTPOI), @ TakoX BiANOBIAHMX 3a-
cobiB iHAMBIAYanbHOrO 3axucTy (GpoHexXMneTH, KeBnapoBi
enemeHTn banictnyHoro 3axucty) [1,2,3].

lMonpm 3HaYHMiA NPOrpec y cUCTeMi HafaHHSA MeaNYHOI
[OMOMOrY MOPaHEHNM 3aBASIKM 3aCTOCYBaHHIO TYPHIKETIB,
remMocTaTU4HKX 3acobis, paHHil remoTpaHcdyaii, cTparerii
damage control surgery (DCS), pekoHCTPpYKTUBHIM Onepa-
TUBHWM BTPYYaHHSIM Ha CyauMHaX, pesynsrati nikyBaHHs
TaKuX NOpPaHeHb 3anuLLalTbCA He3adoBinNbHUMK [4,5].
[ocsig BiicbkoBMX KOHNIKTIB B Ipaky Ta AdraHictaHi
CBigYNTL: amnyTaLii NPy NOpaHEHHX MaricTpanbHUX CyauH
BUKOHaHO y 12—18 % Bunmagkie, a netansHicTb gocarana
8-10 % HaBiTb y cnewjanisoBaHux LeHTpax [1,2]. Tsxxka
iH(DEeKLis iICTOTHO noripLuyBana nporHo3: puanK amnyTawii
MOABOIOBABCS, @ apO3MBHI KPOBOTeYi BUHUKANM y 4-6 %
nauieHTis [6,7].

B ymoBax BiltHM B YkpaiHi YacToTa apo3vBHUX KpO-
BOTEY 3pocna Yepes akTuBHe 3acTocyBaHHA FPV-apoHis,
BUOYXOBUX MPWUCTPOIB, 3aTPUMKy eBakyallii BHacnigok
HECMPUATAMBUX TaKTUYHWX YMOB, @ TaKOX MOLUMPEHHS
MYTBTUPE3NCTEHTHOI chriopy. Taki NopaHeHHs YacTo Cynpo-
BOKYHOTbCS EpenomMamm KiCToK, MacvBHUMY fedbekTamm
M’'SIKUX TKQHWH | BUCOKUM PiBHEM MiKpOGHOI KOHTaMiHa-
uii [7,8] (puc. 1). HepocTaTHiCTb XMTTE3AATHUX TKAHUH
OIS 3aKPUTTS 30HW CYAWHHOI PEKOHCTPYKLi NpU3BOAMTL
[0 NEPECUXaHHS Ta MEXaHIYHOTO MOLLKOMKEHHS CYANHHOI
CTiHKW. Lle cnpnynHse po3BMTOK apo3vBHOI KPOBOTEMI —
YCKNagHEHHS, L0 HepiaKo 3aBepLuyeTbes amnyTalieo
KiHLiBKM abo HaBiTb CMEPTIO MaLlieHTa.

BakyymHa Tepanis (BT) HuHi € ogHuM 3i cTaHpapTiB
niKyBaHHs cknagHux BorHenansHux paH [9,10]. BoHa 3Hu-
Xye bakTepianbHe HaBaHTaXEHHs!, CTUMYMIOE OYULLEHHS!
paHu Ta opMyBaHHS rpaHyNALNHOT TKAHWHM, CTBOPIOKOYM
onTUMarnbHi YMOBU ANSi OCTAaTOYHOrO 3aKkpuTTS Aedek-
TiB [11,12,13]. Pa3om i3 Tum, 6e3neynicts BT y nauieHTig,
sKi NOTpebyoTb PEKOHCTPYKLIT MaricTpansHUX CyauH,
3annLWIaeTbCa ANCKYCINHUM NUTaHHAM Yepe3 NOTEHLLIHNIA
BMIMB HETAaTUBHOIMO TWUCKY HA CYOMHHY CTiHKY Ta 30HY
aHactomosy [14,15,16]. KniHiyHi HacTaHOBW 3 BeAeHHS
60110BOI TPaBMM KiHLIBOK HE MICTATb YiTKIX peKoMeHaaLlii
oo NpodinakTvKK Ta NikyBaHHS apO3VBHUX KPOBOTEM,
a BinbLuicTb nybnikavin 06MeXyeTbCA onMcamn KniHiYHUX
Bunagkie. Lie oBrpyHTOBYeE akTyanbHiCTb BUBYEHHS NOpY-
LIEeHOi Npobnemm B yMoBax Cy4acHoI BiltHU.

MeTa po6otu

BusHaunTn yactoty, daktopu pu3uky Ta 0cobnuBocCTi
XipypriYHOro nikyBaHHs apO3VBHWX KPOBOTEY Y NOPaHEHUX
3 YLUKOKEHHAMM MariCTpanbHUX CyAuH KiHLIBOK, @ Takox
OLiHMTM porb BakyyMHOI Tepanii y npodinakTtuui Ta niky-
BaHHi L|bOr0 YCKIMagHeHHs.
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30ifCHUNM OOHOLEHTPOBE PETPOCTEKTUBHE KOFOPTHE [0-
CrigpKeHHs Yy KNiHiLi cyamHHoi xipyprii HBMKL| «fonosHwin
BIiCbKOBO-MEANYHUIA KMiHIYHMIA rocniTanby (M. Kuis) — 3a-
knagi IV piBHs megnyHoro 3abesneqenHs (PM3). Mepiog
CMOCTEPEXEHHS — 3 MIOTOro (Bif NOYaTKy NOBHOMACLUTa6-
HOrO BTOPrHEHHs1) Ao rpyaHs 2022 poky.

KoHTuHreHT focnimkeHHs — 85 BilicbkoBocnyx0oBLiB
i3 GO I0BOIO TPABMOIO MaricTpanbHUX CyauH KiHLIBOK. Y 69
i3 HUX gedhekTr M'SIKUX TKaHWUH i BICYTHICTb YMOB NS 04-
HOMOMEHTHOTO 3aKPUTTS CYANHHO-HEPBOBOTO NyyKa cTanu
MPUYMHOLO 3acTOoCyBaHHS BT. Y Mexax Liboro 4oCHimKeHHS
MpOoaHarni3oBaHo TiNbkv BUNALKVN apO3VBHOT KPOBOTEMI, LLO
BWHUKIN NiCMIS ONepaTuBHUX BTPYYaHb Ha MaricTpanbHux
CyauHax KiHLiBOK.

KpuTepii 3any4yeHHst — 6o AoBi NopaHeHHs MaricTparb-
HWX apTepil / BeH BEPXHIX ab0 HWXHIX KiHLBOK, BUKOHaHE
orepaTtvBHe BTPyYaHHs Ha MaricTpanbHWX CyanHaX KiHLBOK
(II-IV PM3), medbekt M'SKnX TKaHUH Y 30Hi PEKOHCTPYKLi,
PO3BMTOK apO3MBHOI KPOBOTEMI Yy nicnsionepawiniHomy ne-
piogi, 3acTocyBaHHs BT y nikyBaHHi Ha IV PM3.

KpuTepii BUKIMIOYEHHS — NepBUHHI amnyTaLlii, BUKOHaHi
Ha nonepeaHix PM3; kpoBoTeui, He NOB’A3aHi 3 CYANHHUM
BTPYYaHHSIM; NOPaAHEHHS JABHICTIO NoHad 4 TWXHI, Lo
ycKknagHunuch opmyBaHHAM NceBLoaHeBpuamMu abo
apTepioBEHO3HOI (iCTynK.

Bigomo, 110 apo3uBHa KpoBOTEYa — KMiHIYHO 3HavyLLa
nicnsionepaviiHa KpoBoTeya 3 AiNsHKY CyAUHHOI CTiHKV 260
aHacToMo3y, 3yMOBIIEHa NOPYLUEHHAM LiNiCHOCTi OCTaHHLOT
Ha (POHi FHIHO-HEKPOTUYHUX 3MiH Y HABKOMWLLIHIX TKAHWHAX
i Taka, Wo noTtpebyBana HEBiAKNAAHOMO OMepaTUBHOIO
BTPYYaHHs.

[MepBMHHOIO KIHLIEBOK TOYKOK € YacToTa apo3WBHIX
KpOBOTEY. BTOPWHHI KIHLIEBI TOYKW — (haKTOPK PU3MKY, YaCoBI
npodoini BUHWMKHEHHS!, Mikpobionorist paHu / KpoBi, MeToam
XipypriYHOro remocTasy, crnocié ocTaTo4HOro 3aKpuTTS
aedekTy, KinbKicTb NepeB’si3ok / onepaviit, TpuBanicTb
rocnitanisawii.

BakyymHy Tepanilo 3actocoByBanu 3a KniHiYHUMU
noKasaHHSIMU, BUKOPUCTOBYIOYM MOPTATUBHY CUCTEMY
HeratHoro Tucky Henadyne XLR8. nsi 3aMeHLIEHHS
PU3NKYy MEXaHIYHOTO YLIKOXKEHHS, 3aXUCTy CYAUHHOI
CTiHKM | aHacTOMO3y HaknaZeHo ABOLIAPOBY NOB'AA3KY 3
NigTPUMaHHAM NOCTIHOTO HEraTMBHOIO TUCKY B Mexax
70-80 MM pT. CT. BHYTPILUHIl LUAp NOB'A3KVN — HeaAre3vBHNIA
martepian (nonisiHinankoronbHa rybka abo cunikoHoBa
membpaHa), a 30BHiLLHIN — noniypeTaHoBa rybka (ans
ApeHyBaHHs). [oB’A3kM 3aMiHIOBaNM KOXHi 72-96 roguH.
lMocninoBHiCTb HaknaZaHHs 4BOLLAPOBOI MOB'A3KN HaBe-
[EHO Ha puc. 2.

CTaTucTyHO LMdpoBuMii Matepian onpalboBaHo 3a
[0MOMOroto nporpamHoro 3abesneverHs MedStat 5.2. [ins
ONMUCY KINbKICHNX AaHUX BUKOPWUCTAHO CepepHe apudme-
TnyHe (M), ctaHgapTHe BigxuneHHs (SD) Ta megiaHy (Me);
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Puc. 1. MiHHO-B1GYyXOBE NOpaHeHHs Mneya 3 MacuBHUM [EPEKTOM M SKUX TKaHWH.
TpyAHOLLi 3aKpUTTS NNEYOBOI apTepii (MO3HaueHa CTPINKOL0) CTBOPIOE PU3MKN apO3NBHOT
KPOBOTEMI.

Puc. 2. [lBoliapoBa BakyyMHa NnoB'siaka npu 60I10Bii TpaBMi CyAKH CTerHa. A: CTPInkow
nokasaHo BiJHOBNEHY NOBEPXHEBY CTETHOBY apTepito; b: crioyatky nonisiHinosy ryoky (1)
pasoM i3 cUNikOHOBOK) CITKOH (2) YKNaAEHO Hafl 30HOK NpoTe3yBaHHs; B: BCTaHOBNEHO
30BHILLHIN Wwap i3 noniypetaHosoi ry6ku; I: HaknaaeHa ABolapoBa nos's3ka Ans BT 3
Tuckom 70-80 Mm pT. CT.
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ANs SKicHUX faHux — abcontoTHi yncna (n) Ta BigcoTky (%).
HopmanbHicTb po3noginy AaHux He nepeBipsnu, nopis-
HANbHWIA aHani3 He BUKOHYBamnM, OCKINbKM AOCHImKEHHS
maro OM1COBWIA XapakTep.

Pe3yabTati

Cepeq 85 BilicbkoBOCNYX60BLiB i3 BONOBUMYU MOpPaHeEH-
HAMU MaricTpanbHUX CyOUH KiHLIBOK apo3uBHI KpOBOTEM
BuHuKM y 9 (13 %) nauienTis. Yci Bunagku (100 %) 3ymoB-
neHi MiHHO-BMBYX0BOI0 TpaBMoto. CepepHint Bik nopaHeHnx
— 30,9 poky.

Hanvacriwe Gynu ypaxeHi noBepxHeBa CTerHosa
aptepist — 44,4 % (n = 4) Bunagkis, 3aranbHa CTerHoea —
33,3% (n=2), nneyoBa aptepis — 22,3 % (n = 2). MoegHaHi
YLIKO[PKEHHS apTepilt i BeH BusBneHo y 55,5 % sunapkis. Y

44,4 % nauieHTiB (n = 4) cyauHHI NOpaHEeHHS fiarHOCTOBaHO
Ha oOHI NepenomiB KiCTOK KiHLBOK.

Ha II-1ll PM3 y nBox Bunagkax BUKOHAHO NiryBaHHs
MOLUKOMXXEHUX CyOWH, Yy M'ATU NaLieHTiB — TMYacoBe
LYHTYBaHHSA B Mexax Taktuku DCS. Micns cTabinisauii
CTaHy Ans BifHOBMEHHSI MaricTpanbHOro KPOBOTOKY Y TUX
CaMKX NIKAPHSHKX 3aknagax BUKOHAHO PEKOHCTPYKTUBHI
BTPYYaHHS: y 7 NaLieHTiB — aBTOBEHO3HE NPOTE3yBaHHS, y
2 nopaHeHux — ePTFE-npote3yBaHHs.

Mig yac nepBMHHOrO BaKTEPIONOrYHOrO AOCTIMKEHHS
Ha |V PM3 mikpobHa koHTaMiHaList BorHenarbHoi paHu Bu-
aBneHa y 100 % naujenTie. HanbinbLu nowvpeHi 30yaHmkm
— Klebsiella spp. (66,7 %) Ta Acinetobacter spp. (33,3 %).
AHTWGIOTMKOTEPANIIO NMPU3HAYEHO BCIM NaLlieHTaMm Biano-
BiOHO [0 pe3ynbTariB GakTepionoriyHoOro JOCHMKEHHS 3
paH i BU3HaAYeHHs! YyTNMBOCTI 10 MEAUYHUX Npenaparis.
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CepenHilt TepMiH BUHWKHEHHS apO3WBHUX KPOBOTEM
craHoBuB 18 fib (mianasoH —Big 6 4o 29 Ai6). BectaHoBneHo
[Ba Nepioam NiaBULLEHOTO pU3uKy (puc. 3):

1. PanHin nepiog (7—10 feHb) 3yMOBMEHUIA HEMOXIN-
BICTIO MOBHOLIHHOTO 3aKPUTTS CYAMHHO-HEPBOBOTO MyyKa
Ta 6esnocepesHiM MeXaHiYHUM BMIMBOM Ha CYyAMHHY
CTiHKY;

2. OcHoBHui nepiog pusmky (18-30 geHb) kopernioe
3 PO3BUTKOM THIHO-HEKPOTUYHUX 3MiH Y paHi, cuctem-
HOK iH(DEKLiE Ta YLIKOMKEHHSIM CYAMHHOI CTiHKW, L0
nporpecye.

Y 77,8 % (7i39) BUNapkiB apo3vBHi KPOBOTEYi BUHWKIN
Ha doHi iHeKLUiHMX ycknagHeHb: cencucy —y 3 (33,3 %)
nawieHTiB, nokarnbHOi iHeKLii B 30HI PEKOHCTPYKUIi — Y 4
(44,4 %). Lli paHi ninTBEpXKYIOTH BaXKNUBY POMb iHGEKLn-
HOro mpouecy y OpMyBaHHi apO3VBHOTO MOLLKOMKEHHS
CYOMHHOI CTiHKU. PeunamBu KpOBOTEY BUSIBIIEHO Y ABOX
nauieHTiB, ¥ y ABOX BUMafkax NMoBTOPHI enisoau Tpanns-
nnes Tpudi. Ikepenom kpoBoTedi HaltvacTile 6yna 3oHa
aHacTomoasy (7 BUMagKiB), piaLLe — aBTOBEHO3Ha CTiHKa (2
BUNagku) (mabn. 1). Y BCix BUNagkax LOCATHYTO Xipypriy-
HOTO KOHTPOIKO KPOBOTEMi (mabri. 2).

Hartvacrilue BUKOHYBanm aBTOBEHO3HE MPOTE3yBaHHS
3 (hOpPMyBaHHSIM aHaCTOMO3iB N03a 30HOH MOLLKOIKEHHS
Ta iHikyBaHHS (puc. 4).

BT 3actocoByBanu y cknagi KOMMEKCHOro NikyBaHHS
nicnsi pagukanbHoi XipypriyHoi 06pobku paHu. Meta BT
rnonsrana y TM4YacoBOMY 3aKpWUTTi paHOBOTO AedIeKTy B
OiNSHUi CyAMHHO-HEPBOBOTO Myyka Ta nigrotosui 1i 40 3a-
kpuTTa. CepenHs KinbkiCTb CeaHciB Nia Yac BUKOPUCTaHHS
BT - 6-7; ue maibke BABivi GinbLue, Hix y rpyni 6€3 Lboro
yCKnaZHeHHst (2—3 ceaHcm).

OcraTouHe 3aKkpuUTTS paH 3iINCHEHO LLNSIXOM NePBUH-
Horo HaTary — 44,4 %, nepMaTonnacTuky PO3LLENTIEHUMM
LIKipHUMU knanTsmn — 44,4 %, a B ogHomy Bunagky (11,2 %)
BWKOPWUCTaHO pOTaLiiiHWiA KnanoTb m. gracilis.

MauieHT 3 apo3vBHUMM KPOBOTEHAMW Masni 3Ha4YHO
TpuBaniwwin TepmiH rocnitanisauii (54,4 + 26,9 npotu
29,1 + 11,2 pobu), B HUX BU3HAYEHO Oinblly YacToTy
iHekUinHuX ycknagHeHb (100 % npotu 57 %), a Takox
BOHW NOTPebyBany CKNaaHiLLMX onepaTuBHUX BTPyYaHsb.

Y Wi rpyni He 3adpikcoBaHO NeTanbHi Hacnigkv Ta Bu-
nagky BTOPUHHWX amnyTaLii. Y3aranbHeHi JaHi HaBegeHo
B mabnuui 3.

06roBopeHHsA

ApO3MBHi KPOBOTEMI 3aNMLLAKTLCS OAHWM i3 HalHebe3MneY-
HILLMX yCKIagHEeHb NikyBaHHs 60A0BOI TpaBMY MaricTparb-
HWX CYAVH KiHLiBOK. Lle NoB’A3aH0 3i 3HaYHNMM TEXHIYHUMK
TPYAHOLLAMK XipypriYHOro MikyBaHHS, 3arpo3oto BTpaTty
KiHLBKW T@ BUCOKMM PU3VMKOM FETaNbHOCTI.

Y HaLoMy AOCTIIKEHHi YacToTa apo3VBHUX KPOBOTEY
cTaHoBwna 13 %, Lo CyTTEBO NEpeBULLYE AaHi, Ski 3adikco-
BaHi nig 4Yac BiNCbKOBWX KOHANIKTIB B Ipaky Ta AdraHicTaHi
(4-6 %) [1,5]. 3a masmmm E. Sisli et al., A. Alga et al., nia
yac Gorosux Aiit y Cupii yacToTa BTOPUHHKX KPOBOTEY Y
rpyni naviexTie, ae 3actocoByean BT, carana 40 % [17,18].
CymapHe NopiBHSHHS AaHKX HAyKOBOI NiTepaTypu Ta HaLumx
pe3ynbTaTiB HaBe4eHo Ha puc. 5.

PisHuLI0 3@ 4acTOTOK apO3MBHUX KPOBOTEY MOSICHIO-
€MO NOEAHaHHAM TakuX (haKTOpIB: TSHKKICTIO OTPUMAHMX

3anopi3bkuil MeAUYHNI XypHaA. Tom 27, Ne 5(152), BepeceHb - x0BTeHb 2025 p.

Tabauus 1. [Ixepena apoauBHWX KpoBoTe (n = 13)

[bxepeno apo3uBHOI KpOBOTEYi KinbkicTb enisoais, n (%)

CTiHKa aBTOBEHN 2(15,4)
30Ha aHaCTOMO3y Mix BEHOH Ta apTepieto 9(69,2)
3oHa aHacToMo3y Mix apTepieto Ta ePTFE-npotesom 2(15,4)
3aranom 13(100,0)

Tabauusa 2. MeHemXMeHT apo3vBHUX kpoBoTey Ha IV PM3 (n =

OnepaTnBHe BTPyYaHHs KinbkicTb enisopis, n (%)

9)

ABTOBEHO3HE NPOTE3yBaHHS 4 (44,4)
lMpoTesyBaHHs CUHTETUYHUM npoTe3om (ePTFE) 2(22,2)
JliryBaHHs cyouHu 2(22,2)
YiwmBaHHs fedekTy B CYAUHHIA CTiHL 1(11,1)
3aranom 9(100,0)

Tabauua 3. XapakTepHi 0cobnmBOCTi rpyn nawieHTiB 3 apo3vBHOK KPOBOTEYEHD
Ta 6e3 Hei, y koTpux BT 3acTocoByBanu y KOMNIEKCHOMY XipypriYHOMY MiKyBaHHi

(n=185)

MauieHTH 3 apo3nBHOIO

KpoBOTeYelo,
n=9

MexaHiam ypaxeHHs

MiHHo-B1byx0Ba TpaBma 9(100,0 %)
KynboBi nopaHeHHs 0(0,0 %)
Tokanisauijs

CrerHoBa aprepis 4 (44,4 %)
lnevoBa aptepis 2(22,2%)
lMepBuHHa MikpobHa KoHTamiHaLis 9(100,0 %)
Acinetobacter spp. 3 (33,3 %)
Klebsiella spp. 5 (55,6 %)
IHeKUiNHI ycKnaaHeHHs

Cencuc 3(33,3 %)
JlokanbHa iHdexLuis 4 (44,4 %)
3acTocyBaHHs TMMYACcOBOrO LWyHTYBaHHS 5 (55,5 %)
Ha |-l PM3

CepepHsl KinbkicTb ceaHcis BT 6-7

MeToau 3aKkpuTTs paHu

[epBUHHUM HaTsirom 4 (44,4 %)
[epmatonnactuka 4 (44,4 %)
nacTu4Hi MeToankm 1(11,2%)

CepepHs TpyBanicTb rocnitanisauii, jobu 54,4 + 26,9
(M SD)

MNauieHTn 6€3 apo3nBHoI

KpoBOTeYi,
n=76

54 (71,0 %)
17 (23,0 %)

16 (23,2 %)
23 (33,3 %)
43 (56,5 %)
13 (17,4 %)
23 (30,4 %)

0(0.0%)
0(0.0%)
1 (14,5 %)

2-3

57 (75,4 %)
13 (17,4 %)
3 (4,3 %)

291112

nopaHeHb (y 52 % BunafkiB BOHW CynpoOBOMXKYBanucs
BOrHenansHuMK nepenomamut, B 11 % — yLUKOmKEeHHAMM
MaricTpanbHUX CyauH); HaaAMIPHUM HeraTMBHUM TUCKOM
(125 mm pr. cT.) Mig, Yac BuKoHaHHs BT 6e3 BUKOpuCTaHHs
3aXMCHUX ENEMEHTIB 1151 CYAVMHHOI CTiHKW, LLO NiABLLLYBano
PU3VK T MEXaHIYHOTO MOLLKOKEHHS!; MYMNbTUPE3UCTEHTHI-
CTIO rocniTanbHoi riopu; 06MeXeHICTIo pecypciB.

LocnipxerHa A. Alga et al. aaiiicHeHe y nikapHsx B
Ipaky Ta Wopgaaii, Kyou eBakytoBanu nauieHTis i3 Cu-
pii. 3aTpUMKM TpaHCMOPTYBaHHS NopaHeHuX, AediunT
Cy4aCHWX matepianis i MOXNMBOCTEN ANS NNACTUYHOIO
3aKpUTTS paH Oyny OJHWUM i3 YNHHMKIB BUCOKOi 4acToTy
KpOBOTEM.

3a gaHumn €. B. LWanpuxcbkoro, B. M. JunkaHsi, cepen
306 nopaHeHux ykpaiHCbKMX BificbkoBOCTYXO0BLB, KOTPi Y
2022-2024 pp. nepeHecn TpaBMaTUYHi amnyTaLjii HAXHIX
KiHLBOK, apO3uBHi KpOBOTeYi B paHHbOMY micnsionepa-
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[leHb nicnsi nopaHeHHs

Puc. 3. [lnnamika apo3nBHUX KPOBOTEY Y MOPaHEHHX i3 DOIMOBOIO TPABMOKO CYAWH Mg Yac nikysaHHs Ha [V PM3.

4B , arj

Puc. 4. KniHiunmit BUnapok apo3nBHOI KpoBoTeui y naLjieHTa 3 6o1ioBot0 TpaBMOLo CTErHoBOI apTepii. A: apoavBHa kpoBoTeya Ha 18 foby nicns nopaHeHHst; b: cTpinkoto no3HayeHo
[DKepeno KpoBoTeui B AinsHLj CyAUHHOrO aHacToMoay; B: BiHOBMEHHS KPOBOTOKY LUISIXOM aBTOBEHO3HOTO NPOTE3yBaHHs CTETHOBOI apTepii 3 (popMyBaHHSM aHacTOMO3iB no3a
30HOI0 iHOhiKyBaHHS Ta YKPUTTSIM @BTOBEHO3HOI BCTaBKM M. sartorius; I 3acTocyBaHHS ABOLLIAPOBOI BaKyyMHOI MOB'A3KM Y MOCTiiHOMY pesxumi 3 Tuckom 70-80 MM pr. cT.; A: BUrmsA,
paHu Ha 36 [oby nikyBaHHs nicns cepii ceaHciB BT i noBTOpHWX XipyprivHinx 06po6ok.

5

Sivash & Koval (2025) 13
Shaprynskyi (2022) 2,63

Alga (2020) 40

Mansoor (2015) 0
Fang (2010) 0
Peck (2007) I s

Leininger (2006) 0

0 10 20 30 40 50

Yacrora, %

Puc. 5. YacToTa apo3uBHIX KpOBOTEY NiCs XipyprivHOro nikyBaHHs 60/A0BOT TpaBMM CyAMH KIHLIBOK (BiOMOCTi (haxoBoi nitepaTypy Ta pesynbtaTi BNacHOTO JOCHILKEHHS).
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LiiHomy nepiogi 3adikcoaHo y 8 (2,6 %) sunagkax [19].
JlokarnbHy iHgeKLito, @ came HarHOEeHHs Ha Yac rocnitani-
3auii, giarHoctoBaHo y 22,1 % Bunapkis, a BT nposogmnu
B iMNYNbCHOMY PEXUMi 3 HEraTUBHUM TUCKOM HE HIDKYe
H>K 125 MM pT. CT.

Omxe, nig Yac HaWoro AocnigxeHHs 3adikcoBaHO
4acToTy apOo3VBHUX KPOBOTEM, LLO BiAMOBIAAE Aiana3oHy,
onucaHomy y dhaxosin nitepatypi (2,6-40,0 %, puc. 5). Ha
MiAcTaBi LbOro NigTBEPMKEHO, LU0 PO3BUTOK YCKMaAHEHb
BW3HAYaETbCS TPbOMA KIMOHOBUMY YMHHUKAMW: TSHKKICTHO
60i10B0i TPaBMMU, piBHEM MIKPOBHOI KOHTaMIHaLji Ta ocobrnn-
BOCTSIMM / SIKICTIO HaZlaHHS! XipyprivHOi 4OMOMOrH.

Y KoropTi AOCNIMKEHHS, WO 3[ICHUNN, BU3HAYEHO
[OMiHyBaHHS MiHHO-BOYX0BOI TpaBmu, Lo y 50 % Bunaakis
noegHaHa 3 nepenomamu TpybyacTtux kictok. Lie cyTTeBo
BiZPi3HAETLCA Bif A4OCBIAY, LLIO OTPUMAHWI Nif Yac BiCbKO-
BUX KOHPNIKTIB B Ipaky Ta AdpraHicTaHy, e HanyacTilmmm
MexaHi3Mamm 6ynu KynboBi NOPaHEHHS 1 YLIKOKEHHS Bifl
camopoBHux BMOyXoBUX NpucTpoiB [2,14,15].

TUM4acoBOro CYAMHHOTO LIYHTYBAHHS B paMKax KOH-
uenuii DCS notpebyBanu 55 % nauieHTiB 3 apo3vBHUMM
kposoTedamu. Lli gani migTBepmKytoTh TSKKICTH BOAOBOT
Tpasmu [18,20].

Ak nopnatkosi hakTopy pranKy BU3HAYEHO 3acToCy-
BaHHSI PEaKTMBHUX CUCTEM 3amoBOrO BOTHO, MIHOMETIB
Ta FPV-gpoHis, 3aTpumKy eBakyaLlii Yepes TakTnyHy obcta-
HOBKY, TpMBare, a iHoA i HEKOHTPOIbOBAHE BUKOPUCTAHHS
TYpHiKeTiB. Bigomo, Wwo Tpueana ilemis npu3BoauTL 40
HEKPOTUYHUX 3MiH Y TKaHUHaX KiHLIIBKM Ta CTBOPIOE YMOBU
ANs po3BUTKY iHGEKLUiT — OQHOMO 3 NPOBIAHNUX YMHHWKIB
thopmyBaHHS apo3uBHNX KpoBoTeY [21,22].

OpHy 3 KMoYOBUX pONe y PO3BUTKY apO3MBHIX KpO-
BOTEY BiirpaBana iHdekuist: y 77,8 % Bunagkis KpoBoTeui
BUHWKIM Ha (POHI Cencucy Ym nokanbHoi iHdekuii. Mep-
BWHHA MikpoOHa KOHTaMiHaList paH Y i rpyni ctaHoBuna
100 % Bunagkis, a cepen navjeHTiB 6e3 kpoeoTed — 57 %.
HainyacTilwe BUSBNANY MYNbTUPE3UCTEHTHI rocniTanbHi
36yaHukm: Acinetobacter spp. (33,3 %) Ta Klebsiella spp.
(55,6 %). 3icTaBHy CTPYKTYpy Mikpodriopn OnucaHo y
npaLsix, Wo NpUcBsYeHi AocnimKeHHI0 G0MOBUX TpaBM nifg
yac BiliHn B AdbranicTani Ta Ipaky [23,24].

PospisHsnu ABa KpUTUYHUX Nepioan po3BUTKY apo-
3MBHUX KPOBOTEM: paHHii (7-10 goba), wwo, “MOBIpHO,
MOB’'A3aHWI i3 MEXaHIYHUM YLIKOIKEHHSM CyOUHW Yepes
BIZICYTHICTb TKAHWHHOTO YKPWUTTSI @HACTOMO3y Ta BrWB
HeraTMBHOrO TUCKy; ocHoBHUI (18-30 poba), skui aco-
LiHoBaHWA 3 iHPEKLINHUM NPOLIecoM, Lo Mporpecye, Ta
[ECTPYKLiEI0 CYANHHOI CTiHKW. 3iCTaBHi YacoBi iHTepBanu
HaBE[IEHO Y AOCTIIKEHHSIX, LLIO MPUCBSYEHi 3aCTOCYBaHHIO
BT y cyanHHin xipyprii mupHoro yacy. Lli aaHi ceigyats npo
YHIBEPCANbHICTb BU3HAYEHUX NaTOTEHETUYHUX MEXaHi3-
miB [25,26].

BukopmcTaHHa ABOLIAPOBOi BaKyyMHOI MOB’A3KM 3
BHYTPILLHIM noniBiHinankoronbHuM abo KonareHoBUM
Lapom 3abe3neyyBano HadilHWA 3aXUCT aHacToMO3y Bif
MEXaHIYHOT TpaBMaTu3aLlii Ta Clpusino KOHTPOMH iHGeKLin-
Horo npoiecy. Takuii nigxia BignoBigae Cy4acH1M KniHiYHAM
pekomeHpaLism [27,28,29]. CepepHs KinbkicTb ceaHcis BT
y navjieHTiB i3 kpoBOTEYaMM BABIi BinbLua, Hix y rpyni 6e3
ycknagHeHb (6—7 npotu 2-3). Lli pesynsraty 36iraotbes 3
JaHnMy haxoBoi NiTepaTypy LOAO CKINaAHOCTI JiKyBaHHS
TSOKKMX iHDiKoBaHMX paH [27,30].

3anopi3bkuil MeAUYHNI XypHaA. Tom 27, Ne 5(152), BepeceHb - x0BTeHb 2025 p.

IMonpu BUCOKY YacTOTY ycKraaHeHb, Baanocs 36epertu
KiHLiBKM B YyCIX nauieHTiB. Lle cTano MoXnveum 3aBasku
KOMMNneKkcHOMY nigxody, o nepenbavyas pagukanbHy
XipypriuHy oBpobky paH i3 BUOaneHHsM yCix HEXUTTES-
[aTHUX TKaHWH; 3acTocyBaHHs BT i3 YiTkuM JOTpUMaHHAM
6e3neyHoro pexxumy HeratueHoro Tucky (70-80 mm pr. CT.,
3amiHa MoB’A30K KOXHi 3—4 [,06M); 3aXUCT CYAUHHOI CTiHKM I
aHacTomMo3y (CUNIKOHOBWIA 3axucHWiA Bap’ep | nonisiHinosa
rybka); paHHe 3aKpuUTTst AedeKTiB y 30Hi CyaAMHHO-HEPBO-
BOrO Myyka yciMa LOCTYMHUMW METOAAaMK; paLioHamnbHy
aHTMbGIoTMKOTEPAIHD.

Pasom i3 Tum, TpuBanicTb rocnitanisauii y rpyni 3
ApPO3MBHMMM KpOBOTEYaMM Maike BABiYi Binblia, Hix
y nauieHTiB 6€3 Lboro ycknagHeHHs (54,4 + 26,9 nobu
npotn 29,1 £ 11,2 0o6u), L0 CBIAYUTL NPO ICTOTHWIA BNMNB
yCKnaZHeHb Ha NPOLIEC BiAHOBMEHHS Ta PECYPCU CUCTEMM
OXOPOHW 3[J0POB'Si.

BucHoBKU

1. ApoauBHi kpoBoTedi BUHUKIN Y 13 % nauieHTis i3
60/10BUMM NOPaHEHHAMU MariCTpanbHUX CyOAUH KiHLIIBOK,
LLIO NepeByLLLYE NOKa3HWKK, 3athiKCOBaHI Nif Yac nonepeaHix
BilICbKOBMX KOHCDNIKTIB.

2. OCHOBHi (hakTopW pu3nKy: MiHHO-BUOYXOBa
TpaBma, nepenomu Tpyb4acTux KicTok, nepBuHHa Mi-
KpobHa KOHTaMiHaLlif, NoKanbHi Ta CUCTEMHi iH(DEKLiHi
yCKNaaHEHHS.

3. BusHayeHo fBa niku po3BUTKY apo3WBHMX KPOBO-
Teu: paHHiit (7-10 foba), Lo NoB’a3aHNiA i3 MEXaHIYHUMM
thakTopamm, Ta ocHoBHui (18-30 goba), 3ymoBneHui
iHCpeKLiHUMM NpoLecamm.

4. BrkopucTaHHs [BOLIAPOBOI BaKyyMHOI MOB'SA3KM
3abe3neyye 3axuCT CYAMHHOI CTIHKM Ta 30HW aHACTOMO3Y,
3MeHLLYe MiKpOGHE HaBaHTaXeHHs Ta CTBOPIOE ONTUMarbHI
YMOBW AMs1 NMACTUYHOMO 3aKPUTTS paH.

5. KomnnekcHuii nipxig (pagukansHa xipypriyHa 06-
pobka, BT, paHHe nnacT1yHe 3aKpuTTS, paLlioHanbHa aH-
TMbioTMKOTEpanis) Aae 3Mory 3beperTy KiHLiBKY 1 3anobirTu
neTanbHOCTI, ane notpebye CTaHAapTu3aLji Ta iHTerpauii y
MPOTOKOMNM BIiACbKOBOI MEANLIMHM.

MepcnekTUBY NopanbLUMX AOCAMKeHD. [podinakTuka
ApO3VBHKX KPOBOTEY NOBUHHA CTaTM NPIOPUTETHUM HaNps-
MOM Y TikyBaHHi BO/A0BOI TpaBMM MaricTpanbHUX CyauH
KIHLIBOK. YIOCKOHamNeHHs CTaHAapTiB HaZaHHS [OMOMOru
Ma€ BKIMKYATW BU3HAYEHHS OMTUMarnbHUX pexumis BT,
3aCTOCYBaHHSA HafiHUX METOAIB 3aXMCTy aHACTOMO3IB i
CYOVMHHOI CTiHKV Bif HETaTWBHOTO TWUCKY, BMPOBAMKEHHS
anropuTMie NPoiNakTUK1 Ta PaHHBLOTO BUSIBNIEHHS iH(eK-
LitH1X ycknagHeHb. CTBOPEHHS YHi(hikoBaHWX NPOTOKOMIB
CMIPUSITUME ICTOTHOMY 3HUXKEHHIO PU3NKY YCKNAZHEHD i
MOKpALLEHHIO PE3yNLTaTiB NikyBaHHS MOPaHEHWX B yMOBaX
BillHW.

06MeXXEeHHA AOCAIAKEHHA

[NOCAiIAKEHHSA MaE NeBHI 0OMEXeHHS, AK-0T HeBEAWKa BUOIpKa,
PETPOCNEKTUBHUI XapaKTEP Ta OAHOLIEHTPOBUIA AK3aHH; KpiM TOro,
He 3AIMCHIOBaAW BiAAAAEHE CMOCTEPEXEHHSA 3a nauieHTamu. Monpu
Lie, BOHO € NepLUIMM B YKpaiHi, Ae OnrCaHO creumdiky apo3uBHNX
KpoBoTeY Nnpu 60MOBIM TPABMI CYAMH KIHLIBOK, BU3HAYAE KAOUOBI
GaKTopK PU3NKY Ta MIAXOAN AO MPOGINGKTHKY 11 AiKyBaHHS B yMOBaX
Cy4acHOI BiliHH.
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AlarHoCTUYHO-AIKyBaAbHa TaKTUKa MEAUUYHOI AONOMOTH NaLjeHTam
i3 rocTpolo ilemieto KiHLiBOK BHACAIAOK TPUBAAO HAKAAAEHOTO TYPHIKeTy:
PeTPOCNEeKTUBHUU aHaAI3 i KAIHIYHI pe3yAbTaTH

M. A. TonoBaxa®*AF Q. B. Boraan®2#, |, B. LUnwka®3EF, M. C. NicyHop®*BCP,
0. 0. MixeeB®13E, P, M. Ky3iB@3E, E. AraeB®*CE

13anopisbkuit AepXaBHUI MEAUKO-GapMaLEBTUUHII YHIBEPCHTET, YKpaiHa, 2KoMyHaAbHe HekomepLiiiHe NiANPUEMCTBO «3anopisbka obaacHa
KAIHIUHa AikapHs» 3anopisbkoi 06AacHoi paau, YkpaiHa, 3anopisbkuii BiiCbKOBMIA rocnitanb, Ykpaia, “AikapHaHa rpyna AiHAeHxod, M. BepH,

LBenuapis

A - KoHUenLis Ta AM3aiH AOCAIAKEHHS; B - 36ip aaHux; C - aHani3 Ta iHTepnpeTauia AaHux; D - HanucaHHs cTaTTi; E - peparyBaHHs cTaTTi;
F - ocTatouHe 3aTBEPAXEHHS CTaTTi

KatouoBi cnoBa:
M’S131, iLemis,
TYPHIKETHUI
CUHAPOM, TYPHIKET,
KOHTpaKTypa,
dacuiotomis,
amnyTaLis,
penepdysinHui
CUHAPOM.

3anopisbkui
MeAWUYHUI XXypHaA.
2025. T. 27, Ne 5(152).
C. 382-390

[uTaHHA LWono TPUBaNO HaknageHUX TYPHIKETIB AOCIMKEHO HEAOCTATHBO, 0Ci HE PO3POBNEHO YITKNX AEPXKABHNX YU MiXKHAPOAHMX
CTaHAapTiB HaAaHHsA AONOMOrM TakuM navjieHTam. Lie ycknagHioe pernameHTaLito TakTyky NikyBaHHS.

Mera po6oTi - po3po6uTK anropuT™M AONOMOrW MaLieHTam i3 rOCTPOH iLEMIED HUXKHIX KIHLIBOK, LIO CMIPUYMHEHA TPMUBAMMM
(>2 roAuHmM) Hakna#eHHsAM TYPHIKeTY.

Marepianu i meToau. 3giicH1IN peETPOCNEKTUBHUIA aHani3 142 navieHTis (Bikom 36,71 + 0,82 poky) 3 i301b0BaHOI0 TPABMOHD HIK-
HbOT KIHL|iBKY Ta TYpHIKETOM, HaKMaAeHUM Ha CTErHi npoTsirom >2 roguHi. MauieHTy nepebysanu Ha nikyBaHHi B KHIM «3anopisbka
obnacHa kniHiyHa nikapHs» 30P 3 2023 go nunHa 2025 poky. O6CTeXeHUX NOAINMAN Ha rpynu: KOHTPOIbHY — 64 NauieHTn, SKUM
HaZaHo HecucTemaToBaHy gonomory y 2023 poi; 0CHOBHY — 78 ocib, nig Yac nikyBaHHs sIkKMX 3aCTOCOBAHO po3pobrneHnii anro-
puT™ (Bin TpaBHst 2024 poky). Miarpynu naviexTis: A — TpUBanicTb HakNaaeHHs TypHikeTy 2—4 roguHu; b —4-6 roguH; B — >6 roguH.

Anroputm nepeabavar HATTS TYPHIKETY, SIKLLO MOT0 HAaKNaAeHo <2 roaunHu; 3HATTS nicns Tepanii 3 hacLioToMier, SKLLO TYPHIKET
HaKnageHo NpoTsrom 2—4 roauH; dacuiotomito 6e3 nocnabneHHs 3 OLHIOBaHHAM M'A3iB (Typrop, KOmip, CKOPOTIMBICTb, enek-
TpoKoarynsuist), SKLWO TYPHIKET HaknageHo >4 roaynHu 6e3 KOHTPaKTYP; Y pasi KOHTPAKTYpP BUKOHYBanu amnyTauito. AHanisysanu
nabopaTopHi nokasHukwy (kanii, pH, nakrat) npu HagxomKeHHi Ta Yepe3 24—48 roguH nicns onepaii, amnyTadii.

Pesynbratu. JlTabopatopHi nokasHukuW, BCTAHOBMEH Nif Yac HagXOMKEHHS!, He KopentoBanu 3 yacoM iwemii (p > 0,05). Y nigrpyni
b anroputm cnpuse 3meHLLeHHo npupocty kanito (0,20 mmons/n npotv 0,67 mmonk/n, p = 0,02) Ta KiNbKOCTI BiATEPMIHOBAHUX
amnyTauin (6,25 % npotu 44,4 %). 3aranbHa yactoTa amnyTauin sictaBHa (50,00 % npotu 61,11 %), ane KinbkicTb NEPBUHHNX
30inbLwmnacs (43,8 % npotn 16,7 %); Le CNpusno 3MeHLLEHHO penepdy3iiHuX yeknagHeHb.

BucHoBKu. AnroputM eheKTUBHII Nif Yac TpuBanmx KOHANIKTIB, KONW BUHWKAIOTL 3aTPUMKK eBakyaLlii. BiH Aae 3mory 3AilcH1TH
iHTpaonepaLiiiHe oLiHOBaHHS M'A3iB Ta 3anobirTu Heobr'pyHToBaHiIN penepdysii. 3aCTocyBaHHS anropuTMy CrPUSIE 3MEHLLIEHHIO
KinbKOCTI BiZATEPMIHOBAHUX amnyTaLliii Ta BUNAZKIB BUHUKHEHHS YCKMaAHEHb, He CMPUYMHSIE NPY LIbOMY 3POCTaHHS 3aranbHoi
4acToTM amnyTaLliit, NiAKPECToYM 0OMEXEHICTL NabopaTopHUX MapKepiB. ANropUTM MOXE CTaTU OCHOBOH 4715 HaLOHaNbHWX
KepiBHWLTB, ane noTpebye MynbTULEHTPOBOI NPOCMEKTUBHOI BarnigaLlii.

Keywords:

muscles, ischemia,
tourniquet syndrome,
tourniquet,
contracture,
fasciotomy,
amputation,
reperfusion injury.
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Diagnostic and therapeutic tactics for patients with acute limb ischemia
due to prolonged tourniquet application: a retrospective analysis and clinical outcomes

M. L. Golovakha, O. V. Bohdan, I. V. Shyshka, M. S. Lisunov, lu. O. Mikheieyv,
R. M. Kuziv, E. Aghayev

Patients with prolonged tourniquet application represent an understudied problem. The lack of clear national or international
standards for care complicates the regulation of treatment tactics.

The aim of this study was to develop and evaluate an algorithm for the care of patients with acute lower limb ischemia caused by
prolonged (>2 hours) tourniquet application.

Materials and methods. A retrospective analysis of 142 patients (mean age 36.71 + 0.82 years) with isolated lower limb trauma and
a tourniquet applied to the thigh for >2 hours was conducted at Communal Non-Profit Enterprise “Zaporizhzhia Regional Clinical
Hospital” of Zaporizhzhia Regional Council from 2023 to July 2025. Patients were divided into two groups: a control group (2023,
n =64), who received unsystematic care, and a main group (from May 2024, n = 78), who were treated using the algorithm. These
were further stratified into subgroups: A (2—4 hours), B (4-6 hours), and C (>6 hours). The algorithm was structured as follows:
tourniquet removal at <2 hours; tourniquet removal after fasciotomy therapy at 2—4 hours; fasciotomy without relaxation, followed
by muscle assessment (turgor, color, contractility, electrocoagulation), at >4 hours without contractures; amputation in cases of
contractures. The analysis included a comparison of laboratory parameters (potassium, pH, and lactate) upon admission and
24-48 hours later, as well as amputation rates.
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Results. Laboratory parameters upon admission did not correlate with ischemia time (p > 0.05). In subgroup B, the algorithm reduced
the increase in potassium (0.20 mmol/L vs. 0.67 mmol/L, p = 0.02) and decreased the rate of delayed amputations (6.25 % vs.
44.4 %). The overall frequency of amputations was similar (50.00 % vs. 61.11 %), but the rate of primary amputations increased
(43.8 % vs. 16.7 %), which led to a reduction in reperfusion complications.

Conclusions. The algorithm is effective in protracted conflicts with evacuation delays, allowing for the intraoperative assessment
of muscles and avoiding unjustified reperfusion. It reduces delayed amputations and complications without increasing the overall
frequency of amputations, highlighting the limitations of laboratory markers. The algorithm could form the basis of national guide-

lines but requires multicenter prospective validation.

Y KOHTeKCTi cy4acHux 36poiHuX KOHMIKTIB, 30Kpema
B YKpaiHi, 3aCTOCyBaHHS KPOBOCMWUHHKX TYPHIKETIB ANs
NepekpuUTTS MaricTpansbHOro KPOBOTOKY KiHLBKM € Kpu-
TUYHUM €NIEMEHTOM NEPBUHHOI AOMOMOrY MPY MACUBHUX
kpoBoTeyax [1]. 3a JaHUMK HAYKOBOI MiTepaTypy, TYPHIKET
[ia€ 3Mory edheKTVBHO KOHTPOITIOBATY KPOBOTEMY, arne oro
TpuBane HaknageHHs (MoHagd 2 roguHu) acouiioBaHe 3
PU3NKOM PO3BUTKY KOMNAPTMEHT-CUHAPOMY, ilLeMiYHOU]
HEKPO3y M'AI3iB i CUCTEMHWX YCKINaaHEHb, SK-OT rOCTPOro
ypaxeHHs1 HUPOK Yepe3 pabaomionis [2,3,4]. Bigomo, wwo
TYPHIKET HEObXIOHO BUKOPUCTOBYBATH NEPEAYCM 5K 3acio
HeralHoi Ta LBMAKOI 3yN HKM KPOBOTEYi 3 HACTYNHUM ne-
pexonom [5] 40 METOAB, L0 He CNIPUHUHAKOTL NEPEKPUTTS
maricTparnbHOro KpoBOTOKY [6].

YMOBM eBakyallii nopaHeHmX y 30Hi DOIoBYX Aill YacTo
MpW3BOAATb 0 3aTPUMOK, KOMW TPMBANICTb HaKNaZLeHHs
TypHikeTy Moxe caratn 2—10 roguH i 6inbLue [7]. Lie yeknag-
HIOE YXBaNeHHs pilleHb LWOAO0 BiAHOBMEHHS KPOBOTOKY
B KiHLiBLi Ta 3aranom ii 36epexeHHs. Kpim Toro, Bkpain
aKTyanbHUM MUTaHHAM € HEBUMPAaBAAHE BUKOPUCTaHHS
TYPHIKETIB. 3a JaHUMKM 3aKOPLOHHWX [OCTigXeHb, Yepes
6pak TpeHiHriB 4o 2024 poky Benvka KinbKicTb i3 H1X 6ynm
HaknageHi 6e3 nokasaHb, CNpUYMHUIA AOAATKOBI ycknaa-
HEHHS1 Y BIifiCbKOBWX i LiytBinbHUX ocib [8,9]. 3 yacom uncnen-
Hi TPEHiHrM Ta HaBYaHHS, ONTUMI3aLis BiiCbKOBO-MEANYHOT
[0oMnoMory Janu CBOI pesynsTaTit — KifbKiCTb NaLieHTiB
i3 HaKNageHUMM TYpHIKETaMW NOCTYMOBO 3MEHLLYETHCS,
BTIM Taki BUNagkv He € pigkicHumn. Ha novatky nosHo-
MacLUTabHOro BTOPTHEHHS POCii Ha TepuTopito YkpaiHu He
©6yno po3pobneHx MPOTOKONIB i PErynbOBaHKX MiAXOMiB A0
MEHEDKMEHTY TakX navlieHTiB.

Y KOHTEKCTi cyyacHuX 30pOiHNX KOHCDIIKTIB Xapak-
Tep i MacwTab BiNCHKOBMX OMepaLlii iCTOTHO BNIMBaoTb
Ha TPMBAnICTb HaKNaAEHHs TYPHIKETY Ta YacToTy TaKuX
ycKnafHeHb, SK rocTpa iwemis mM'asiB i penepdysiiHe
yLWKOMKEeHHS. Tak, HelloaasHi onepalii B Ipaky Ta Adra-
HiCTaHi xapaKkTepu3yBanucs BigHOCHO NoKanbHUMUW AisiMu
3 3aMy4eHHsIM BUCOKOMPOMECIHNX CIT, L0 Maniu AOCTyn
[0 WBMAKOI aepoOMeanyHoi eBakyauii, ska 3a3Buyai
3abe3nevyBana TPAHCMOPTYBaHHS MOPAHEHUX MPOTArOM
npnbnnaHo 1 roguHu. Tak, y ocnimkerHi J. K. Maddry et all.
npoaHanisoBaHo 1267 Bunakis eBakyaLii nig Yac onepadii
OEF B Adpranictani y 2011-2014 pokax; 3a 4aHUMK aBTopiB,
mefiaHa yacy eBakyaulii 4O NMYHKTY XipypriyHOi 4OMOMOru
craHoBuna 36 xsunuH [10]. Lie cnpusno 3ameHLweHHo
TPWBANOCTi HakNageHHS TYPHIKETY Ta KifbKOCTi TSHKKUX
iLIEMIYHMX HacniaKiB.

Y cydacHin BiiHi 3a HesanexHictb YkpaiHn Tpusani
NO3uLiiHi 60i Ta B3AEMHIA KOHTPOMb MOBITPSIHOTO MPOCTOPY
CMPUYMHWIN MOZOBXEHHS eBaKyalji, Lo B cepeaHboMy
TpuBae 3—6 roguH [7,9].

YacTo 10 eBakyalLlii 3amy4yeHuit ocoboBuii cknap i3 pis-
HUM piBHEM NIArOTOBKYM 3 TaKTUYHOI MeauumHu. Lis onepa-

3anopi3bkuil MeAUYHNI XypHaA. Tom 27, Ne 5(152), BepeceHb - x0BTeHb 2025 p.

LiiiiHa BiAMIHHICTb NOSICHIOE OBMEXEHY KirnbKiCTb OnMm1caHmx
y 3axiaHi MeauyHii nitepatypi BUNaaKiB i3 HAATPUBaNUM
HaKnageHHAM TypHikeTy (>6 roguH). Y nonepegHix KoH-
(pnikTax nopaHeHHs1, acoLiioBaHi 3 TPMBaNUMM nepiogamu
iLuemii, He Bynm noLumperumu. Lie obrpyHTOBYE [OLNBHICTL
PO3POBKM KOHTEKCTHO creumdivHMX NPOTOKONIB Ans cue-
HapiiB BUCOKOI IHTEHCUBHOCTI GOMOBUX AilA.

Po3BuTOK CHCTEM NPOTUNOBITPSHOI BOPOTLOM yCKMad-
HIOE BUKOPUCTaHHA aBiaLlii nobnmay niHii 6oA0Boro 3iTkHeH-
HSI, YHEMOXTVBIIIOOYM aepoMeanyHy eBakyaLito 3 nons
60t0. Kpim TOro, HWHI aKTUBHO BUKOPWCTOBYHOTH 3acobm
MOBITPSIHOTO CMOCTEPEXEHHS, L0 JakoThb 3MOry Bidyaniay-
BaTU TEPUTOPIto [0 Kinbkox KinoMeTpiB Big NiHii 6oroBoro
3iTKHEHHS1. Lle 3Ha4HO ycknaaHioe eBakyalito 3 nons 60to Ta
MPW3BOAUTb A0 3aTPUMKY TPUBASTICTHO B TOAUHW i HABITb OHi.

Tomy GinbLUICTb 3aKOPAOHHWX PEKOMEHAALiN 3 TAKTUYHOT
Ta BIiliCbKOBO-MOMbLOBOI Xipyprii 3 BUKOPUCTaHHS TYpHIKETIB
BUSIBUNCb HEE(EKTVBHIMM, OCKINTbKI HE BPaXOBYOTb OCO-
GrmeocTeli 6oroBwx Air B YkpaiHi. Tak, Hanpuknaz, nocioHyK
i3 TakTM4HOi MeauumHn TCCC Handbook, Version 5 HaBiTb
B OCTaHHIX pefaKLisix He MICTUTb YiTKMX BKa3iBOK LLIOAO Ain
i3 NopaHeHUMU, B SIKUX TYPHIKET Ha KiHLiBKY HakrnageHo
GinbLue Hix 6 roguH Tomy. HaBeaeHo nuiie pekomeHaaLliio
MPO MOXMMBICTb GE3MEYHOT KOHBEPCIT TYPHIKETY NPOTSIOM 2
roavH; 2—6 roavH, — iMoBIpHO, 6e3MeYHO, BTiM, BEPXHS MeXa
HayKOBO He BW3Ha4eHa; NoHaf 6 roauH — ST 06epexHo,
nonboBa KOHBEPCIS He pekoMeHaoBaHa [11].

3aKopaoHHMX HayKoBWX npab, Ae 6yno 6 HaBegeHo
pesynbTati AOCHiMKEHb i BUCBITNIEHO NMUTAHHS LIOAO Ha-
[aHHsi fONOMOrY NaLieHTaM i3 «TYPHIKETHUM CUHLPOMOMY,
Hemae. BusiBneHo nuwe okpemi nybnikauii, sik-oT onuc
KniHiYHoro BUnaaKy [12] abo BUCBITNEHHS BNaCHOTO A0CBIAY
(11 Bunapkis) 6e3 HagaHHs KNiHiYHWUX pekomeHaaLin [13].

MepLui BiTYM3HSHI Nybnikauii 3 Lboro nuTaHHs Bynu
MPUCBSYEHi CTaTUCTUYHOMY OrNISAY Ta BU3HAYEHHHO
npobnematuku [14]. Y 2024 poui ony6nikoBaHo npavio
E. M. XopowyHa i cnisagr. [15]. Lle 6y nepluuii cuctem-
HWIA OrNAA LWOAO NiKYBAHHS TYPHIKETHOrO CMHAPOMY 3
BWCBITINIEHHSIM CYMyTHIX Npobnem Ta ycknagHeHb; Kpim
TOro, aBTOPU Nofanu knacudikaLlito Ta neBHe KepiBHULITBO
Lofo nikyBanbHUX 3aX0fi, LLO BPaxoByBaB y TOMY YucHi
11 JOCBiA, Korer.
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Po3pobuTi anroputm gonomory nauieHTam i3 rocTpoto
iLUEMIEI0 HUKHIX KiHLIBOK, LLO CMPUYMHEHa TpUBanum
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Puc. 1. KiHuiBKa i3 TypHIKETOM, LLO 3aTArHYTO NPOTArOM 9 rofyH.

kniHiyHa nikapHs» 30P B nepiog 3 2023 go nunks 2025
poky, craHoBuna 414 ocib. [lo focnigKeHHs 3amnyyeHo na-
LIieHTIB, SIKi HAAINALLNN 3 iLLEMI30BaHOMO BinbLUE HiX 2 roauH
KiHLBKOO, B SiKMX Dynu JOCTOBIPHI AOKYMEHTaIbHi faHi Ta
KniHiYHa CMMNTOMATKKA, iLLeMist KiHLBKM, L0 CpUYMHeHa
CMPOMOXHMWM i 3aTATHYTUM NPOTAroM GinbLue HiX 2 roguHm
TYPHIKETOM.

[ns ctaHpapTuaauii 4OCHIMKEHHS BUpiLEHO GpaTy
[0 aHani3y naLieHTiB 3 i30rb0BaHO TPABMOK OfHIET HUX-
HbOI KiHLiBKM. LL|0B OLiHATY PU3MKN BUHWMKHEHHS TOCTPOrO
YPaXeHHs1 HUPOK, Opanu [0 aHanidy nuwe nauieHTis i3
HakKnageHUM TYPHIKETOM Ha PiBHi CTErHa, OCKiNbKu M'530-
BWIA MacvB Npy TypHIKeTax Ha rominuy abo BepxHil KiHLiBL
MEHLLUI | piALLe CPUYUHSE TaKe YCKIaOAHEHHS.

BusHaueHo kputepii 3anyyeHHs: Bik 18—60 pokis;
HaknmageHun TYPHIKET Ha PiBHI BEPXHBOI TPETUHK CTerHa
npoTsrom Binblue HiX 2 roguHK (3a 4aHUMK aHaMHe3y Ta
BIOMNOBIAHMX 3aMMCIB Y MEAMYHIA JOKYMeHTaLii); 03HaKu
rocTpoi iLuemii M's3iB (CIPOMOXHMIA TYPHIKeT, 6irnb, napecTe-
3ii, GnigicTb abo LiaHo3 LWKipw, BiACYTHICTb NepudepnyHoi
nynbcauii, puc. 1); i3onLo0BaHa TpaBMa (HEMae YLLIKOMKEHb
rorioBu, rpyaHoi, YepeBHOI MOPOXHWH, Ta30BUX OpraHis,
3HAYHUX YPaKEHb IHLIMX KIHLBOK, LLO MOTMM CMIPUHUHIATY
3HaYHy KPOBOBTpATY).

KpuTepii BUKMtoueHHS — Bik MeHLLe Hix 18 i noHag 60
POKiB; TYPHIKET HaKNaAeHo MeHLUE Hix 2 roguH Tomy abo
HEMae OO0CTOBIPHUX aHAMHECTUYHUX AaHUX, BignoBiaHUX

3annciB Yy MeANYHIn [oKyMeHTaLii; HeMae 03Hak rocTpol
iemii M'A3iB (HECMPOMOXHICTb TYPHIKETY, nepudepnyHa
nynbcalisi); 4iarHoCTOBaHWA NEPENOM CTETHOBOI KiCTKW;
nonitpaBsma (MPOHWKHI YLIKOAXEHHS rONOBW, rPYAHOI,
4epeBHOI NMOPOXHUH, Ta30BUX OpraHiB, MOPaHEHHS iHLLMX
KiHLiBOK, LLIO MOFX 3yMOBUTU 3HAYHY KPOBOBTPATY, reMo-
pariyHui LLIOK).

[uTaHHS WoAo TaKTVUKK Ail Nig Yac HagXOOXKeHHs
nauieHTta Byno HanicknagHilwmMmM ans nikapis. Tak, He Byno
YiTKO BU3HAYeHUX JaHuX Npo Te, A0 SKOro Yacy 6e3neqHo
3HIMaTW TYPHIKET, KONW NaLieHTOBI MokadaHa amnyTauis
BWLLIE Bif TyPHIKETY 6€3 110ro nocnabrneHHs, konm HeobxigHo
pobuTi npodpinakTnyHy cacuioTomito.

Ha nepui gBa nuTaHHS WBKMAKO 3HAWAEHO BiANOBIgi
BHACTILOK NOEAHAHHS eMMIPUYHOTO JOCBIAY Ta HaYyKOBWX
AaHux (bioximis, disionoris Ta natodisionoris). Teopetny-
HO 06r'pyHTOBaHO # eMMIPUYHO [OBEAEHO, LU0 TYPHIKET,
HakKnageHUn NPoTArOM MeHLUe HiX 2 roAuHWU, MOXHa
6e3neyHo 3HiMaTn 6e3 JOODCTEXEHHs B YMOBax onepa-
LiNHOI NpuiAMansHOro BigdineHHs. B okpemux, HedacTux
BUNagkax Hagani BUHWKAEe KOMMapTMEHT-CUHAPOM, SIKUI
notpebye XipypriyHOro nikyBaHHS, SIKLLO € MokasaHHs. Y
nawieHTiB, y KOTPUX TYPHIKET HaKnageHo MeHLUe Hix 2
roauH1 ToMy, abCoMTHMX MOKasaHb A0 MPOINAKTUYHOT
dhacuioTomii Hemae.

Tak camo Ans Takwx nauieHTiB chopmoBaHo abco-
MIOTHI NOKa3aHHs 40 amnyTauii. Buxogsun 3 aaHux npo
naTonoriyHy aHaTOMIlo Ta natodisionorito, iWemivyHa
KOHTpaKTypa Y pasi rocTpoi ileMii KiHLiBK/ € NoKanbHUM
aHarorom «TPYMHOro 3aKmskaHHS» K cumMnTomy Gionoriv-
HOi CMepTi OpraHiamy, LLO CBIAYMTb NPO HE3BOPOTHI 3MiHU
M'130B0i TKaHUHW. MMocnabneHHs Ta 3HATTS TypHIKETY B
LbOMY BUMaZKy MOXEe CMPUYMHUTK TinepkanieMiyHy 3y-
MUHKY cepus. B iHWKMX BUNaakax navieHT maTume roctpe
yPaxeHHs1 HUPOK, Hagani Hepiako BUHWKAKTb ABULLA
MosiopraHHoOi HeJoCTaTHOCTI. BigHOBNEHHS kKpoBoMocTa-
YaHHs1 KiHLBKW HE Jae NepcnekTyB LWoZo ii 30epekeHHs,
SIKLLO M’S131 HE3BOPOTHO 3MiHEHi Ta HEeKPOTU30BaHi, Ayxe
LLUBWZKO 10 pPaHU MPUESHYETLCA BTOPUHHA iHGEKLis (YacTo
HasokoMianbHa, criopa BiaAineHHs iHTeHCUBHOT Tepanii),
BWHWKAE 3arpo3a po3BUTKY CEMCUCY, FOCTPOTO YPaxeHHs
HUPOK i NoniopraHHOI HegocTaTHOCTI. BpewTi BUHMKae
PU3NK HaCTaHHSA NEeTanbHOr0 Hacnigky Yyepes BTOPUHHI
ycknagHeHHs. OTxe, (DOPMyBaHHS CTIKUX iLLIEMIYHMX
KOHTPAaKTYyp CBIiAYMTb MPO TOTamnbHi HE3BOPOTHI 3MiHM
M’'S130BOi TKAHWHW KiHLIBKM, LLO YHEMOXNMBMHOE Ti 30e-
PEXEHHS], @ 3HATTS TYPHIKETY NULLE CTBOPUTL STPOTEHHY
HeoOI'PYHTOBaHyY 3arpo3y ANs XUTTS.

Hamaratoumch Br3HaunTV Yac opMyBaHHS! iLLEMIHYHNX
KOHTPaKTyp, BCTAHOBWIM, LLO YITKO BU3HAYEHNUX MEX, Ha
Xarb, Hemae. 3anexHo Bif 30BHILLHIX YMOB (nepeayciM Big
TemnepaTypy [O0BKiNMs), ocobnmBoCcTen cTaHy navieHTa,
HasIBHOCTI iHLLIMX NOPaHEeHb, KOHCTUTYLi Tina, 06’emy M'A3iB
Ta iHWKX HeBM3HAYeHMX hakTopiB, Liei Yac BapitoBaB Bifg
4.5 no 9 rogvH. B okpemux Bunagkax, Konmu BU3HAYEHO
4aCTKOBY HECMPOMOXHICTb TYPHIKETY, HaBiTb Micns 12 roguH
KOHTPaKTYpU HE BUSIBNEHO (Taki BUMaZKW B LibOMY AoCHi-
IDKEHHI He po3rnsigany — BOHW € TEMOK OKPEMOI ANCKYCii).

Y NeBHVX BUNaZKax, a B MeXax LibOro JOCTIMKEHHS Lie
9 nauieHTiB, 3HATTS TYPHIKETY Yepe3 4-5 roanH CNpUYMHANO
CTPiMKe MOripLUEHHS! CTaHy, BUHVKHEHHS FOCTPOTO YPaXeHHs
HWPOK, reMOAMHaMIYHUX Ta enekTponiTHUX poanagis. i
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yac BTOpPUHHOI XipypriuHoi 06pobkm BUSIBNEHO TOTarbHi Ta
Cy6TOTanbHI HEKPO3Y M'SA3IB KiHLIIBKW BHACTIAOK iLLEMIYHOT
KOHTPaKTYpM, YXBarneHo PiLLEHHS NPO amnyTaLlio.

[insi neTanbHOro OLiHIOBaHHS CTaHy KiHLLiBKM 3aCTOCO-
BaHO anropuTM, Lo nepeabayas acuioTomito 6e3 3HATTA
Ta nocnabneHHs TypHikeTy. BukoHaHO peBisito M’s3iB,
BU3HAYEHO iXHIO XMTTE3AATHICTb (PUC. 2).

M’ai3u ouiHIOBanu BisyarnbHO 3a TypropoMm, 34aTHIiCTio
[0 CKOPOYEHHS Y BiAnoBiab Ha AOTUMK, KONbOPOM (6rigui,
6nipo-poxxeBuin) Ta 30aTHICTIO CKOpOYyBaTUCS Y Bigno-
Biflb Ha MofpasHeHHs enekTpokoarynsatopoM. OcTaHHs
03HaKa — HanbinbL JOCTOBIPHA, OCKINbKMA HaBITb B CTaHi
rnnboKoi iLuemii He HEeKPOTU30BaHWIA M'A3 Y BIANOBIAb Ha
NoApPa3HEHHs1 CTPYMOM CKOPOYYBaTUMETLCS. 3anexHo
BiZl CTYNEHs! NOLUKOKEHHS MOXIIMBE 3MEHLUEHHS CUIK
CKOPOYEHHS1 MOPIBHSHO 3 iHTAKTHUM M’130M, YaCTO BU3Ha-
YalTb MO3aiyHe YLIKOMKEHHS M'A3iB (YacTuHa 3bepirae
3AaTHICTb 1O CKOPOYEHHS!, OKPEMI rpynu — Hi). FK 03Haku
HEXWTTE3AATHOCTI M'S3a BIU3HA4YeHO BpyaHO-Cipui Konip,
NPOCsiKaHHs M’'si3a MXKKMITUHHOW piauHOK (Hepigko 3
HEMpPWEMHUM 3anaxoMm), BiACYTHICTb Typropy, nerky pa-
rMeHTaLlito, MOBHY BiACYTHICTb BiANOBIAi HA NOAPa3HEHHS
€reKTPOoKoarynsTopom.

Y yacTuHi BUNagKiB Len niaxig cnpoLLysaBs yxBaneHHs
pieHHst. Tak, Kony M’a3u iluemisoBaHi, ane 3i 36epexeHnm
TYpropom, i nepeBaxH1In MacuB M’A3iB pearyBaB Ha nogpas-
HEHHSI eNeKTPOKOoarynsTopoM CKOPOYEHHSIM, Npu3HaYanm
iHTEHCMBHY Tepanito Ans NiAroToBKW nalieHTa, Hagani
TYPHIKET 3HiManu. B HW3Ui BUNagkKiB, KOMM He BUSBMEHO
KOHTPaKTypw, nig Yac gacuioTomii BU3HAYanM HexuT-
TE3OaTHICTb M'S3iB, BOHM abCONKOTHO He pearyBanu Ha
€eneKTpoKoarynst, Manu 6pyaHo-CipyiA Komip, NPOCSKHYTI
MDKKIITMHHOIO PIOWHOIO 3 HEMPUEMHUM 3anaxoM. Takum
nauieHTaMm BYKOHAHO amnyTaLlito BULLE Bif TYPHIKETY.

Bynu BUnagku, Konv KapTyHa 3milLiaHa, 30kpeMa BisIB-
NEeHO MO3aiyHi HEKPO3W M'SI3IB, Pi3Hi CTYMEHI YLIKOMKEHHS
Towwo. LLloao Takvx nauieHTiB pilleHHs yxBantoBana Myfb-
TMaMcuMniiHapHa koMaHzaa, Lo cknajanacs 3 YeproBoro
TpaBMartonora, Xipypra, CyAUHHOTO Xipypra, aHecTesionora
Ta peaHimatonora. bpanu o yBaru 3aranbHuin CTaH XBo-
pOro, HasBHICTb IHLUMX MOpaHeHb, AiarHOCTOBaHi CynyTHI
3axBOPIOBAHHS, BiTanbHi NOKa3HUKKM, pe3ynsratn nabo-
paTopHMX Ta IHCTPYMEHTanbHX AOCTigKeHb. BpaxoBysanu
CTYNiHb NOLLKOMKEHHS M'A3IB KiHLIIBKY, BU3HA4anm nepcnek-
TUBU 30EPEXEHHS KIHLIIBKW Ta OLiHIOBaMM ii NOTEHLinHY
(PyHKLOHAMbHICTb, MOPIBHIOBAIN 3 O4IKYBaHUMU PU3MKaMU
nicns 3HATTS TypHikeTy. [icns Lboro yxsanoBan pilleHHs
LLI0A0 TaKTUKM JiKyBaHHS1 B KOXKHOMY KOHKPETHOMY BUMaAKY.

Tomy B npovieci cnpob po3pobuTy yHicbikoBaHwiA Niaxis
BUPILLMIK JiSITU 32 TaKOKO TaKTUKOH:

1. AKLWO TYpHIKET HaKNageHo NPOTSATOM MEHLUE Hix 2
TOAMHW, 3HIMaTK MOro HeobXigHO B yMoBax onepavuifiHoi
NPUAMarnbHOrO BiAAINEHHS 3 HACTYMHWM XipypriYHAM reMo-
CTa30M, Hagani hacLioTOMIto BUKOHYBATM 3@ NMOKa3aHHAMMY;

2. AKWo TypHiKeT HaknageHo NpoTarom 2—4 roauH,
3HiMatoTb 1Oro Nicnst 00CTEXeHHs NaLieHTa Ta BianoBigHoI
iHTEHCVBHOI TEpanii, Lo crnpsiMOBaHa Ha KOPEKLIito NoTeH-
LiHOT rinepkaniemii, aungo3ay, TOKCUHEMIi; 060B’A3KOBOK
€ npodinakTMyHa acLioToMist He3anexHo Bif HasiBHOCTI
CYMMTOMIB KOMNAPTMEHT-CUHAPOMY;

3. FAKLLIO TYPHIKET HaKNageHo NoHag 4 roavHy i Hemae
iLIEMIYHMX KOHTPAKTYP y cyrnobax aucTarbHille TYpHIKeTY,

3anopi3bkuil MeAUYHNI XypHaA. Tom 27, Ne 5(152), BepeceHb - x0BTeHb 2025 p.

Puc. 2. OuiHIOBaHHS XUTTE3LATHOCTI M'si3a MiJ TYPHIKETOM, L0 HaKIaAEHMIA NPOTAroM GirbLue Hix

6 roguH (QR-kog — nocvnanHs Ha Bigeo).

[OLNBHOM € AiarHocTYHa dhacuioTomisi 6e3 nocnabneHHs
Ta 3HIMaHHs! TYPHIKETY 3 BU3HA4YEHHSIM 00csry onepaTue-
HOrO BTPYYaHHS;

4. FKWO TYpHIKET HaknageHo noHad 4 roauHu i Busie-
NEHO iLUEMiYHI KOHTPaKTYpK, BUKOHYIOTb amnyTaLito BULLE
Bif TypHikeTy 63 3HiMaHHs Ta nocnabneHHs.

Merta uporo nigxogy nepeabayana 3MEHLLEHHS KiNbKOCTi
XMBHWX amnyTaLii (Korv HeMae NokasaHs i € 3mora 3beperty
KIHLIiBKY), 3MEHLLIEHHS! KiNbKOCTI BUNaJKIB HEBUNPABAAHOrO
PY3UKy NPy 3HATTI TYPHIKETY, HaKMazZeHoro NpoTsroM GinbLue
HiX 4 roauWH, KON HeMae pearbHOI NepenekTyam 3bepertu
KiHLiBKY (MiCrist 3HATTS TYpHIKETY B MavieHTa po3BMBAETLCS
TOCTPE YPKEHHSI HUPOK, NOMiopraHHa HEAOCTaTHICTb, TOKCe-
Misi, reMOAMHaMIYHI poanajm, a Yepes 24—48 roguH KiHuiBka
TOTamNbHO HEXXWTTE3AATHA, | TOMY BUKOHYIOTb amnyTaLlito, Lo
[0AAaTKOBO acoLjiioBaHa 3 NOripLUEHHSAM CTaHy).

OCKinbKn 3QiiCHATU NPOCNEKTUBHE LOCTIMKEHHS 3
¢hopmMyBaHHSIM Tpynn KOHTPOIMIO Ta rpynu AOCTIKEHHS
HEMOXTMBO 3 GIOETUYHMX | MOpanbHIX MipKyBaHb, 06paHo
AN3aiiH JOCTIMKEHHS 3 PETPOCMEKTUBHAM aHasi3oMm.

3aranom y 2023-2025 pokax y BigdineHHi TpaBmaro-
norii KHIM «3anopiabka obnacHa kniHivHa nikapHs» 30P
HagaHo gonomory 414 nauieHTam i3 rocTpor iLleMieo
KiHLiBOK BHacnigok Tpueano (BinbLue HiX 2 roauH1) Hakna-
[EHOrO TYPHIKeTY; 167 nopaHeHUX — 3 OOHUM TYPHIKETOM,
LU0 HaKrnadeH!n Ha piBHi cTerHa. Y pesynbrati aHaniay 3a
Ha3Bamu OnepaTuUBHUX BTPy4aHb BCTAHOBMEHO, B 2023
pouji He Byrno CMCTEMHOCTI AONOMOrY — TaKTWKY BU3HaYana
Yeprosa 3aMiHa iHAVBILyanbHO, B KOKHOMY KOHKPETHOMY BY-
nagky. Ha novatky 2024 poky BNpoBafXeHO 3aCTOCYBaHHS
HaBeZleHOro anroputmy Aiit. 3 TpasHs 2024 poky cUCTEMHO
[OTPUMYBANNCS ONUCAHOT TaKTUKW YXBaNEHHS PiLlLieHb.
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Bupiwwero cchopmyBaTh 2 rpynu NauieHTiB: 4O KOH-
TPONbHOI 3anmyyeHo 64 nauieHTis, gki nepebysanun Ha
nikyBaHHi y 2023 poui; A0 OCHOBHOI — 78 naujieHTiB, KO-
TPUM 3AIRCHUNMN BTPYYaHHs y nepiog 3 TpasHs 2024 (konw
CMCTEMHO 3aCTOCOBYBaNM ONMCaHY TaKTUKY BEAEHHS) [0
yepsHs 2025 poky. [ins aHanidy BNAvBY TPUBaNoCTi Hakna-
[EHHS TYPHIKETY Ha NabopaTopHi NOKa3HMKW KOXHY rpyny
MOAINMAKM Ha MIZrPYNM 3a LM MOKa3HWKOM: npoTsrom 2—4
roaunH, 4-6 roauH i GinbLue Hix 6 roguH. Ocobnuey yeary
NPUAINEHO NauieHTam, y KOTPUX TypHikeT Oyrno HaknageHo
npoTsAroM 4-6 rofuH, OCKiNbKM LS rpyna acouiioBaHa 3
HaWGINbLUMMK TPyAHOLLAMM i Yac BUOOPY NikyBanbHOI
TaKTUKY. BinbLUICTb NavieHTiB B 060X Nigrpynax Hagxoaunw,
KOMu TypHikeT Byno HaknazgeHo NPOTAroM 6 rouH i GinbLue,
30e6inbLLIOro B HUX BU3HAYanW iLeMiyHi KoHTpakTypy. Lie
noreriuyBsano B1BIp TaKTVKM NiKyBaHHS.

[MepLuy rpyny NOAiNMAM Ha Taki NiArpynu 3anexHo Big
TPUBANOCTi HaknageHHs TypHikety: 1A (2-4 roguHu) — 5
navujexTis; 16 (4-6 roguH) — 18 npooneposaHux; 1B (noHag
6 roguH) — 41 ocoba. [ipyry rpyny aHanoriyHo Noainumm Ha
nigrpynu: 2A (2—4 rognHn) — 10 xeopux; 26 (4-6 roguH) — 16
navujeHTis; 2B (noHap 6 roguH) — 52 ocobu.

Kpim Toro, nauieHTis 1 i 2 rpyn noginunu 3a iHWum
KpuTEpieM — 3a BUKOHaHHAM dhbacuiotomii abo amnyTauii
B [leHb HagXomKkeHHs. Tak, nigrpynu 3 HancknagHiwum
JjarHoCTMYHUM BMOOPOM MoZinunu Ha ABi migrpynu 3a-
NEeXHO Bif MeTody NiKyBaHHS — amnyTauii 41 dacuioTomii.
3okpema, y mexax nigrpynu 16 suginunu nigrpynum 16-Avn
(amnyTaujs), wo Bkntovana 3 naujexTie, Ta 16-® (cacujo-
ToMist) — 15 nopaHeHux; y mexax nigrpyni 26 BugineHo
26-Amn (amnyTauist), Wo Bkntovana 7 xeopux, 1a 2b-¢
(cpacuioTomist) — 9 nauieHTiB. OKpeMo BU3HAYEHO KiNbKiCTb
BTOPUHHUX amnyTaLi BNPOAOBX NepLuoro TwkHs: 16-® —8
BUNagkis, 26-¢ — 1.

Kpim KniHiYHOI fiarHOCTWKW, npoaHanisoBaHo kope-
MAI0 PiBHS Kanito B KPOBI, KMCMOTHO-MYXHOrO H6anaHcy
(nokasHmkm naktary, pH, HCO,’) nig 4ac HaaxomkeHHs Ta
yepes 24—48 roguH nicns onepaTuBHOIO BTPYYaHHs (am-
nyTauii BuLLE Bif TypHikeTa abo acujiotomii). BuaHaueHo
BifCOTOK ammyTaLiii BNIPOJOBX HACTYMHOMO TWXKHS Micns
HaOXOMKeHHS (ANs BUNAAKIB MEpBUHHOMO 36epexeHHs
KiHLiBKM).

CTaTCTMYHO YMCIOBI AaHI OMPaLibOBAHO 3a JONOMOTOK0
niueHsinHoro nporpamHoro naketa Statistica 13.0 TIBCO
Software Inc. (niuenaia Ne JPZ8041382130ARCN10-J). ns
aHaniay piBHS Karito B CMPOBATLi KPOBI, MOKA3HWKIB KUCIOT-
Ho-nyxHoro 6anawcy (nakrar, pH, HCO,) 3 iHTepBanbHoto
LIKarnoK BUKOpUCTaHO cepeaHe apudmeTnyHe (M) Ta
CTaHaapTHY Noxwbky cepeaHboro (SEM). [ins ouiHioBaHHS
CTaTUCTUYHOI 3HAYYLLIOCTI PI3HULL MK Fpynamm 3acTocoBa-
HO METOAW HEMapaMEeTPUYHOI CTaTUCTUKN, 3okpema U-kpu-
Tepiin MaHHa-BiTHi, Ans ABOX HE3aNEXHNX CyKynHOCTEN i3
po3nogainom, Lo BiapisHABCS Bif HopMarbHoro. [JogaTtkoBo
BWKOHaHO 0fjHOhaKTOPHMI aucnepciiHuii aHania (ANOVA)
A5 NOPIBHSIHHA TPLOX Py, Hagani BUKOPUCTAHO MOCT-XOK
TecT ThloKi A4S NapHOTo NOPIBHAHHSA cepeaHix. MNepesipky
PIBHOCTI A1CNepCili 3AiICHEHO 3a fonomoroio TecTy JleBeHa.
[ns nigTBepmxenHs pesynstatis ANOVA, konn gucnepcii
He piBHi abo BMOIpKK Mari, 3aCTOCOBAHO HenapameTpuy-
Hui TecT Kpyckana—Bonnica. Pe3synbratv ouiHioBanu sk
CTaTUCTUYHO 3HauyLwi npu p < 0,05.

Pe3yabTati

[o gocnimxeHHs 3anyyeHo 142 nauieHTw, iXHiN cepeaHin
Bik ctaHoBmB 36,71 £ 0,82 poky (23-54 pokw). Mpoanani-
30BaHO piBeHb Kanito B ABOX rpynax, 3iCTaBeHO NOKasHNKM
y nigrpynax nauiextis (ma6n. 1).

[NopiBHsBLUM JaHi, BCTaHOBMEHI B nigrpynax 1A, 16 ta
1B, BcTaHoBunwn, wo p = 0,82 (ANOVA Ta Kpyckana-Bo-
nnica), a omke He 6yno CTaTUCTUYHO 3HaYYLLOI Pi3HWL 3a
cepegHiMu piBHsMK kanito (3,83 + 0,10 mmonb/n, n = 5;
3,91 40,11 mmonb/n, n = 18; 3,96 + 0,09 mmonb/n, n =41).
Hynbosy rinotesy (H, — cepeani ofHaKoBi) He BiAXMeHO.
lMocT-xok TecT Thioki NiATBEPAMB BIACYTHICTb NapHUX Bid-
MiHHocTen (p > 0,05).

3icTaBuBLLM NOKa3HWKW, oaepxaHi B nigrpynax 2A, 2b
Ta 2B, BctaHosunu, wo p = 0,88 (ANOVA Ta Kpyckana—-Bon-
nica), a oTxe Takox He Byrno CTaTUCTUYHO BiPOriAHOI PisHLY
3a cepeHimMm piBHaMU kanito (3,68 + 0,09 mmonk/n, n = 10;
3,82+ 0,09 mmonk/n, n = 16; 3,72 + 0,10 mmonb/n, n = 52).
HynboBy rinotesy (H, — cepeani ogHakoBi) He BinxuneHo. 3a
JaHVUMU MOCT-XOK TeCTy Tbioki, NiATBEPMKEHO BiACYTHICTb
napHux BigMiHHocTei (p > 0,05).

OTxe, piBeHb Kanito i Yac HaaAXOMKEHHS He 3anexuTb
Bif} TPMBAIIOCTI HAKNaAEHHS TYPHIKETY, | TOMY Lie NOKa3HWK
He MOXHa BUKOPUCTATW SiK IHCTPYMEHT ANsi BU3HAYEHHS!
TaKTWKW HaZlaHHs 4OMOMOTH.

[poaHanisyBanu pH KpoBi B ABOX rpynax NawieHTis,
3iCTaBWM NOKa3HVKW, BCTAHOBNEHI B migrpynax (mabr. 2).

BcTaHoBneHo, Wo cepefHe 3Ha4eHHs pH nig vac
HagxomkeHHs B 1 rpyni ctaHoBuno 7,286 + 0,015, B rpyni
2-17,375 £ 0,015. MNopiBHsBLLM ABi BUGIPKKM, BCTAHOBUIK,
wo p < 0,001 (t-tect i MaHHa—BiTHi), @ OTXe BU3HAYEHO
CTaTUCTUYHO JOCTOBIPHY PI3HWLIO 3a cepenHiMn PiBHAMM
pH (7,286 £ 0,015, n = 64; 7,375 £ 0,015, n = 78). HynboBy
rinotesy (H, — cepeaHi ofHaKoBi) BigXuieHo.

lNopiBHsABLUM daHi, BCTaHOBNeHi B nigrpynax 1A, 16
Ta 1B, BcraHoBumwm, wo p = 0,14 (ANOVA) Ta p = 0,13
(Kpyckana—Bonnica), — HeMae CTaTUCTUYHO 3HaYYLLOi
Pi3HUL MK cepegHiMU piBHAMM pH y naLieHTiB TpbOX rpyn
(7,285+0,018,n=5;7,260+0,015,n=18; 7,298 + 0,016,
n=41). Hynbosy rinoTesy (H, — cepefiHi 0oaHaKoBi) He Biaxu-
neHo. MocT-xok TecT ThIoKi NiATBEPAVB BIiACYTHICTL NAPHNX
BigmiHHOCTel (p > 0,05 Ans BCiX NOPIBHSHD).

[poaHaniayBaBLLUW NOKa3HMKKW, OTPUMaHI B Nigrpynax
2A, 2B Ta 2B, BusiBunu, wo p = 0,48 (ANOVA Ta Kpycka-
na-Bonnica). Ha niacTasi Lboro 3pobunu BUCHOBOK, LLO
HEMAE CTaTUCTUYHO 3HAYYLLOI PI3HWLI MK cepeaHimm
piBHsmMu pH y Tpbox rpynax (7,369 + 0,015, n = 10;
7,355 + 0,014, n = 16; 7,382 + 0,015, n = 52). HynboBy
rinotesy (H, — cepenHi ofHaKoBi) He BigxureHo. MocT-xok
TecT Thioki NiATBEPAMB, WO NAPHKX BiAMIHHOCTEN HEMAE
(p > 0,05 ans BCix NOPIBHSHB).

Omxe, nauieHTn 1 rpynu Hagxogunu o crauioHapy B
cTaHi meTaboniyHoro aumao3sy (p < 0,001), ane nigrpynu
BiporigHo He BigpisHanues (p = 0,14 (ANOVA) Tap =0,13
(Kpyckana-Bonnica)). lMpooneposati i3 rpynu 2 Hagxogunu
3 pH KpoBi B MeXax HopMu, BIAMIHHOCTI B Nigrpynax Takox
He 3adbikcoBaHi (p = 0,48). Ha nigctasi uboro 3pobunm
BWCHOBOK NP0 €(DEKTUBHILLY iHTEHCWBHY Tepanito Ha po-
rocnitansHoMy eTari.

lMpoaHanisyBanu piBeHb NnakTaTy KpoBi B [4BOX rpy-
nax nauieHTis, 3iCTaBunM faHi, BCTAHOBNeEHI B Migrpynax
(mabn. 3).
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Tabauus 1. PiseHb kanito B rpynax Ta nigrpynax, MMonb/n

2 pyns, womngikosava Taxra

24.48 roamn

Migrpyna A (2—4 roguHn) 3,83+0,10
Miarpyna b (4-6 roauH) 3,91+0,11
Migrpyna B (>6 roguH) 3,96 + 0,09

3,93£0,10 3,68 0,09
4,58 +£0,21 3,82+0,09
3,82+0,11 3,72+0,10

Tabauusa 2. CepepHint piBeHb pH y rpynax i nigrpynax

2 pyns, womnitosava Taxra

2448 ropn 2448 roqn

7,390 £ 0,010
7,402+0,013
7,398+ 0,01

Migrpyna A (2—4 roguHu) 7,285+0,018
Migrpyna b (4-6 roguH) 7,260 + 0,015
Migrpyna B (>6 roauH) 7,298 £ 0,016

7,381+0,015 7,369 0,015
7,381+0,014 7,355+ 0,014
7,381+0,012 7,382+0,015

Tabauusa 3. CepepHiit piBeHb NakTaTty B rpynax Ta nigrpynax, MMosb/n

2 oyna, wontiosava Taxrna

2448 o 24-48 o

144 +£0,15
1,56 +0,14
151+0,16

Migrpyna A (2—4 roguHn) 4,25+0,57
Migrpyna b (4-6 roguH) 4,98 0,69
Migrpyna B (>6 roguH) 414 0,61

2,85+0,38 1,87 0,46
2,62+0,44 1,92+ 041
2,98 +0,51 1,96 + 0,38

BcraHoBunu, WO cepenHe 3HaYeHHs nakTaTy KpoBi B
rpyni 1-4,385 + 0,620 mmone/n, y rpyni 2 - 1,940 + 0,410.
3ictaBuBWwM ABi BMBipkK, BU3HAUMnK, wo p < 0,001
(MaHHa-YiTHi), @ OT)Xe BUSIBNEHO CTaTUCTUYHO 3HauYyLLy
Pi3HULIO MiXK rpynamm 3a cepefHiMu piBHAMU naktaty
(4,385 £ 0,670 mmonb/n, n = 64; 1,940 + 0,410 mmonb/n,
n = 78). Hynwosy rinotesy (H, — cepeaHi ogHakosi) BiA-
XUNEHO.

[NopiBHANM NokasHWKM nauieHTis i3 nigrpyn 1A, 16 ta
1B, BcTaHoBWnM, Wwo p = 0,70 (ANOVA) Ta p = 0,57 (Kpycka-
na-Bonnica). 3po6unm BUCHOBOK, LLIO HEMAE CTAaTUCTUYHO
[OCTOBIPHOI Pi3HNL}i Mix CepeaHiMM piBHAMM NakTarty B nid-
rpynax (4,25 + 0,57 mmonb/n, n = 5; 4,98 + 0,69 mmonb/n,
n =18; 4,14 + 0,61 mmons/n, n = 41). HynboBy rinote3y
(H,— cepeaHi onHaxosi) He BifxuneHo. MocT-xok Tect Thioki
niaTBEpAMB, LLO NapHUX BigMiHHOCTen Hemae (p > 0,05 ans
BCiX MOPIBHsIHb).

BicraBuBLuv aaHi nigrpyn 2A, 26 ta 2B, BusiBunm, Lo
p=0,97 (ANOVA) ta p = 0,93 (Kpyckana—Bonnica), a oTxe
HeMae CTaTUCTUYHO 3HaYYLLOI PI3HWL MiX migrpynamm 3a
cepeHiMu piBHamm nakTarty (1,87 £ 0,46 mmons/n, n = 10;
1,92 + 0,41 mmonb/n, n = 16; 1,96 + 0,38 mmonb/n, n = 52).
Hynbosy rinotesy (H, — cepesHi oaHakoBi) He BifXureHo.
3rigHo 3 NocT-xok TecToM TbtoKi, NapHKX BigMIHHOCTe
Hemae (p > 0,05 ans BCix NOPIBHSHb).

OTxe, nauieHT 1 rpynu Hagxoaunu 4o cTauioHapy B
cTaHi metaboniyHoro aunpo3y (p < 0,001), ane 6e3 pisHnLi
3a nigrpynamm: p = 0,70 (ANOVA) 1a p = 0,57 (Kpycka-
na-Bonnica). PiBeHb naktaty B kpoBi NaLieHTIB i3 rpynu 2
BiZNOBiAAB HOPMI; BIAMIHHOCTI B NiArpynax Takox He BUSB-
neHo: p = 0,97 (ANOVA) 1a p = 0,93 (Kpyckana—Bonnica).
Lli BigMiHHOCTI NOB’A3aHi 3 ONTUMI3aLiet0 4ONOMOrv Ha Jo-
rocnitanibHoOMy eTani Ta 3yMOBMEHi paHHbOI iIHTEHCUBHOO
Tepanieto nicns nopaHeHHs.

Okpemo npoaHanizosaHo nigrpynu 16 i 26 (nauieHTn
KOHTPOIbHOI Ta MOAMIKOBAHOI rpyn, B AKX TyPHIKET Ha-
KrageHo npoTsrom 4—6 roavH) LWOAO piBHA Kanito B AeHb
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HaOXOMKEHHS Ta Yepe3 24—48 roguH nicns BTPyYaHHS.
MeTon onepaTuBHOMO BTPyYaHHs HE BpaxoByBanu, abu
OLiHMUTK BNAWB 3anpONOHOBAHOI MiKyBanbHOI TakTUKK
Ha pesynbTatv nikyBaHHs. Y nigrpyni 16 (kOHTponbHa
rpyna — nauieHTn, B SKUX TYPHIKET HaKNaaeHo NpoTsrom
4-6 rognH, n = 18) piBeHb Kanito Ha Yac HaAXOMKEHHS!
craHoswB 3,91 + 0,11 MMonb/n, Ha HACTyNHWA AeHb nicns
onepallii — 4,58 0,21 mmonb/n; 3adhikcoBaHO NPUPICT Ha
0,67 mmonb/n. MigBuLLEHHS piBHA Kanito nicns onepadii B
nigrpyni 16 cratuctnyHo 3Havywe (p < 0,001). Y nigrpyni
2B (rpyna MoaudikoBaHOro NikyBaHHS MOPaHEHNX, Y SKUX
TYPHIKET HaknageHo NpoTsarom 4—6 roguH, n = 16) piBeHb
Kanito Ha Yac HagxomkeHHs ctaHoemB 3,82 £ 0,09 mmonb/n,
Ha HacTyMHWIA AeHb nicns onepadii — 4,02 + 0,12 mmonb/n,
npupict ctaHous 0,20 Mmonb/n. MigBuULLEHHS PiBHS Ka-
nito micnsa onepadii B nigrpyni 26 cTatTCTMYHO 3HaYyLLe
(p <0,047).

[NopiBHSBLLM NOKa3HWKKM NaLieHTiB i3 nigrpyn 16 ta 26,
3achikcoBaHi Nig Yac HaOXOMKEHHS, BCTAHOBUNM, LLO rpymnu
3a UMM nokasHukoMm sicTaBHi (p = 0,56). 3icTaBunu gani
nopaHeHux i3 nigrpyn 16 ta 26 yepes 24-48 roguH nicns
onepallii Ta BusBuUIYK, Wo B rpyni 16 piBeHb kanito cratuc-
TUYHO 3Hauywwo suwmi (p = 0,02). OTxe, nigTBepauny,
Lo AnS MiArpynu nauieHTiB, B SIKUX TYPHIKET HaknageHo
npotsarom 46 roguH (i 3 nepLuoi, i 3 apyroi rpynu) Binoy-
NOCS CTAaTUCTUYHO 3HaYyLLE MIABULLEHHS PIBHIO Kanito, ane
B rpyni 16 Lel npupicT CTaTUCTUYHO 3HAYyLLO BinbLUMIA.

Takox npoaHaniayBanu KinbkicTb amnyTavii: y nigrpyni
16 (n=18) -3 (16,7 %) Bunagkm, y nigrpyni 26 (n = 16) —
7 (43,8 %); ue Ha 27,1 % GinbLue. BnpogoBx TxkHS nicns
NepBUHHOI onepaLlii 3i 30epekeHHAM KiHLBKM amnyTaLjlo
BWKOHanu y BOCbMM nauieHTiB i3 nigrpynu 16 ta B ogHoro
nopaHeHoro i3 2b. 3aranom, BpaxoBywun Li BUNaaKu,
yacTka amnyTauin y rpyni 16 ctaHoeuna 61,11 %, B rpyni
265-50,00 %. Y 1 rpyni (koHTpONbHa) amnyTaLiito BUKOHaHO
BiaTepmiHoBaHo B 44,40 % Bunagkis, y 2 rpyni (Moamdiko-
BaHa TaKTuka) — Tinbku B 6,25 %.
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Puc. 3. IHTpaonepatiiite doto (QR-koa — nocunaHKs Ha Bigeo) nicns BUKOHAHHS NEPBUHHOT XipypriyHoi 06pobku paH, hacLioToMIl KiHLiBKM B NaLlieHTa 3 TYpHIKETOM, L0 Hakna-
[LieHuiA MpoTsiroM 6,5 roanH.
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06roBopeHHsA

g Yac pocnimkeHHs NOPIBHANM Pe3yNnbTaTy MikyBaHHS, LU0
HaZaHe B MeXax HecycTeMaTM3oBaHOi 4ONoMOru nawieH-
Tam i3 roCTPOIO ILUEMIEIO KiHLIBKMW, CMPUYMHEHOI0 TPUBANo
HaknageH!UM TYpHIKETOM, Ta AONOMOrY 3a 3anpOornoHOBaHO
TaKTWKOI Aii, sKa 0brpyHTOBaHa KniHivHO, natodisio-
noriyHo Ta GioxiMiyHO. BCTaHOBMEHO, WO BUKOPUCTaHHS
nabopaTopHuX NOKa3HWKIB, SK-OT PiBHA kanito, pH, nakrary,
HeZoLiNbHE, OCKINbKU He XapaKTepuaye pearnbHWA CTaH
M’'S130BO1 TKAGHWHW QUCTamNbHILLE HAKMNafeHoro TYPHIKETY,
[IOKW 110ro He nocnabneHo. Metabonitu iwemisoBaHoi
KiHLiBKM He NoTpannstTb A0 CUCTEMHOMO KPOBOTOKY Ta
He CMpUYMHSIOTb 3MiHK GioxiMiYHOro aHanisy KpoBsi. Y BCix
nigrpynax (TypHIKET HaknageHo npoTaroMm 2—4 rogvH, 4-6
i BinbLUe HX 6 roAnH) He BUSIBNIEHO CTAaTUCTUYHO 3HAYYLLOT
Pi3HUL 3a NOKa3HWKkamu Kanito, pH, nakrary.

OKpeMo HaronocyMo Ha 3Ha4yHOMy MOCTYNOBOMY
MOKpaLLEHHi SKOCTi JorocniTanbHOI JONOMOrM NOPaHEHUM
Ha 1 Ta 2 eTanax eBakyalii, KOTpe MU KOHCTaTyBanm
MPOTSAroM YcbOoro nepiogy AocnimpxeHHs. Tak, y rpyni 1
3achikcoBaHO siBMLLA MEeTaboniyHOro aumaosy Ta Mmos's-
3aHy 3 UMM JEeKOMMEHcaLilo CTaHy, a B NaLieHTiB rpynu
2 BM3HAYEHO KOMMEHCOBAHMI CTaH 3a nokasHukamm pH,
nakTary. Ha migcTasi uyx gaHux 3pobunu BUCHOBOK Npo
AKICHiLLY iHTEHCMBHY Tepanilo Ha MonepeaHix eranax.
MeTaboniyHnii aumpo3 nawieHTis 1 rpynu He NoB’A3aHui i3
TYPHIKETOM, @, IMOBIPHO, CIPUYUHEHWUI CYNYTHIMU CTaHaMK
BHACMifOK NopaHeHHs (rinoBonemis, rinokcis, rinotepmis),
OCKinbKM piBeHb Kanito B nopaHeHux Liei rpynu Bianosigas
petepeHTHUM 3HAYEHHSAM i CTaTUCTUYHO BIpOrigHO He
BiZIPi3HSIBCS Bifl BiANOBIAHOMO NOKa3HUKa rpymu 2.

3anponoHoBaHa Mofenb yxBaneHHs pilleHb Jana
3mory 6inbLu CTPyKTypOBaHO 061paTy nikyBansbHo-miarHoCc-
TUYHY TaKTUKY Ta CIPUSNA 3HKEHHIO PU3MKY YCKMaHEHb,
MoB’A3aHmnX 3i cnpobamu 36eperti KiHLBKY, BifHOBNEHHS
yHKUIN SKOT He MoxnmBe. PO Le CBiAYUTb 3MEHLLEHHS
KifIbKOCTi BiATEPMIHOBAHWX amnyTaLii (Lo BUKOHAHI BMPO-
[OBX HaCcTynHoro TwxHsl) 3 44,40 % 1o 6,25 % sunagkis
(chokyc rpyna — nawieHTV 3 TYPHIKETOM, LLO HaKnageHuN
npotsarom 46 roguH, Ae BuGIp NpaBumnbHOI TaKTUKK NiKy-
BaHHS HalcKnagHilLmi). 3ayBaxumo, LLO 3ararnbHa nutoma
Bara amnyTaujii 3icTaBHa y rpynax JAOCHimKEHHS.

[NopiBHsANM piBHI Kanito y Niarpynax o onepaTuBHOrO Ii-
KyBaHHsI Ta Yepes 24—48 roguH. 3adikcoBaHo CTaTUCTUYHO
3HaYYLLMIA NPUPICT PIBHS Kanito Nicns onepawin y nauieHTiB
3060x nigrpyn. MosicHioemo Lie penepdy3ieto iLLemizoaHol
KiHL|iBKW, LLIO AiarHOCTOBaHa B YCix NopaHeHux. BTim, npupict
PiBHS Kanito B KPOBI B NALIEHTIB, Y AKX TYPHIKET HaKNageHo
npoTAroM 4—6 roguH, LWe [0 BUKOPUCTaHHA CUCTEMHOI
TaKTWKM YXBaNEHHS pilleHb CTaTUCTUYHO 3HAYYLLIO BULLIIA,
HXX Yy nauieHTiB, Nig Yac nikyBaHHs SKUX JOTPUMYBANUCA
MOANIKOBAHOI TaKTUKM.

AHani3 3aranbHoi KinbKOCTi amnyTauin y nigrpynax
MoKasaB HECYTTEBY PI3HWLO B MiArpyni NaLeHTiB, Y SKUX
TYPHIKET HaknageHo npotarom 4-6 roguH: 61,11 % — go
BNpOBafKeHHs moandikoaHoi Taktukm, 50,00 % — nicns
uboro. OTxe, 3aCTOCYBaHHS 3anponoHOBaHOi Moandi-
KOBaHOI nikyBarbHO-4iarHOCTUYHOI TaKTWKK Jano 3Mory
NEepBUHHO BUSBNATM Be3nepCnekTuBHI Ans 36epexeHHs
KiHLiBKW BUMaZkV Ta 34IMCHIOBATU NEPBUHHI amnyTauii B
[JeHb HaXOMKEHHs 6e3 3HATTA Ta NocnabneHHs TypHIKETY.
Lle cnpusno 3HWKEeHHI PU3NKY BTOPUHHKX YCKIAAHEHD,
MoB’si3aHyX i3 penepdysieto, Npu TOMy CaMOMy 3arasibHOMy
piBHI amnyTauin y nigrpynax.

Kpim TOro, 3anponoHoBaHui MeTog Aae 3mory 3anobir-
TN YXBamneHH XMOHUX piLLeHb MPo amnyTaLlito, sik Binbysa-
€TbCs1, KONW CrnpaTucs Tinbk1 Ha TpUBaNiCTb HaknagaHHs
TYpHikeTa, TO6TO TiNbkv Ha NiACTaBi aHAMHECTUYHIX JaHNX
i [aH1X Megu4HoT JokyMeHTaLji. MeToaumka neBH1M YUHOM
[ia€ 3MOry yXBasnoBaTy pilLieHHs], KON TYPHIKET novacTut
HECTPOMOXHUIA.

®ikcyBanu BUNaAKMW, KONW TYPHIKET HaknafgeHo npo-
TArom 9—16 roguH i KniHiYHO BMSIBNEHO O3HAKW iemii
(uiaHO3 / BRIAICTb LKIPHUX MOKPUBIB, HEMAE NepUEPUYHOT
nynbcauii), ane nig vac Y3[-giarHocTvkm cikcysanm cnab-
KW maricTparnbHuiA KpOBOTIK. Y Takux NaLieHTiB, BignosigHo
[0 3anponoHOBaHOTO METOAY, BUKOHYBamm acLioToMito,
He 3HiMatouM TYPHIKETY, BU3HAYANM XMTTE3AATHICTb M'A3IB.
Bynwv Bunagkw, konm Boanocs 3bepertu kiHuieky. Ha puc. 3
HaBe[eHo iHTpaonepaLliiHe oTo Sk Npuknaz 3epexeHoi
KiHLiBKM B naLieHTa, B KOTPOTO TYPHIKET HaKnageHo Bnpo-
[10BX 6,5 roauHu.

BTiM, Takmx nauieHTiB BUKIOYEHO 3 AOCHIIKEHHS,
OCKIflbK HECNPOMOXHUI TYPHIKET € TeMOK OKpeMol
Auckycii. 3ayBaxxMMo npoTe, LLO onucaHa nikyearnbHo-dia-
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OpwuriHaAbHI AOCAIAXKEHHS

THOCTUYHA TaKTUKa € NPUIAHATHOLO 415 NALEHTIB Liiei rpynu
Ta fae 3mory 6e3 STPOreHHOro PU3NKy BU3HAYNUTU XUTTE-
3AaTHICTb KiHLBKM, NEPCMEKTMBM Ta Hebe3anekw, NoB’s3aHi
3 ii 30epexeHHsM.

BucHoBKH

1. JlabopatopHi nokasHuku (kanii, pH, naktat) nig
Yyac HafXOMKEHHS MOCTPAXKAANOro 3 TYPHIKETOM Ha PiBHi
CTerHa He 3anexartb Bif TPMBANoOCTi HaKNageHHs NOBHi-
CTIO CMIPOMOXHOIO TYPHIKETY, 3a3BMYaii He BigxureHi Big
pedepeHTHIX 3Ha4eHb | He MOXYTb ByTU BUKOPUCTaHI K
iHCTPYMEHT NS yXBarneHHs pilleHb LWOAO0 XUTTE3AATHOCTI
KIHLIBKM, OCKiNbkU METaboniTh iLuemisoBaHoi TKaHUHU He
NOTPanmsTb A0 CUCTEMHOTO KPOBOTOKY.

2. BrkopucTaHHs 3anponoHOBaHOMO MOAUAIKOBaHOTO
anropuTMy He BNMHYMO Ha 3araribHy YacToTy amnyTayii
y nigrpyni nocTpaxganux, y KOTpUX TYPHIKET Ha CTerHi
HaknaaeHo npotsrom 4—6 roguH (61,11 % npotu 50,00 %),
ane Cnpusno 3HauvyLLOMYy 3HUXKEHHIO PIBHSA BiATEPMIHO-
BaHUX amnyTauin (3 44,40 % po 6,25 %) i 3MEeHLEHHIO
nicnsionepaLiiHoro NPUPOCTY PiBHA Kanito B nepudepny-
Hin kposi (0,67 mmonb/n Ta 0,20 Mmornb/n BiANOBIAHO,
p =0,02).

MepcneKTBM MOAAABLLIMX AOCAIAKEHb MONSAraTh Y
BVBYEHHI Ta AeTanisaLlii HacTyMHUX eTanis NikyBaHHS, 34ilc-
HEHHi aHanisy HagaHHs OMNOMOrY NaujieHTaMm i3 YacTKoBO
HECMPOMOXHUM TYPHIKETOM, po3pobLli Ta BNpOBaKeHHi
iHLIMX METOAMK, L0 Aak0Tb 3MOTY YHIiikyBaTK Ta cTaHAap-
TW3yBaTU NiKyBarbHO-AiarHOCTUYHY TaKTUKY.

ETuHe cxBaneHHSA

Mia 4ac HAAXOAXEHHS NaLIEHTU AaA1 IMCbMOBY 3roAy Ha 06pOBKY
nepcoHaAbHOI Ta MeAryHoi iHdopmaLi, Ha il BUKOPHUCTaHHSA y HayKOBHX
AOCAAKEHHSX. [iA yac poBOTH AOTPUMYBAAUCH ETUYHMX MPUHLMNIB,
YMHHKX AOKYMEHTIB, LLIO PEFAAMEHTYIOTb AOCAIAKEHHS 3@ Y4acTio
AOAMHH. PoboTa po3rasiHyTa Ha 3aciaaHHi Komicii 3 nutaHb 6ioeTvkm
3anopi3bKoro AepXaBHOTO MEAUKO-GapMaLEBTUYHOTO YHIBEPCHTETY
(npotokon Bia 29.08.2025 poky Ne 9).

MoasAku

ABTOPY BAAYHI acHCTEHTY kadeApy TpaBMaToAOri Ta opToneai
3anopi3bKoro AepXaBHOTO MEAMKO-GapMaLEBTUUHOIO YHIBEPCUTETY
€8reHito binvxy 3a po3miLLEHHS BIAEO, Ha AKi MOCHAAETLCS LA CTaTTA,
Ha CBOEMY toTy6-KaHani.
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OpwuriHaAbHI AOCAIAXKEHHS

Laparoscopy for combat-related abdominal trauma:

a single center experience during the Ukrainian War of Independence
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Aim. To evaluate the feasibility, indications, and outcomes of laparoscopic surgery in hemodynamically stable combat casualties
with abdominal trauma during the Ukrainian War of Independence.

Material and methods. A retrospective observational study included 238 hemodynamically stable patients with combat-related
abdominal trauma treated at the Zaporizhzhia Military Hospital between 2022 and 2025. Medical records, operative protocols,
imaging examinations (e-FAST, computed tomography), and intraoperative documentation were analyzed.

Results. Laparoscopic procedures performed included diagnostic laparoscopy (n = 78), foreign body removal (n = 60), hemo-
stasis (n = 23), diaphragmatic repair (n = 19), hollow viscus suturing (n = 15), splenectomy (n = 5), and colectomy / colostomy
(n =12). Conversion to laparotomy was required in 28 cases (11.8 %), while secondary laparotomy was needed in 5 patients
due to missed bowel injuries, intra-abdominal abscess, ileus, or bleeding. The best outcomes were achieved in American As-
sociation for the Surgery of Trauma (AAST) grade |-l injuries. Advanced bowel resections were technically complex requiring
further validation for routine use. Barbed suture-based closure improved safety and efficiency in diaphragmatic and hollow viscus
repair.

Conclusions. Laparoscopy appears to be a safe and effective option for selected hemodynamically stable patients with abdom-
inal combat trauma. It reduces rates of unnecessary laparotomies, postoperative complications, and recovery time, facilitating
faster return of soldiers to duty. Complex bowel resections require further validation before routine implementation in military
trauma surgery.

Keywords:
laparoscopy,
abdominal injuries,
combat casualties,
hemodynamically
stable patients,
military medicine,
surgery.
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MAanapockonis npu TpaBMax XXMBOTa, NOB’A3aHMX 3 60MOBUMHU AIAMM:
AOCBIA OAHOIO LIEHTpY Y BiliHi 3a HesaneXHicTb Ykpainu

1. A. AypiH, K. B. TymeHtok, 1. O. Mixees, P. M. Kysis, f. B. Teaywiko, |. B. PycaHos,
A. C. MsaakoBcbkui, C. M. Mauycbkui

MeTta po60TH — OLHUTI MOXIMBOCTI, NOKA3aHHS Ta peaynkTaTi 1anapockoniyHUX BTPYYaHb Y reMoAMHaMIYHO CTabinbHuX nopa-
HEeHVX 3 abgoMiHanbHOK TPABMOK B YMOBaX BiliHM 32 HesanexHicTb YkpaiHu.

Marepianu i metoau. [1o peTpocnekTBHOro obcepBaLiiHoro AOCiMKEHHS 3amyyeHo 238 reMoaMHaMiYHO CTabiNbHUX NavieHTiB 3
abnomiHanbHo 6oNoBO TPaBMOIo, siki nepedyBanu Ha nikyaHHI y 3anopisbkoMy BilicbkoBoMy rocnitani Bnpogosx 2022—-2025 pp.
IMpoaHaniaoBaHO MeaUYHy JOKyMEHTALjt0, onepaLliiiHi IPOTOKONK, pesynbTaTy BidyanisaLinHux JocnimpkeHs (e-FAST, komn'totepHa
ToMorpadis) Ta iHTpaonepaLiiiHi MaTepianu.

PesyabTary. MMavjeHTam BUKOHAHO AiarHOCTUYHY nanapockonito (n = 78), BuaaneHHs cTopoHHix Tin (n = 60), remoctas (n = 23),
ylwmBaHHs giacbparmu (n = 19), yLuMBaHHSA NOPOXHUCTMX OpraHiB (n = 15), cnneHekToMito (N = 5), KONEKTOMItO / KONOCTOMItO
(n=12). KoHsepcia go nanapotomii HeobxiaHa 6ynay 28 (11,8 %) Bunagkax, BTOPMHHA nanapoToMis — Y 5 navjieHTiB (NponyLLeHi
YLIKOMKEHHS KMLIEYHMKa, abcLec, KULLKOBA HEMPOXIHICTb, KpoBoTeva). Halikpalli pesynstaTi BU3HA4YEHO NpY YLLKOMKEHHSIX
[~ cTyneniB 3a AAST. BUKopuCTaHHs LUOBHOMO Matepiasy 3 Haciukamu niaBuLLyBano edhekTUBHICTb YLWMBaHHS diacdparmm Ta
MOPOXHWUCTWX OpraHis.

BucHoBku. Jlanapockonis € 6e3ne4HuM i epeKTMBHUM METOLOM Y NEBHOI KOrOPTU reMOAMHaMIYHO CTabinbHUX NaLieHTiB 3 abaomi-
HanbHot0 60I10BOIO TPABMOK). BoHa 3MEHLLIYE YacTOTy HeOOrpyHTOBaHMX NanapoToMii, NicnsionepaLinHnX yCknagHEeHb i NPUCKOPIOE
BiHOBMEHHS, CMIPUSIKOYM LUBWZALLIOMY NMOBEPHEHHIO BiiCbKOBOCITYKOOBLIB Y CTPil. Po3LUMpeHi pesekLii KULLEYHKa 3anuLiaoTbest
[MCKYCIiHAMM Ta NOTPebyHoTb NOAANbLLLIOTO BUBYEHHS Nepes PyTUHHUM 3aCTOCYBaHHSIM.

© The Author(s) 2025. This is an open access article under the Creative Commons CC BY 4.0 license

3anopisbkuit MeanyHuIA xypHan. Tom 27, Ne 5(152), BepeceHb - X0BTeHb 2025 p. ISSN 2306-4145

https://zmj.zsmu.edu.ua

KatouoBi cnoBa:
Aanapockonis,
abpomiHanbHa
TpaBma, 60¥oBi
nopaHeHi,
reMoAMHaMIYHO
cTabinbHi NaLieHTy,
BillCbkOBa MEAMLIMHA,
Xipyprisi.

3anopisbkuii
MEeAUYHUI XXypHaA.
2025. T. 27, Ne 5(152).
C. 391-397

391


https://zmj.zsmu.edu.ua/
https://doi.org/10.14739/2310-1210.2025.5.338404
https://orcid.org/0000-0001-6280-1725
https://orcid.org/0000-0001-8892-4061
https://orcid.org/0000-0002-0305-1570
https://orcid.org/0009-0001-4462-9922
https://orcid.org/0000-0002-0745-6698
https://orcid.org/0000-0002-4363-1158
https://orcid.org/0000-0001-5565-0850
https://orcid.org/0000-0002-0985-223X
https://creativecommons.org/licenses/by/4.0/

Original research

ISSN 2306-4145  https://zmj.zsmu.edu.ua

In February 2022, Russia launched a full-scale invasion
of Ukraine, resulting in significant morbidity and mortality
among civilians and military personnel of the Armed Forces
of Ukraine. This conflict is unprecedented in modern history,
characterized by the widespread use of drones, including
first-person view kamikaze drones, which have created new
challenges for contemporary military surgery [1].

One of the promising areas for the introduction of
modern technologies into military surgery is laparoscopy
for combat-related abdominal trauma. Ukrainian military
surgeons were pioneers in implementing laparoscopy in
military surgery, with initial reports describing laparoscopic
nephrectomy in combat-related kidney injury, minimally
invasive approaches to thoracoabdominal gunshot wounds,
and laparoscopic colon resections at a Role 3 facility [2,3,4].
Notwithstanding these foundational efforts, the role and fea-
sibility of laparoscopic surgery in combat-related penetrating
abdominal trauma remain understudied.

The global literature on laparoscopy in this context is
still relatively scarce [5,6]. Debate continues regarding the
optimal role of laparoscopy in trauma, although it can offer
advantages over traditional exploratory laparotomy. Lapa-
roscopy has been applied as a diagnostic and therapeutic
tool in abdominal trauma [7].

Some general principles have emerged: laparoscopy
should be reserved for hemodynamically stable patients,
is most useful for grade I-l injuries of abdominal organs
according to the American Association for the Surgery of
Trauma (AAST) scale and has demonstrated particular
benefit in the evaluation and repair of diaphragmatic
injuries [7,8].

To address the current gap in the literature, this study
reports the single-center experience of Zaporizhzhia Military
Hospital in implementing laparoscopy for combat-related
abdominal trauma under wartime conditions.

Aim
To evaluate the feasibility, indications, and clinical outcomes
of laparoscopic surgery in hemodynamically stable combat

casualties with abdominal trauma during the Ukrainian War
of Independence.

Materials and methods

This was a retrospective observational study performed at
the Zaporizhzhia Military Hospital from November 2022 to
July 2025. All 238 hemodynamically stable patients with
combat-related abdominal trauma who underwent laparo-
scopic management were included. Patients had wounds
to the anterior abdominal wall, flank, back, or thoracoab-
dominal junction. All patients were hemodynamically stable
without or negligible intra-abdominal fluid on CT and/or
metallic fragments in the abdomen in cases of penetrating
trauma. The patients with hemodynamic instability, gunshot
wounds with suspected multiple bowel injuries, massive
hemoperitoneum, previous surgery (Role 2) with any type
of damage control surgery, or in cases of general contrain-
dications to pneumoperitoneum were excluded.

The initial examination of patients was performed
according to the Advanced Trauma Life Support protocol.
A thorough medical history, encompassing the details of

injuries, was obtained from all patients included in the study.
A comprehensive clinical examination of the patients was
performed, including an Injury Severity Score.

The Bioethics Committee of Zaporizhzhia State Medical
and Pharmaceutical University reviewed the materials pre-
sented in the article. The study was confirmed to be in full
compliance with ethical standards, including the ICH/GCP
guidelines, the Declaration of Helsinki (1964, as amended),
the Council of Europe Convention on Human Rights and
Biomedicine, the Convention for the Protection of Human
Rights and Dignity of the Human Being with regard to the
Application of Biology and Medicine, other relevant docu-
ments regulating research involving human participants, as
well as the current legislation of Ukraine (Protocol No. 9,
August 29, 2025). All participants provided written informed
consent for the laparoscopic procedure.

Patients underwent standard diagnostic tests including
laboratory and radiological examinations such as extend-
ed Focused Assessment with Sonography for Trauma
(e-FAST), and CT scans (in most cases non-contrast CT
scans). The median time from injuries to admission to the
hospital emergency unit (Role 3) was 12 hours (range:
2-28 hours), whereas the median time from admission to
the emergency unit to the initiation of laparoscopic surgery
was 2 hours (range: 1-8 hours). By etiology of combat-re-
lated abdominal injuries, blunt trauma was identified in 25
patients, whereas penetrating trauma was observed in
214 cases, including 3 caused by bullets and 211 resulting
from shrapnel.

All enrolled patients initially underwent diagnostic
laparoscopy to assess abdominal and intra-abdominal
injuries. Based on the intraoperative findings, cases
were subsequently classified into four categories: nega-
tive laparoscopy (absence of injury), non-therapeutic
laparoscopy, therapeutic laparoscopy, and conversion to
laparotomy. Patients were stratified into four groups based
on laparoscopic findings and subsequent management.
The negative laparoscopy group included individuals
with no intra-abdominal injuries. The non-therapeutic
laparoscopy group included patients with injuries that
did not necessitate surgical intervention. The therapeutic
laparoscopy group, representing the majority of cases,
encompassed patients with injuries successfully managed
laparoscopically. The conversion to laparotomy group
consisted of patients requiring open surgical exploration
for the repair of severe injuries. Injury characteristics,
applied treatment strategies, and perioperative outcomes
were systematically analyzed.

Results

A total of 238 hemodynamically stable combat casualties
with abdominal injuries underwent laparoscopic interven-
tions at the Role 3 Military Hospital during the study period.
The spectrum of procedures was extensive, including both
diagnostic and therapeutic applications of minimally invasive
surgery in battlefield settings (Table 1).

Diagnostic laparoscopy was the most frequently
performed procedure (n = 78), serving as a key modality
for clarifying the extent of injury, excluding hollow viscus
perforation, and reducing the rate of non-therapeutic
laparotomies. In most cases, it was sufficient to rule out
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Table 1. Spectrum of laparoscopic procedures performed in hemodynamically stable battlefield casualties with abdominal trauma (n = 238)

Proceduretype Numberof cases )| %ofthetotal _Jwowes |

Diagnostic laparoscopy 328 % Exclusion of major injuries, including negative and non-therapeutic patient groups
Foreign body removal 60 252 % Metallic fragments, splinters; magnetic devices used in selected cases
Laparoscopic hemostasis 23 9.9 % Mainly minor liver and splenic injuries

Diaphragmatic repair 19 8.0% Thoracoabdominal trauma, intracorporeal suturing, chest tube before laparoscopy
Gastric suturing 7 28% Primary repair of penetrating gastric injuries

Small bowel suturing 8 34% Include 1 extracorporeal repair

Colonic suturing 24 101 % Majority involved left colon injuries

Small bowel resection + anastomosis 1 0.4 % Extracorporeal anastomosis

Colostomy 7 29% For destructive colonic injuries

Right hemicolectomy 3 12% 1 extracorporeal, 2 intracorporeal anastomoses

Transverse colon resection 1 04 % Intracorporeal anastomosis

Left hemicolectomy + colostomy 1 0.4 % High-grade colonic injury

Hartmann'’s procedure 1 04 % Severe destructive colonic trauma

Splenectomy 5 21% High-grade splenic trauma

major intra-abdominal injuries and guide further man-
agement, thereby minimizing surgical trauma in already
compromised patients. Of these 78 patients, 42 % (n = 33)
had negative laparoscopy with no intra-abdominal injuries
detected. The remaining 58 % (n = 45) constituted the
non-therapeutic laparoscopy group, in which no organ
repair was required; however, adjunctive procedures such
as peritoneal lavage or evacuation of minimal hemoperi-
toneum were performed. Although certain patients could
have been considered candidates for non-operative
management, laparoscopy was utilized to reliably exclude
occult injuries and thereby minimize the risk of missed
pathology in the combat setting.

In 60 cases, foreign bodies were surgically removed.
The extracted materials included metallic fragments, shell
splinters, and other retained objects. In selected instances,
specially adapted magnetic devices were employed to
enhance localization and facilitate retrieval. These pro-
cedures were important for preventing delayed infectious
complications and reducing long-term morbidity related to
retained foreign bodies. In about 30 % of cases (n = 18), the
fragments were biologically inert and, in theory, could have
been left in situ without immediate clinical consequences.
However, given the context of combat-related trauma and
the potential risk of undetected visceral injuries or secondary
complications, surgical removal was performed. This pro-
active approach illustrates the pragmatic balance in military
surgery between minimizing unnecessary interventions
and reducing the likelihood of missed injuries in complex
battlefield environments.

Laparoscopic hemostasis was achieved in 23 cases,
primarily involving parenchymal organs such as the liver and
spleen (AAST grade ). These procedures demonstrated the
feasibility of bleeding control without conversion to open
surgery in carefully selected patients. This approach is
especially justified in patients with a high degree of anatom-
ical damage to the parenchymal organs of the abdominal
cavity according to the AAST. In cases of superficial liver
and splenic injuries, laparoscopic hemostasis was predom-
inantly achieved using monopolar coagulation.

Repairs of diaphragmatic injuries were performed in
19 patients, including 15 involving the left hemidiaphragm
and 4 involving the right hemidiaphragm, predominantly
resulting from penetrating thoracoabdominal trauma. Lapa-
roscopic suturing ensured reliable closure while reducing
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the incidence of postoperative pulmonary complications
compared to conventional open repair. In this patient popu-
lation, preoperative chest tube thoracostomy is essential,
as insufflation of carbon dioxide into the abdominal cavity
may markedly exacerbate the condition of individuals with
an undrained pleural space. Injuries were closed in all cases
using 3-0 V-Loc barbed sutures.

Hollow viscus repair was performed in 39 cases,
including gastric suturing (n = 7), small bowel suturing
(n = 8, with one extracorporeal repair), and colonic
suturing (n = 24). In one patient, laparoscopic resection
of the small intestine with extracorporeal anastomosis
was performed.

Colorectal procedures demonstrated the greatest
variability. These included laparoscopic colostomy (n = 7),
right hemicolectomy (n = 3), transverse colon resection
with intracorporeal anastomosis (n = 1), left hemicolecto-
my with colostomy (n = 1), and laparoscopic Hartmann’s
procedure (n=1).

High-degree splenic injuries were managed laparo-
scopically in 5 patients, where splenectomy was required
due to the severity of parenchymal disruption. Despite
the technical complexity, these procedures demonstrat-
ed that laparoscopic approaches are feasible even in
operations traditionally performed via open surgery. In
selected patients with severe splenic trauma, laparoscopic
splenectomy may provide a viable alternative to open
surgery, offering potential benefits such as diminished
postoperative pain, reduced length of hospital stay,
and accelerated recovery. Nevertheless, this technique
requires a high level of surgical proficiency and rigorous
intraoperative hemostatic management due to the spleen’s
rich vascular supply.

Within the study cohort, laparoscopic procedures ne-
cessitated conversion to open laparotomy in 28 (11.7 %)
cases. In most instances, the decision for conversion was
made within the first 15 minutes of surgery, prompted by
intraoperative conditions precluding safe laparoscopic
management, such as uncontrolled hemorrhage, exten-
sive peritoneal contamination, or inadequate visualization.
Furthermore, secondary laparotomy was performed in 5
patients during the postoperative period due to missed small
bowel injuries (n = 2), intra-abdominal abscess formation
(n = 1), refractory paralytic ileus (n = 1), and delayed in-
tra-abdominal hemorrhage (n = 1).
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Fig. 1. A: a facet removed from the liver surface using a laparoscopic technique. B: depicts
a metallic fragment removed from the mesenteric root using a laparoscopic magnet.

Fig. 2. A: a case of extensive injury of the left diaphragmatic dome. B: a case of
laparoscopic repair employing intracorporeal diaphragmatic suturing.

Fig. 3. Gastric wall injury associated with an embedded metallic fragment.

Fig. 4. Laparoscopic suturing of a colonic defect following combat-related injury with
3-0 V-Loc barbed sutures.

Fig. 5. Colon resection followed by side-to-side anastomosis using a linear stapler.
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Fig. 6. A: CT scan of AAST grade 4 splenic penetrating injury in a hemodynamically stable patient. B: Laparoscopic splenectomy in a patient with

high-grade splenic trauma.

Table 2. Complications, conversions, and negative outcomes of laparoscopic interventions (n = 33)

Negatie outcomes Numberof cases )| ofthetotal _Iwowes |

Decision made within first 15 minutes due to uncontrolled bleeding, contamination,

Conversions to laparotomy 1.7 %
Secondary laparotomy (postoperative), n =5 (2.1 % of the total)

Missed small bowel injuries 2 0.9 %
Intra-abdominal abscess 1 0.4 %
Paralytic ileus 1 04 %
Delayed intra-abdominal bleeding 1 04 %

or inadequate visualization

Diagnosed during postoperative course
Managed by surgical drainage
Resistant to conservative treatment
Required re-laparotomy for hemostasis

Discussion

Based on the authors’ experience at the Zaporizhzhia Mili-
tary Hospital, the use of laparoscopy in the management
of abdominal trauma in military settings has proven both
feasible and beneficial when strict selection criteria are
applied. The essential conditions ensuring the safe appli-
cation of laparoscopic interventions comprised a relatively
limited influx of casualties, the presence of a highly trained
surgical team with laparoscopic proficiency, the availability
of appropriate instrumentation, and patient hemodynamic
stability. Additional prerequisites included routine preopera-
tive CT imaging and meticulous patient selection, taking into
account the characteristics of entry and exit wounds, frag-
ment trajectory, and the exclusion of cases with extensive
hemoperitoneum or fecal contamination. These criteria are
consistent with international consensus, which underscores
that laparoscopy should be restricted to carefully selected
hemodynamically stable trauma patients [9,10]. Within our
clinical context, the primary benefits of laparoscopy were
accelerated recovery, earlier mobilization, and expedited
return of soldiers to active duty — an outcome of particular
relevance under wartime conditions.

Diaphragmatic repair constitutes a well-established
indication for laparoscopic intervention in cases of penetrat-
ing thoracoabdominal trauma. In the present cohort, barbed
sutures (3-0 V-Loc) were employed, demonstrating safety
and reliability while contributing to a significant reduction
in operative time. The insertion of a chest tube prior to the
creation of pneumoperitoneum was considered essential,
since insufflation of carbon dioxide in the presence of an
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undrained pleural cavity may lead to respiratory compromise.
These findings are consistent with evidence from interna-
tional centers, which indicate that laparoscopic repair of
diaphragmatic injuries ensures both high diagnostic accuracy
and therapeutic efficacy, while being associated with lower
morbidity compared to conventional open procedures [11,12].

In cases of parenchymal organ injury, laparoscopic he-
mostasis of the liver and spleen employing bipolar cautery or
advanced energy devices enabled avoidance of laparotomy
in selected hemodynamically stable patients with limited
hemoperitoneum. In our cohort, the majority of injuries
were classified as AAST grade I-II, with a smaller subset of
carefully selected grade IlI-1V cases. This prudent strategy
is consistent with current evidence, which supports the use
of laparoscopy for low-grade solid organ injuries, whereas
its role in higher-grade injuries remains controversial and
necessitates individualized clinical decision-making [9,13].

Laparoscopic splenectomy was undertaken exclusively
in hemodynamically stable patients presenting with pene-
trating trauma and substantial anatomical disruption (AAST
grade 2 and higher). Despite its technical feasibility, the
clinical applicability of this approach remains constrained,
as hemodynamic instability in splenic trauma constitutes
an absolute indication for laparotomy. Consistent with this,
international guidelines recommend laparoscopic splenec-
tomy only in exceptional circumstances [14].

Hollow viscus injuries constituted a significant indication
for minimally invasive intervention. In the present cohort,
laparoscopic repair of gastric and small bowel perforations
proved feasible, with the application of barbed sutures
notably facilitating and expediting the procedure. These
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repairs were restricted to lesions of AAST grade |-l se-
verity, typically involving partial-thickness defects of less
than 50 % of the bowel circumference, without substantial
devascularization or full-thickness disruption. In a single
case, small bowel resection with extracorporeal anasto-
mosis was undertaken; however, the applicability of intra-
corporeal anastomosis in the trauma setting remains to be
determined. Current evidence supports laparoscopic repair
in carefully selected cases of hollow viscus injury, although
the potential for missed injuries remains a major limitation
[5]. For low-grade lesions, this approach confers distinct
advantages, including technical simplicity, shorter operative
time, and reduced invasiveness compared to open surgery.

Based on our clinical observations, the application of
barbed sutures offers distinct advantages in laparoscopic
repair of both diaphragmatic and hollow organ injuries,
primarily by facilitating intracorporeal suturing and reduc-
ing operative time. These results align with the findings of
N. R. Muensterer et al., who demonstrated the feasibility
and safety of barbed sutures in congenital diaphragmatic
hernia repair, noting enhanced handling characteristics
and secure closure without the necessity of knot tying [15].

Moreover, the accumulated evidence in gastrointestinal
surgery further supports these outcomes. In their systematic
review and meta-analysis, N. Velotti et al. reported that
barbed sutures not only shorten operative duration but also
yield complication, leakage, and recurrence rates compara-
ble to those of conventional sutures [16]. Collectively, both
our experience and the expanding international literature
provide robust evidence for the routine implementation of
barbed sutures in minimally invasive surgery.

In our series, colorectal trauma accounted for the great-
est diversity of laparoscopic interventions, encompassing
primary suturing, segmental resections, colostomies, hemi-
colectomies, and Hartmann’s procedure. Compared with
open surgery, laparoscopy demonstrated clear benefits,
notably in reducing wound-related complications and ac-
celerating postoperative recovery. These observations align
with the worldwide trend toward broader implementation of
minimally invasive techniques in colorectal trauma, largely
supported by accumulated experience in elective colorec-
tal surgery [9,17]. However, the current body of evidence
in trauma remains insufficient, underscoring the need for
large-scale multicenter investigations to formulate more
definitive clinical guidelines.

The issue of negative and non-therapeutic laparosco-
pies, as well as the management of retained foreign bodies,
remains a matter of ongoing debate in trauma surgery.
Several systematic reviews have highlighted that negative
laparoscopy is not uncommon, ranging from 2040 % of
cases in both civilian and military settings, reflecting the
priority of avoiding missed injuries rather than strictly mini-
mizing surgical exposure [5,7].

While some authors argue that unnecessary lapa-
roscopic interventions could be avoided through careful
observation protocols in hemodynamically stable patients
[6], others emphasize that in high-energy combat trauma
the threshold for operative exploration should remain low
given the frequency of occult injuries and the catastrophic
consequences of delayed diagnosis [8].

Asimilar controversy exists regarding the management
of metallic fragments and splinters: although a proportion

of these foreign bodies may be biologically inert and could
theoretically be left in situ, most trauma surgeons advocate
for their removal when feasible, to reduce the risk of sepsis,
migration, or late complications [4]. Thus, in the combat
environment, the decision to proceed with laparoscopy or
foreign body extraction should be understood as a trade-off
between minimizing unnecessary intervention and safe-
guarding against potentially life-threatening missed injuries.

Conversion to laparotomy occurred in 11.7 % of our
cases, typically within 15 minutes of initiating laparoscopy
when the procedure was deemed unsafe or non-beneficial.
Post-laparoscopy complications requiring delayed laparo-
tomy developed in five patients, including two missed small
bowel injuries, one intra-abdominal abscess, one paralytic
ileus, and one delayed intra-abdominal bleeding. The findings
highlight the dual nature of laparoscopy, emphasizing its ad-
vantages as a minimally invasive diagnostic and therapeutic
modality, while also underscoring the necessity for vigilance,
readiness to convert to open surgery, and recognition of the
potential for missed injuries. International data report com-
parable rates of conversion and complication profiles [9,10].

Laparoscopic approaches demonstrate considerable
advantages in the management and subsequent rehabil-
itation of patients with combat-related abdominal trauma.
The technique is associated with minimized surgical trau-
ma, earlier mobilization, and reduced postoperative pain,
which collectively contribute to shorter intensive care unit
and overall hospital stays. These outcomes facilitate more
rapid functional recovery and reintegration into military
rehabilitation programs.

Our clinical experience underscores the expanding role
of laparoscopy in the treatment of abdominal trauma within
the military setting. Despite the well-recognized benefits
such as reduced morbidity, accelerated recovery, and ear-
lier return to duty, its implementation necessitates rigorous
patient selection, highly experienced surgical teams, and
adequate institutional resources.

Conclusions

1. Laparoscopic interventions for abdominal combat
trauma have been shown to be feasible under conditions
of hemodynamic stability, routine preoperative CT imaging,
availability of appropriate equipment, and careful patient
selection. The spectrum of safe procedures ranges from diag-
nostic laparoscopy and foreign body removal to hemostasis of
parenchymal organ injuries and repair of hollow viscus lesions
up to AAST grade II. These approaches have significantly
reduced non-therapeutic laparotomies and postoperative
morbidity while accelerating recovery and return to duty.

2. More complex interventions, such as laparoscopic
resections of the small and large bowel, remain technically
demanding and should currently be reserved for highly
selected cases. Wider adoption in military trauma surgery
requires further evidence, prospective multicenter studies,
and long-term follow-up to refine selection criteria and
standardize protocols.

Prospects for further research. Future research should
focus on expanding the evidence base for advanced lapa-
roscopic interventions in combat-related trauma. Particular
attention is needed for the role of extended bowel resections
with intracorporeal anastomosis, which remain poorly stud-
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ied in the trauma setting. Further studies are also warranted
to evaluate the safety and long-term outcomes of barbed
sutures in emergency abdominal surgery, as well as to
address other current gaps in evidence regarding minimally
invasive approaches in wartime abdominal injuries.
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Aim. To develop a comprehensive strategy for the treatment of isolated gunshot shrapnel wounds of soft tissues at various
locations.

Materials and methods. This study analyzed outcomes in 5,000 patients of working age (18—49 years) treated for isolated
gunshot and shrapnel soft-tissue wounds at hospitals in Zaporizhzhia and the Zaporizhzhia Military Hospital between March
2022 and June 2025. The injuries were predominantly localized in the lower extremities (67.06 %), less frequently in the
upper extremities (25.14 %) and trunk (7.78 %). Different treatment approaches were applied: platelet-rich plasma (PRP) in
combination with delayed primary sutures (DPS) or early secondary closure (ESC), modified autodermoplasty, and local or
free flap reconstructions.

Results. PRP combined with suturing was applied in 3851 cases (77.02 %): DPC in 2394 (47.88 %) and ESC in 1457 (29.14 %).
The complication rates were 7.81 % with DPC and 8.86 % with ESC, while the average hospital stay was 16.0 + 3.1 and
22.0 £ 2.2 days, respectively. In 1149 cases (22.98 %), plastic techniques were required: modified autodermoplasty in 953
(19.06 %) and flap reconstructions in 196 (3.92 %). These methods enabled the closure of extensive defects but were asso-
ciated with higher complication rates (25.6-67.9 %) and longer hospital stays (23.0-36.8 days).

Conclusions. The use of PRP in combination with delayed primary or early secondary closure is the most effective and safe
treatment strategy for small, isolated gunshot shrapnel wounds of soft tissues, ensuring low complication rates and faster functional
recovery. Autodermoplasty and flap techniques remain the methods of choice for large and deep defects but require advanced
surgical expertise and are associated with longer rehabilitation.
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AocBia KOMNAEKCHOr0 AiKyBaHHA BOrHEMaAbHUX OCKOAKOBUX NOpaHEeHb M’AKUX TKAHUH
pi3HOi AOKaAi3auji

C. M. 3aBropoaHin, M. A. Kybpak, M. b. AaHuAtok, HO. 0. Mixees, O. |. KoteHko,
M. 0. Byab6a, I. M. Benkin, A. B. Tkauyk

Meta po6otu — po3pobuTK CTpaTerito KOMMIEKCHOTO NiKyBaHHS BOTHENAIbHUX OCKOMKOBUX MOPaHEHb M'SIKUX TKaHWUH Pi3HOI
nokanisauji.

Marepiaan i meToau. [locnimkenHst 'pyHTYeTbCA Ha pesynbratax nikysaHHs 5000 nauieHTiB npauesaaTtHoro Biky (18-49
POKiB) 3 i301bOBAHUMW BOTHENANBHAMU MOPAHEHHSIMM M’SIKUX TKaHWH, WO nepebyeanu Ha nikyBaHHi B 2022-2025 pp. Ha
6asi Micbkux NnikapeHb M. 3anopixoks Ta 3anopi3bKoro BiiCbKOBOTO rocnitanto. MNopaHeHHs nokaniyBanucs nepeBaxHo Ha
HWKHIX KiHLjBKax (67,06 %), pipLue — Ha BepxHix KiHUiBKkax (25,14 %) Ta Tyny6i (7,78 %). Mig yac nikyBaHHS 3aCTOCOBYBanu
pi3Hi meToau: 3barauyeHy Tpombouutamu nnasmy (PRP) y noegHaHHi 3 nepeuHHO BiaTepmiHoBaHumm (MBLL) abo paHHiMm
BTOPUHHUMY LWwBamu (PBLL), moaudikoBaHy ayTogepmonnacTuky, nokarbHi Ta BifbHi KnanTesi nnacTuku.

Pesyabrati. PRP y komGiHauji 3 ylumBaHHsM 3actocoBaHo y 3851 (77,02 %) sunaaky: MBLU —y 2394 (47,88 %), PBLU -y
1457 (29,14 %). Yacrota ycknagHeHs ctaHosuna 7,81 % npu MBLU i 8,86 % npu PBLL, cepeaHs TpusanicTb rocnitanisawii
—-16,0 £ 3,1 12 22,0 + 2,2 fobu BignosiaHo. Y 1149 (22,98 %) nauieHTiB BUKOPUCTAHO NMACTUYHI METOAUKN: MOAUDIKOBaHY
aytogepmonnactuky —y 953 (19,06 %), knantesi nnactukm —y 196 (3,92 %). Lli metoam ganwm 3amory 3akpuTi Benuki gedekTy,
MpOoTe acoLioBaHi 3 BULLMM piBHEM ycknaaHeHb (25,6-67,9 %) Ta Tpusaniluoto rocnitanisavieto (23,0-36,8 obw).

BucHoBku. BukopuctanHs PRP y noegHaHHi 3 nepBUHHO BiATEPMIHOBaHUMM ab0 paHHIMU BTOPUHHUMM LiBaMK — Hanedek-
TWBHILLA TaKTMKa NikyBaHHS! i30MbOBaHKX BOTHENANbHMX OCKOMKOBUX NMOPaHEHb HEBENMKMX PO3MIpIB, OCKINbKM acoliioBaHa
3 HU3bKOKO YaCTOTO YCKMaZAHEHb | CNpKSie LIBMAKOMY BiHOBNEHHIO Npale3aaTHocTi. AyToaepMonnacTuka Ta knanTesi nna-
CTWKV 3anuLLaloTbCs METOAOM BUOOPY Y pasi BenukvX i rnubokux aedekTis, ane notpebyoTb BUCOKOT kBanidikauii Xipypris,
a nauieHTam noTpibHa TpuBaniwa peabinitauis.

© The Author(s) 2025. This is an open access article under the Creative Commons CC BY 4.0 license
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OpwuriHaAbHI AOCAIAXKEHHS

Introduction

In the context of the armed aggression against Ukraine,
where hostilities result in a significant number of injuries
among both military personnel and the civilian popula-
tion, the selection of an effective treatment strategy for
gunshot wounds of soft tissues has become particularly
relevant [1,2,3,4].

Isolated blind and shrapnel wounds are the most
common combat injuries; they are often accompanied by
pronounced microbial contamination, tissue destruction,
impaired regional blood circulation, and a high risk of
developing purulent-septic complications. In this regard,
the search for the optimal method of closing such wounds
is not only a clinical challenge but also a strategic neces-
sity [5,6].

At present, various approaches are used in clinical
practice for wound closure — open management with
secondary healing of the defect, vacuum-assisted closure
(VAC), delayed suturing, different options of plastic surgery
with local tissues, as well as more complex techniques in-
volving skin flap transposition. Each of these methods has
its advantages, however, none of them is universal [7,8,9].

The development of an optimal strategy for the man-
agement of gunshot soft tissue wounds depending on
their characteristics is a rather complex task, the solution
of which depends on a whole range of factors. In our work,
we would like to share our experience in this regard and the
results of treating patients with gunshot soft tissue wounds
of various locations.

Aim
To develop a comprehensive strategy for the treatment of

isolated gunshot shrapnel wounds of soft tissues at various
locations.

Materials and methods

This study is based on the results of surgical treatment
of patients with gunshot wounds of soft tissues of various
localizations who were treated from March 2022 to June
2025 at the surgical departments of the Municipal Non-Profit
Enterprise “City Hospital of Emergency and Urgent Medical
Care” of Zaporizhzhia City Council, Municipal Non-Profit
Enterprise “City Hospital No. 7” of Zaporizhzhia City Council,
Municipal Non-Profit Enterprise “City Hospital No. 8” of
Zaporizhzhia City Council, Zaporizhzhia Military Hospital
and includes a sample of more than 10,000 patients with
isolated and combined gunshot wounds of soft tissues.

Considering the complexity in the treatment of pa-
tients with polytrauma, only patients with isolated gunshot
wounds of soft tissues of various locations, non-penetrating
abdominal or thoracic cavities, without traumatic injuries of
neurovascular bundles and bone structures, were enrolled
in the study.

These strict inclusion criteria allowed us to evaluate
the treatment results of 5,000 (100.0 %) patients. The
mean age of the injured was 39.7 + 9.6 years. All patients
were of working age (1849 years), which was due to the
characteristics of the combat contingent and the specificity
of the studied injuries.

3anopibkuit MeanaHuii xypHan. Tom 27, Ne 5(152), BepeceHb — xoBTeHb 2025 p.

All 5,000 (100.00 %) patients were transferred to the
third stage of medical evacuation on an urgent basis after
receiving emergency medical care at the pre-hospital stage.

The patients included in the study had isolated gunshot
wounds localized within three main anatomical zones: lower
limbs, upper limbs, and trunk.

The most common were injuries of the lower limbs
— 3,354 (67.08 %) patients. Such a high frequency is ex-
plained by the anatomical vulnerability of this area during
explosive action near the ground surface, especially in
the standing position or during movements. The thigh
and shin were most often affected — 2,884 (85.99 %).
Injuries of the upper limbs were observed in 1,257 patients
(25.14 %) being mainly located in the forearm and shoulder
areas — 903 (71.84 %). Trunk localization (including the
chest, anterior abdominal wall, and back without cavity
penetration) occurred much less frequently, only in 389
(7.78 %) wounded.

Despite the different frequencies, the distribution by
anatomical zones was statistically homogeneous, indicating
the sample representativeness and the correspondence to
the typical clinical structure of combat injuries in the context
of modern military conflicts.

All procedures conducted in studies involving partici-
pants adhered to the ethical principles outlined in the 1964
Helsinki Declaration and its subsequent revisions or equiv-
alent ethical guidelines. The study protocol and informed
consent forms were approved by the Bioethics Committee of
Zaporizhzhia State Medical and Pharmaceutical University
(Protocol No. 9, dated 29 August 2025).

Statistical analysis of the obtained results was carried
out using Statistica 13.0, TIBCO Software Inc. (license
No. JPZ8041382130ARCN10-J) and Microsoft Excel 2013.
Text and table-based data were presented as arithmetic
mean + standard deviation (M + SD) in the case of a normal
distribution, and as Me (Q1; Q3) (median with the indication
of the upper (75 %) and lower (25 %) quartiles) in case of a
non-normal distribution. Comparison of variables between
study groups was performed using the Mann-Whitney
U test to determine statistical significance. Results were
considered significant at p < 0.05.

Results

Taking into account wound localization, morphometric
characteristics, and time to hospitalization, different treat-
ment strategies were applied. In 3,851 patients (77.02 %),
a comprehensive treatment approach was implemented,
which included the use of platelet-rich plasma (PRP) in
combination with either delayed primary closure (DPC) or
early secondary closure (ESC).

PRP was prepared from 18.0-36.0 ml of fasting ve-
nous blood collected from the cubital vein into 9.0 ml tubes
containing sodium heparin (15.0 IU/ml) and separation gel
(0.5 ml). Centrifugation was performed using a Spin Plus
XC-3000 device. Following centrifugation, three layers were
obtained: erythrocyte mass, PRP, and platelet-poor plasma.
Only the PRP fraction was aspirated using a sterile syringe
for therapeutic use.

Prior to application, wounds were irrigated with 10 %
povidone-iodine and anesthetized with 0.5 % novocaine
10.0 (5.0; 20.0) ml. PRP was injected into the wound bed
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Fig. 1. Macroscopic appearance of the perforated epidermal flap at the time of the first dressing.
Small foci of ischemia and partial graft necrosis (dark-cyanotic zones) are evident, whereas signs
of inflammation or seroma formation are absent.

6.5 (5.0; 7.0) ml and edges 0.5 ml every 0.5 cm according
to defect size in a total volume of 12.0 (9.0; 18.0) ml [10].

DPC was performed in patients admitted within 3
days of injury (median 2.0 (1.0; 3.0) days). These wounds
demonstrated several favorable characteristics: sharply
defined edges without undermining, absence of necrot-
ic areas, a minimal infiltration with a volume of serous
exudate of 7.0 (5.0; 10.0) ml/day, and limited depth of
1.5(1.0; 2.5) cm. Morphometrically, the average wound area
was 6.8 (3.1; 10.0) cm? and volume 22.8 (9.3; 40.0) cm®.
Injuries were restricted to skin, subcutaneous tissue, or
superficial muscle without fascial or intermuscular space
involvement, providing optimal conditions for DPC with PRP
and ensuring rapid and uncomplicated epithelialization.

In cases when a patient was admitted later, on the
6.0 (4.0; 9.0) day after injuries, and a wound required
delayed closure until the stage of active granulation, ESC
was applied in combination with PRP.

Closure was performed under strict criteria: sta-
ble wound edges, absence of necrosis or infection,
and presence of mature granulation. These wounds
were larger and deeper (depth 3.2 (2.7; 3.8) cm); area
(12.9 (10.1; 18.0) cm?); volume (37.5 (29.0; 52.4) cm®).
This approach facilitated successful closure under the bio-
stimulatory effect of PRP even in delayed repair scenarios.

All suturing was performed using the classical Donati
technique with USP 3/0 polyamide sutures, achieving stable
approximation of the wound edges under minimal tension.

Passive strip drainage was maintained for 24.0 (20.0;
48.0) hours to prevent seromas or hematomas. Daily postop-
erative assessment and ultrasonographic monitoring allowed
objective evaluation of wound healing and early identification
of morphometric changes or complications.

DPC was performed in 2,394 patients (47.88 %), while
ESC was applied in 1,457 patients (29.14 %). The overall
complication rate in patients who received PRP combined
with suturing was low. Among DPC + PRP cases, 187
patients (7.81 %) developed minor seromas or superficial
hematomas, none requiring reoperation. In the ESC group
with PRP, complications occurred in 129 (8.86 %) patients,
that was a favorable result in terms of preventing secondary
infection and maintaining wound edge stability.

The length of hospital stay is a valuable clinical meas-
ure, directly indicating the pace of recovery and the thera-
peutic effectiveness. In patients treated with DPC + PRP,
the mean hospital stay was 16.0 + 3.1 days, whereas
in ESC + PRP cases it extended to 22.00 + 2.20 days,
U=12.5, p=0.0024.

These findings confirm the feasibility of early but
controlled wound closure after PRP preparation, as it
accelerates healing and restores combat or work capacity.

This method can be recommended as an effective
and rational approach for treating relatively small shallow
wounds in conditions of modern warfare, mobile surgical
practice, and resource-limited healthcare settings.

In 1,149 patients (22.98 %), the wound dimensions,
characteristics, and anatomical localization precluded the
application of DPC or ESC. In these cases, various plastic
surgical techniques were utilized to achieve closure of the
soft tissue defect.

For wound bed preparation prior to closure, negative
pressure wound therapy was used, which effectively drained
exudate, reduced interstitial edema, improved microcircu-
lation, and stimulated the formation of healthy granulation
tissue. This approach served as an ideal “bridge” between
wound cleansing and final closure, thereby significantly
shortening the time for plastic surgery.

In cases of large wound surfaces (>10.0 cm?), localiza-
tion on the anterior tibial surface, lateral and posterior thigh
surfaces, forearm, lateral arm surface, and when the wound
depth was within the subcutaneous tissue without muscle
damage, modified perforated split-thickness skin grafting
was applied in 953 (19.06 %) patients.

Wounds were distributed by localization as follows:
405 (42.5 %) on the anterior tibial surface, 239 (24.97 %)
on the posterior thigh, 167 (17.52 %) on the inner forearm,
and 143 (15.01 %) on the outer arm.

In this subgroup, on hospital day 6.0 + 1.2 after wound
cleansing, PRP injections were administered under in-
filtration novocaine anesthesia (0.5 %) in a volume of
12.0 (8.0; 20.0) ml into the wound bed in a chessboard
pattern (1.0 ml per 1.0 cm? of defect plus 1.0 ml into wound
edges every 2.0 cm) [10].

After wound preparation, donor split-thickness skin
grafts were harvested from the anterior thigh under infiltra-
tion anesthesia with 0.5 % novocaine (25.0-30.0 ml), using
a linear electric dermatome (model DK-717) at an optimal
thickness of 0.7 mm. Then, grafts were rinsed in 0.9 % saline
and perforated with a scalpel. Wounds were treated with
antiseptic solutions, and the prepared perforated autograft
was applied. To prevent graft displacement, it was addition-
ally fixed to wound edges with USP 4/0 prolene interrupted
sutures. Paraffin mesh and 5.0 % betadine-soaked gauze
pads provided additional stabilization.

The first dressing was performed on postoperative
day 4.0 + 1.3 to evaluate graft viability based on fixation to
the wound bed, absence of exudate or fluid accumulation,
appropriate graft coloration, and inflammatory reactions in
surrounding tissues (hyperemia, edema). Graft adhesion
to the recipient area was completed at 80.0 % by days
4-5, so delaying the first dressing reduced the risk of graft
displacement and necrosis [10] (Fig. 1).

Analyzing the structure of postoperative complications,
it was found that in this subgroup (953 patients), seromas
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Fig. 4. Closure of the defect in the right deltoid region with a parascapular flap on a vascular pedicle.
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Table 1. Key outcome indicators of treatment in patients with gunshot soft-tissue wounds using tissue flap plastics (n = 196)

ndcator | Localsinfappiastics.n = s Free sinfp plastic,n =28

Duration of preoperative wound preparation, days 7.0 (6.0; 9.0) 9.0(7.0; 11.0) 0.1278
Number of complications, abs. (%) 44 (26.19 %) 19 (67.86 %) 0.0078
Length of hospital stay, days 294192 36.8+10.1 0.0432
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were diagnosed in 126 (13.22 %) cases and flap necrosis
in 67 (7.03 %) patients, while inflammation in the graft zone
was detected in 51 (5.35 %) individuals. The overall compli-
cation rate was 244 (25.60 %). Repeat surgical intervention
was performed in 84 (8.81 %) patients of this subgroup.

The mean hospital stay following modified autoder-
moplasty was 23.0 + 5.3 days. After discharge, all patients
in this subgroup were prescribed a 30-day convalescent
leave, thereby extending the overall recovery period be-
fore regaining combat readiness in cases of gunshot and
shrapnel-induced soft-tissue injuries.

Therefore, the use of modified autodermoplasty cannot
be considered an alternative to wound suturing and should
be applied only in the presence of clear indications.

In cases where the wound defect exceeded 10.0 cm?
and was accompanied by muscle damage with exposure
of bone and neurovascular structures, reconstruction with
vascularized flaps was necessary, as these provided an
independent blood supply to the affected area.

This subgroup comprised 196 (3.92 %) patients who
underwent complex reconstructive procedures using ro-
tational, advancement, or free flaps based on a vascular
pedicle.

Propeller rotational flaps became a breakthrough in
the reconstruction of small- and medium-sized defects,
particularly in the leg and forearm regions. This technique
consists of mobilizing an island of skin and subcutaneous
tissue supplied by a single perforator vessel and rotating it
into the defect at an angle of 90-180°. Such an approach
enables closure of the wound with tissues of optimal color
and texture match, while minimizing trauma at the donor
site (Fig. 2).

For soft tissue reconstruction in injuries of the proxi-
mal third of the lower leg, coverage was achieved using a
gastrocnemius muscle flap. In defects located in the distal
third and ankle region, a sural fasciocutaneous flap based
on retrograde blood flow (sural flap) was utilized. In cases
of extensive tissue loss, V-Y advancement flaps were
applied (Fig. 3).

Atotal of 168 (85.71 %) patients underwent this proce-
dure. The mean duration of preoperative wound preparation
before flap surgery was 7.0 (6.0; 9.0) days. In the postoper-
ative period, 19 (11.31 %) patients developed inflammatory
wound changes, 7 (4.17 %) had partial necrosis, and 2
(1.19 %) had complete necrosis in the area of the free flap.
Postoperative hematoma occurred in 5 (2.98 %) patients,
and seroma of the surgical wound in 11 (6.55 %) cases. The
overall complication rate was 44 (26.19 %) cases. No lethal
outcomes were recorded. The average length of hospital
stay was 29.4 + 9.2 days.

In cases of massive composite defects, when local
tissues were destroyed, the only option for limb salvage
was the use of free flaps on a vascular pedicle. This
technique involved harvesting a complex of tissues (skin,
subcutaneous tissue, muscle) from a remote donor site

(e. g., thigh, back) and transplanting it into the wound with
microsurgical vascular anastomosis. Most commonly used
were the anterolateral thigh flap (ALT flap) and the latissimus
dorsi flap (Fig. 4).

This technique was used in 28 (14.29 %) patients. The
average duration of preoperative wound preparation was
9.0(7.0; 11.0) days, U = 95.0, p = 0.1278. In the postoper-
ative period, 5 (17.86 %) patients developed inflammatory
wound changes, 6 (21.43 %) experienced partial necrosis,
and 1 (3.57 %) developed complete necrosis of the flap.
Postoperative hematoma occurred in 2 (7.14 %) patients,
and seroma in 5 (17.86 %). The overall complication rate
was 19 (67.86 %) cases, U = 25.0, p = 0.0078. No lethal
outcomes were documented.

The use of these techniques was carried out without
PRP therapy or modifications, as at this stage we performed
statistical analysis of the classical method results. A more
detailed analysis, improvements in existing techniques, and
the development of new complex reconstructive methods will
be done in the future. The average duration of inpatient treat-
ment was 36.8 + 10.1 days, U = 23.5, p = 0.0432 (Table 1).

Thus, these wound defect closure techniques are tech-
nically demanding, and their application is associated with
a high rate of complications and, consequently, prolonged
hospitalization and certain difficulties in the rapid recovery
of working and combat capacity in the injured.

Discussion

The results obtained in our study are of particular importance
in the context of modern military surgical care, which seeks
effective methods to accelerate wound healing and ensure
a faster return of combat readiness in injured personnel.

International experience in the treatment of combat-re-
lated gunshot injuries, particularly during armed conflicts
in Iraq, Afghanistan, Syria, Libya, and Central Africa, con-
firms the high incidence of soft tissue injuries with severe
contamination, significant wound depth, and the need for
repeated necrosectomy. According to data from US Army
field hospitals, the rate of infection in such wounds without
adequate local therapy may reach 25.0-30.0 %, even under
conditions of intensive systemic treatment.

In a randomized trial, P. Martin & D. B. Gurevich have
shown a twofold higher rate of complete healing in patients
treated with PRP compared to normal saline. These find-
ings are correlated with our observations and confirm the
feasibility of using PRP in situations where other methods
are either less effective or technically demanding. PRP in
combination with DPC or ESC is not only an effective means
of accelerating healing in small gunshot wounds but also
a strategically justified method of casualty management in
combat conditions. It enables rapid wound closure without
the need for complex equipment or aggressive surgical
interventions and can be integrated into military surgical
standards with minimal resource consumption [10].

Zaporozhye Medical Journal. Volume 27. No. 5, September — October 2025


https://zmj.zsmu.edu.ua/

OpwuriHaAbHI AOCAIAXKEHHS

The use of split-thickness perforated skin grafts was
indicated for large-area defects (>10.0 cm?) with wound
depth limited to the subcutaneous fat layer. Certain wound
localizations require special consideration: for example,
injuries on the posterior thigh surface, where high func-
tional activity increases the risk of wound dehiscence due
to strong tension, as reported in the literature. Likewise,
wounds on the anterior tibial surface are characterized
by minimal muscular and subcutaneous tissue coverage,
which reduces wound edge mobility and favors the choice
of autodermoplasty [11].

The use of PRP injections enhances reparative pro-
cesses through the action of biologically active substances,
growth factors, and neoangiogenesis, allowing a significant
reduction in the duration of preoperative preparation before
autodermoplasty — 15.6 (12.9; 17.7) days, p = 0.00113,
as compared with both published data and our control
analysis [12].

The application of rotational and free vascularized
skin flaps in our practice was considerably less frequent,
accounting for only 196 (3.92 %) patients in the present
cohort, which corresponds to frequencies reported in the
literature [13,14]. This limited use is explained by the
technical complexity of these procedures, the requirement
for highly specialized surgical training, and not only the
characteristics of the wound defect itself but also the injury
anatomical localization. Such localization may necessitate
the use of one of the various options, including rotational
flaps, V-Y advancement flaps, or free flaps on a vascular
pedicle [15].

Conclusions

1. The use of platelet-rich plasma in combination with
wound closure is an effective and safe treatment strategy for
small, isolated gunshot soft-tissue injuries. It is associated
with a low rate of postoperative complications and allows
patients to regain working and combat readiness within
relatively short timeframes.

2. The method of autodermoplasty with a perforated
split-thickness skin graft has proven its value in the man-
agement of large-area defects (>10.0 cm?) with wound depth
limited to the subcutaneous fat layer, particularly in highly
mobile anatomical zones where pronounced scar formation
may result in contractures and restricted joint mobility.

3. Rotational and free full-thickness flaps are an im-
portant reconstructive option for massive defects involving
not only superficial soft tissues but also deep muscular,
vascular, and neural structures. However, their application
requires significant surgical expertise and microsurgical
skills in handling vascular grafts.

Prospects for further research. Future scientific in-
vestigations should focus on improving approaches to the
personalization of treatment strategies, taking into account
the wound morphometric characteristics, location, and the
functional significance of the affected area. A promising
direction is the study on the effectiveness of combining
PRP therapy with other modern methods, such as nega-
tive pressure wound therapy and bioengineered materials,
which may accelerate reparative processes and reduce
the frequency of complications in patients with large or
complicated defects. Particular attention should be given

3anopibkuit MeanaHuii xypHan. Tom 27, Ne 5(152), BepeceHb — xoBTeHb 2025 p.

to conducting multicenter randomized clinical trials, the
results of which will not only confirm the effectiveness of the
proposed approaches but also facilitate their integration into
national and international treatment standards.
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3acTtocyBaHHA meToaukH Frozen Elephant Trunk y xipypriuHin kopekuji
KOMNAEKCHOI NaToAorii BUCXiAHOI, Ayry Ta HU3XIAHOI rPYAHOI aopTH

B. I. KpaBueHko®*, I. M. MakoroHuyk®2P |, A. OcapoBcbka®®, . M. KpaBueHko®E, K. B. PyaeHko®F

AepxaBHa ycTaHoBa «HalioHaAbHUIA IHCTUTYT CEPLEBO-CyAMHHOI Xipyprii imeHi M. M. AmocoBa HAMH Ykpainu», M. Kuis

A - KOHLIEMNLLS Ta AM3aNH AOCAIAKEHHS; B - 36ip AaHuWX; C - aHani3 Ta iHTepnpeTauis AaHux; D - HanucaHHs ctatTi; E - peparyBaHHs cTatTi;

F - octatouHe 3aTBEPAXEHHS CTaTTI

Merta pob0oTH — y3aranbHeHHs Cy4acHoro 4ocBiay KOpeKLii KOMNIeKCHOI naTonorii BUCXiAHOI, Jyrv Ta HU3XIAHOI rpyaHOi aopTy 3
BUKOpUCTaHHAM meToauku Frozen Elephant Trunk.

Marepianu i metoan. OnncaHo TexHiKy Ta HaBedeHO pesynbTaTi NepLunx 42 onepawiit i3 NpoTesyBaHHs BUCXIQHOI, Ayrv, CyaouH
LTV Ta HU3XIQHOI rpyaHoi aopTn meToaukoto Frozen Elephant Trunk, Lo BukoHaHi cniBpobiTHUKaMK Bigainy XipypriyHoro niky-
BaHHs natonorii aoptv 1Y «HauioHanbHUi iHCTUTYT cepLeBo-CyauHHOI Xipyprii imeHi M. M. AmocoBa HAMH Ykpaiuu» y nepiog
2020-2025 p. Ycim naujeHTam BUKOHaHO onepaLito 3 NpoTe3yBaHHs BUCXIGHOI, Ayru, CYAWH Oyrv Ta HU3XIQHOI rpyaHoi aopTv —
«cTabinisoBaHWin X000T CNIOHa» — Sk NEPLUMI eTan PEKOHCTPYKLi Npy naTonorii 4yrk aopTw.

Pesynabratu. [ocnitansHa netansHicTs craHosuna 9,5 % Bunagkis (4 nauieHTt). MpuymHu CMepTi — rocTpe NopyLLEHHSt MO3KOBOTO
kpoBoobiry (B 1 BUNaaKy), roctpa AnxanbHa HeQoCTaTHICTb (B 1 BUNaAKy), CMHAPOM NOniopraHHOi HEAOCTATHOCTI (B 2 BUNagKax).
Y nicnsionepaLiiHomy nepioi B ABOX BUMaAkax 3anuiiany TamnoHy Yepes KpoBoTeuy, Ski BUAANanM Ha apyry — TPeTto nicns-
onepaLiiiHy 1oBy. Y TpbOX NaLjieHTIB AiarHOCTOBAHO CTilAKy HUXKHIO Napannerito, OgHaK y ABOX Bunaakax iHTeHCWBHa peabinitais
Cnpusina NOBHOMY BIJHOBMEHHIO (hyHKLT. HUpKOBY HegocTaTHiCTb, Lo noTpebyBana ceaHciB Ajaniay, AiarHOCTOBAHO B M'ATbOX
navujeHTis. B ogHOMy BUNaaKy BUKOHAmM peTopakoToMilo 3 NpUBOAY KpOBOTevi. TpuBana BeHTUNsLis nereHb (BinbLue Hix 2 AHi)
3achikcoBaHa y LecTy nauieHTiB. [icns nepLuoro etany y pisHi cTpoku (Bif 14 AHIB [0 3 POKiB) BUKOHAHO €HAOMPOTE3yBaHHS Ay
11 Hm3xigHoi rpyaHoi aoptv (TEVAR) TpboM (7,1 %) nauientam ans ctabinisauii HU3XigHOT rpyAHOT aopTy Ta noninLweHHs pemoae-
NOBAHHS iCTUHHOTO NPOCBITY MICNS PO3LapyBaHHs. YCi NpoLeaypy He CIPUYUHIANN YCKNaAHEHb.

BucHoBku. [py aHeBpr3max Ayrv aopTy, posLlapyBaHHi aopTu, 40 SKOro 3anyyeHa Ayra Ta CynpaaopTarbHi CyauHW, NOpyLUEHHi
aHaTOMIYHOI LiniCHOCTI Ayr pagvkanbHa KOpEKLsi MOXIMBA LLUMSIXOM BUKOHAHHS onepalii «cTabiniaoBaHoro xoboTa croHay.
[MoninwweHHs nepenonepauiiHoi AiarHOCTYKW, XipypriYHOi TEXHIKW, ONTUMI3aLis METOAIB 3aXMCTY ONOBHOMO, CMIMHHOTO MO3KY Ta
BiCLiepasibHUX OpraHis, @ TakoX MOXIWBOCTI 3aCTOCYBaHHS ribpuaHMX / eHOOBACKYNSPHUX METOAMK Aarnii 3MOry NikyBaTyW NaLieHTiB
i3 KOMMIIEKCHUMM yPaXXeHHAMM BUCXIAHOI, Ayrvi Ta HU3XIAHOI rpyAHOI @0pTK 1 OTPUMATK 3a[0BiMNbHI NepLUi pesynsTatv onepavin.
PiBeHb rocnitanbHoi netansHocTi — B Mexax 9,5 % (4 naujeHTn i3 42).

KatouoBi cnoBa:
aHeBpU3Ma aopTH,
aHeBpu3Ma

AYTW @0pTH,
po3LapoBytoya
aHeBpu3Ma

aopTw, onepawis
Frozen elephant
trunk, ribpuate
NpoTe3yBaHHA Ayr1
Ta HU3XIAHOT rPyAHOI
aopTu.

3anopisbkui
MeAUYHUI XXypHaA.
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Application of the frozen elephant trunk technique in surgical correction for complex
pathology of the ascending aorta, aortic arch, and descending thoracic aorta

V. I. Kravchenko, I. P. Makohonchuk, I. A. Osadovska, I. M. Kravchenko, K. V. Rudenko

Aim: to summarize the current experience in correcting complex pathology of the ascending aorta, aortic arch, and descending
thoracic aorta using the frozen elephant trunk technique.

Materials and methods. This study describes the technique and presents the outcomes of the first 42 operations involving prosthetic
replacement of the ascending aorta, aortic arch, supra-aortic vessels, and descending thoracic aorta using the frozen elephant trunk
technique. These procedures were performed by the staff of the Department of Surgical Treatment of Aortic Pathology at National
M. Amosov Institute of Cardiovascular Surgery affiliated to National Academy of Medical Sciences of Ukraine, during the period from
2020 to 2025. All patients underwent a procedure involving complete replacement of the ascending aorta and arch with supra-aortic
vessel reimplantation aorta using the stabilized elephant trunk technique as the first stage of reconstruction for aortic arch pathology.

Results. Hospital mortality rate was 9.5 % (4 patients). Causes of death included acute cerebrovascular accident in 1 case, acute
respiratory failure in 1 case, and multiple organ failure in 2 cases. Two patients required delayed re-exploration for tamponade on
postoperative days 2-3 due to bleeding. Persistent lower paraplegia was observed in 3 patients; however, in 2 cases, intensive
rehabilitation enabled full recovery of motor function. Renal failure requiring dialysis was observed in 5 patients. One patient
underwent re-thoracotomy for postoperative bleeding. Prolonged mechanical ventilation (>2 days) was necessary in 6 patients.
Following the first-stage procedure, endovascular repair (TEVAR) of the aortic arch and descending thoracic aorta was performed
in 3 (7.1 %) patients within a period ranging from 14 days to 3 years after the initial operation to stabilize the descending thoracic
aorta and promote true lumen remodeling following dissection. All endovascular procedures were completed without complications.

Conclusions. Radical surgical correction of aortic arch aneurysm or dissection involving supra-aortic vessels or disruption of the
anatomical integrity of the arch is feasible using the stabilized elephant trunk technique. Advances in preoperative diagnostics,
surgical techniques, optimization of cerebral, spinal, and visceral organ protection, and the availability of hybrid / endovascular
approaches have enabled successful treatment of complex pathology involving the ascending aorta, arch, and descending thoracic
aorta. The initial outcomes were satisfactory, with a hospital mortality rate of 9.5 % (4 out of 42).

© The Author(s) 2025. This is an open access article under the Creative Commons CC BY 4.0 license
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JlikyBaHHS! 3aXBOPOBaHb a0pTy 3aBxam Oyrno BaxnmBoLo,
ane 1 OOHIE0 3 HANCKNAOHILLMX CKITaJoBKX CEPLEBO-CY-
AMHHOI Xipyprii. Lie 3yMOBneHo He nuiue TUMm, Lo aopTa €
HaBINbLUOIO 11 HAMBAXIUBILLOKO apTepieto, ane i TUM, Lo
naTonoris aoOpTu MOXe MaTy HaNpi3HOMAHITHILLI popmu 3
Halpi3HOMaHITHILWMMM Hacrigkamn — Big 6e3cMNTOMHOT
XBOpoOW, L0 NOBINBLHO NpOrpecye, A0 panToBOi CMepTi
yepes po3pyB.

He3Baatouu Ha CTPIMKMI PO3BUTOK XipypriYHOT TEXHIKK,
METOAMK 3aXMCTY rOfIOBHOTO MO3KY Ta BHYTPILLHIX OpraHis,
3aC006iB MOHITOPYHIY XXMTTEBO BXKIMBMX MOKA3HMKIB MiJ Yac
onepaT1BHOIO BTPYYaHHs, XipypriyHe nikyBaHHs natonori
a0pTV AOCi acoLinoBaHe 3i 3HaYHUMIM PU3MKaM¥ Ta BUCOKVM
piBHEM onepaLliiHoi NeTanbHOCTI.

Cepen ycix kapaioxipypriyHux BTpyYaHb onepaLwii Ha
TPYAHIN aopTi € OOHMMYM 3 HacknagHiwmx. [ns ix yeniw-
HOTO BUMKOHAHHS NOTPIGEH BUCOKWUIA PiBEHb XipypriYHOi
KkBanicikaLii, aHecTesionoriyHoro Ta nepdy3ionoriyHoro
3abe3neyeHHs. 30Ha Ayrv aopTV — OfHa 3 HACKMaAHILIMX
i HaiHe6e3neyHiLLMX AiNSHOK ypaxeHHs!. [ocTiliHuiA po3su-
TOK TEXHOMO! | HAKOMMYEHHS JOCBIAY B CEPLIEBO-CYAUHHIl
Xipyprii ganu 3mory 3a HeobXigHOCTI 3ailicHIoBaTH OHO-
YacHy 3aMiHy BUCXiQHOI, Oyrv Ta HU3XIQHOI rpyaHOT aopTu
(onepauist Frozen Elephant Trunk, FET). Take BTpy4aHHs
CMPUSANIO NMOKPALLEHHIO Pe3ysbTaTiB i SMEHLLEHHIO KinbKOCTI
ycknagHeHb [1].

3a pekomerpauiamm ESC [2], onepauis Frozen Ele-
phant Trunk («cTabinizoBaHoro xo60Ta crnoHay) nokasaHa
nauieHTam i3 po3LlapyBaHHsaM aopTu TUny A Ta oeHecTpa-
Lieto B Ay3i abo npokcumarnbHOMY BiaZini HU3XigHOI rpyAHOT
aoptu. 3a daHnmK baxiBuiB AMepuKaHCbKOI acouiauii
TopakanbHux xipypris [3], BukoHaHHsi FET gae amory Hai-
edekTUBHiLLE KOperyBaTu CknagHy Mmatomnoriko rpygHol
a0pTW Yepe3 eBeHLiNHY CTEPHOTOMID. Y pasi roctpoi
Ancekuii Tuny A, Kornm AUCeKList NOLUUPIOETLCS Ha HU3XIQHY
aopty, FET moxe cnpusiTu Kpalwini peKOHCTPYKLi, opHaK
acoujinoBaHa 3 BinbLUIOK YaCTOTOK YCKMaAHEHb, HX Mpw
MIaHoOBOMY BTPYYaHHi. Baxnuneum € 06MEXeHHS SOBXMHM
CTeHTa (<15 CM) i YHUKHEHHS NOr0 PO3MILLIEHHS HIDKYE Bif,
piBHA T8 AN 3MEHLLEHHS PU3VKY CriHAMbHOT iLLemil.

MoBHOLiHHE BigHOBMEHHS LiNICHOCTI CyaMH LbOro
baceliHy noTpebye SKHAWMKPALLOro onaHyBaHHs nikapem
XipypriYHoi TexHiku Ta po3ymiHHa HeoOXigHOCTI ageksat-
HOTO 3axWCTy MO3Ky Ta BiCLeparnbHUX OpraHiB mig yac
TaKoi onepaLii.

MeTa po6otu

Y3aranbHeHHs1 CyqacHoro JocBidy KOpeKLii KoMNMeKcHoT
naronorii BUCXigHOI, Ayrk Ta HU3XIgHOI rpyaHOI aopTu
metogukoto Frozen Elephant Trunk.

Martepianu i MeToAH AOCAIAYKEHHA

|nes noeaHaHHs BioKpUTOI Ta EHAOBACKYNSIPHOI TEXHIKV B
yMoBax 0OMeXeHOro 3acTocyBaHHs B YkpaiHi ribpuaHoro
KOMMIEKCHOTO OHOMOMEHTHOTO CTabini3oBaHOro NPoTe3y-
BaHHS HW3XiZHOT Ta Ayrv aopTu BUHWKNa Ta Byna peaniso-
BaHa Ha npakTuui B 2020 poui. 3 Toro Yacy ao nunHs 2025
poky B Y «HauioHanbHWii iHCTUTYT CepLeBO-CyanHHOI
xipyprii imeri M. M. AMocosa HAMH YkpaiHu» BUkoHaHO 42
onepaLii 3a ribpuaHoto MeToaukoto Frozen Elephant Trunk.

Cepen 42 nauieHTis, KM BUKOHAHO Take BTpyYaH-
Hs1, nepeBaxHa Binbuwictb — 29 (69,0 %) — vonosiku. Bik
nauieHTiB cTaHoBMB Big 29 o 73 pokiB, cepeqHin Bik
- 53,83 £ 4,10 poky. binblue Hix TpetuHa — 16 (38,1 %)
NaLieHTiB — yXe NepeHecn kapaioxXipypriyHi BTpyYaHHs:
15 (35,7 %) xBopunx 6ynu npooneposaHi 3 Np1BoaYy naTo-
norii BUCXigHOI aopTu (CynpakopoHapHe NpoTe3yBaHHS
BUCXigHOI aopTu 3 Hanisayroto — 11 Bunagkis, onepauis
Bentall — 2; B 1 Bunaaky nonepeaHb0 Gynu BUKOHaHI
MpOTEe3yBaHHS a0pPTanbHOrO KranaHa Ta aopTOKOPOHapHe
LUYHTYBaHHS.

OCHOBHI NOKa3aHHS 419 MOBTOPHOMO BTPYYaHHS —
yCKIagHeHWiA nicnsionepaviiinin nepebir i nporpecusHe
30iNbLUEHHs AiameTpa AMCTanbHOrO Biadiny BUCXiQHOI Ta
[yr1 aopTy.

AopranbHi natonorii, Lo 6yna nokasaHHMM 4O Xipyp-
MYHOrO NiKyBaHHS, — rOCTpa pPO3LLapoBytO4a aHepy3ma aop-
muny A-8 (19,0 %) BUnaakKis; XpoHi4Ha posLLapoBytoya
aHepnama aoptn (XPAA) tuny A — 17 (40,5 %), i3 Hnx 10
navjeHTiB —i3 pe3nayanbHO AMCEKLEo Micrs nonepeaHLo-
r0 NPOTE3yBaHHS a0PTU; po3LUapyBaHHs aopTy Hi A, Hi B
Tuny —8 (19,0 %) BMNaakis; XpOHiYHa po3LLapoByto4a aHe-
Bpuama aoptv Tuny B — 3 (7,1 %) nauieHTw; inTpamyparnsHa
rematoma— 1(2,4 %) Bunagok; neHeTpyroya Brpaska aopTu
-2 (4,8 %); TopakoabnomiHanbHa aHeBpK3Ma aopTn —y 3
(7,1 %) nauieHTis (mabr. 1).

CumynbranHo 3 npouenypoto FET, akwo 6ynm noka-
3aHHS, 3AINCHEHO Taki onepaTyBHi BTpyYaHHs: Yacoub — B
1 (2,4 %) nauieHTa, aOPTOKOPOHAPHE LWyHTYBaHHA —y 11
(26,2 %) onepoanux (1-3 ayToBeHO3Hi rpadhTit), NnacTuka
miTpansHoro knanaHa — B 3 (7,1 %) Bunagkax, aHynonnac-
TWKa TpUKycniganeHoro knanaHa — B 4 (9,5 %), onepauist
Bentall — de Bono —y 3 (7,1) xBopux (B 1 BMNagky — nos-
TOPHO), PENPOTE3YBaHHS a0PTaNbHOTO KranaHa BUKOHaHO
1(2,4 %) nauieHty (mabr. 2).

Yci onepallii BUKOHaHO Yepes NOB3A0BXHI0 CEPeanHHY
CTepHOTOMit0 (260 MOBTOPHY PECTEPHOTOMItO) 3 YACTKOBUM
PO3LLMPEHHSM JOCTYNY Ha 2—3 CM [0 NPOEKLii NiBOro rpy-
AVHHO-KITIoYMYHOro M'si3a. Micna petenbHoro kapgionisy
roTyBanu Micust Ans MigKMYeHHs LUTYYHOTO KPOBOOGIrY,
BWKOPWCTOBYtOYM BikaBanbHy BEHO3HY KaHtonsLito. ApTe-
pianbHy maricTpanb HanyacTille nigknyany Yepes crer-
HoBy apTepito —y 40 (95,2 %) nauieHTiB. Y ABOX BUMagkax
BMKOPWCTAHO MpaBy MiAKMIOYMYHY apTepito, Marictpanb
MIZKM0YMNW Yepes nonepeaHLO iMNNaHTOBaHNN CYANHHUIA
npoTes AiaMeTpom 8 Mm.

Y [BOX NaLLieHTIB KaHHosILLito BUKOHaHO 6e3nocepenHso
B Tino 6paxiouedansHoro ctosbypa nepes Noro Noginom
Ha NpaBy MigKMOYNYHY Ta NpaBy 3aranbHy COHHY apTepito.
lMoBHicTio Bisyanidysanu 1 06Boaunu niratypamm 6e3iMeHHy
BEHy Ta CTPYKTYpW [yrv a0pTw, BURINSIMN OCHOBHWIA CTOBOYP
i Gichypkavliro GpaxioLedhansHoro cTorbypa, Npasy 3ararnbHy
COHHY Ta MIgKITIYNYHY apTepii.

OCHOBHI TexHi4Hi TPyZHOLLi BUHMKanM nig vac Bisya-
nisauii Ta BuAaineHHs nisoi nigkntoumyHoi aptepii (JNA).
lMaTonoriyHuii NpoLec Ta ekcnaHcuBHe 30inbLUEHHS aHe-
BPW3MU Jyrv aopTy 3HAYHO 3MiLLlyBanu rpno 1 Tino JIMA
KpaHianbHO 11 1opcanbHo, L0 YCKMNaAHKBaso ii MOLYK i
BUIMNEHHS.

Micns renapuHisavii (300 Of/kr) Tino NMNA nepetvHa-
W, TepMETU3YI0YM NPUBIAHWIA CETMEHT LBOPSAHNM LUIBOM
(nponeH 5.0). CyauHHUM npoTe3om diameTpom 8-10 MM

Zaporozhye Medical Journal. Volume 27. No. 5, September - October 2025


https://zmj.zsmu.edu.ua/

OpwuriHaAbHI AOCAIAXKEHHS

nogoxysanu JIMA, nigkniovanu 1horo 4o apTtepianbHoi
marictparni, nicns Lboro po3noYnHany LUTYYHUIA KPOBOOOIr.

Micna 3aTuckaHHa aopTW Ta BBeAEHHS Kapaionne-
riYHOro po3yuHy (kyctopion y Ao3i 20 mn/kr, kombiHavis
aHTe-peTporpagHoro BBEAEHHS) NEPEXOANITN 10 BHYTPILL-
HbOCEPLIEBOrO eTany Kopekuii Baj (3amiHa aopTanbHOro
KranaHa, nnacTyika 4v npoTe3yBaHHs MiTPanbHOrO KnanaHa
TOLLO).

Micns 3aBepLUEHHs BHYTPILLHLOCEPLIEBOTO eTany 3a
yMOB rinotepmii (20-22 °C) noumHany HacTynHWiA — Ha COoHi
«BIgKpUTOI Ayrv aopTuy. AN 3aXMCTy LEHTpanbHOT HEPBO-
BOi CCTEMM B YCiX KIIHIYHWX CUTYaLiSIX BUKOPUCTAHO METO-
JVKy aHTerpazHoi LuepebpanbHoi nepdysii Yepes ycTs ycix
CyauH gyru. B ymoBax rinotepmiuHoi nepdysii ronosHOro
MO3KY 3iiCHIOBaNV peBiaii fyrn aopTi Ta MPOKCUManbHOrO
BinAiny HW3xigHoi rpyaHoi aoptw. Micnsa ctabinizavii 3oHM
ANCTanbHOro aHaCTOMO3Y BUKOHAHO iMMaHTaLlito Ta no3u-
LiOHYBaHHS CTeHT rpadoTy. HacTynHwiA eTan — ToTanbHWiA
[e6paHymHN, 3 NOYEPrOBUM BiKMHOYEHHSIM CYAUH Ay Bif
aHTerpagHoi LepebpanbHoi nepdysii B Hanpsmi Big NiBoi
nigkmno4mnyHoi aptepii o GpaxiouedansHoro cToBbypa.
Taka nocnifoBHICTb BUKOHAHHSI aHACTOMO3IB Mix Bpaxio-
LedanbHUMK CyanHamm Ta GpaHLIamMy CyayHHOTO NpoTesa
3abe3nevye onTUManbHy BisyanisaLito 30HM MaHinynsLii,
BHACMiAOK YOr0 3MEHLLYETLCS TPUBAMICTb OCHOBHOTO eTany
KOpeKLii.

[ns ribpuaHoi Kopekuii HM3XigHOT rpyaHoOi aopTy nig
yac OCHOBHOTO eTany BTpydyaHHs B 27 (64,3 %) Bunagkax
BUKOpUCTaHo npotean «E-Vita Hybrid stent graft» (E-Vita
Open Plus — 14, E-Vita Open Neo — 13), npoteau «Cronus
stent graft system» (Endovastec) imnnantoBaHo 15 (35,7 %)
naujeHtam (mabr. 3).

HacTynuuii eTan nepenbayaB npoTe3yBaHHA Ayrut
aoptu. Cepep 42 nauieHTiB y 19 (45,2 %) Bunagkax BUKO-
HaHO ToTarnbHWA cenekTneHuiA aebpanumHr, B 13 (31,0 %)
BUMagkax — nepecaaky bpaxiouedansHoro cToBbypa Ta
niBoi COHHOI apTepii ocTpiBLeBoto (island) MeToaykowo Ta
cenekTUBHUI AebpaHumHr NiBOi NiAKMIOYMYHOT apTepii.
ToTanbHuin gebpaHumHr island MeToauKOK BUKOHAHO B 2
(4,8 %) Bunagkax.

PeimnnanTauijto JIMA 3AiMCHEHO Ha BHYTPILLHINA Kpu-
BU3HI MpoTE3a BUCXIQHOI aopTy, BIGHOBNEHO MPUPOAHWIA
kpoBoTik. 3a Temneparypu 34 °C repmeTnayBanu Nopox-
HWUHKW cepug, a npu 37 °C NPUNYHANW WTYYHWUA KPOBOOBIr.

Pe3yabTati

locnitanbHa neTanbHicTb ctaHouna 9,5 % sunagkis (4
nauieHTL). AK NPUYMHN CMEpTI BU3HAYEHO FOCTPE NOPYLLEH-
HS MO3KOBOTO kpoBoobiry (B 1 BUMagky), rocTpy auxanbHy
HepocTaTHicTb (B 1 BUNAAKy), CUHAPOM MomniopraHHoi
HenoCTaTHOCTI (B 2 BUNaaKax).

Y nicnsonepauiHomy nepiodi B 4BOX Bunagkax
3anuLlany TamnoHM Yepe3 KpoBOTeYy, ki BUAansnm Ha
Apyry — TPETHo micnsonepauiiiy AoBy. Y Tpbox navieHTiB
[iarHOCTOBAHO CTIlKy HWXHIO napannerito, OaHaK y ABOX
BUNaAKax iHTEHCMBHa peabinitauisa cnpusna noBHOMY
BiJHOBMEHHHO (hyHKLji. HMPKOBY HEAOCTATHICTB, LLO NOTpe-
6yBana ceaHci fianiay, 4iarHOCTOBaHO B M'ATLOX NALLEHTIB.
B ogHomy BMNagKy BMKOHAMM PETOPAKOTOMIlO 3 MPUBOLY
kpoBoTeui. TpuBana BeHTUNALS nereHb (BinbLue Hix 2 aHi)
3adgpikcoBaHa y LUECTY NaLlieHTIB.

3anopi3bkuil MeAUYHNI XypHaA. Tom 27, Ne 5(152), BepeceHb - x0BTeHb 2025 p.

Tabauusa 1. AopTarbHi naTonorii, Wo cTanu nokasaHHsM Ans BUKoHaHHs FET

['ocTpa po3Laposytoya aHeBpu3ama aopTvt Tuny A
XPAA tny A

XPAA Hi A Hi B Tuny

XPAA tvny B

TopakoabaomiHanbHa aHeBpr3ma aopTn
lMeHeTpytoya BUpaska aopTn

IHTpamypanbHa rematoma

8.(19,0 %)
17 (40,5 %)
8(19,0 %)
3(7.1%)
(71%)
(4.9.%)
( )

3
2
124 %

Tabauua 2. KinbkicHa Ta sikicHa xapakTepucTuka BTpy4aHb, BAKOHAHUX CYUMYTBTaHHO

i3 npouenypoto FET

HaiimeHyBaHHs BTpy4YaHHs

AOpPTOKOPOHAPHE LLUYHTYBaHHS!

lMnacTuka MiTpanbHoro knanaHa
AHyrionnacTtuka TpyKycniganbHoro knanasa
Bentall — de Bono

PenpotesyBaHHs aopTanbHoro knanaxa

11 (26,2 %)

Tabauus 3. KinbkicHa Ta sikicHa xapakTepucTuka BUKOPUCTaHWX riGpuaHUX NpoTesis

Haz3Ba ripuaHoro nporesa

«E-Vita Hybrid stent graft» Open Plus
Open Neo

«Cronus stent graft system» (Endovastec)

14 (33,3 %)
13.(31,0 %)
15 (35,7 %)

Micnsa nepuuoro etany 3 (7,1 %) navieHTam y pisHi CTpo-
kv (Bid 14 pHIB [0 3 POKiB) BUKOHAHO EHAONPOTE3YBAHHS
[y 1 Hu3xigHoi rpyaHoi aoptn (TEVAR) ans crabinisauii
HU3XIQHOI rPyAHOI a0pTU Ta NOMIMLUEHHS PEMOAENIOBAHHS
iCTMHHOrO NPOCBITY NiCNs PO3LLapyBaHHS.

Yci npouenypy He CNPULUHIANN YCKMaAHEHb.

06roBopeHHA

3axBOpIOBaHHS a0pTW 3 YpaxeHHsAM BUCXIAHOI, Oyrv Ta
HU3XIZHOI YaCTUHM 3aBXau Oynu TEXHIYHO CKnagHUMK
ANs NiKyBaHHS Ha BCiX eTanax po3suUTKy kapaioxipyprii. Lie
MOB’'SI3aHO 3i 3HAYHO TPUBASICTHO onepaLlii, HeoBXigHICTHO
3yNMUHKK KPOBOOBIry Ha nepLuomy etani, XipypriyHumm
YCKIagHEHHsAMU, LLO NOB’s3aHi 3 6e3nocepenHbot bnnab-
KICTIO XWTTEBO BXKIMBUX aHATOMIYHMX CTPYKTYP, @ TaKoX
TPUBANICTIO MOXIWNBOTO NEPioAy iLuemii.

Y 1983 poui laHc BopcT ynepLue onucas igeto xipyp-
riYHOrO MikyBaHHS KOMMMEKCHOI NaTonorii BUCXIAHOI, Ayru
Ta HW3XIQHOI rPYAHOT a0PTU LLMSXOM 3aMiHW NepLUmX ABOX
YaCTMH CYAVHHIM NPOTE30M i3 FEPMETUYHIM 3aKpPINEHHSM
OCTaHHbLOTO AucTanbHiwe Big piBHs JIMNA. BinbHa yactuHa
npoTe3a 3aBaoBxku 8—10 cM 3anuwanacs B HU3XiOHIN
rpyaHiv aopri [4].

3anponoHoBaHa MeToguka oTpuMana HasBy «one-
pauist xo6oTa cnoHa» (Elephant Trunk Operation). AsTop
[0BOAMB, WO Taka TexHika onTuMidye opMyBaHHS
aHacToOMO3y MiX aopTOK Ta TPaHCMNaHTaToM, nonerLwye
BWKOHAHHS HacTynHoro etany. [JBoeTanHicTb, 3 04HOro
60Ky, CNpuyMHsANa 4OAATKOBI PU3MKW B MiKOMepaLiiHOMy
nepiogi Ta ycknaHeHb Apyroi onepauii, ane 3 iHLworo,
— 3abe3neyyBana AOCTATHIO EKCMO3ML0 NiHil CYAMHHUX
aHacToMOo3iB, 3MeHLLyBana TpUBanicTb iLUeMii ForoBHOIO
MO3Ky Ta BicLiepanbHUX OpraHis.
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Yepes kinbka pokiB Micnsi no4aTkoBOro CKencucy
MeToAMKa «xob0Ta CroHa» cTana PYTUHHOK B KITiHIYHIN
npakTui, 6a GinbLue, il NocTiiHo BAoCKoHanoTb. Y 1996
poui 3'sBunncs moaudikauii Liei onepalii, Sk-0T MeToamka
cTabini3oBaHoOro («3aMopoXeHOro») «xoboTa croHay [5).
Take BTpy4aHHs Aa€ 3MOry BUKOHATW BECb 0OCAT KOpeKLii
OIHOMOMEHTHO, 3HU3UTY PU3NKI JBOETAMHOTO BTPYYaHHS],
HIBEMIOBATY NETANbHICTb, NOB'A3aHy 3 04iKyBaHHSM pYroro
eTany nikyBaHHs [6].

KomnnekcHa natonoris rpyaHoi aopTu, 0cobnmeo
ypaxeHHst ayrv aoptu, Bynu i € cknagHoo npobnemoto
B Kapgioxipyprii. OnTumManbHOK XipypriYHow cTparerieto
HaZlaHHsl ONOMOrY TakM XBOPWUM € METOMKA NpOTe3y-
BaHHS YPaXeHOro CerMeHTa BYKOHaHHsAM onepalii «xobota
cnoHay. Mpouenypy «ctabinisoBaHoro xobota crioHa»
(FET), wo BKro4ae NOBHY 3aMiHy BUCXIAHOI Ta Ayr aopTu
Ta PO3MILLEHHSI CTEHT-TPAHCMMAHTATY B NPOKCUMANbHOMY
BiO4iNi HU3XiZHOT rpyAHOI aopTu, po3pobneHo, abu noTeH-
LLiiHO BUKOHYBaTU OAHOETAMHe NMiKyBaHHS1, Anst 3MEHLLEHHS]
pY3uKiB OYikyBaHHs gpyroro eTany. Kpim Toro, 3acTocyBaHHs
L€l MeTOAMKN CNpUSIE PEMOLENIOBAHHIO HU3XIAHOT aopTh,
pobuTb GE3NEYHILLMM MOXITMBMIA HACTYMHWIA €Tan KOpeKLii
(TEVAR), ockinbku 3abe3nevye ontumarsHy 30Hy BCTaHOB-
neHHs eHgonportesa [7,8].

3rigHo 3 JaHUMK AOCTIMKEHb, Mif Yac AKX OLLiHIOBaNM
pesynsTaTu BUKOHaHHS onepadii FET, nokasHuku BHyTpiLL-
HbOIMIKaPHSHOT CMEPTHOCTI CTaHOBNATL Bia 2,2 % 10 18,2 %,
€ HDKYVMM, HXX MU BUKOPUCTaHHI TPaZMLiiHNX ABOETaMHUX
meToavK. BTim, Taki ycknagHeHHs, sk iHcyneT (4,2-20,4 %),
YPaXeHHs CrinHHoro Mosky (0,2—-6,2 %), rocTpe ypaxeHHs
HMpoK (1,2-12,2 %), iemist knwwkiHuka (0,4-8,6 %) Bce Lue
BMHVKAKOTb Y MPOONepoBaHuX navjieHTis [9].

HuHi 06uagi Bepcii MmeToankn «xobota crioHa» —
KnacuyHa Ta cTabini3oBaHa, — a TaKoX iXHi YNCMEHHI
moaudikawii € pyTUHHAMYM NpoLieaypamMu B NpoBIaHUX Che-
LjanizoBaHmMx aopTarbHIX LIEHTPaXx CBiTy. Ix sacTocyBaHHs
[ae 3Mory ikyBaTW CKagHi ypaXeHHs aopTu, MiHiMi3yBaB-
LUV PU3VKW, CNPUSIE LWIBMAKIN peabiniTavii nauieHTis.

BucHoOBKH

[NoninweHHa nepenonepauiiHol AiarHOCTUKK, Xipyp-
riYHOT TeXHikW, ONTUMI3aLis METOAWK 3aXWUCTY FOOBHOTO,
CMUHHOTO MO3Ky Ta BicLEepaNnbHWX OpraHiB, a Takox
BUKOPUCTaHHA TibpuaHuX / eHO0BacKyNspHUX METOAMK
3pobuny peanbHUM NikyBaHHS NaLLEHTIB i3 KOMMIEKCHAMM
YPaXEHHAMM BUCXIOHOI, Ayrv Ta HUXIGHOI rPYAHOT aopTh.
Lle nano 3amory gocsrHyTv 3apoBinbHuX BigganeHux (5
poKiB) pesynbratiB nicns BUKOHaHOI onepauii «Frozen
elephant trunk» Ta pobuTb 3acTocyBaHHS Li€i METOANKN
NepCneKTUBHNAM.

ETMuHe cxBaneHHA

Yci nauieHT1 HapaAu NMCbMOBY IHGOPMOBAHY 3roAy Ha y4acTb y
AOCAIAKEHHI Ta NyBAIKaLito aHOHIMI30BaHWX AQHHX, OTPUMAHHX TiA
yac HbOro, BIAMOBIAHO AO 3aKOHY YkpaiHu «[1po 3aX1CT NEPCOHABHMX
AaHWx», YCi NpoLLeAypH, sKi BUKOHAAM NiA Yac AOCAIAKEHHS,
BiANOBIAGAM YNHHUM ETUYHUM CTAHAAPTAM LLOAO KAIHIYHOI NpaKTUKK,
HopMaMm lenbCiHCbKOT Aeknapauii (1964 p. 3 nonpaBkamu) Ta
«3aranbHoi pAeknapadii npo 6ioetky Ta npasa AtoAUHK (OHECKO)».
Pobota cxBaneHa KoMiTETOM 3 MEAWUHOI eTUKK AY «HaLioHaAbHUi
iHCTUTYT CepLeBO-CyAUHHOI Xipyprii iMeHi M. M. Amocosa HAMH
Ykpaitu», npotokoa Bia 09.07.2025 poky Ne 25.
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BiakpuTa XipypriuHa Kopekujia aHeBpU3M i po3LLapoOBYIOYMX aHEBPU3M
yepeBHOI a0PTH Y XBOPUX Ha iLieMiuHy XBopoby cepus:
AOCBIA OAHOIO LIEHTPY

I . XXeko@ABCDF A B, PyneHko®AE, A, C. Bynax®PE, |, . MakoroHuyk©PE, K. B. PyaeHKo®F

AepxaBHa ycTaHoBa «HauioHaAbHWI IHCTUTYT cepLeBO-CYAMHHOI Xipyprii imeHi M. M. AmocoBa HAMH Ykpaitu», M. KuiB

A - KoHLLeNLis Ta AM3alH AOCAIAKEHHS; B - 36ip AaHux; C - aHani3 Ta iHTepnpeTauis poaHux; D - HanucaHHs cTaTTi; E - peaaryBaHHs cTarTi;
F - octatouHe 3aTBEpPAXEHHA CTaTTi
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3anopisbkuit
MeAWYHUI XXypHaA.
2025. T. 27, Ne 5(152).
C. 410-416

Merta po6otu — y3aranbHUTV JOCBIA 40- Ta NiCNsIoNepaLiiHoro BeAEHHS NaLieHTIB 3 aHEeBPKU3MOKO abo posLuapyBaHHSM YEPEBHOI
aopTy, L0 CyNPOBOMKYIOTLCS ilLeMiyHoo XxBopoboto cepus (IXC), a Takox OUiHNTY eDEKTUBHICTb BiZKPUTOI XipyprivyHOi Kopekwil
y NOEAHAHHI 3 peBackynsapu3aaLlieto Miokapaa Ha OCHOBI KIiHIYHOTO JOCBIZY OAHOTO CneLlianiaoBaHoro LIEHTPY.

Marepianu i metoau. [lo gocnimkerHs 3anyyeHo 75 (100,0 %) nauieHTiB 3 aHeBpU3MamK iHchpapeHanbHoro Biaainy YepeBHoI
aopTK, AKUX BU3HAYMIM 8O NiATPYNK A, SKLIO BOHW HE Manu po3LLapoBYyOHOl aHEBPU3MI aopTw, A0 Migrpynn B, — sakwo manu.
Ycix obcTexeHnx navieHTis noginunm Ha 3 rpynu. o rpynu 1 3anyyeHo naujienTis 6e3 BcTaHoBneHoro AiarHody IXC (rpyna nopie-
HsHHS). [o rpynun 2 — xBopi Ha IXC, B aHaMHesi siknx Byno CTEHTYBAHHS YM aOPTOKOPOHAPHE / MaMapOKOPOHAPHE LLYHTYBaHHS
(AKLL / MKLLI). flo rpynu 3 3anyyeHi navieHTu 3 IXC, ki 3a oauH nepiog nepebyBaHHst B CTavioHapi NnepeHecny XipyprivHy KOpeKLio
i IXC, 11 aHeBpu3mu YepeBHoi aopTh (AYA).

Pe3yAbtatn. BinbLUicTb NaLieHTiB, SkMM BUKOHAHO peBackynspuaaLlito Miokapaa (rpymv 2 i 3), Manu GaratocyauHHE YpaXeHHs!
KOpPOHapHMX apTepiit, NigTBEPIKEHE 3a JaHUMU KOPOHAPO-BeHTpUKyorpadii. Y 78,9 % nauieHTiB Bi3yarniaoBaHo ypaeHHs TpboxX
OCHOBHUX KOPOHapHUX cyauH, y 15,8 % — 4Box, y 5,3 % — 3HauHe ypaxeHHs cToBbypa nieoi kopoHapHoi apTepii (70 % cTeHoay).
MauienTv nicns BukoHaHoro AKLL / MKLL nepeBysamv y BigaineHHi peaHimalii Ta iHTeHcmBHoi Tepanii (BPIT) B cepegHbomy
59,89 £ 20,20 rogmHu, Ha WTYyYHIN BeHTUnALii nerexb (LUBJT) — 5,00 + 2,40 roguHw. Micns kopekuii aHeBpU3Mn YepeBHOI aopTu
nauieHTu wiei rpynu nepebysanu y BPIT y cepeaHbomy 78,92 + 53,93 roguhu, Ha LLUBJT— 7,58 + 6,71 roguHu. 3aranbHa vyactota
ycknaaHeHb Hameuwa y rpyni 1 (37,84 %), fie BUKOHAHO HaWCKNaaHiLLi PEKOHCTPYKTUBHI BTPYYaHHS. Y nicnsonepauiiiHoMy nepioai
HanBULLY rocniTanbHy neTanbHicTb 3adikcoBaHo y rpyni 1 -4 (10,81 %) Bunagku.

BucHoBku. PeBackynspusallis Miokapaa Mae NpiopuTeT nepes aopTanbHOK PEKOHCTPYKLiE. Takuid Nigxig MiHiMisye pusnku
iLueMiYHMX yCcKnaaHeHb i aae 3mory 6e3neqHo nepeiTit fo HaCTYMHOTO eTany KOPeKLii. Y pesynbTati NopiBHANBHOMO aHanisy Tpbox
KniHIYHMX rpyn HairipLwi pesynsTaTi 3adikcoBaHO Y naujieHTiB 6e3 nonepeaHbLoi peBackynspusalii. Lie ctatucTnyHo nigteepapxye
e(peKTMBHICTb KOMNMEKCHOrO nigxomy 40 nikyBaHHs (p-value <0,05).

Keywords:
abdominal

aortic aneurysm,
dissecting aneurysm,
coronary artery
disease, coronary
artery bypass
grafting, coronary
stenting, surgical
repair, myocardial
revascularization,
comorbidities,
surgical treatment,
in-hospital mortality.
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Open surgical repair of abdominal aortic aneurysms and dissecting aneurysms
in patients with coronary artery disease: a single-center experience

1. I. Zhekov, A. V. Rudenko, A. S. Bulakh, I. P. Makohonchuk, K. V. Rudenko

Aim. To summarize the experience of pre- and postoperative management of patients with abdominal aortic aneurysms or dis-
sections associated with coronary artery disease (CAD), and to evaluate the effectiveness of open surgical repair combined with
myocardial revascularization based on a single specialized center’s clinical experience.

Materials and methods. The study included 75 patients (100.0 %) with infrarenal abdominal aortic aneurysms. Patients were
initially divided into subgroup A (non-dissecting aneurysm) and subgroup B (dissecting aneurysm). All patients were then further
stratified into three groups: Group 1 (comparison group) included patients without a diagnosed CAD; Group 2 consisted of patients
with CAD who had previously undergone stenting or coronary artery bypass grafting (CABG) / off-pump coronary artery bypass
(OPCAB); and Group 3 comprised patients with CAD who, during the same hospitalization, underwent surgical correction of both
CAD and abdominal aortic aneurysm.

Results. Most patients who underwent myocardial revascularization (Groups 2 and 3) had multivessel coronary artery disease
(MVCAD), confirmed by coronary ventriculography (CVG). Triple-vessel disease was observed in 78.9 % of patients, double-vessel
disease in 15.8 %, and significant left main coronary artery stenosis (270 %) in 5.3 %. Patients who underwent CABG / OPCAB had
an average ICU stay of 59.89 + 20.20 hours, with a mean mechanical ventilation (MV) duration of 5.00 + 2.40 hours. In the same
group, after abdominal aortic aneurysm correction, the average ICU stay was 78.92 + 53.93 hours, and the mean MV duration was
7.58 £ 6.71 hours. The overall complication rate was the highest in Group 1 (37.84 %), where the most extensive reconstructive
procedures were performed. The highest postoperative in-hospital mortality was also observed in Group 1in 4 (10.81 %) cases.

Conclusions. Myocardial revascularization should take priority over aortic reconstruction. This approach minimizes the risk of
ischemic complications and allows for a safe transition to the next stage of treatment. A comparative analysis of the three clinical
groups showed the worst outcomes in patients without prior revascularization, statistically confirming the effectiveness of a com-
prehensive treatment strategy (p < 0.05).

© The Author(s) 2025. This is an open access article under the Creative Commons CC BY 4.0 license
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OpwuriHaAbHI AOCAIAXKEHHS

AHeBpu3ma YepeBHoi aopTu (AYA) — Lie nokarnbHe po3Lu-
PEHHS CTIHKM YepeBHOI aopTu (HalnvacTilLe iHgpapeHanb-
Hoi). BoHa € oaH1M i3 HalHEBEe3NeYHILLMX NPOSIBIB CyANHHOT
nartonorii, SkMn Mae TEHAEHLLiIO 4O NPOrpecyBaHHs Ta MOXe
MpW3BECTU [0 haTanbHUX yCKNaHEeHb, 30KpeMa po3puBy
abo poaLuapysaHHs.

OcTaHHi focnimKeHHs NATBEPIKYHOTh, LLIO aHEBPU3MI
4epeBHOI aopTy Ta iemiyHa xBopoba cepus (IXC) matoTb
CninbHi hakTopu puanky, ogHak He 3axam IXC Besnocepen-
HbO BMINMBAaE Ha po3BUTOK abo nporpecyBaHHs AYA. 3rigHo
3 pesynsratamu SOCTiMKEHb OKPEMUX aBTopiB, kopenauii
Mix IXC i pocTom aHeBpu3MK Hemae abo BOHa HaBiTb He-
raTueHa [1]. Hessaxatoun Ha Lie, koMGiHOBaHe nikyBaHHs
AYA Ta IXC BM3HaHO poLinbHWM, @ XipypriYHe BTpyYaHHs
— ed)eKTVBHUM METOZOM, 0COBNMBO 3@ YMOB BUKOHAHHS!
nonepenHboi abo oAHOYaCHOT peBackynspm3adii Miokapaa.

AHeBpM3Ma YepeBHOi aopTu, 0coBNMBO ycknagHeHa
po3LLapyBaHHSM, — 3arpo3nMBHIA ANS KUTTS CTaH, SKUIA Ya-
CTO [jarHOCTYIOTb Ha Ni3Hix cTagisx Yepe3 6e3cMnTOMHMIA
nepebir. llwemiyHa xBopoba cepus sk CynyTHs naTonoris
3HaYHO ycKnagHoe nepebir i nikysaHHs AYA, OCkinbku B
TakoMmy pasi noTpibHe ocobnuBO peTenbHe MnaHyBaHHS
nikyBanbHoi TakTuku. Ockinbku goci He po3pobneHo
edekTVBHI hapmakonoriyHi METoaW NiKyBaHHS, XipypriyHa
KOpeKLisi 3an1LIaeTbcs OCHOBHUM MeTodoM. [loci Hemae
YiTKOrO KMiHIYHOTO KOHCEHCYCY LLOAO ONTUMAnbHOI no-
CiJOBHOCTI Ta TWMY BTPYYaHb Yy MaLlieHTiB i3 NOEAHAHO0
natonorieto A4A Ta IXC.

MowwmpeHicTb AYA B 3aranbHii nonynsuii CTaHOBUTb
1,0-1,3 % cepep xiHok i 3,9-7,2 % cepep 4ONOBIKiB, Ma€e
TEHOEHLLit0 [0 3POCTaHHS, SIKY BU3HaYatoTb Cepen NaLlieHTiB
crapLuoro Biky [1,2]. OCHOBHI chakTopu prauKy — NOXWni
BiK, YONOBiYa CTaTb, KypiHHS, apTepianbHa rinepTeHsia Ta
IXC [3,4]. 3a ganumn J. P. Van Kuijk et al., AYA Ta kopo-
HapHWI1 aTepoCKIepo3 MaroTb CrifbHI hakTopy pusnky [5].
3rigHo 3 BucHoBkamu A. Elkalioubie et al., nowwmpeHictb
IXC y nauieHTiB 3 AYA, sk i nowmpeHicts AHA y nauieHTiB
3 IXC, 3HayHO BULLi MOPIBHAHO MOKa3HWKamu 3aranbHoi
nonynsuii [6]. 3a gaHumm N. R. Hertzer et al., yacTota IXC
y nauieHTiB 3 A4A cTaHoBUTb 65 % [7]. Y AOCRimKeHHsX
iHLMX aBTOPIB HAaBEAEHO 3iCTaBHI AaHi LOJ0 Y4acToTh —
31-90 % [5,6,8].

AHeBpu3mMa BUCXigHOT abo fyrv aopTu pialue acouj-
toeTbes 3 IXC, noLumpeHicTb CTaHoBUTL MeHLUE Hix 20 %.
MeHLLy 3axBOPHOBAHICTb MOSICHIOKTL Pi3HUMMW NaToONo-
MYHUMM YUHHUKaMK, OCKINbKU MegianbHa fereHepauis €
HaNBaXKNMBILLIOKO NPUYMHOK aHEeBPW3M Liei nokanisavii [9].

B ocTaHHix kepiBrmuTBax (ESVS 2024, SVS 2018)
YiTKO BU3HAYEHO AiarHOCTUYHI Mexi: abCOMIOTHMI KpUTEPIi
— piametp aoptn 23,0 cm (30 Mm) y Gyab-aikin nnowwwHi [10],
BiJHOCHWIA KpUTEPIN — 36inbLUeHHs 250 % Bi HopMarnbHOro
JiameTpa (Lo 3a3BKYali CTaHoBUTL ~2 cM), TO6TO NoHag 1,5
MOPIBHSHO 3 NPOINBHOK) iNSHKOK (MOXWITI, NCeBAOAUNSALLT
OKpeMux cermeHTiB) [1].

[Mi3Hs giarHocTyka AYA 3yMOBIHOE BUCOKY aKTyamnbHICTb
npobnemu, 0cobnmBO B KOHTEKCT 3pPOCTaHHS! CEpPenHbOi
TPWBANOCTI XWUTTS, @ Pa3oMm i3 LM i NOLIMPEHOCTi cepLie-
BO-CYAMHHVX 3aXBOPIOBaHb y nonynsLii. Binomo, Lo cTpyk-
TypHa cnabKicTb CTiHKM aopTW, NOB'si3aHa 3 NOPYLUEHHAM
LiniCHOCTI NO3aKNITMHHOrO MaTpuKCy, BTpaTor abo auc-
(pyHKLIEH CyaUHHX IMaLKOM S30BUX KIITUH i 3ananbHAMM
3MiHamu, € ocHoBotO natoreHesy AYA [11].

3anopi3bkuil MeAUYHNI XypHaA. Tom 27, Ne 5(152), BepeceHb - x0BTeHb 2025 p.

IMpesmeTom HaykoBOI AMCKyCil 3anuwaeTses BUbIp Ni-
KyBaribHOI TaKTUKW, @ Came BiKPUTOrO Y1 eHA0BaCKYNAPHO-
ro BTPyYaHHs!, Ta MEeTOZIB NiKyBaHHS MaLieHTIB i3 CynyTHLOH0
Tsokkoto IXC. Cepep HeBwpiLLeHUX Npobnem — BU3HaYeHHs
ONTUManbHOI MOCRIfOBHOCTI Ta METOAIB peBacKynsapu-
3auii Miokapga B noefgHaHHi 3 nikyBaHHAM aHeBpU3MU.
Lle ocobnueo akTyanbHo, Konu puank nepionepawiinHmnx
KOPOHAPHMX YCKMaAHEHb BUCOKMIA. Y Cepisix CnoCTepeXeHb
BCTaHOBMEHO, L0 YacToTa nepionepauiinHoro iHapKTy
MiokapAa npu xipyprivHin kopekuii AYA Ta Topakoabaomi-
HanbHUX aHeBpK3M ctaHoBuTb 3 % [10,11,12,13].

OTxe, JouinbHUM € Po3poBneHHst Ta BNPOBaMKEHHS
iHOMBIZyani3oBaHUX CXeM MikyBaHHS MaLliEHTIB i3 KOMOp-
6igHot0 naTonorieto, WO CnpusTMMe MiHiMisaLii pusmky,
MOKPALLEHHIO NPOrHO3Y Ta 3HWXEHHIO PIBHS roCMiTarnbHOI
neTanbHOCTi.

MeTa po6oTtu

Y3aranbHWUTV JOCBIA 4O- Ta Micnsonepauinioro BeAeHHs
naujeHTiB 3 aHeBpKU3MO0 abo po3LlapyBaHHSIM YepeBHOT
aopTH, LLIO CyMPOBOMKYHOTLCS iLLEMIYHOK XBOPODOLO CepLis,
a TaKoX OLIHATY eCPEKTUBHICTb BIAKPUTOI XipypriuHOT KOpeK-
Uil y noegHaHHi 3 peBackynspusadieio Miokapaa Ha OCHOBI
KniHiYHOrO 4OCBiAY OQHOIO CreLliani3oBaHoOro LIEHTPY.

Martepianu i meToAn AOCAIAKEHHA

3ificHUNM peTPOCNEKTUBHE OAHOLIEHTPOBE AOCHIMKEHHS,
npoaHaniaysanu AOCBif BUKOHaHUX y nepiog 3 2017 go
2020 p. onepaLiiit 3 NPUBOAY KOPEKLIi aHEBPU3M i posLua-
pyBaHb YePEBHOTO BiAAiny aopTu y nauieHTis 3 Ta 6e3 IXC
B aHamHesi.

[o nocnimxeHHs 3anyyeHo 75 (100,0 %) nauieHTiB 3
aHeBpM3Mamm iHbpapeHanbHOro BiAAiNy YepeBHOI aopTh,
SKVX BU3HAYMNM 1O Nigrpynm A, sIKLLIO BOHW He Marnu poatua-
POBYIO4Oi aHEBPU3MM aopTy, A0 NiArpyn B, — akwo manu.
Ycix 06cTexeHnx navieHTis noginunm Ha 3 rpynu. o rpynm 1
3arny4eHo naujeHTiB 6e3 BcTaHoBneHoro AiarHody IXC (rpyna
nopiBHsHHS). [lo rpynm 2 — xBopi Ha IXC, B aHamMHe3i kX
6yr10 CTEHTYBaHHS Y/ 20PTOKOPOHApHE / MamMapOoKopOHapHe
wyHTyBaHHs (AKLL / MKLL). o rpynun 3 3anyyeHi navieHTy 3
IXC, i 3a ogvH nepiop nepebyBaHHs B CTaLjioHapi nepeHec-
nn xipyprivHy kopekuito i IXC, 1 A4A (mabn. 1).

HaiibinbLuy kinbkicTb nauienTis — 37 (49,4 %) ocib —
3anyyeHo go rpynn 1, 3okpema 30 (81,08 %) — nigrpynm A,
7(18,92 %) —nigrpynu B. [lo rpynu 2 BkntodeHo 25 (33,3 %)
nauieHTie: 24 (96,0 %) — go nigrpynu A, 1 (4,0 %) xsopui
— nigrpynu B. HaimeHLua 3a KinbKiCTI0 y4acHuKiB — rpyna
3, po sikoi 3anyunnm 13 (17,3 %) nauienTis: 12 (92,31 %)
- nigrpynn A, 1 (7,69 %) — nigrpynw B.

Mig yac sicTaBneHHs rpyn Gpanu 4O yBaru po3nogin
Y4aCHWKIB 3a CTaTTHO, CepeHin Bik, iHaekc macu Tina (IMT),
pO3Mip aHeBPU3MI YEPEBHOT aopTy (B CM), KiNbKICTb AHIB
CTaLlioHapHOTO NikyBaHHS, (hpaKLito BAKWZY NIBOTO LIYHOY-
ka (B JILL), kiHueswi giactoniuHuii 06'em (KLO), kiHLEBMIA
cucroniyHni 06’em (KCO) (mabn. 1).

Y nauieHTiB 3 ycix rpyn AOCMiMKeHHs HanvacTilwe Aj-
arHOCTOBaHO CynyTHLOHK naTonorieto byna rinepToHivHa
xBopoba: 14 sunagkis y rpyni 1, 13 —y rpyni 2, 10 xBopux
—y rpyni 3. LlykpoBwuit giabet 2 Tuny yacrTile BUSBNSN B
obcTexeHunx i3 rpynu 2 (2 Bunagkw; y rpynax 1i3 —no 1
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Tabauusa 1. CTpyKTypa KOHTUHIEHTY AOCTILKEHHS!

Moka3Hu1K, OAUHWLI BUMipIOBaHHSA

KinbkicTb y4acHukis (%)
UK, n

CepepHili Bik, poku
IHOexe macu Tina, Kr/m?
Poamip A4A, cm

[IHi B cTaLioHapi

®pakuist BUKuAYy NiBoro LwnyHouka, %
KiHueBo-AiacToniyHuin 06’em, Mn
KiHLeBo-cucTONiYHUA 06’'eM, M

n =75 (100,0 %)

Mpyna 1 Mpyna 2 Mpyna 3

37 (49,4 %) 25 (33,3 %) 13(17,3 %)
307 2213 1112
6000£10,83  67,88+823  64,23£6,23
2074£542  2952+7,15  27,78+532
1260£11,94  553£1,15 6,65+ 2,32
199741009 19124880 3239+ 1167
5828+598  5357+590 5546595
14409£3821 14422+2578 130,46 + 30,56
6113£2859  7405:27,75 59,46 14,10

Tabauua 2. CynyTHi Ta nepeHeceHi 3axXBOptoBaHHS

foynat | royna2 | royna
14 13 10

[inepToHiuHa xBopoba
Llykposuii piabet 2 Tny

3axBOptoBaHHS racTpOIHTECTUHAMBHOI CUCTEMM
Martonorii ce4oBUAiNbHOT cucTemMm
[oBposiicHa rinepnnasis npocTatn

XPOHIYHi 3aXBOPHOBAHHS NereHb
3axBoptoBaHHs LMTONOAIGHOI 3a503u

CucTemMHNiA aTepocknepos

locTpuit iHapkT Miokapaa B aHaMHeSi

Oxwupinus (-1l cTyneis)

1 2 1
6 12 3
5 7 3
3 4 1
3 4 1
1 3 1
3 3 1
1 3 -
17 9 4
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xBopomy). Y rpyni 2 3acbikcoBaHO 12 eni3ogiB ypakeHHs
raCTPOIHTECTUHAMBHOI CUCTEMM, 3HAYHO pidLle LK HO30-
norito BusiBNANM y rpynax 1i3 — 6 i 3 Bunaaky BignosigHo.
3axBoproBaHHs! CEYOBUAINBHOI CUCTEMU AiarHOCTOBaHO
HalyacTilwe y rpyni 2 — 7 Bunagkie, y rpyni 1 — 5 nauiex-
TiB; HalMeHLLe Bunaakis — y rpyni 3 (n = 3). [lobposikicHy
rinepnnasito NpocTaTy BUSBMEHO Y YOTUPLOX MaLjiEHTIB i3
rpynu 2, y TpboX 0BCTEXEHMX i3 rpynu 1, oauH BUNagok 3a-
hikcoBaHo y rpyni 3. XpoHiyHi 3aXBOPIOBAHHS JIEreHb Yy rpyni
2 piarHocToBaHo B 4 Bunagkax, y rpyni 1 —y 3 nauieHTis,
y rpyni 3 — B 1 xBoporo. Y rpyni 2 3achikcoBaHo 4 BUNagku
3axXBOPIOBaHHS LWuTONOAiIOHOI 3anoau, B rpyni 1 Ta 3 — no
1 nauieHTy. CUCTEMHUIN aTepOCKIEPO3 AiarHOCTOBaHO B 3
nawjieHTiB i3 rpymu 1, Takox y 3 — i3 rpynu 2, B 1 BUnagKy
-y rpyni 3. BpoHxianbHy actMy AiarHOCTOBaHO B OAHOTO
naujenTa i3 rpynu 1. Mo 1 Bunagky Bapyko3HOi XBopoou
BEH HWKHIX KiHLiBOK Oyno BusiBeHo B rpynax 1 Ta 2. [le-
reHepaTnBHO-AUCTPOIYHI 3MiHN XpebTa Oynu BUSBNEH: B
3 nauienTis rpynu 1. Mo 1 BuNagKy nogarpy BUSIBNEHO B
rpynax 1 Ta 2. IHdapkT miokapaa 6yB B aHamMHesi 0fHOro
navieHTa i3 rpynu 1, y YHoTMpboxX XBOPUX i3 rpynit 2. XPOHIYHY
opmy ibpunauii nepeacepab BusBneHo B 1 nauieHTa
3 rpynu 2, B OQHOTO — i3 rpynu 3; LLe B OAHOTO MajeHTa
3 rpynu 3 BCTAHOBMEHO LUTYYHWIA BOAiA puTMy cepus. Y
[BOX NaLEHTIB i3 rpynu 2 B aHaMHesi 3adpikcoBaHo roctpe
MOpYLLUEHHS1 MO3KOBOrO kpoBoobiry. CuHapom MapdaHa
BUSIBIIEHO B OAHOTO navjeHTa 3 rpynu 1. OXUpIHHS 3HaYHO
yacriwe giarHoctyanm y rpyni 1 — 17 Bunagkis; y rpyni
2 — 9 naujeHTis, y rpyni 3 — 3 xBopux (mabr. 2).

Y nauieHTiB 3 reMoAnHaMIYHO 3HaYYLLMM YpaXeHHSM
KopoHapHux aptepint 270 %, 3a AaHUMK KOPOHapO-BeH-
Tpukynorpadii, nepen KOpekLielo aHeBPU3MM YepeBHOI
aoptu agircHunn AKLL, MKLL a6o cTeHTyBaHHS KOPOHaPHUX
apTepiit. Yci BTpyyYaHHst BUKOHAHO NnaHoBO.

https://zmj.zsmu.edu.ua

[Ons AKLL BukoprcTaHo nonepeaHLo BUAINEHY BENUKY
MiZLWKIPHY BEHY HWxXHBOI KiHuiBku. Mig yac MKLL y Bcix
BUNAZKax BUKOPWUCTAHO NiBy BHYTPILLIHIO rPyaHY apTepito
(left internal mammary artery). Yci npouenypu KopoHap-
HOTO LYHTYBaHHs (B rpyni 3) 3giiicHeHo 6e3 napanenbHoi
nepdyaii 3 BUKOPUCTaHHSIM anapary LUTY4HOro KpoBoobiry
(AKLL), TobTO Off-pump. [ns BupieHHs npobnemun ayTo-
NOriYHOrO NEpenMBaHHS KPOBi BUKOPUCTAHO CUCTEMY NS
aytotpaHcaysii Cell Saver. Y nauienTis 3 IXC cepus 6e3
6araToCyanHHOIO ypaXKeHHs! KOPOHAPHWX apTepiil BUKOPK-
CTaHO eHO0BaCKyNApHUIA MeToL KOPEKLii — CTEHTYBaHHS.
PeBackynspusalijto Miokapaa npy reMogHamiyHoO 3Hauy-
LLMX YPaXeHHSX KOPOHAPHWX apTepill BUKOHAHO nepepq
KOPEKLE0 YepeBHOI aHEBPU3MM.

[icns Kopekuii KPUTUYHOTO CTEHO3Y KOPOHAPHWX apTe-
piit Ta cTabinisauii cTaHy nauieHTa y BigaineHHi peaHimaii
Ta iHTeHcuBHoI Tepanii (BPIT) nnaHoBo BMKOHYBanu kopek-
Liit0 aHEBPM3MM YepeBHOI aopTu. 3acTocyBany METOANKY
CepenuHHoOI nanapoToMmii; SKWo Le 6yno TexHiYHo Heob-
XiaHO, NPV BUpPaXeHOMY CTEHO3yBarbHOMY aTepoCKIeposi
6icbypkaLlii aopTy Ta 3aranbHWx ky6oBwx apTepilt (Leriche
syndrome), Buainsnu nisy Ta npaBy 3aranbHi CTErHOBI apTe-
pii. NS KOpeKLiii aHEBPV3MM YePEBHOI a0PTH BUKOPUCTAHO
npote3 GRAFT Intergard Woven / Knitted Straight signosip-
HOro Ajametpa. INpu NOLWMPEHHi aHEBPU3MM YK YPaXeHHI
aTepocKkNiepo3oM 30yXBUHHWX Ta/abo CTErHOBWX apTepin
— GRAFT Intergard Woven / Knitted Bifurcated. Mpotes imn-
MaHTyBanu B NOPSAKY 3 MPOKCMMANbLHOTO aHacToOMO3y [0
avctansHoro. Kopekuito Topako-abaomiHanbHOi aHeBpr3mMu
3AilicHI0oBanu 3 anaparom LUTY4Horo kposoobiry (ALLIK).

Mg yac kopekuji cynpapeHanbHUX aHEBPY3M YEPEBHOI
aopTW BUKOHAHO aHACTOMO3YyBaHHSI HUPKOBWX apTepiii 3
HE0aopTOoH 3a METOAMKOK «KiHewpb Y Bik». Ao Byna Tex-
HiYHa MOXIMBICTb, 30epirany nepdyaito B 6aceliHi HKHLOT
Me3eHTepianbHoi apTepii (arteria mesenterica inferior),
yCTS apTepii BUAINANM Ta Haknaganu aHactomos. [pu
CTeHo3i / TpoMB03i Me3eHTepianbHOI Y HUPKOBOI apTepii B
nicnsonepaviiHoMy Nepiofi BUKOHYBarnu CTEHTYBaHHS Ha3-
BaHOI cyauHu. [icns KOHTPOIIO remocTasy Ta BU3HAYEHHs!
3a[10BiNbHOI NynbcalLlii Ha CTErHOBKX apTepisix 000X HIXKHIX
KIHLiBOK paHy NOLLIapOoBO 3aLUyBanm.

Pe3yabTati

Y npoaHani3oBaHiii KoropTi XBOPUX BUKOHAHO Pi3Hi BapiaHTu
XipypriYHOi KOpeKLjii aHeBPU3M YEPEBHOI aopTh 3anexHO
Bif KNiHIYHOI cuTYyaLii Ta CynyTHBOI naronorii. HanvacTiwe
BTPYYaHHS B YCiX TPOX rpynax — NiHiiHe NpoTe3yBaHHs iHg-
papeHanbHOro BiAAiny YepeBHOT a0pTH, OAHaK YacToTa oro
BWKOHAHHS BapitoBana. Tak, HalyacTille Take BTpyYaHHs
BUKOHaHo Y rpyni 3 (69,23 %). Lie ninTBepmxye nepesaxHe
BWKOPUCTaHHS MEHLLUMX 3@ 0BCArOM, TEXHIYHO MPOCTILLMX
onepaLii y nauieHTis i3 6inbLL BUPAXEHOKO CYMyTHLO Na-
Tororieto abo BUCOKMM onepaLiiiHum puankoMm. Y rpynax 1 i
2 Len nokasHuk ctaHosmB 40,54 % T1a 44,00 % BignosigHo.

AopTo-6ikny6oBe NpoTe3yBaHHs — TEXHIYHO CKNap-
HilLKi MeTof, 1oro YacTille 3actocoByBanm y rpynax 1
(27,03 %) i 2 (36,00 %), a B rpyni 3 us yacToTa iCTOTHO
Hkya — 7,69 %. Lle cBiguuTb i Npo neBHi aHaTOMiuYHi 06-
MEXEHHS, i HeODXiAHICTb YHUKHEHHS TPUBanuX i CKNagHunx
BTPYYaHb Y MaLEHTIB 3i 3HVIKEHOK COMATUYHOI0 PE3EPBHOHD
30aTHICTIO.
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OpwuriHaAbHI AOCAIAXKEHHS

HamBupasHiLi MiXrpynosi BigMiHHOCTI 3adhikcoBaHO
3a 4acToTOH aopTo-6ichemopanbHOro NpoTesyBaHHs. Tak,
HanbinbLLa YacToTa 10ro BUKOHaHHS — y rpyni 1(29,73 %),
i Le Mmaibke BABIYI NepeBuLLyBano MoKasHWK rpynu 2
(16,0 %), BOBIvi NepeBuLLYyBaro BiANOBIAHY YacToOTy Y rpy-
ni 3 (15,39 %). OTxe, BUSIBNEHO TEHAEHLH0 40 0OMEXEHHS
BVKOHAHHS! BENUKMX 3@ 06CATOM PEKOHCTPYKLLiiA Y KIiHIYHO
CKNaHiLLMX NaLieHTiB.

3aranom BCTaHOBMEHO, O 3i 3pPOCTAHHAM 4acToTu
CynyTHLOI naTonorii Ta puauky (rpyna 3) 3MeHLLYeTbCS
yacToTa 3aCTOCYBaHHS CKNaaHuX, 6araTOKOMMOHEHTHUX Xi-
PYPriYHMX BTPy4aHb Y ik MEHLL iHBa3NBHMX TEXHIK, 30KpemMa
MiHiHOTO NpoTe3yBaHHS. Lie 3yMOBNeHo BUCOKMM CTyneHeM
KOMOPGIAHOCTI, aHATOMIYHUMY OOMEKEHHSIMU Ta PUSMKOM
PO3BUTKY YCKIaAHEeHb Y nicnsionepauinHomy nepiogi. Y na-
LIiEHTIB 3 BiHOCHO CTabinbHUM CTaHOM (rpyna 1), HaBnakw,
BWKOHAHO PEKOHCTPYKTUBHI BTPYYaHHS! LLIMPLLOTO CrieKTpa
Ta 6inbLUoro obcsiry — CTaHAapTHI NPOTe3yBaHHs Ta CKaaHi
kom6iHoBaHi onepalyi. Lie Bkasye Ha KpaLLyi 3aranbHui kni-
HIYHUI CTaTYC i BULLLY OnepaLliiHy TONnepaHTHICTb NaLieHTiB
i3 Liei rpynu. Y nauieHTiB i3 rpyn 2 BUKOHAHO BTPyYaHHs
nomipHoro obcsry 3 nepeBaroro CTaHaapTHUX PEKOHCTPYK-
Lin, cknagHi onepauii Hevacti (mabn. 3).

BinblWicTb NauieHTiB, SKUM BUKOHAHO peBackyns-
pu3alito mMiokapga (rpynu 2 i 3), mann 6aratocyauHHe
YPaXXeHHS KOPOHAPHWX apTepi, NigTBEPIKEHE 3a JaHUMK
KopoHapo-BeHTpukynorpadii. Y 78,9 % naujeHTis Bisyani-
30BaHO YPaxXeHHs TPbOX OCHOBHUX KOPOHAPHUX CYLOUH,
y 15,8 % — OBox, y 5,3 % — 3Ha4He ypaxeHHs cToBbypa
niBoi kopoHapHoi aptepii (70 % cTeHosy). 3a pesynsraTa-
MU BeHTpukynorpadii, ®B J1LL craHoBuna B cepeaHboMy
54,52 + 5,93 %, i e nonaTkoBO BNNMBAIo Ha BUGIp meTody
peBackynspusalii.

3rigHo 3 pekomeHgauismu ESC / EACTS 2018
Guidelines on myocardial revascularization [14], nokasaH-
HAMW [0 XipypriyHoi peBackynspusauii (AKLL) e 6aratocy-
[VHHE ypaxeHHs (TpucyanHHa xBopoba) — knac |, piBeHb
[10Ka30BOCTi A; ypaxeHHsi cToBOypa NiBOi KOPOHAPHOI
aprepii (TKA) — knac |, piBeHb [JOka30BOCTi A; 3HIKeHa
®B JlU y noegHanHi 3 IXC — knac |-lla, 3anexHo Big
CKMafHOCTI ypaxeHb.

OTxe, BUKOHaHHS BiZIKpUTOT peBackynsipu3alii Miokap-
[ LUNSIXOM a0PTOKOPOHAPHOTO LLYHTYBaHHS 06rpyHTOBaHO
y 6inbLUOCTi BUNaakiB. Brpy4aHHs 30e6inbLLuoro BUKOHyBasnm
Yyepes MOB3OBXHIO CEPEANHHY CTEPHOTOMII0 Ha Cepui,
wo npauoe (off-pump CABG). Y Hu3Li Bunaakis y rpyni 2
3acTocoByBany ribpuaHi Metogukn — noegHaHHs AKLL i3
NepKyTaHHUM KOPOHAPHWUM BTPYYaHHSIM, BIZMOBIAHO A0
Cy4acHUX TeHAEHLiN MynsTUANCUUNITIHAPHOTO NiaXoay A0
cknagHux naujexTie (Heart Team Approach).

HaitvacTiwe pesackynspu3auii notpebysanu Taki
apTepii, 9K nepeaHs MixLunyHoukosa rinka JTIKA (MMLLUI)
- 89,47 % Bunapkis; npaea kopoHapHa aptepis (MKA) —
65,79 %; ornHanbHa rinka JIKA (OF) — 44,74 %.

Ycim nauieHtam, skum 3gincHunu AKLL abo MKLL,
BMKOHAHO nasepHy AonnepiBcbky prioymeTpito sk me-
TOA, iHTpPaonepauiiHOro KOHTPOMO NPOXiAHOCTI LUYHTIB
(mabn. 4).

3a pesynsratamu KOPOHAPHOTO LLYHTYBaHHS!, CEpPEeaHS
KiNbKICTb BUKOHAHMX LLUYHTIB cTaHoBWNa 2,7 + 0,9 Ha ogHoro
naujexTa. Y 92,1 % npoonepoBaHux JOCArHYTO NOBHOI pe-
Backynsipusaii. ¥ 5 nauieHTis i3 rpynu 3 yepes kanbLnHO3
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Tabauua 3. FAkicHa xapakTepucTMKa BUKOHAHWX BTPYYaHb i3 NpuBOaY KOpeKLii
aHeBPU3M / po3LLAPOBYOHNX aHEBPU3M YepeBHOi aopTy, n (%)

HalimeHyBaHHs onepaTMBHOrO BTPYYaHHA Mpyna 1 Ipyna 2 Tpyna 3

JliHiiHe npoTesyBaHHs iHbpapeHanbHoro Bigainy 15 (40,54 %) 11(44,0%) 9(69,23 %)
YepeBHOT aopTn

AopTo-6ikny6oBe npoTe3yBaHHs 10 (27,03 %) 9(36,00%) 1(7,69 %)
AopTo-6ichemoparnbHe NpoTesyBaHHs! 11(29,73 %) 4 (16,00 %) 2 (15,39 %)
lpoTesyBaHHs CynpapeHanbHoro BifAiny YepeBHoi aopTn  — 1(400%) -

3 TOTarbHUM Ae6PaHUMHIOM i Gikny6GoBIM aHACTOMO30M

[poTesyBaHHs iHpapeHansHoro Binainy YepesHoi aoptn  1(2,70 %) - 1(7,69 %)

3 TOTarbHUM AebpaHUMHIOM i Bikny60BIM aHAaCTOMO30M

Tabauua 4. XapakTepucTvika BUKOPUCTaHUX METOAVK PEBaCKyNsipu3aLlii KopoHapHUX

aprepin
Mpyna2,n=25 Mpyna3,n=13 Yacrora, Bia 3aranbHoi
KinbKOCTi ABOX rpyn
il

LWYHTH
MMLL KA 16 6 10 2 34 (89,47 %)

Or JIKA 7 3 6 1 17 (44,74 %)

ITK Or NKA 1 - 1 1 3(7,90 %)

a. intermedia 8 - - - 8 (21,05 %)

Or-1 NMWr KA -~ 4 2 4 1 11 (28,95 %)

MKA 12 6 6 1 25 (65,79 %)

3MLLT MKA 2 - 3 - 5(13,16 %)

3ararnom 50 17 30 6 Stent - 23/ CABG - 80

Tabaunuga 5. IHTpa- Ta nicnsionepawiiHi NOKa3HUKW NaLEHTIB i3 rpyn AOCigKEHHS

(a1 [roynaz I roynas3

CepepHs TpuBanicTb onepaT1BHOrO 331,94+201,21 239,35+5560 221,50 £ 71,42
BTPYYaHHsI, XB

CepepHs kpoBoBTpara, Mn 438,79 £501,24 200,91 £ 135,82 237,08 + 178,54

KiHueBo-giacToniyHuiA 06'em, Mn 131,14 £17,02 139,22+ 8,33 142,00 £ 26,91
KiHLeBo-cucToniyHmii 06'em, Mn 56,33 £ 9,67 62,57 £6,70 65,25 + 19,02
®B LU, % 52,67 19,97 52,82 +7,08 53,78 £4,52

Tabauusa 6. CepeqHi nokasHuky nepebyBaHHs NalieHTa y BiadineHHi peaHimadii
Ta iHTeHCMBHOI Tepanii

CepeqHin yac

CepepHivt yac | CepepHiii yac Ha CepeqHin yac BPIT

pocnimkeHHsa | Ha LB nicna | y BPIT nicns LUBN nicns kopekuji | nicns kopekuii
AKLL, rog AKLL, rog AYA, rog AYA, ron

lpyna 1 - - 29,12 £ 71,90 149,59 + 199, 71

lpyna 2 - - 24,28 + 58,78 105,40 £ 117,17

Mpyna 3 5,00 £ 2,40 59,89 £ 20,20 7,58+6,71 78,92 £ 53,93

p-value >0,05 >0,05

Tabauusa 7. SkicHa Ta KinbKicHa XxapakTepucTika paHHix ycKknaaHeHb
y nicnsonepauinHomy nepioai nauieHTiB i3 rpyn AoCHimKeHHS

Coyrat L oyna2 | rpyna 3

LiepebpoBackynsipHi nopyLUeHHst 3
HeBponoriyHi nopyLueHHs 1 1 -
[MopyLUEHHS CepLieBO-CyANHHOT CUCTEMM 2 3 1
3axBOPHOBaHHS AMXanbHOI cucTemMn 1 1 -
[MopyLueHHst po6OoTY LLYHKOBO-KULLIKOBOTO TPaKTy 4 1 -
TMopyLUeHHs yHKLiT poBoTI HUPOK 4 & 2
CuHapoM noniopraHHoi HeaocTaTHOCTi 3 - -
MinBuieHa exkcynavis 2 2 -
3arpoanuBi iHeKLiiHi cTaHun 2 1 1
BioxuneHHs Big Hopmu 3adhikcoBaHo nig yac 2 1 -
nabopaTopHOro AOCTIMKEHHS
locnitanbHa neTansHicTb 4 2 0
Yacrora ycknagHeHb 37,84 % 32,00 % 30,77 %
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abo 3HayHy Audysito 3MiH apTepiil BUKOHAHO YacTKOBY
peBacKkynapusaLiio 3 NpULINbLHUM LWyHTYBaHHAM MMLLIT

[ns NOpiBHAHHS TPOX rpyn 34iNCHUAM 0gHOMaKToOp-
HU gucnepcinnnin anania (ANOVA), skuin gas amory
BCTAHOBWTY CTATUCTUYHO 3HAYYLLI BIGMIHHOCTI Npu p-value
<0,05. HaneuLLi 3Ha4eHHs XxapakTepHi ans rpynu 1, 3okpe-
Ma LLOAO CepeaHbOi TPKUBANOCTi onepauii (XB) Ta cepeaHboi
kpoBoBTpaTH (Mn). LLi nokasHWKW 3HauyLLO BULL MOPIBHSAHO
rpynamu 2 i 3 (obuaga p-value craHosunmn < 0,05).

[MpuyrHa Takvx BigMIHHOCTEN — 3Ha4YHO GinbLLi po3MipK
AYA B naujenTie rpynn 1. Tak, cepenHiit giametp A4A B
nauieHTiB Uiei rpynu gocToBipHO Ginbwui. Lle ycknap-
HIOBANO TEXHIKy ONEepaTMBHOIO BTPyYaHHsi, NoTpebysano
6inbLUOT KINBbKOCTi reMoCTasy Ta PO3LLMPEHOTO AOCTYMY, L0
3aKOHOMIPHO CTIPUYMHANO 30iNbLLEHHS TPMBANOCTI onepavii
Ta 06’emy iHTpaonepaLiinHoi KpoBOBTPaTH. Y pesynbrarTi
MOPIBHSAHHS rpyn 2 i 3 He BUSIBMEHO CTAaTUCTUYHO 3HAYYLLIOT
pi3HULi 3@ LMK nokasHukamu (p > 0,05), a oTke KIiHiYHi
XapaKTepUCTHKW NaLIEHTIB y LMX rpynax 3icTaBHi (Maibke
onHakosi poamipy A4A Ta obesr XipypriYHoro BTpyyaHHs).

Omxe, obesar onepaTBHOTO BTPyYaHHS Ta remognHa-
Mi4YHe HaBaHTaXEHHs MPSIMO KOpenBamu 3 po3mipamu
aHeBpu3MK. Llein YMHHUK BaXKNMBUIA Nig Yac nnaHyBaHHs
cTparterii nikyBaHHA Ta nepeonepawiiHoro OLiHIOBaHHS
pu3nky (mabr. 5).

MauieHTn nicns BukoHaHoro AKLL / MKLL nepebysanu
y BPIT y cepeaHbomy 59,89 + 20,20 rop, Ha LUBJT —
5,00 + 2,40 rog; nicns KopekLji aHeBpU3MM YepeBHOI aopTy
nauieHTn nepedysanu y BPIT B cepeaHboMy npoTsrom
78,92 + 53,93 rog, Ha LWUBM - 7,58 + 6,71 rog (mabn. 6).

3aranbHa yacToTa ycknagHeHb Havsuwa y rpyni 1
(37,84 %), ne BukoHanu HanbinbLLi 32 0BCATOM pEKOH-
CTPYKTWBHI BTpyYaHHs. Y rpynax 2 i 3 3achikcoBaHO MeHLLY
KinNbKIiCTb BMNAAKIB BUHWKHEHHS ycknaaHeHb (32,00 %
i 30,77 % BignosigHo). MosicHioemMo Le BinbLL LWagHo
XipypriYHOtO TaKTUKOI (Mabs. 7).

BBaxaemo 3a gouinbHe HaronocuTW Ha KinbKOX
acnekTax LUOAO AiarHOCTOBAHWX Y MaLlieHTIB 3 yCix rpyn
ycKknagHeHb. Tak, HMPKOBa AMCYHKLIA — HanvacTiwe
ycknagHeHHs B ycix rpynax (8o 15,4 %), a omxe YyTnmBsicTb
HWMPOK [0 reMofyHaMivHoro cTpecy Bucoka. Cepueso-cy-
AMHHI ycKnaaHeHHs YacTille BuHukamu y rpyni 2 (12 %),
LU0 MiATBEPAXYE KNiHIYHY 3HadyLwicTb cynyTHbOi IXC nig
yac BNU3HauYeHHs TakTVKM BTpyyaHHsi. LiepebpoBackynspHi
yCKragHeHHs 3adhikcoBaHO TiMbKW Y NauieHTiB i3 rpynu 1
(8,1 %), moxnmBo, Lie Hacnigok GinbLOT TPMBANOCTi one-
paii abo aopTanbHuUX MaHinynsLiin. Bunagku nonioprat-
HOT HEQOCTATHOCTI BU3HAYEHO TifbKW Y rpyni 1, i Le Lwe pa3
MiZKPECIOE BUCOKWIA PU3VK YCKNAAHEHb Y pasi BEMUKNX
3a 06cArom XipypriyHux BTpyYaHb HaBiTb y MawjieHTiB i3
XOPOLUUM BUXIOHUM cTaTycoM. [ocniTanbHa neTanbHicTb
suwa y rpyni 1 (10,8 %) nopisHsHo 3 rpynoto 2 (8,0 %),
y rpyni 3 netanbHux Hacnigkis He 6yno. Lii aaHi napo-
JokcarnbHi: Binbluie — He 3aBxau kpalle, 0cobnmeo npu
CKINagHWX pekoHCTpyKLisx. OTxe, Ha NiACTaBi LMX AaHUX
ZiLnM BUCHOBKY: 3i 36iNbLIEHHSM CKNagHOCTI Ta 0bcsry
XipypriYHNX BTPYYaHb 3pOCTAE PUBNK TSKKUX CUCTEMHUX
ycknagHeHb. Pa3om i3 TuM, y nauieHTiB rpynu 3, monpm
TSDKKY CYnyTHIO maTororito, obmexeHnin obesr BTpyyaHb
acoLiioBaHWiA i3 BIACYTHICTIO neTanbHux Hacnigkis. L
JaHi NigTBEPAXKYIOTb AOUINbHICTb iHAMBIAYani3oBaHOI
cTparterii nikyBaHHs.

Y nicnsionepauiitHomy nepiogi HaBuLLy rocnitanbHy
neTanbHiCTb 3adikcoBaHo y rpyni 1-4 (10,81 %) Bunagkm.
Lle 3HauHO 6inblue 3a NOKa3HMKM, BCTAHOBMEHI B rpyni 2
(n=2, 8,00 %) Ta rpyni 3 (netanbHUX BUNaakie He Byno).

3rigHo 3 pesynbratamu KNiHIYHOTO aHanisy BUMagKie,
OCHOBHWMM NpUYMHAMKU CMePTi Bynu TsKKi CUCTEMHI
yCKNaHEHHs: NomiopraHHa HefoCTaTHICTb (BHACMAOK
CepLeBoi, HUPKOBOI, AMXarbHOI, LLITYHKOBO-KWLLIKOBOI ANC-
(yHKLIT), rocTpa HUpKOBa HEQOCTATHICTB, Lo NoTpebyBana
Aianisy, iwemivHi nogii (iHdapkT cenesiHkn, Tpombo3 me-
3eHTepiarnbHoi apTepii, iLuemis KULLKIBHKKA), reMopariyHui
LLOK i Cencuc, NOLUMPEHWUA NePUTOHIT. JleTanbHi Hacnigku
HacTanu 30e0inbLLOro B MaLEHTiB i3 NOeAHAHUMU TSHKKUMM
MOPYLUEHHSIMU (LLITYHKOBO-KULLIKOBI KPOBOTEMI, TpOMB03H,
iHekuinHi ycknagHerHs). Li aani nigTeepmxytoTb BUCOKY
KniHiYHy BpasnuBiCTb NaLjeHTiB rpynu 1 40 po3BUTKY da-
TanbHUX NOAiN Ha GOHI CKNaAHOTO Ta BENKOro 3a 06CAroM
XipypriYHOro BTPYYaHHs1.

06roBopeHHs

Hespaxatouu Ha Te, o IXC — gaBHO NigTBEpIKeHUI dak-
TOP PU3NKY Ans po3suTky AYA, y CyqacHUX JOCHIMKEHHAX
MoKa3aHo, LLO 3B'30K MiX LiIMMW MaTomnorisiMy 3Ha4HO CKap-
HiLLWIA. Tak, pesynsTaTi aHaniay Benukoi 6asv gaHnx ADAM
nokasamu, wo mix IXC, cteHokapaielo Ta BUSBNEHHAM
AYA Hemage cTaTCTM4HO JoCTOoBIpHOTO 38'A3KY [9]. 3rigHo
3 BMCHOBKaMM iHLMX aBTOPIB, Mif Yac PETPOCMEKTUBHOMO
KOTOPTHOTO AOCHiAKeHHS 3adhikCOBAHO HaBiTb HEraTUBHMI
38’30k Mix IXC i nporpecyBaHHsm AYA [15]. Lie cTaButb
nig CyMHiB ycTaneHe ysBneHHs npo AYA gk cumnTom
CWCTEMHOTO aTepoCKnepoay Ta CBIifYUTL MPO Y4aCTb iHLLKX,
HeaTepocKnepoTUYHNX MeXaHi3MIB Y ii naToreHesi, 3okpema
3ananeHHsl, aereHepauii CyanHHOI CTiHKM Ta AUCYHKLUIT
CyOUHHWX rnagKoM a30BKX KNiTuH [12,13,16].

Pasom i3 TuM, CBITOBWIA KNiHIYHWIA JOCBIA LWOAO KOM-
6iHoBaHoro XipypriuHoro nikyBaHHs AYA Ta IXC nokasas,
Lo HasiBHiCTb nonepeaHboro AKLL He € NpoTUNoKa3aHHAM
[0 HaCTYMHWX BTPyYaHb Ha aopTi. Hanpuknag, 3a gaHuMu
kniHikv Mayo, nonepeare AKLL He acouiioBaHe 3i 3Ha4HUM
3pOCTaHHAM nepionepaLifiHoi CMEePTHOCTI, L0 CTaHOBWNa
13 % y BVGipL NaLlieHTIB i3 BTPy4aHHsAMM Ha ay3i aopTw [17].
Brim, 3rigHO 3 gaHUMK cucTemMaTtnyHux ornagis [18], kom-
6iHoBaHe nikyBaHHa AYA Ta IXC, 30kpema B NOeaHaHHi
3 nonepepHiM abo 0AHOYACHUM LLYHTYBAHHSM, € LiiMKOM
6e3neqHUM y NpodhinbHMX XipyprivHUX LIEHTPaX, L0 MakTb
[OCBIA Takvx BTpyYaHb. HasiTb Npu CKnagHnX KMiHIYHWX
CLeHapisix, Ha cepui, O NpaLke, MOXHa BUKOHYBaTy
BTPYYaHHS 3 MPUAHATHAM PU3nkom cmepTHOCTi [10].

Y CBITOBIN NpaKTWLi BCe YacTille NepexoasTb 40 nep-
COHani30BaHUX CTpaTerii NikyBaHHA, Ae nepesary BinaalTb
koMbiHOBaHOMY NiAXOAY Y NaLieHTIB 3i 30epexeHoto dpak-
Llieto BUKUAY, BENUKIMY iHGhpapeHarnbHAMM aHeBpU3Mamm
Ta MOMipHWM CTYMEHEM CynyTHIX 3aXBOPtoBaHb. BUKOHaHHS!
peBackynsipusadii Miokapaa nepes abo nig yac BigkpuToi
kopekuii AYA cnpusie 3HMKEeHHI0 PU3UKy nepionepawiiHol
ilemii Miokapfa Ta MOoKPaLLEHHIO 3aranbHOro MPOrHO3y.
BTim, Takux nauieHTiB HeQOCTaTHLO YacTo 3anyvanu o
JocnimKeHb, 3aiicHeHux B YkpaiHi. Lium obrpyHTOBaHO
[OLINbHICTb 3AINCHEHHS MYNBTULIEHTPOBUX CMOCTEPEXEHD
i (hopMyBaHHS HaLlioHaNbHUX pekoMeHaaLlii, adanToBaHUX
[0 NTOKaNbHOTO KOHTEKCTY.
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OpwuriHaAbHI AOCAIAXKEHHS

BucHoBKH

1. MNauieHTn 3 kKOMBIHOBAHOK NATONOriEI — aHEBPU3-
Mamw 41 po3LLIAPOBYIOYMM aHEBPU3MaMM YEPEBHOT a0pTH
Ta ileMiyHol XBOpOoOOK cepus — Lie cknafgHa KniHivHa
KoropTa naLjieHTiB i3 BUCOKWM XipypriyHum puankoM. OfHak,
AKLLO 3AIMCHATY peTenbHy nepegonepaLiiiy nigroToBky
Ta MiXgucuunniHapHe NnaHyBaHHSA NiKyBaHHS, MOXHa
CYTTEBO 3HW3WTM YaCTOTY MiCNAonepaLiiHnX ycknagHeHb
i neTanbHiCTb.

2. Kopexuis apTepianbHOro pycna, 30kpema peBacky-
nsipu3allis Miokapaa, Mae NpiopuTeT nepes aopTanbHOK
PEKOHCTPYKLi€et0. Takui Nigxig MiHIMI3ye pyU3nKu iLLeMiYHUX
ycKnaZHeHb i aae 3mory 6e3ne4Ho nepenTy 4o HaCTyNMHOMo
eTany — Xipypri4yHoro nikyBaHHs aHeBpu3amm abo posLuapy-
BaHHS aOpTy.

3. CBoeyacHe onepaTvBHe BTPyYaHHS Nicns peBacky-
nsipu3auii, HaBiTb KONM JOUINbHUM € MOAOBXEHHS rocni-
TanbHOro nepioay, acouitoeETbCS 3 KpaLMMK KMiHIYHUMU
pesynsTaTamu MOpIBHSHO 3 BiKINa[EHOK peBackynsipu3a-
Lieto Ta BUnagkamu 6es Hel.

4. IXC y nauiexTiB 3 AHA — nowmpeHe i KniHiYHO 3Ha-
yylle SBULLE, WO NIATBEPMKEHO | BMACHAMU JaHUMM, i
pesynsTaTamMmu MiKHapoAaHWX JocmimkeHb. Pa3om i3 Tum,
IXC He BnnuBae Ha B1Oip METOAY aopTanbHOro BTpYYaHHs!
(BinkpuTE 260 EHOOBACKYNSPHE), KM BUSHAYAETLCS aHa-
TOMIYHUMU (hakTOpamu Ta 3ararnbHUM CTaHOM navjeHTa.

5. Y nopiBHANBHOMY aHanisi TpbOoX KMiHIYHUX rpyn
HaWripLi pesynbsraTti, 30Kpema BULLY NeTasbHICTb, JOBLUY
TpUBanicTb onepaLii Ta 6inbLuy KPOBOBTPATY, 3adhikcoBaHO
y naujienTis 6e3 nonepeaHL0i peBackynapusadii. Lie cratue-
TUYHO NiATBEPAXYE €DEKTUBHICTb KOMMIEKCHOTO NiaXody
[0 nikyBaHHs (p-value <0,05).

6. [Ins nauieHTiB i3 cepLeBolo HegoCTaTHICTIO Ge3
HaratocynuHHoro ypaxeHHs IXC eHmoBackynsipHe BTpy-
YaHHS! (CTEHTYBaHHS) € ONTUMAanbHYM MarnoTPaBMaTU4HAM
METOLOM, LLO CNIPUSIE WBMUAKOMY BiJHOBMEHHH.

7. OTpUMaHWi KNiHIYHWA LOCBIA NIATBEPIKYE edeKTUB-
HICTb IHTErpOBaHOI XipypriYHOi TakTUKW B naieHTiB 3 AYA
T1a IXC, cBig4MTb NPO HEOOXIAHICTb HACTYMHUX AOCHIMKEHD
LS BOOCKOHANEHHs CTaHA4apTiB HaZaHHs JOMOMOrY TakM
XBOPUM.

ETUuHe cXBaneHHA

AOCNIAXEHHS BUKOHAHO 3 AOTPUMAHHAM OCHOBHMUX ETUYHMX MPUHLMNIB
LLIOAO 3AIMCHEHHS HAYKOBMX MEAMYHMX AOCAIAKEHD 3@ YYACTIO AOAMHM.
MaLlieHTn 6paA yuacTb y AOCAIAKEHHI 33 BAGCHUM BaxaHHaM, Npo

LLIO CBIAYMTD iXHiF 0COBUCTMI NiANMC B iIHGOPMOBaHIi 3roai. KoxeH

i3 naLliexTiB 0cob1CTO NOIHGOPMOBAHHIA NPO 060B'A3KM Ta NpaBa,
MOXAMBICTb 3aBEPLUMTU Y4aCTb Y AOCAIAXEHHI B OYAb-IKUI MOMEHT 6e3
XOAHWX HAaCAIAKIB | NOSICHEHHS NPUYKH CBOIX Aill. KOMITET 3 MeAnyHOT
eTnku AAY «HalioHaAbHWI IHCTUTYT CepLEBO-CYAUHHOI Xipyprii iMeHi

M. M. AmocoBa HAMH YkpaiHu» po3rasHyB Matepiav OpuriHaAbHOT
HayKOBOI CTaTTi, He BUABAEHO ETUYHIX Ta MOPaAbHO-NPABOBMX
nopyLLEeHb (NPOToKoA Bip 27.07.2025 poky Ne 26/2).
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OpwuriHaAbHI AOCAIAXKEHHS

OuiHIOBaHHA pereHepaTopHoi 3AaTHOCTi 3aAMLLIKOBOI YaCTKU
NeYiHKM Y XXMBUX POAUHHMX AOHOPIB NiCAA AOHOPCLKOI
npaBo6iuHOI remirenarekTomii

I. 0. KoteHko®1ABCP Q. |, ApoHOBD2EF

*MeAMUHUIA LEHTP «YHIBEpCaAbHa KAiHika «06epir», M. K1iB, YkpaiHa, 2HalioHaAbHWIA MeAnUHKWIA yHiBepcuTeT iMeHi O. 0. BoromonbLs,

M. KniB, YkpaiHa

A - KOHLIeNLLst Ta AM3alH AOCAIAXEHHS; B - 36ip AaHuX; C - aHani3 Ta iHTepnpeTauis AaHux; D - HanucaHHs cTaTTi; E - peparyBaHHs cTatTi;

F - octatouHe 3aTBEpPAXEHHS CTaTTI

[loHopcbka NpaBobiyHa remirenaTekToMist € CTaHAapPTHUM METOAO0M 3ab0py TpaHCMaHTaTa Y XMBUX POAUHHIX AOHOPIB. beaneka
[I0HOpa 3anexuTb Bif aAeKBaTHOI pereHepaLlii 3aMM1LLKOBOI YaCTKK NevdiHkW. BUBYEHHS 3aKOHOMIPHOCTEN pereHepaLlii napeHximm
Ta (PyHKLIOHANBbHOrO pe3epBy NEYiHKA Y TakiX NaLjeHTiB Mae BaXNMBE KNiHIYHE 3HAYEHHS.

Meta po60T1 — OLIHWTM pereHepaTopHy 3AaTHICTb 3aNMLLKOBOI YaCTKM NEYIHKM Y XKMBUX POLUHHUX LOHOPIB NiCNst 4OHOPCHKOI
npaBobiYHOi remirenatekTomi.

Marepiaau i metoau. 3a yuacTi 50 u1BKX LOHOPIB NEYIHKK, SKMM BUKOHAHO NpaBoGiuHy reMirenatekTomito, 34iiCHANMM NPOCNEKTUBHE
pocnimpxeHHs. 3a aaHumm KT-BonomeTpii ouiHioBany 06’em neviHku fo onepalii, Ha 14 Ta 90 nobw nicnsionepauiiiHoro nepiogy.
[ocnipxeHHs 3aincHUNM BigNoBIgHO A0 NPUHLMNIB MenbCiHCHKOI Aeknapauii, NPOToKoN 3aTBepmKEHNIA KOMICieto 3 6ioeTuku. Yci
YYaCHWKN Haganu NCbMOBY iH(POPMOBaHY 3roay.

Pe3syabratn. CepegHiit 06'em 3anmLLKOBOI YacTKM NeYiHKkM 4o onepaLii ctaHoBuB 448,7 + 93,9 mn, Ha 14 noby — 833,0 + 176,1 mn,
Ha 90 noby — 943,2 £ 160,3 mn. BctaHOBNEHO CTaTUCTUYHO 3HadyLLe 30inblueHHs ob’'emy i Ha 14, i Ha 90 foby nicnsionepauii-
Horo nepiogy (p < 0,001). MpwpicT Wwoao foonepauiiiHoro nokasHuka cTaHoBKB +85,6 % Ha 14 foby Ta +110,2 % — Ha 90 foby.

BucHoBKu. [eviHka Xu1BKX JOHOPIB Mae BUCOKWIA NOTeHLian [0 pereHepalii nicns npaBobiyHoi remirenatekTomii. Lie cnpusie
BiJHOBMNEHHIO afeKBaTHOMO 06’eMy NapeHXiMW BNPOAOBX NEPLUMX TPLOX MicALiB nicns onepadyii.

KatouoBi cnoBa:
neyiHka, AOHOP,
npaBobiyHa
remirenatektomis,
KT-BoAtomeETpIS,
pereHepauis neviHku.
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Assessment of the regenerative capacity of the remnant liver lobe
in livng-related donors after right hemihepatectomy

1. 0. Kotenko, O. I. Dronov

Donor right hepatectomy is the standard method of graft procurement in living-related donors. Donor safety depends on adequate
regeneration of the remnant liver. Studying the patterns of parenchymal regeneration and functional liver reserve in this category
of patients has important clinical significance.

Aim. To evaluate the regenerative capacity of the remnant liver in living-related donors after right hepatectomy.

Materials and methods. A prospective study was conducted including 50 living liver donors who underwent right hepatectomy. Liver
volumes were assessed using CT volumetry preoperatively and on postoperative days 14 and 90. The study was conducted in
accordance with the principles of the Declaration of Helsinki. The protocol was approved by the institutional bioethics committee,
and informed consent was obtained from all participants

Results. The mean remnant liver volume was 448.7 + 93.9 ml preoperatively, 833.0 £ 176.1 ml on day 14, and 943.2 + 160.3 ml on
day 90. A statistically significant increase was observed on both day 14 and day 90 (p < 0.001). The increase relative to baseline
was +85.6 % at day 14 and +110.2 % at day 90.

Conclusions. The liver of living donors demonstrates a high regenerative potential after right hepatectomy, with restoration of
adequate parenchymal volume within the first three months postoperatively.

© The Author(s) 2025. This is an open access article under the Creative Commons CC BY 4.0 license
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XuBe poauHHe JOHOPCTBO MEYiHKM — KIHOHOBUIA METOZ
nogonaHHs AediunTy TpaHCMaHTaTiB Y CyyYacHin Meau-
umMHi. Besneka foHOpa 3anexwuTb Bif pereHepaTopHOro
NOTeHLjiany 3anuLWKOBOi YaCTKM NEYIHKY, LLIO MOXHA TOYHO
ouiHnTn 3a gonomoroto KT-Bontomerpii [1,2]. Lleit meTop,
[iae 3MOry He nuLLIe NPOrHO3yBaTy PU3KK nicnsionepawiiHoi
MeviHKOBOI He[OCTaTHOCTI, ane 1 epekTUBHO BIACTEXYBaTU
OVHaMiKy BiHOBNEHHS opraHa [3,4].

Y pe3ynbrati 0CTaHHiX KniHiYHUX JOCTiMKEHb NigTBep-
[DKEHO, WO Taki hakTopu, K BiK, BUXIOHWA 06’EM NeviHku,
iHOeKc Macu Tina Ta obcar pesekuii iCTOTHO BNNMBaKTL
Ha TeMnu pereHepaLii. Y MONoALmx AOHOPIB 3a3Buyai
CMoCTEpIraloTb akTUBHILLE BiAHOBMNEHHS, @ MEHLUNIA 3a-
TINLKOBWIA 06’€M MeYiHKM CTUMYTIOE IHTEHCUBHILLY pere-
Hepauito [2,5,6]. JocnimkeHHs 3a yyacti 380 foHOpiIB, Lo
anincHere W.-C. Wang et al., gano amory BCTaHOBWTH, LLO
CriBBiAHOLLEHHS 3an1LKoBMiA 06’'eM NeYiHkK / Maca Tina,
3anuLLKOBMIA 06’eM NEYiHKK / 3aranbHUiA 06’eM nevdiHku, a
Takox GioxiMmiyHi Mapkepu (anbbymiH, Binipy6iH Ha 7 Ta
30 pobu) € KIYOBUMM NPOrHOCTUYHUMI NOKa3HUKaMM
BifHOBIEHHS [7].

Pe3ynbTaTi iHLLIoro JoCHimKeHHS, WO 3aiicHeHe M. Kim
et al., nokasanu: y JoHopiB BiKOM NoHap 55 pokiB piBeHb
pereHepaLii yepes 3 micaui ctaHoBuTb nuwe 80,4 %, a B
monogwwx 3a 30 pokie goHopie — 90,5 % (p < 0,001) [5].
Kpim Toro, ninTBepmKeHO BUCOKY TOUHICTb KT-BomntomeTpii
y NpOrHO3yBaHHi Macu TpaHcnnaxTtata. Tak, K. D. Calver
et al. BcTaHOBUNM TiCHY KOpensLito Mix nepegonepavinHim
06’eMOM MeviHKM Ta peanbHOK Macok TpaHcnnaHTata
(R?=0,52, p < 0,001) [8].

OTxe, 3rigHO 3 faHNMK, LI OAEPXarnu NpOoTSroM OCTaH-
HbOTO AecsATHpivYs, KT-BontoMeTpis Ta KniHiko-nabopaTopHi
hakTopy € HaZiHUMM IHCTPYMEHTaMM ANS OLHIOBaHHS
pereHepaTopHOi 3AaTHOCTI MeYiHKK Y XuBKX AoHOpIB. Lie
06r'pyHTOBYE aKTyanbHICTb HALLIOMO AOCHMKEHHS, Nif Yac
AKOro aHanisyemo AMHaMiKy BigHOBMEHHS 3aNULLKOBOI
yacTku neviHkn yepe3 14 ta 90 gHiB nicns npaBoGiYHOT
remirenatekTomii.

Merta poboTu

OuiHnT pereHepaTopHy 34aTHICTb 3aNMLLKOBOI YacTku
MeYiHKN Y XUBWUX POAWNHHUX AOHOPIB MiCMS AOHOPCLKOI
npaBob6iYHOT remirenatekTomil.

Marepianu i MeToAH AOCAIAKEHHA

[o pocnimxeHHs 3anyyeHo 50 X1BUX POAWMHHMX OOHOPIB
MeviHKW, SKUM Y BifaineHHi Xipyprii neyiHku, NigLLnyHKoBOI
3anosu Ta TpaHcnnaHTauii MeguyHoro LeHTpy «YHiBep-
canbHa kniHika «OBepir» BUKOHaHO NPaBoBiuHy AOHOPCHKY
remirenarekTomito. [locnimkeHHs 3aiicHeHo y nepiog 3 2020
A0 2025 poky.

Sk KpuTEpii 3any4eHHs BU3HAYEHO BiACYTHICTb CynyT-
HbOI NaToONOorii NeviHKW (CTeaTos, LMpo3, BipyCHi renatutu);
3a/10BiNbHUIA COMaTUYHUI CTaH; iHaekc Macy Tina <30 Kr/m?;
HOpMarnbHi GioxXiMiyHi MOKa3HWKK chyHKLT neviHkn. Kputepii
BUKIMIOYEHHS — BUSBIIEHHS KMPOBOI AMCTPOMIi NediHKu
>10 % 3a gaHWMuK iHTpaonepaLinHoi Gioncii; aHaTOMIYHi
BapiaHTV OyooBM NEYIHKOBUX CYOMH UM XOBYHWX MPOTOK,
LLI0 YHEMOXIMBMIOBaNW Ge3neyHy pe3ekLito; 4iarHOCTOBaHi
TSDKKI CynyTHI 3aXBOPIOBAHHSI.

Ycim foHOpaM BYKOHaNM MynsTUChipanbHy KOMM'loTep-
Hy Tomorpadito (Siemens Healthineers CT 128, Siemens,
HimeuunHa) 3 BontocHuM KoHTpacTyBaHHaM. Tig yac 06-
CTEXEHHS! BUKOPUCTAHO 1010BMICHY KOHTPACTHY PEYOBUHY
Tomorekcon (350 mr ogy/mn) y fosi, 06'em npenaparty
06paxoBaHo BiANOBIAHO A0 IHCTPYKLT BUPOBHMKA, BPaxoBy-
toun mMacy Tina goHopa. LLBnakicTb BBEAEHHS KOHTPACTHOI
peYoBMHN CTaHoBMNa 4 mn/cek. [JaHi onpauboBaHo Ha
pobouin cTaHLii, 3aCTOCOBaHO NporpamHe 3abesneyeHHs
Somatom Go top 3 HaniBaBTOMaTUYHOK CermMeHTaLliet
NeYiHKOBOI NapeHXxiMu.

KT-BontomeTpito 34ilCHI0BaNM Ha TPbOX eTanax:

1) moonepaLiiHo BU3Ha4anw 3aranbHui 06’eM neviHku
Ta NporHo3oBaHuiA 06'em 3anuiukosoi YacTku (RLV);

2) yepe3 14 OHiB nicns onepavii OLHIOBaNMW NOYaTKOBi
TeMnu pereHepaii 3a1LLKOBOI MiBOT YaCTKN NEYIHKK;

3) yepe3 90 gHiB nicns onepauii oLiHoBanNM BigHOB-
TIEHHS 3aMnM1LLKOBOT YaCTKM MeYiHKW Y BinaaneHoMy nepiogi.

[ns ouiHOBaHHA pereHepaTopHOI 34aTHOCTI BUKO-
pucTaHo Taki nokasHuku: RLV (mn) — abcontotHuin 06’em
3aMULLKOBOI YacTku neviHku; %RLV — 1oao noyaTtkoBoro
00’emy neviHkm.

JocnigpxeHHs 3aincHUNM BiANOBIAHO 4O NPUHUMNIB
lenbciHcbkoi aeknapauii (1964 p. 3 nonpaBkamu) Ta
«3aranbHoi feknapauii npo 6ioeTuky Ta npasa nognHU
(KOHECKO)». PoboTa cxBaneHa Komicieto 3 nutaHb
HiomeanyHoOi excnepTUan Ta HAYKOBUX AOCHIAXEHb
HauioHansHoro meanyHoro yHisepeuteTty imeHi O. O. bo-
romonbUs (npotokon Ne 189 Big 25.11.2024 p.). Yci po-
HOPW HaJanu NMCbMOBY iH(POPMOBAHY 3rofy Ha yvacTb
y OOCTiMKEHHI Ta BUKOPUCTAHHS iXHiX aHOHIMI30BaHMX
[aHNX Yy HaYKOBMX LiinsiX.

CTaTuCTUYHMIN aHani3 34iNCHUNMK 3a 4OMOMOrO NPo-
rpamHoro 3abeaneveHHs SPSS Statistics v. 27 (IBM, CLLA).
Pe3ynbTaTi HaBeEeHO sik CepeiHe 3HAYEHHS! + CTaHaapTHE
BiZXMNeHHs. [ns oLiHIOBaHHS AOCTOBIPHOCTI Pi3HNLb MiX
rpynamu 3actocysanu t-kputepii CTblofeHTa Ans 3anex-
HUX BMGIPOK. PiBEHb CTATUCTUYHOT 3HAYYLLOCTi BUSHAYEHO
K gocToBipHMiA npu p < 0,05.

Pe3yabTati

[o pocnimkeHHs 3anyyeHo 50 XWUBWUX POAVHHWX LOHOPIB,
KM BUKOHAHO NpaBoBivHy reMirenatekToMito 3 HaCTynHUM
OLiHIOBAHHSM pereHepaTopHOi 34aTHOCTI 3anMLWKOBOI
YacTKK NeviHk1 meTogom KT-BomtomeTpii.

Mig yac pocnimkeHHst nepeabayeHi TpU KOHTPOSbHi
TOYKM: A0 onepalii, Ha 14 Ta Ha 90 nicnsionepalinHi fobw.

CepeqHiit no4aTkoBMi 06'€M 3amULLKOBOT YaCTK NeviH-
K1 [0 pe3ekuii ctaHoBuB 448,7 + 93,9 mn. Ha 14 noby nicns
onepaLii Lei nokasHuk 30inbwmecs 4o 833,0 £ 176,1 mn,
LLO CBIAYMTb MPO IHTEHCUBHY PaHHIO PEreHepaTopHy Bif-
nosigpb. [o 90 fobu cepeaHii 06’eM 3anMLLIKOBOI YacTKM
neviHku ctaHosms 943,2 + 160,3 mMn, WO CBIQYMTL Npo
MPOLOBXEHHS 3POCTAHHS LibOro NMOKa3HMKa, XO4 i MEHLU
BUpaxeHe, Yy BigaaneHoMy nepiofi.

CTtaTUCTUYHWIA aHani3 JaB 3MOry BU3HAYUTM OOCTO-
BiPHY PI3HWLIIO MiX YCiMa KOHTPOMNbHUMW 3HAYEHHAMM.
HaiibinbL icToTHi 3miHu Binbynucs y nepwi 14 ai6 nicns
onepadii (p < 0,001). 3aranom Ha 90 goby BCTaHOBNEHO
30inbLUeHHs JoonepayiiHoro 06’eMy MediHKM 3 BUCOKOH
BiporiaHicTio (p < 0,001).
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Tabauus 1. luHamika cepegHboro 06’eMy 3anmLLKOBOI YacTky NeviHkM y AoHopiB (n = 50)

KoHTponbHa To4ka m MpwupicT Bia BuxigHoro, % P-3HaYeHHA

[o onepauii 448,7 £ 939 - -

14 po6a 833,01+ 176,1 +85,6 % <0,001

90 goba 943,2+ 160,3 +110,2% <0,001
OTxe, HaniHTeHCUBHILA pereHepalis Binbysanacs BucHoOBKU

y nepLli ABa TWHi micns onepauii, Hagani BU3Ha4anu
TeHAeHLito fo cTabinisauii 06’emy neviHku (Ha 90 goby).

06roBopeHHsA

Pesynkratvt nigTBEpIKYOTH BUCOKY pereHepaTopHy 3aart-
HICTb NEYIHKW Y XVBUX POAVHHUX AOHOPIB MiCMS MpaBoGivHOT
remirenarekTomii. [1ig Yac HaLLoro AOCHiAKEHHS BU3HAYEHO
[0CTOBipHE 30iNbLLEHHs 06’EMY 3anMLLIKOBOI YaCTKM NEYiHKM
Bxe Ha 14 noby, Hapani cnoctepiranu npupict — go 90
[06u. HaviHTeHcyBHiLLWIA nepioa pereHepalii Bignosigas
nepLvM ABOM TUXHAM nicnsionepauinioro nepiogy, Lo
BiONoOBIfae pesynsratam iHWKX KHIYHWX i excnepuMeH-
TanbHux pobit [3,7,9,10].

36inbLueHHs 06’emy neviHkv Nicns peseKLii NOSCHIoTL
KOMMTEeKCOM MOPEOITONYHUX Ta MOIEKYNSPHUX MEXaHI3MIB,
BKMOYarouK aktueauito gaktopis pocty (HGF, VEGF),
unTtokiHiB (IL-6, TNF-a) i curHanbHux wnsxis JAK/STAT,
NF-kB [6,11]. Lie npu3soaunTb A0 rineptpodii Ta nponide-
pavjii renatouuTiB, a Takox nepebynoBmM CyaUHHOIO pycna
Y 3anMLLKOBIN YacTLi neviHku [12].

BaxnueBum KniHiYHMM acnekTom € Te, LU0 LUBMAKE
BiJJHOBINEHHS 06’€My MeYiHKW y AOHOPIB KOPEnioe 3 BiA-
HOBMEHHAM i (hyHKLiOHArNbHOT aKTUBHOCTI, LLIO NOKa3aHo y
HU3Li AOCTIMKEHD, A€ BUKOPUCTAHO PyHKLIIOHaNbHI npobu
(ICG-Tecr, LIMAX) Ta ceponoriuHi Mapkepw [3,4,7,10].

Brim, onybnikoBaHo pe3ynbrati gocnigxeHb, e
MnoKasaHo, Lo (yHKUiOHaNbHe BifHOBMEHHS MOXE AELLO
BifcTaBat Big MOPdONOriYHOro, 0COBNNBO Y NepLLi TWXHI
nicns pesekuii [6,11,13].

3rigHO 3 AAHMMM HALLOrO AOCTAKEHHS, 00'EM 3anuLL-
KOBOI YacTku neviHky Ha 90 foby CTaHOBMB Y CEpeaHLOMY
noHag 940 mn. Ue cBigumtb nNpo maixe ABOpasoBe
30iMbLUEHHSI MOPIBHSHO 3 JOONepaLiiHAM piBHEM. 3iCTaBHiI
MOKa3HWKW OfePXaHO Y NPOCMEKTUBHUX KOTOPTHUX AOCHi-
IDKEHHSIX, LLO 3gjiicHeHi B €Bponi Ta Asii. 3rigHo 3 ixHiMu
pesynsTatamu, TeMnW pereHepalii'y JOHOPIB CTaHOBWIM Bif
60 % £o 100 % Big novaTkoBOro 06’eMy MPOTATOM MepLUMX
TpbOX Micauis [3,7,9,10].

OcobnuBicTb KOropTY [OHOPIB MOMsirae B TOMY, LUO
BOHM HE MaloTb CynyTHbOI natonorii neviHk. Lle cnpusie
LUBMALLIN | GiNbLL NPOrHO30BaHii pereHepaLlii NOpiBHAHO
3 naujieHTamu nicns pesekuin 3 NpuBogdY NyXIMHHKUX YK
LMPOTUYHMX YpakeHb [10]. 3aBasku LibOMY pPU3MK BUHWK-
HEHHS1 NEYIHKOBOI HEOCTATHOCTI € BiAHOCHO HU3bKUM, a
npoLieypy AOHOPCLKOI NpaBobiYHOI remirenaTekToMmii xa-
paKTepu3ytoTbCs BUCOKOH Beanekoto. Pasom i3 Tum, y HuaLi
poGIT aKLIEHTOBAHO Ha TOMY, LLIO pereHepaTopHa 34aTHIiCTb
Mae iHavBigyanbHi BapiaLlii, Wo 3anexatb BiJ Biky AoHOpa,
Mo4aTkoBoro 06'eMy MeviHKW, CTaTi, FOPMOHAINBHOIO CTaTycy
Ta HaBiTb reHeTUYHKX chakTopiB [5,4,11]. Pesynbratu gocni-
[PKEHHS CTIPUSTUMYTb TOYHILLIOMY BU3HAYEHHIO MPEeaMKTOPIB
LUBMAKOTO BiAHOBIEHHS NEYIHKM Y JOHOPIB.

3anopi3bkuil MeAUYHNI XypHaA. Tom 27, Ne 5(152), BepeceHb - x0BTeHb 2025 p.

1. MpaBobiyHa remirenatekToMist Y KMBWUX POLUHHWX
[OHOPIB acoLiioBaHa 3 BUPaXEHOK pereHepaTopHO
afanTaLlieto 3anuLKOBOi YacTKI NEYIHKU.

2. 36inblweHHs 06’eMy NeyiHkM NpodOBXKYETbCA
mix 14 Ta 90 noboto, ogHak TemMnu pereHepaLii 3Ha4HO
3HUXKYHTBCS, WO CBIAYNTL NPO NOCTYynoBy cTabinisauio
pereHepaTopHUX NPOLIECIB.

3. Ha 90 noby 06’em 3anmLLKOBOi YacTki NeviHkK ne-
peByLLyE BUXiHI Noka3HWKu GinbLu Hix yABIi. Lie cBigunTb
MpO BWCOKY BIAHOBHY 30aTHICTb NEYIHKM Y XMBIMX AOHOPIB
Ta 06rpyHTOBYE BE3NEYHICTL BUKOPUCTaHHS NMPaBOBIYHOI
remirenatekToMii B MEXxax Nporpamm XvBoro JOHOPCTBa.

lNepcnekTuBM NoAaAbLLMX AOCAIAXKEHD. PesynbtaTy, Wwo
ofepXani, MatTb BaXIMNBE 3HAYEHHS NS NnaHyBaHHS
Ta BeeHHs JOHOPIB Y nicnsionepavinHoMy nepiogi, AalTb
3MOry NPOrHO3yBaTW BiAHOBMEHHS (PYHKLOHAmNLHOrO pe-
3epBYy MEYiHKV | BU3HAYaTK ONTUMAsbHI TEPMiHU iXHBOTO
KniHIYHOrO Harnsgay.
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Ornsaam

Naegleria fowleri AK iHpeKkuiHa nepeaymMoBa NepBUHHOr0 amebHOro

MeHiHroeHuedanity: Mmop¢dobiororiuHi BAACTUBOCTI 30yAHMKa,

natogisionoria meHiHroeHuedanity Ta KAiHiKO-AilarHOCTUUHI 0COOAUBOCTI

(orasp niTepatyph)

M. M. Mapues®*4ECP B, A, MaBnayceHKo®ABCD O, 0, lopainuyk©EF, T, B. Ko3nubka®2EF

*BiHHWLIbKII HaLLIOHAABHUIA MeAUYHUIA yHIBEPCUTET iMeHi M. . MiporoBa, YkpaiHa 2HauioHaAbHWI YHIBEPCUTET «KMEBO-MOTMASIHCbKA akaaeMist»,

M. KniB, YkpaiHa

A - KOHLIEMNLLS Ta AU3aNH AOCAIAKEHHS; B - 36ip AaHMX; C - aHani3 Ta iHTepnpeTauis AaHux; D - HanucaHHs ctatTi; E - peparyBaHHs cTatTi;

F - octatouHe 3aTBEpPAXEHHS CTaTTI

Merta po60oTi — 3ailiCHNTI KOMNNEKCHWIA aHani3 MopdobionoriuHnx xapaktepuctuk Naegleria fowleri, a Takox y3aranbHUTW CyyacHi
[aHi Wwopao enigemionorii, KniHiyHoro nepediry, AiarHOCTUYHMX NIAXOIB | TEpaneBTUYHMX CTPATEri NPy NePBUHHOMY amebHOMy
MeHiHroeHuedaniti (MAM).

Marepianu i meTopn. AHani3 3giicHeHO Ha OCHOBI HaykoBMX my6bnikauin, wo iHaekcyrotbes B Web of Science, PubMed, Scopus i
Google Scholar. lo ornsay BkntoveHo mxepena, BuaaHi 3 1993 no 2025 poky, 3 akLeHTOM Ha nybnikaLlisix 3a OCTaHHE AeCATUTITTS.
BuB4anu pesynstatv SOCTimMKEHb in vitro, in vivo, ex vivo, KNiHiYHi BUNagkv Ta eniaemionorivri AaHi.

Pesynetatu. Naegleria fowleri— TepmodbinsHa ameba, Lo BinbHO JK1BE Y BOAOWMAX, Y MHOANHM CPUYMHSIE BNUCKaBUYHMIA NEPBUHHMI
amebHuIn MeHiHroeHLedaniT i3 netansHicTio noHas 97 %. BoHa NpoHuKae B LEHTparbHY HEPBOBY CUCTEMY YEPE3 HIOXOBI LLMISIXW.
HanbinbLuy 3arposy ctaHoBUTL TPOHO30ITHA CTaAiA, 30aTHa 40 aKTUBHOIO (haroLmTo3y KMiTWH MO3KY Ta CekpeLlii NpOTEONiTUYHMX
thepmeHTIB, MeTanonpoTeiHas i nopoyTBOproBanbHUX BINKiB, WO pyiiHY0TL remMatoeHuedanivyHuin 6ap’ep. BeTaHoBMNEHO ponb
cneundivHUX iHTerpuHonoaibHMxX BiNkiB Ta akTUHIHOBIMX CTPYKTYP Y HEMPOIHBAii. Y KNiHIYHIA NpaKTULi NpiopUTETHUMW METOAAMU
giarHocTuky € mikpockonist niksopy, MNP (BkmtoyHo 3 real-time i nested MI1P), LAMP, kynbTypanbHi JOCTIMKEHHS Ta METOAM
iMyHo3abapeneHHs. HaBeneHo KniHiYHi BUNAZKW BKWBAHHS MICNst 3aCTOCYBaHHS KOMGIHOBaHOI Tepanii 3 BUKOPUCTAHHSM am-
cotepuumHy B, mintedoanHy, chnykoHasony, pudbamniumHy Ta asuTpoMiumHy. HaBegeHo TpyaHoLL nikyBaHHS Yepes obmexeHe
NPOHWKHEHHSI NpenaparTiB Yepe3 rematoeHuedaniyHuii 6ap’ep i HEMPOTOKCHUYHICTb. OBIPYHTOBAHO HEOOXIgHICTL PO3POONEHHS
HOBUX TPAHCMOPTHMX CUCTEM AOCTaBKM NiKiB.

BucHoBku. Naegleria fowleri € HebeaneyHnM dhakynbTaTMBHAM NapasuToM i3 HaA3BUYANHOK HEMPOIHBA3MBHICTIO. ByacHa fia-
THOCTWKa 1 arpeciBHa KOMGIHOBaHa Tepanisi € KntoveM 0 NokpaLLeHHs nporHo3y npy MAM. MepcnekTMBHUMM HanpsiMamu LOcHi-
[PKEHHS € MOLLYK MONEKYNSIPHUX MilLleHel, YAO0CKOHANEHHs! METOAIB EKCMPEC-AiarHOCTUKV Ta CTBOPEHHS 3aC0o6iB NPOinakTMku.

KatouoBi cnoBa:
Naegleria fowleri,
NePBUHHWUIA amebHuI
MEHIHroeHUedaAiT,
BiAbHOXMBYUi

amebu, napasutapHi
iHdEKLUIT LeHTpaAbHOI
HEepPBOBOi CUCTEMMU,
eniaemionoris.
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Naegleria fowleri as an infectious agent of primary amebic meningoencephalitis:
morpho-biological properties of the pathogen, pathophysiology of meningoencephalitis,
and clinical-diagnostic features (a literature review)

M. M. Martsey, V. A. Pavlusenko, 0. 0. Gordiichuk, T. V. Kozytska

Aim. To provide a comprehensive analysis of the morphobiological characteristics of Naegleria fowleri and summarize current data on
the epidemiology, clinical course, diagnostic approaches, and therapeutic strategies for primary amebic meningoencephalitis (PAM).

Materials and methods. The review is based on scientific publications indexed in Web of Science, PubMed, Scopus, and Google
Scholar from 1993 to 2025 with a focus on the past decade. It includes in vitro, in vivo and ex vivo studies, clinical reports, and
epidemiological data.

Results. Naegleria fowleri is a thermophilic, free-living amoeba responsible for fulminant primary amebic meningoencephalitis,
with a case-fatality rate exceeding 97 %. The trophozoite stage is the primary invasive form, capable of entering the brain via the
olfactory nerves. Pathogenic mechanisms involve adhesion to the nasal mucosa, phagocytosis of neural cells, and secretion of
metalloproteinases, proteases, and pore-forming proteins, contributing to blood-brain barrier disruption. The amoeba is believed
to express actin-associated and integrin-like proteins that facilitate tissue invasion. Diagnostic tools include CSF microscopy, con-
ventional and real-time PCR, LAMP, culture on non-nutrient agar with E. coli, and immunostaining techniques. Imaging (CT/MRI)
supports diagnosis in cases with elevated intracranial pressure. Clinical evidence supports the efficacy of combination therapy
including amphotericin B, miltefosine, fluconazole, rifampin, and azithromycin. However, treatment is complicated by poor central
nervous system drug penetration and drug toxicity. Advances in nanocarrier-based delivery systems may improve outcomes.

Conclusions. Naegleria fowleri is a highly neuroinvasive facultative parasite with limited treatment options and poor prognosis.
Early detection combined with aggressive, multi-drug therapy significantly improves survival. Future research should focus on
novel diagnostic markers, therapeutic targets, drug delivery methods, and preventive strategies.

© The Author(s) 2025. This is an open access article under the Creative Commons CC BY 4.0 license
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Naegleria fowleri — BinIbHOXMBYYNIA MPOTUCT, IO MOXe
MPOHMKATK B FOMOBHWA MO3OK MiCNs NOMepeaHLoro npu-
KpINMeHHs 4O Crm30BOi 0BONOHKM HOCOBOI MOPOXHUHN,
LLO 3yMOBITIOE PO3BUTOK MEPBUHHOTO aMeBHOro MeHIHro-
eHuedanity (MAM) [1]. EnigemionoriyHy 3arposy Lboro
3aXBOPOBaAHHSI MOCUIIOE NOLLMPEHICTb amMebu y MicLieBUX
3abpyaHeHnx npicHUX Bogomax, ocobnmeo y perioHax i3
HWU3bKIM PIBHEM CaHiTapii, LLO 3yMOBITIOE NiABALLEHWI pu-
3UK iHiKyBaHHSI B KpaiHax 3 06MeXeHUMM EKOHOMIYHUMI
pecypcamu. KpiM BogHOro wwnsxy nepegavi, 4oBeAeHo 1
MOXIMBICTb iHCDIKyBaHHS Yepes iHransLjto nuny, Lo MiCTUTb
umctun N. fowleri [2].

36yoHuK HanexuTb A0 knacy Heterolobosea, psny
Schizopyrenida Ta poguHu Vahlkampfiidae, GinbLuictb
NPeLCTaBHYKIB AKOI € CanpOMITHAMN MeLLKaHLSMM IPYHTY
Ta Bogom [3]. N. fowleri € equHM BIOMUM NaTOreHHUM
NpeacTaBHUKOM L€l poauHu [4].

MepBuHHMIT amebHWi MeHiHroeHLedaniT — iHdeKLin-
HE 3aXBOPHOBaHHS LIEHTPamnbHOI HEPBOBOI CUCTEMMU, KOMK
OCHOBHOH MaTOreHETUYHOK NTaHKO € Habpsik MO3Ky Ta
[eCTpyKLis HelpoHiB [5]. 3a aaHMMK HaykoBoi niTepaty-
py, 3axBOptoBaHHs y noHag 97 % BUNaaKiB 3akiH4yeTbCA
netanbHo [6]. KniHiyHa kaptuHa MAM yacTto cxoxa Ha
TaKy Npy MeHiHriTi 6akTepianbHOT Yu BipyCHOI eTionorii, Lo
YCKNaaHKE ANEPEHLINHY [iarHOCTUKY Ta MPU3BOANTL A0
3aTPUMKM NMPU3HAYEHHS HEODXIiAHOTO NikyBaHHS [7].

Monpu Te, wo Bunagku NMAM pigkicHi, KinbKicTb
3apeeCcTpoBaHNX XBOPUX MPOLOBXYE 3pOCTAaTW B Pi3HUX
reorpacdiyHnx perioHax. Lle 3ymoBneHo GionoriyHumm
BMacTMBOCTAMM 30yOHUKa Ta rnobanbHUMK 3MiHaMu Krii-
mary 1 yMOB XWTTs. Brcoka neTanbHiCTb | BninckaBnyHMi
nepebir iHEKLINHOTO NpoLecy 0OrPYHTOBYIOTb KPUTUYHY
noTpeby B paHHil iarHOCTULL Ta NpU3HaYeHHi ETIOTPONHOrO
NiKyBaHHS SK YMHHWKIB, LLO AETEPMIHYIOTb BUXWUBAHHS.

MeTa po6otu

3iiCHUTX KOMMNEKCHMIA aHani3 MOpPchOBIONOrivHMX Xapak-
Tepuctuk Naegleria fowleri, a Takox y3aranbHUTU CyyacHi
[JaHi wopao enigemionorii, kniHivHoro nepebiry, giarHocTuy-
HWX NigXOAiB | TepaneBTUYHUX cTpaterin npu MAM.

Martepianu i meToAM AOCAIAKEHHA

3pincHMNM aHanis HaykoBWx nybnikauin, WO NpUCBAYeHi
pi3HUM acnektam pocnimkeHb Naegleria fowleri Ta nep-
BVHHOMO amMebHOr0 MeHiHroeHUedanity Ta iHaAeKCyTbCA
y MixHapogoHux 6asax gaHux: Web of Science, PubMed,
Scopus, Google Scholar. MoLuyk 3giACHANK 3a KIIO4YOBUMM
cnosamu: Naegleria fowleri, nepBUHHWA aMeGHUI MEHIH-
roeHuedanit, BinbHOXVBYYi amebu, napasutapHi iHekLii
LieHTparnbHOi HepBOBOI CUCTEMM, enigeMionoris.

[lo aHaniay Bkmto4eHo mxepena, BuaaHi 3 1993 no 2025
PpOKy, 0cobnmBy yBary npuaiNeHo CTaTTaMm, Lo ony6brnikoBaHi
B OCTaHHE JecSTUNITTS. Pasom i3 TuM, [0 LbOro ornsigy
3any4eHo OKpeMi paHille onybnikoBaHi npadi, Wo MarTb
(pyHOameHTanbHe 3HaueHHs Ans BuB4eHHS MAM.

NpoaHani3oBaHi nybnikaLii BKMOYaoTh pesynbraTy
in vitro, in vivo Ta ex vivo eKCePUMEHTIB, KITiHiYHi 3BiTW Ta
MOIEeKYNSAPHO-reHETUYHI AOCTIMKEHHS, @ TaKoX AaHi 3BiTiB
LieHTpy 3 KoHTponto Ta npodhinakTuki 3axsoptoBaHb CLLA.

Pe3yabTati

N. fowleri — OBHOKNITUHHWIA reTEPOTPOHMI OpraHiam, na-
pasuT, LLO BifbHO XWBE Y CEpenoBULL. Y KUTTEBOMY LIMKII
N. fowleri po3piaHALOTL TpW CTagii: TPOHO30iTa, [KTYTUKOBY
Ta uncTy [8]. Y KOHTEKCTi pO3BMTKY NMEPBUHHOMO aMeGHOro
MeHiHroeHLedanity HanbinbLLe 3Ha4eHHs Mage CTagis Tpo-
¢ho3oiTa, agKe caMme BOHa € iHBA3MBHOM, ii MOXXHA BUSIBUTY
nig Jac niksopogiarHoCTKK. Tpodho30iT, KM Mae aiaMeTp
10-35 mKMm, NoBynoBaHWiA 3 OQHOTO siApa, Mae ameboigHy
thopmy [9]. 36ynHuk nepebyBae Ha Wi cTagii 3a cnpusT-
nvenx ymoB poskinns. N. fowleri mae BUCOKI aganTuBHi
BMaCTWBOCTI Ta € MIHMWBOIO, LLO fa€ i1 3Mory icHyBaT i B
MPOTOMHKX, | B CTarHoBaHWx BogoiMax (puc. 1) [8]. Came
Ha cTagii Tpocho3oita ameba 3gatHa Ao GiHapHoro noginy,
LU0 Aiae i 3MOry LWIBMAKO PO3MHOXKYBATUCh 3a TEMNEPaTypu
Big 35 °C no 46 °C.

MexaHiam LbOro npouecy nonsrac B TOMy, WO pyii-
HYBaHHSI sAepHOi 000MNOHKM He BiabyBaeTbCs K nifg
Yyac 3BWMYaWHOMO MITO3Y, i TOMY LEer Tun noginy HassaHo
3aKpUTMM MiTO30M. BHacnifok uboro npouecy 3pina
MaTepuHCbKa KniTMHa 3a3Hae pennikauii reHeTU4Horo
martepiany, 36inbwytouncs 3a poamipamu. Hagani AHK
Mirpye A0 NPOTUNEXHMUX NOMOCIB KIITWHK, | NOTIM KNITUHA
3a3Hage noginy, Lo Np13BOAUTS 10 YTBOPEHHS ABOX [AOHIPHIX
KniTuH [7]. TemnepaTtypa HaBKONMULLHBOO CepeaoBULLa Ha
piBHi 35—46 °C cnpusie BUCOKiI pyxIMBOCTi ameb, BHaCTigok
LIbOro Tpogho30iTH MOYMHAKTL aKTUBHO Xap4yBaTuCh bak-
TepisMu, L0 XMBYTb Y BOZOWMI. [1poTe B OpraHiami iognHu
noBeAiHka amebu AeLL0 3MIHIOETLCA Ta CNPSIMOBYETHCS Ha
¢harounTo3 epuTpOLMTIB | NekouuTis [8].

Y pasi Aii Taknx ek30reHHWX haKTopis, Ak ANCTUNLOBaHA
BOAQ, 3MiHW MOHHOTO CKMagy CepedoBuLLA YN 3HIDKEHHS
KOHLeHTpaLji 6akTepili, TPOho30iT NepexoanTs y cTagito
[KryTuka. [liameTp KniTuHU Ha cTagii 3 MKryTkaMy cTaHo-
BuTb 10-16 MKM, BOHa Mae rpyLuenogioHy copmy [9]. [iBa
[PKTYTWKI PO3TALLIOBYHOTLCS HA LUMPLIOMY KiHLi KIiTWHU Ta
HaAakoTb KIITWHI 3HA4YHOI PyXnMBOCTI, 3aBasKM kil N. fowleri
MOXe BVKMBATM Yy cepenoBuLLi 3a Temnepatypu Big 27 °C ao
37 °C. Lst cTagis noTpibHa nuLLe An1s MOLUMPEHHS, He 3naTHa
[0 penpoaykuii Ta xuneHHs. Ockinbku TpOGo30iT Nnepexo-
AWTb Ha CTagito [KryTIKa NMiLLE B pasi BNIIMBY HECTIPUSATIIN-
BMX €K30reHHX YMHHUKIB [JOBKIMMS, TO LNKOM 3p03yMiro, LU0
nepexiz [0 MKryTUKoBOI cTagii Gyae 3gilicHeHo nepemycim
LSt 3MiHV CepefoByLLA iCHYBaHHS! Ta NepeMiLLEHHS B GinbL
CrpUsTIB yMOBU. Y pasi nepeMilLieHHs KTy TUKOBOI CTagily
CMPUSATIMBILLI YMOBW, KNiTUHA Bigpasy 3a3Hae MeTaMopdo3y
Ta NepeTBOpPIETLCS Y TPOGh030iT ameboiaHoi chopmu [11].

FAKWo ymoBM ANS iCHyBaHHA Tpod030iTa HaATO
HECTPUSATNMBI, BiH iHUMCTYBAaTUMETLCS (YTBOPIOBATMME
umucty). TakumMu ymoBaMmun € BifCYyTHICTb iXi, nepeHa-
CereHICTb CepeaoBuLLa, KpUTUYHE 3HUKEHHS BOMOTH,
HaKOMWUYEHHSI eKCKpeTiB abo BNNWB TEMNEPATYPU HIXKYE
3a 10 °C [8]. Lucta mae cchepuyHy copmy diameTpoM
7-15 mKkM. 330BHi BOHa rmafeHbka, MicTUTb oaHe 5apo [9].
Hap3suyaiiHo ToBCTa ABOCTiHHA LucTa 3abesnevye Ha-
nexHun 3axuct N. fowleri. Metaboniam Ha ctagii umctu
3HaYHO CMOBINbHIOETLCS, TOMY ameba, K | Ha KTy TUKOBIN
cTagii, He 34aTHa [0 XMBIEHHS Ta PO3MHOXeHHS. AMeba
mMoxe nepebyBaTv Ha CTapii LMCTM TpuBanuii yac, i sk
TiNbKM YMOBM CepefoByLLa CTalOTh CNPUATIIMBUMMW OIS
xutTs, N. fowleri ekcuncTyeTbCs (BUXOAUTD i3 UKUCTH) Ta
nepexoamTb 3HOBY Ha cTagito TpodposoiTa [12].
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MepBuHHNA amebHMIA MeHiHroeLedanit BUSBNAIOTL
y niogew, ski HewoaaBHo nepebyBanu y NpicHii Bofj;
Lie 3yMOBMEHO TWM, LIO NPUPOAHIM apeanom iCHyBaHHs
N. fowleri € came Boga. Tomy HanyacTiwe MAM possu-
BAETLCA B OpraHiami niogen, Lo 3anMaroTbCs AanBiHIOM i
nnaBaHHsSM y HeAOCTaTHBO XITOPOBaHKX Bogommax. Binomo
TaKOX, LLIO BYKOPUCTAHHS! HETI-MOTIB AN O4MLLEHHS HOCOBOI
MOPOXHWHM Ta Ma3yx HOca Bif 3aMNMLLKIB CMIM3Y MOXe Nnpu-
3B0ANTY 0 BUHUKHEHHS [TAM [12]. BcTaHoBNEHO, L0 BOAa
3i 30yHMKOM MOXeE NOTPanuTh [0 HOCOBOI MOPOXHMHY,
nicns yoro BiabyBaeTbecs ii konoHidauis ameboto. Hapani
N. fowleri apresyetbCsi 40 BillYacTOro enitenito HIXOBOT
JiNsSiHKW HOCOBOI MOPOXHUHW, NMPOXOAWTL Yepes Aipyacty
MNacTWHKY PELLiTYacToi KiCTk Ta Mirpye Ao LnbynuHu
HIOX0BOrO Hepea [13].

MAM mae Lwmpokuit reorpadiivHui apean BUSBNEHHS,
3achikcoBaHWI y pisHUX perioHax caiTy [14]. MigTBepmKeHo,
wo N. fowleri Hemae nuwe B AHTapkTuai [2]. MpupogHuM
pes3epByapoM [Ans LbOro nMpoTucTa € rpyHTU Ta MpicHi
BOAOMMM, ane 30yOHVK YyTNMBUIA O MOPCHKOI BOAW Ta
BuCKxaHHs [15]. BiogisnyHoto ocobnueicTio avebu € Te,
LLIO BOHA € NpefCTaBHUKOM dhakyrnsTaTuBHUX TepModinis,
i ToMy HaibinbLy koHueHTpauito N. fowleri Bu3HavatoTh
y rapsiumx pxepenax, e BOHa MOXe pO3BMBATUCA 3a
Temnepatypu go 46 °C (115 °F). Brim, onucaHo Bunagkm
BUSIBMEHHS LIbOTO NPOTKCTA B CTaBKaXx, piukax Ta 03epax
3i 3BMyaitHoto Temneparypoto [15]. Kpim Toro, wo ameby
BUSIBMEHO i B CUCTEMAX PO3MOAINY MUTHOI BOAM, HEXMOPO-
BaHWX OacerHax, HEOUNLLEHI NUTHIN BOfi, (hOHTaHax Ta
akeanapkax [7].

Baxnuea enigemionoriyHa 0cobnmeiCTb LbOro npo-
TUCTa — 3AaTHICTb A0 IHUMCTYBaHHS. Y pasi noTpannsHHs
amebu B HeCnpuATNMBE CepenoBuLLe, KMiTUHA nepexo-
[WTb [0 CTagiji LmcTw, B Sikih nepebyBae NpoTSroM ycboro
HecnpuaTnnBoro nepiody. BHacnigok HasiBHOCTI TOBCTOI
€HAO0LMCTI, TOHKOT EKTOLMCTY Ta NOP, LLO 3aMOBHEHI MYKO-
A0OM, NapasunT MOXeE BUXMBATYU 3a PisHUX (i3NKO-XIMIHHIX
YMOB, HaBiTb 3a Temnepatypu 4 °C [1]. MNicns niguLLeHHs
Temneparypu AOBKINMS Ao onTumMansHoro pieHs, N. fowleri
noK1aae CTadito LMCTU Ta NEPEXOANTDL 4O CTagii aKTUBHOMO
PO3MHOXeHHs. Came LiiM NOSICHIOKOTb BULL PiBHi 3aXBOPHO-
BaHocTi Ha MAM y Tenny nopy poky [2].

Ocobnueoi yBaru notpebytotsb AaHi, 3a kv N. fowleri
MOXe iH(iKyBaTW OpraHisM JIOAMHN BHACMIAOK BANMXAHHSA
MUy, Wo MICTUTL cropu Liei ametu. 3 LM Wwnsixom nepe-
[Javi noB's3ytoTb Maixe 6,5 % Bunagkis MAM. CknagHicTb
TaKvX BUNaakKis 06rpyHTOBaHa Hacamnepes TUM, LU 3ano-
6irTv BAMXaHHIO TaKoro nuny HenpocTo [2].

Mpo Bunagku iHdpikyBaHHs N. fowleri nosigomunm 39
KpaiH, ane HanbinbLUy KinbkiCTb BUNAAKiB 3achikcoBaHO B
Cnonyyenux LWratax Amepuku, Makuctani, Mekcuui, As-
ctpanii Ta IHgii (puc. 2). Ui enigemionoriyHi ocobnmeocrTi
MOSICHIOKOTb TENAILWMM KIiMaToM i GinbLUOK TPUBanICTO
Tenrnoi nopy poky Y LMX KpaiHax, a TakoX LUMPOKM JOCTY-
nom Ao 3abpyaHeHux Bogoim [15].

Tak, y Gepesti 2023 poky y ®nopuai OenaprameHT
OXOPOHW 300POB’S NOBIAOMMB NPO BUSBMEHHS iHEKLT
N. fowleri B okpysi LLlapnoTTa. Y TpaBHi TOro camoro poky
B Kapaui (MakvcTaH) BUHMKNA enigemisi, Lo BpeLuTi npu-
3Bena A0 TPbOX neTanbHuX Bunagkie. Y nunHi 2023 poky
B TOMYy caMmoMy LUTaTi nomep 15-piyHnin Xnonyuk, cMepTb
SIKOr0 MOB’A3YH0Tb i3 KynaHHsAM y MicLieBoMy CTpyMKy [14].
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Puc. 1. Tpodosoitn Naegleria fowleri (cTpinku) [10].

OnucaHo BUNadKM TPbOX CMepTen Big aMeBHOro MeHiH-
roeHuedanity B Jlyisiani (CLLIA), wo 3adpikcosani B 2011
Ta 2013 poui [17]. Y cratTi P. Soontrapa et al. onucaHo
BMNazok amebHoro MeHiHroeHLedanity, Lo 3adikcoBaHui
y TanaHgi [18]. Panile Gyro onybnikoBaHo AaHi Npo n'sTb
sunagkis MNAM, wo giarHoctosaHi B Mekcuui [19].

Y mexax gocnipkeHHs, wwo 3aincHunn N. K. Bellini et al.,
y Bpasunii B3goBx pidky MoHXoniHb0, sika NpoxoauTh Yepes
micto CaH-Kapnoc, B3aTo 5 npob y pisHux ginsHkax — Big
BEpXiBKW BOZOVIMM 10 MPUMICHKOI 30HK. BusiBneHo Taki Buamn
ameb popy Naegleria: N. philippinensis, N. canariensis,
N. australiensis, N. dobsoni, N. gruberi, — ane N. fowleri y
B3ATUX 3pa3kax He 3acpikcoBaHo [20]. BTim, Le He € npuso-
[OM Ans irHopyBaHHs CaHITapHO-enigeMiYHNX HOPM, afxe
Ha novatky 2000-x pokiB y Bpaaunii 3achikcoBaHO BUNaaKu
MAM, cnpuunteHoro N. fowleri. Ba GinbLue, 4OCi 0CTAaTO4HO
HEe BM3Ha4YeHO 0cobnmMBOCTI dpisionorii HasBaHUX BUAIB,
i TOMy He BapTO BMKMKOYATU iXHIN 3B’'A30K i3 MOXNMBUM
PO3BUTKOM XBOPOD.

Ak Bigomo, ameba Moxe NoTpannIsTh 4O OpraHiaMy
MIOAVMHN BHACMIZOK 3aKOBTYBaHHS KOHTaMiHOBaHOI BOAW
abo yepes BOMXaHHS Nuny, WO MICTUTb LMCTW LIbOTO Mi-
kpoopraHiamy. [licns noTpannsHHA 40 HOCOBOI MOPOXHUHU,
N. fowleri npuKpinnOETLCS 4O CRM30BOI 0OOMOHKM HOCa,
Micns YOro Mirpye Mo HIOXOBKX BOMOKHAX, LLO MPOXOASTh
yepes peLLiTYacTy NIacTUHKy, 40 HIOXOBOI LybynuHu. Mo-
TpanuBLLIM [0 LIbOro YTBOPEHHS, pyx 30yaHMKa NPOLOBXKY-
€TbCS B3AOBX HIOXOBOIO HEpBa B HANpsIMKY 0 NapeHxiMu
moasky [21].

3a jonomoroto JocnimKeHb in Vvivo, in vitro Ta ex vitro
[eTanbHO AOoCHimKeHo MexaHiamu natoreHHocTi N. fowleri.
3anexHo Bif HENPOAECTPYKTUBHUX CNOCcO6iB BMMMBY po3-
PI3HAOTb ABI FPYNY LUX MEXAHI3MIB; KOHTAKTHO-3amnexHi Ta
KOHTaKTHO-He3anexHi [22]. KoHTakTHO-3anexHi MexaHiamu
IPYHTYIOTbCA Ha 6e3nocepeHbOMy BMMMBI NpoOTUCTa
LUNSXOM agresii 10 TKaHUH i haroumnTo3y napeHxiMm MO3ky.
Tak, 3a pesynsratamv JOCTIKEHHS in Vitro nokasaHo, Lo
N. fowleri MOXe afresyBaTuCb i pyxaTuCb B3OOBX CIIM30BOT
060rOoHKM HOCa Yepes HasiBHICTb Ha ii 6asanbHiit Membpani
konareHy | Tny, ibpoHeKTVHY Ta namiHiHy-1. 3naTtHicTb
amebu aaresyBaTUCh 10 Ha3BaHWX KOMMOHEHTIB 06I'pyHTO-
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Puc. 2. 3apeecTpoBaHi BUNaaku neperHHOro amebHoro MeHiHroeHuedanity (n = 381) kpaiH cgity [16].

BYIOTb HasABHICTIO Ha ii MOBEPXHi cneumndivHMX iHTerpruHo-
nogibHux Ginkis, Hanpuknag, Nf-akTuHy, Skl BUSIBNEHO Y
umTonnaami Ta ncesaonoaisax ameou.

€ TaKoX faHi, Lo NATBEPMKYIOTb HASBHICTb B CTPYKTY-
pi knituHn N. fowleri kiHaan C — 6inka poanHu NpoTeiHkiHa3.
3ayBaxuMo, LU0 Nif Yac AOCHIDKEHb in Vivo NigTBEpaXeHO
niaBULLEHHS BipyneHTHocTi wramis N. fowleri, siki KynbTn-
BOBaHi B aKCEHIYHMX YMOBAX, MiCMsi MPOHUKHEHHS B MO30K
muwei marxe B 100 pasis. Lie sBuLLE NOSICHIOTL eKCrpe-
cieto ameboto cneumdiyHnx Buaie Binkis, ocobnmeo binka,
LLIo romornoriyHui go nioacbkoro ARHGAP28 Ta BusiBneHuin
Y BUCOKOBIPYNEHTHIX LUTaMiB Liiei amebu. MpunyckaroTb, Lo
BiH MOXe OyTV OAHNM i3 YUHHVIKIB NiABNLLEHHS! BipYNEHTHUX
Brnactueocten N. fowleri [15].

Kpim HaBefieHX aaresnBHUX BIACTUBOCTEN SK OQHOTO
3 haKTOPIB KOHTAKTHO-3aIEXHNX MEXaHI3MIB NaTOreHHOCTI,
Lieit NpoTUCT MoXe dharouMTyBaTh napeHxiMy Mo3Ky 3a
Jornomoror amebactomu, popMyBaHHS SKOi KOZYETbCS
6inkom Nfa1. Binku Nf-akth i Mp2CL5 € He MeHLL Baxnn-
BWMM B KOHTEKCTi MiATPUMaHHS BipYNEHTHWX BNAcTUBOCTEN
N. fowleri, amxe BBaXatoTb, LLIO BOHM BigirpatoTb BXKIMBY
porb y Npoueci agresii, haroynTosy Ta LUTOTOKCUYHOrO
BnnmBy [23].

KoHTaKTHO-He3anexHi MexaHiamuv 3yMOBIEHi 30aTHICTIO
N. fowleri o npodyKyBaHHS MaTPUKCHUX MeTanonpoTeiHas
(MMI), wo AatoTb i1 3MOry NPOHUKATM [0 LIEHTPanbHOI Hep-
BOBOI CUCTeMW. Y pesynbTaTi AoCHimKeHb NiATBEPIKEHO,
Lo amebun moxyTb npopykysatt MMI1-2, MMIM-9i MMIM-14.
MMM-2 i MMM-4 — depmeHTH, WO cneuianiayloTbes Ha
Aerpagauii xxenatuHy Ta konareHy IV uny. Brim L cnonyku

CeKpEeTYITbCA NepeayciM NpoTUCTOM SK NPOEPMEHTH,
Lo notpebyroTb akTmBaLii 3a yyacTio MMI1-14. Omxe, 3a
pesynbratamu focnimpkers, N. fowleri cekpetye ui MMM,
LU0 NpK3BOAMTb 0 Aerpadalii no3akniTMHHOrO MaTpUKCYy,
a oTKe norerLye NPOHNKHEHHS! 30yAHIKa 3 HOCOBOI MOPOX-
HWHW B HiOX0BY LMBynuHy. To6To cekpelis MMM 3miHioe
BMacTVBOCTI remMaTtoeHLedaniyHoro 6ap’epa i fae 3mory
N. fowleri mirpyBaTi 4O CTPYKTYP FONOBHOrO MO3Ky [15].

Mpunyckatots, wo N. fowleri Moxe NpoHWKaTh Yepes
remaToeHuedaniyHuin Gap’ep WNsaxoM Aerpapadii Ginkis
winbHWx 3'egHaHb (tight junction proteins, TJP). 3rigHo 3
[aHUMK JoCnigKeHHs in vitro, ameba cekpeTye LUCTEIHOBI
npoTeasw, Lo CPUYMHAIOTL Aernokanisaliio Ta aerpaga-
Lito komnoHeHTiB TJP, 30kpema knayauHy-1, oKmoauHy
(Z0-1), a Takox BNNMBAKTb Ha CTPYKTYPY aKTUHOBOTO
uurockeneTta [24].

Y N. fowleri ineHTuchikoBaHO HU3KY MOMekyn, Lo
MOB’AA3aHi 3 Mi3MCOM KIiTVH | LIUTOTOKCUYHOK aKTUBHICTIO.
Tak, onucaHo nopoyTBoptoBarnbHUIA Binok macoto 66 kfa,
wo sigomui sk N-PFP (Naegleria pore-forming protein) Ta
acouinoBaHuii i3 MeMbpaHot, MOXe MiyBaTy eyKapioTUYHi
KiK. 0ro LIMTOTOKCMYHICTL 3yMOBMEHa MOPYLLEHHAM
LIiMICHOCTI KNiTWHHOT Membpaty Ta i fenonsipuaaieto. Kpim
Toro, y wramis N. fowleri 3 BACOKOIO BipyneHTHICTIO BUSIB-
neHo fBa nopoyTeoptoBanbHi nentuaun — Naegleriapore A
Ta Naegleriapore B, 10 HanexaTb 40 pOAWHM Cano3MHOMNO-
[i6HMxX Binkis (SAPLIP). Lii monekynu, iMOBIpHO, Takox Bifi-
rpatoTb KMKOYOBY POrb Y AECTPYKLii KniTuH-rocniogapis [15].

Y Hu3ui gocnimkeHs BusiBneHo, wo N. fowleri npogykye
pi3Hi hepMEHTH, L0 MOXKYTb ByTI 3aryyeHi 40 YLLKOMKEHHS
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KniTUH rocnogaps. Tak, 3achikcOBaHO aKTUBHICTb MPOTEOo-
NITUYHNX eH3VMIB, erlacTas, HerMpamiHinas, a Takox dep-
MEHTIB, LLIO pO3LLENOKTb Ninign, 3okpeMa caiHromieniHas
i poceporiinas Tunis C, A, TaA. Lli dhepmMeHTM CripuinHsioTh
PyVHYBaHHS LMTONNa3MaTu4HNX MeMOpaH KIiTuH, a Takox
acoLitoTbCA 3 NpoLecamu AeMieniHisallii, Lo xapakTepHi
ANs NaTonoriyHux 3miH y 6inii pevoBuHi Mosky npu MAM.
OcobnuBo BaxnuBy porb Y LibOMY KOHTEKCTi BigirparoTh
nisodpocconinasn Ta CiHroMieniHasm, Lo MOXyTb Crpu-
YMHSTY AECTPYKLIHO | KNITMHHUX MeMBpaH, i MieniHoBux 0bo-
noHok. BetaHoeneHo, wo N. fowleri npogykye okeup asoty
(NO) in vitro 3a gonomoroto NOS-nogibHoro hepmeHTy,
AKMIA Mae cinbHi eniTonu 3 oepMeHTamu ccasLis, ane Aoci
He ineHTndikoBaHuii. AMeba TakoX Mae BUCOKY CTIMKICTb
no TokemyHoi aii NO. Y B/COKOBipyneHTHIX Tpodho3oiTax
BWSIBMEHO MigsuLLeHy exkcnpecito HSP70, wo 3abesnevye
3axWCT Bif KNITMHHOTO CTPECy, TeMNepaTypHuX 3MiH, a
TaKoX 3yMOBIIOE Nponichepalito Ta iMyHHy MOAynsLito.
[eHOMHi 11 NPOTEOMHI AOCTIMKEHHS ineHTUdiKyBanu Ginku
AlP1, HID-1iRab-1, Wwo peryntotoTb eHaocoMarbHWNA TpaH-
CropT, ek30UMTO3 i (haroumTo3. BcTaHOBMEHO TakoxX Hapd-
€KCMPECit0 CTPYKTYPHMX BINKiB: TAKKOMO NnaHLitora MiosuHy
I1, MioauHy le, BiniHy-1, — o GepyTb yyacTb y darounTosi.
LinknodpiniH BU3Ha4YeHO 5K LLie OAWH NaToreHHWin Mapkep,
XapakTepHUI Ans BipyneHTHUX wramis [11].

[ocnimxeHHs Ha TBapuHax Aanv 3mMory BCTAaHOBUTH,
wo N. fowleri NPOHMKAE y LiEHTpanbHy HEPBOBY CHUCTEMY
30e6inbLLIOro Yepe3 HIOXOBUI eniTenilt. Yxe Yepes Kinbka
TOAMH Micns iHiKyBaHHS B AiNAHKAX HOXOBUX LMOYMMH
BUSIBNSAKOTb YLUKOMKEHHS eniTenianbHUX KIiTUH i nooau-
HOKi TPOh030iTH. Yepes 12 roguH 3'9Bnsi0TLCH 0CEPEeaKM
BUPaXXEHOI 3ananbHoi peakwii 3 HaKOMUYEHHSM HENTPO-
inie i makpodparis. Ha 24-48 roguHy B TKaHWHI MO3KY
BWHUMKAIOTb 30HU KOArymnsLiiHOro HeKpoay, a Tpoo3oiTn
nokanisytotbest 6ins ApibHUX Kaninspis, WO CBiAYUTL NPO
MOpPYLLEHHs rematoeHuedaniyHoro 6ap’epa. [o TpeTboi
[06U KinbKiCTb HEKPOTUYHUX OINSHOK i 3ananbHUX KNiTUH
3HaYHo 30inbLUyeTbCS, a B cybapaxHoifansHoMy npocTopi
HaKOMMYyITbCA EPUTPOLIUTM, TPOGO30ITN Ta KMITUHHI
3anuwku. Ha cbomy o6y nicns 3apaxeHHst BU3HaqaTb
MacuBHe ypaxeHHs HIOXOBUX LMOYMUH i3 remopariyHumm
ocepeaKkamu, Ni3MCoOM HEMPOHIB | BUPaXeHO HENTPOdinb-
HO0 iHQinbTpaLieto [24].

TpwBanicTb iHkyGavjiiHoro nepiogy npu MAM cTaHoBUTH
3a3Buyaii Big 1 7o 30 fi6, y cepenHbomy — Maiike 6 gHIB.
Y nabopaTopHoO NiATBEPMKEHUX BUMaAKaXx Liel MokasHuK
[JeLL0 MeHLUWiA — NpuBnm3Ho 5 His, B iIMOBIPHIX 260 CymHIB-
HUX BUMaJKax MOXe CTaHoBuTM 7 aib. Taka BapiabenbHicTb
MOB’si3aHa 3 03010 iH(PEKLLIAHOTO areHTa, LUNSIXOM 3apaXeH-
HS Ta CTaHOM iIMYHHOI cucTemm xsoporo [16].

Ha noyaTkoBil cTagii kniHiyHa kapTuHa HecreuudivHa,
i TOMy [1OBOIi 4acTO y XBOPWX MOMUIIKOBO [iarHOCTYHTh
BipycHui? abo GakTepianbHWiA MeHIHMT. MauieHTn MaoTb
cKkapru Ha ronoBHU Ginb, rapsuky, HyooTy, OmoBaHHs,
3aKnafeHicTb Hoca, BTpaTy abo noripLueHHs Hioxy. Yepes
1-3 nobu [ofaTbCs HEBPOMOTiYHI CUMMTOMM: PUIgHICTL
NOTUANYHWX M’'A3iB, CYAOMU, rantoLMHaLii, onyLleHHs no-
BiK, 3aTYMaHEHHS 30pY, 3MiHW NCUXIYHOrO CTaHy, CUMMTOM
Kepnira Ta BpynanHcbkoro, cBiTnobosi3Hb i KOMaTo3Hui
craH [9,15,18].

CwmepTb 3a3Buyail HacTae vepes 1-2 TvxkHi nicns
iHbikyBaHHs N. fowleri. Ockinbky HeMae NAaTOrHOMOHIYHUX
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KNiHIYHMX 03HaK, Lo Aanu 6u 3mory sigpisHuTy MAM Big
BIPYCHOrO Yy 6akTepianbHOro MeHiHroeHuedanity, y binb-
LIOCTi BUNAAKIB AiarHo3 yCTaHOBMIOWTb NOCMEPTHO Nif
yac aytoncii [15].

MMig vac piarHocTtuku MAM 3acTocoBytoTb TabopaTopHi
METOAM, 30Kpema AOCTILKYI0Tb NIKBOP, BUKOPUCTOBYIOTH
MeToZ noniMepasHoi nanutorosoi peakuii (MI1P), netneno-
Ri6HOI i30TepMivHOi amnnichikawyi, BUKOHYHOTb cepomnorivHi
[OCTIIKEHHS, iMyHO3abapBneHHs, KyrnbTUBYBaHHS 30yAHW-
ka Ta Bioncito MO3KOBOT TKaHUH [25].

JlikBopogiarHocTvka — OAWH i3 NPOBIQHMX METOAIB
JOCTiMKEHHS IH(EKLIAHUX 3aXBOPIOBaHb LEHTPAIbHOI
Hepsoeoi cuctemu. LLlopo N. fowleri giarHoCTU4HE 3HaYEHHS!
mae came ctagis Tpodosoita (12—15 mkm), amke i npu-
TamaHHa BMCOKa pyxoBa aKTWBHICTb (1 MKM/C) BHaCiZoOK
HasIBHOCTI crewiani3oBaHux ncesgonogin. Lie nae amory
YiTKO BidyanisyBaTu Tpocho30iTa nig Yac Mikpockonii CrivH-
HOMO3KOBOI pignHK (puc. 3).

[ns BuUsSiBNEHHs amebn HeOOXiAHO BMKOPUCTOBYBATM
niKBOP, SIKUA B3STO LLOWHO. Ticns B3ATTA 3pa3ka roTyoTb
npenapar ans mikpockonii. Hagani 3actocoByioTb 0AMH
i3 MeTofiB 3abapBnNEHHs: reMaToOKCUITIHOM i €031HOM,
TpuxpomoMm, 3a lm3oto abo Paritom—TiM30t0. 3a3Haummo,
Lo MeTop 3abapBreHHs 3a pamMoM He € MeTooM BUGOpY
nig Yac iarHOCTUKM LibOro MpOTUCTA, OCKINbKW OfHWM 3
€TaniB TEXHIKM € TepMmodikcaLisi, Lo MOXe MOLIKOAUTH
Tpocho30iT. Micna 3abapenexHst N. fowleri BU3Ha4aTb
nig Yac Mikpockonii 3a TUNOBOK MOpONOrieto, 3okpema
no6pe BIaHO 5Apo 3 saepueM [8]. Kpim Toro, nig vac B3aTTs
CMHHOMO3KOBOI PiMHM BU3HAYAOTb i LLIBWAKE BUTIKAHHS,
LLO CBIiAYMTb NPO MiABULLEHHS BHYTPILLIHEOYEPENHOTO TUCKY.

Mg yac aHanisy nikBopy BUSIBNSOTL 36iNbLUEHY Kirb-
KicTb neiikoumTie — y Mexxax 300-26 000 kniTuH Ha 1 M3,
nepeBaxatTb NofiMopdHosAepHi KniTuHW. Moxnuee
TaKOX BUSIBMNEHHS €pUTPOLMTIB i 6inka y CIMHHOMO3KOBIi
piavHi, a piBeHb IMIOKO3N 3HVKEHWI [8].

Y crarTi L. Lin et al. onuncaHo negiatpuynnin Bunagok
MAM [26]. Mig Yac nrombanbHOI NYHKLii OTPUMaHO NiKBOP
nig Tuckom 80 MM BOZ,. CT. Y pesynbrarTi NiKBOPOLiarHOCTUKN
BUSIBIMEHO, LLO piBeHb epuTpoLmTiB ctaHoBMB 3200 x 10%/n
(Mpv HopMi 0), KinbkicTb NerkoumTie — 960 x 108/n (Mpw Hop-
Mi 0-15 x 10%/n). KoHueHTpauis 6inka cTaHoBuna mMaixe
10 000 mr/n, 3Ha4HO NepeBMLLYIO4WN HOPMATUBHI Mexi — 80—
430 mr/n. PiBeHb rmioko3u ctaHoBUB 4,76 MMOIb/N, AELLo
MepeBHLLYIOYM BEPXHIO MeXy Hopmu (2,8-4,5 mmonb/n).
KoHueHTpaLia xropuais Bignosigana peepeHTH!UM 3Ha-
YeHHsM — 123,2 mmonb/n (Hopma — 120,0—-130,0 mmons/n).
Brim, aKTMBHICTb nakTataerigporeHasn 3HayHo BULLA 3a
Hopmy (5-35 O1/n)— 2945 O[l/n. PiBeHb nakTaTty CTaHOBVB
7,8 MMONb/N, Takox CyTTEBO MEPEBULLYIOYM HOPMAnbHI
nokasHuku — 1,0-2,8 mmons/n. BusieneHo i opraHonen-
TWYHI 3MiHW: NIKBOP MaB NiABULLEHY B'A3KICTb | XKOBTYBATUN
BiATIHOK (puc. 4) [26].

MMicns BusiBNeHHs ameb y cniMHHOMO3KOBIN piguHi Aia-
rHo3 MAM yTouHtotoTb 3a gonomoroto M1P, Wwo mae BUCOKy
CMeunIYHICTb i YyTIUBICTb, CMPUSIE CBOEYACHOMY NOYaTKy
Tepanii. Mig Yac cyyacHux nabopaTopHWX [OCHIAXEHb
N. fowleri ineHTIKYIOTb, 3aCTOCOBYIOUM Pi3Hi BapiaHTM
M1P: 3BMYanHui, BKNageHun, mynbstunnekcHui i MipP
y peanbHomy yaci [27,28]. Lien meTon rpyHTYETbCS Ha
BUKOPUCTaHHI creumdivyHmnx npanmMepis 4o Naegleria. Hai-
nowwmpeHiwui BapiaT — MJ1P y peanbHomy yaci (TagMan
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Puc. 3. Bonoruii 3HiMOK CiHHOMO3KOBOI piguhu, ae BusiBneHo N. fowleri (TpochosoiTHa dhopma).
Crpinku BkasytoTb Ha Tpodh030iT nif yac pyxy [25].

4

-

5

Puc. 4. B'sizka rHifiHa CnHHOMO3KOBa piayHa [26].

Puc. 5. (a, 6) 3pasku amnnikoHis, oTpumani 3 reHomHoi IHK N. fowleri 3a sonomoroto cneumdivHnx

npavepis [25].
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technology), ockinbku BiH Jae 3Mory BUsSIBUTH 0fHY ameby
B 3paskax, LU0 JOCTIiDKYTb. KpiM TOro, 3 BUKOPUCTaHHSAM
TagMan technology MoxHa ineHTUdikyBaTW BUSIBREH] BUAN
Ta reHoTUnyBaTK ix Yepes aHania Mf1P-amnnicpikoBaHux 18S
pPHK N. fowleri, BHyTpiLLHBOT TPAHCKPMOOBaHOT MPOMIXKHOT
ainsiHkm 1 (ITS1), reHa 5.8s pPHK, BHyTpiLLHBOI TpaHCKpK-
60BaHoi npomixHoi AinsHku 2 (ITS2) i 28S pPHK. Mig vac
[OCRimKeHHs eKONOriYHMX 3pa3kiB BU3HaYanbHy ponb Bidi-
rpae metop Nested-M/1P, wo rpyHTyeTbCSH Ha amnnidikaLii
yacTuhn rera Mp2CI5 [29].

Mg yac gocnimkeHns, wo 3aincHnnm M. Aurongzeb et
al., BukopwctaHo MIP-amnnicpikoHn, npaimepm Nf-ITS1-F_
Nf-ITS1-R i NaeglF1925-F_NaegIR344-R (puc. 5) [25].

HoBiTHbOl0 mMeToaukoto giarHoctuku MAM € net-
nenopibHa isoTepmiyHa amnnicikauis (Loop-mediated
isothermal amplification, LAMP). OcobnuicTio Lboro
meTozy, Ha BigmiHy Big MNJ1P, € amnnichikaLis npu NOCTiNHIN
Temnepartypi (3a3sudait — 60-65 °C). Mepesaru Lboro Me-
TOAY NONAraloTh Y HYBKYIMA BApTOCTI, BULLN Yy TAWBOCTI Ta
LUBMAKOCTi NOPIBHSHO 3 iHLWIMMK METOAaMM NabopaTopHOi
piarHocTuky [30].

[opatkoBa nepeBara MeToZy NoONsrae B TOMY, L0 He-
mae noTpedn y BUKOPUCTaHHI 4opororo 0bnaaHaHHs, a oTxe
LAMP MoxHa BMKOPWUCTOBYBATM Mif Yac 0BCTEXEHHs Ta

nikyBaHHS NaLieHTiB y kpaiHax 3 06MexeHNMmM pecypcamu
y Chepi OXOPOHM 3OPOB'S.

CraHom Ha 2015 pik 3adhikcoBaHO NMLLE OAWMH BUNAAOoK
giarHocTvkm NAM i3 BukopucTaHHsm LAMP, o nos’s3aHo 3
HaA3BMYaNHOK PIAKICTIO LbOro 3axBoproBaHHs [31].

MAM piarHocTyloTb Takox Lnsxom Bioncii mosky. Y
JocnimKyBaHNX pparMeHTax MO3KOBOI NapeHxiMu, none-
peaHbo 3abapBreHnX OfHM METOLIB, MOXIMBE BUSIBIIEHHS
Tpocho3oiTis N. fowleri 3 xapakTepHO MOpONOrieto, SK-0T
poamip 10-35 MKM, okpyria dopmMa, 3epH1CTa LTonnasma,
LLO MICTUTb Y1CEHHI BaKyoni, onHe sapo [25]. 3ayBaxumo,
LU0 L5t ameba He YTBOPIOE LMCT Y TKaHUHAX OpraHiamy noau-
HW, OCKINbKW HACTaHHS! HECTIPUSITIIMBUX YMOB, HEOOXiAHNX
ANS1 IHUMCTYBaHHS, He MOXIIMBE.

HassHictb aHTuTin go N. fowleri He € AeTEPMIHAHTHOO
o3Hakoto Ans aiarHoctuku [MAM, amke y GinbLUOCTi BUNaakis
CMepTb Tak1X NaLliEHTIB HACTaE paHiLle, HiXX pO3BUBAETLCS
rymoparnbsHa iMyHHa BignoBiab. Lii gaHi obrpyHToBY0TH
JOUINbHICTb enifeMionoriyHoro OLiHIOBAHHSA B OKPEMMX
parioHax. Tak, LOCRimpKeHHS, 3aiiCHEHI Ha TepuTopIi NiBLEH-
Horo cxopy CLUA, Asctpanii Ta Hosoi 3enaHgii, fanw avory
BusBuTY IgM o knituH N. fowleri y 3nopoBux niogeit. 3a
pesynbTaTamu iHLLOro AOCHMKEHHS, LU0 3MiMCHEHE B Pi3HUX
perioHax CLUA, BMSIBNEHO Pi3HMLIO 3a KOHLEHTpaLlisiMm
aHTuTin go N. fowleri y melukaHUiB pisHuX LwTaTiB. Tak, y
30 xwTenis MiBHiYHOT KaponiHu 3ad)ikcoBaHO TUTP aHTMTIN
1:16, a ot y xuTenis lNeHcunbBaHii — 1:4. Ha nigcrasi umx
[aH1X aBTOpM 3p0BUNM BUCHOBOK, LLIO uTeni NeHcunbBaHii
3HaYHO pifLLe KoHTakTytoTk i3 N. fowleri [27].

3a pesynbratamut HOBILLOTO JOCAIMKEHHS, LLO 3aiicHe-
He B MekcwLj, BCTaHOBMEHO, LLIO BCi YYaCHUKY [OCTIIDKEHHS
manv TuTp aHtuTin 1:100, To6TO ByNK Cepono3nTUBHUMK,
6a GinbLue, 98 % yyacHUKIB Manu KOHLEHTPALLit0 aHTMTIN
noHag 1:500. He3Baxatoun Ha Te, LU0 B aHAMHES] OKpEMUX
YYaCHUKIB JocnimkeHHst He Byno o3Hak MAM, nokasHukm
ryMOpanbHOro iMyHITETY CBiAYaTb MPO KOHTAKT iXHbOI
iMyHHOT cuctemu i3 N. fowleri [32]. BusiBneHi aHTuTING B CU-
pOBaTLji KPOBIi Ta BiACYTHICTb aHAMHECTUYHUX AaHNX LLOAO
iH(ikyBaHHA [TAM gatoTb migcTaBy NPUNYCTUTA KOHTaKT
obCcTexeHnx 3 iHwMMK amebamu, Lo BifbHO XMBYTb Ta
MaloTb aHTUreHHy cnopigHeHicTb ao N. fowleri [27].

KynbT1BYyBaHHS 3aCTOCOBYOTb SIK METOZ, 4TS BUSIBIEH-
Hs1 N. fowleri B 3pa3kax GionoriyHux pignH abo 3paskax 3
[0BKiNnns. BTimM, 0cTaToMHO NiATBEPAMTM BULOBY HANEXHICTL
amebM MOXHa NnuLLe 3a A0MOMOrO TOYHILLMX MeTogiB. Y
KOHTEKCTi KMiHIYHOI [jiarHOCTWKM SIK 3pa30K BUKOPUCTOBY-
10Tb CaMe CIMHHOMO3KOBY piavHy. i LieHTpudbyryioTs ana
OTPUMaHHS ocagy, Skui Hapani pecycnexaytoTb. OTprMaHy
CyCMeHsito 3a JOMOMOrOK MINETOK A0AAI0Tb A0 YalloK i3
HenoxvsHuM arapom (Non-Nutrient Agar, NNA). NNA no-
nepeaHbO roTYHOTb LWMNSXOM HAaHECEHHS Ha 110T0 MOBEPXHIO
TOHKOrO Lwapy 3i wramy Esherichia coli, po3segeHoro B
cneuianbHoMy cpisionorivHoMy posynHi Ans ameb. licns
iHOKy ALl YaLLKv iHKyDytoTb 3a Temneparypu 44 °C, wwo Bip-
noeigae TepmodinsHum BnactusocTam N. fowleri, npoTsrom
10 aHiB. MNepen iHKybaLjieto YaLLKy repMETUYHO 3aKpMBatOThb
napanniskot. Bnpogosx ycboro nepiofy KynsTUBYBaHHS
LLIOAIEHHO CMOCTEPIratoTb 3a CTAHOM KymnbTyp, BUKOPUCTO-
BYOUM CBITMOBUIA Mikpockon (puc. 6) [25].

Kpim Toro, gocnifkeHHs, 3hiiCHEHe B YHIBEPCUTETI
National Yang-Ming, fano 3mory BCTaHOBUTK, LLO piCT
N. fowleri 3anexuTb Bif cknagy cepefoBuLLa Ta Temnepa-
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Typu. [enToH CTUMYNHOE piCT NapasuTa 3a BCiX Temneparyp,
11 0cobnmBo — 3a BUCOKMX (43 °C), a eKCTpaKT ApiKmkiB
HeraTMBHO BNAMBAE Ha picT. Lie cBiguMTb Npo BaXMBICTb
onTuMisauji cepenosuLia Ans KynestusyBaHHa N. fowleri,
abu noKkpaLLMTH AOTo POCTOBI XapaKTEPUCTUKY (32 BUCOKUX
Temnepartyp, AOLIMBHO YHUKATI KOMIMOHEHTIB, LLIO MOXYTb
iHribysaTu Len npouec) [33].

IneHTudpikavito N. fowleri y 3apaskax napeHxiMy ronos-
HOTO YY1 CMIMHHOTO MO3KY 3AINCHIOIOTb TAKOX 32 AONOMOTOH
METOAIB IMyHHOTO 3abapBneHHs. Po3pisHsoTb ABa TUMK:
iMyHoricToximiyHe 3abapeneHHst (immunohistochemistry,
IHC) Ta Henpsime imyHodbnyopecueHTHe 3abapBrneHHs
(indirect immunofluorescent, IIF) [27].

IMyHoricToxiMmiuHe 3abapBneHHst NoTpebye 3pisie Tka-
HWUH MO3Ky abo 3paskiB NikBOpY, LLO NONEPEAHBO roTYHOTb i
ikcytoTb y chopmanini. Micns Lporo Ha 3pasku HaHOCATb
cneumndiyHi aHTUTING, CNpsAMOBaHi Ha iAeHTudikaLio
aHTureHiB N. fowleri. Akwo B 3pa3skax € amebu, aHTuTINa
YTBOPIOKOTb CreLMiHHi KOMMIEKCH @HTUIEH — aHTMTINO, SKi
MOXHa Nerko BidyanisyBaTu nig Mikpockonom [8].

Y pasi HenpsiMoro iMyHodbryopecLeHTHoro 3abaps-
TNEHHS BUKOPWCTOBYIOTb aHTUTINA, MiYeHi chriyopodopamu.
i BNNMBOM CBITNa 3 NEBHOK AOBXVHO CBITIOBOI XBUTTi
¢hnyopodhopu BUNPOMIHIOTb (hryopecLieHLto, ToMy nicns
3B'A3yBaHHs aHTUTIN 3 aHTureHamu N. fowleri HacTynHUM
€TanoM € AOCiMKEHHs 3pa3kiB 3a 4OMOMOro oyopec-
LIeHTHOI Mikpockonii [8].

Mig Yac B3ATTA CIMHHOMO3KOBOI PiAMHM Y XBOPUX Ha
MAM BuM3HayatoTb MiLBULLEHHS BHYTPILHBOYEPENHOIO
TUCKY, OCKiNbK/ NikBOp BWTIKae Lusuawe. Tomy 6esnoce-
peaHb0 nepes NMioMOansHo NyHKLiER HEO6XiAHO BUKOHATU
komm’'toTepHy Tomorpadito (KT) abo MarHiTHo-pe3oHaHCHy
Tomorpacito (MPT) ronoBHOrO Mo3ky. SKLLO BHYTPILLIHBO-
YepenHWiA TUCK NiABULLEHWUIA, Ui METOAW IHCTPYMEHTamNbHOI
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Puc. 6. Tpocho3oitun

. " § } i - }
o %1 ,x R ! "'-.,_- N. fowleri (x400)
- G- - 'c:"- e _ & i3 CMHHOMO3KOBOI pi-
= e : s L AvHN navienTa 3 MAM,
| = o " N KynbTBoBaHi Ha NNA.
i F r Tk . . B N 06. x40 [25].
i .
- +
Ny &t b 7 i > Puc. 7. Komm'iotepHa
sy - A L W .‘1 - S ToMorpadisi FonoBHOrO
. AT NS 2 = MO3Ky naLlieHTa 3 nep-
Sy \\, S j‘m . [ y nad| p-
I - /i = - /, BUHHIM aMeBHUM MeHiH-
SR A 15 % .- roeHuehanitom.
y e —— e A: 36epexeHa LyHo4Ko-
¥y - fr B 3 = \ - Ba CYCTEMA Ha NepLUNi
':- L . N A - [AeHb rocniTaniaavii;
L

= s B: cybapaxHoifanbHuit
KPOBOBWUMYB i HaBpPsK
MO3KY Ha LLIOCTHIA AEHb;
C: nporpecyBaHHst Habps-
Ky Ha AeB'aTuit fieHb [34].

[iarHoCTWKM AiadyTh 3MOry BUSIBUTU 0ONiTepaLlito LIUCTEPH
HaBKOMO CepeaHbLOro Mo3ky Ta cybapaxHoiaanbHoro npo-
cropy. Btim 3ayBaxumo, wo KT i MPT He npusHadeHi ans
6e3nocepeHbLOr0 BUSIBNEHHST MIKPOCKOMIYHIX OpraHiamis y
napeHximi Mo3ky, sik-ot N. fowleri. 3pebinbLuoro wi metoau
BVKOPMCTOBYHOTH il YaC AiarHOCTVKM CYAUHHWX MOPYLLEHb,
nyxnuH i Tpaem. Tomy Bukopuctants KT i MPT ans giarHoc-
Tukv MAM gouinbHe nuie B TUX BUNAAKaX, KON BUHMKNN
[0[AaTKOBI HEBPOIOriYHi YCKMaAHeHHs, WO MOoB'A3aHi 3
0CepeKOBUM ypaxeHHsM MO3Ky [8].

Y MMisaeHHin Kopei 3apeecTpoBaHO netanbHWii Ha-
cnigok y 52-piyHoro xsoporo Ha [MAM, Wwo cnpuunHeHni
N. fowleri. Insi noOaTKOBOI AiarHOCTMKM NaLliEHTOBI BUKO-
HaHo KT-obcTtexxeHHs (puc. 7) [34]. Ha 3nimky (puc. 7a), wo
OTPUMaHO B NEPLUMA AeHb rocnitanidaLii, BisyanisoBaHo
LUMYHOYOK MO3KY 3i 30epexeHnuM NpocTopoM. Ha wocTui
[eHb BUKOHaHO NoBTOpHe KT-A0CnimKEHHS FONOBHOMO MO3-
Ky (puc. 7b), nig 4ac siKoro BusiBNeHo cybapaxHoifanbHui
KPOBOBMIMB i HABPSIK MO3KOBOT TKaHUHM. [10 AEB’ATOrO AHA
rocnitanisauii Habpsk Mo3Ky nporpecyBas (puc. 7¢).

Kpim Toro, y Kutai BusieneHo sunagok MAM y 42-piy-
Horo yonosika, nig Yac KT-4OoCnimjKeHHs Yy HbOro Takox
BWSIBMEHO fedopMaLio LWTyHOYKOBOI CUCTEMW 3 Maike
MOBHMUM i 3HUKHEHHSM (puc. 8) [35].

MAM — pigkicHe, ane cmepTenbHe 3axXBOPOBaHHS,
cTaHoM Ha 2015 pik BifoMO NuLLE Kinbka BUNaaKiB yCniLL-
HOTO NiKyBaHHSA LIbOTO 3aXBOPIOBAHHSA. Yepes wsnake
MPOrpecyBaHHsl 3axBOptoBaHHs BinbLUICTb AOCTIAKEHb
oA NikyBaHHS 34INCHIONTB in Vitro. He3saxaroun Ha Ue,
€ npenapaty, wwo 6ynu ecbexkTreHumm npotu N. fowleri[36].
HaitvyacTilue npusHavatoTb amdotepuLmH B, akuin BBOAATL
iHTpaTekarnbHo, a Takox B KOMGiHaLii 3 dykoHasonom,
a3UTPOMILMHOM, pucbamniLyHoM i MinTedosnHom. OpHak
BHACMiAOK NOraHoro NPOHMKHEHHs! Yepes rematoeHueda-


https://zmj.zsmu.edu.ua/

Review

ISSN 2306-4145  https://zmj.zsmu.edu.ua

Puc. 8. Komn'lotepHa Tomorpadisi rofloBHOr0 MO3Ky XBOPOrO Ha
MAM [35].

niYHW Bap’ep, WO BNaCTVBE LM npenaparam, iX A0LiNbHO
BBOAWTY Y BUCOKWX 403aX. LIM NOSICHIOOTb PU3NK BUHWK-
HEHHS yCKINaaHeHb, @ HEMPOTOKCUYHICTb aM(OTEPULIMHY
B nigTBepmxeHo [15].

OpwH i3 ycniwHo nponikoBaHux Bunagkis MNMAM —
22-piyHnit YonoBik i3 lMakucTtaHy, akuit 3BepHyBCs A0 M-
kapHi y 2023 poui 3 3aranbHOIHEKLIHIMY CUMMTOMaMK
(mmxomaHka, B6ritoBoTa, COHNMBICTB). Micns nabopaTopHux
i KNiHiYHMX ocnimKeHb Y Hboro 6yno AiarHocToBaHo ro-
CTpWit MeHiHroeHuedanit. Cnoyatky XBoOpoMy Npu3Ha4eHo
emnipuyHe NikyBaHHS, WO nependaqano BHYTPILWHLO-
BeHHe BBEEHHSI MeponeHeMy (2 /12 rog), BaHKOMILWHY
(1 r/12 rom), fekcametasony (4 mr/8 rog) Ta Banbnpoary
Hatpito (500 mr/12 rog). Toro camoro AHS 34iNCHWNM MiK-
BOPOZiarHOCTMKY, L0 niaTBEpauna HaseHicTb N. fowleri.
Micns uboro cxemy niKyBaHHS 3MiHUAW, MPU3HAYEHO
minTtedosuH (50 mr/6 rog) i pucpamniumy (400 mr/12 rop)
nepoparbHo; amdgotepuuuH B (75 Mr HeraiHo, noTiM —
50 mr/24 rop), conykorason (400 mr/12 rog), a3uTPOMILMH
(500 mr/24 rop), Banbnpoar HaTpito (500 mr/8 rog) Ta 20 %
maHiTon (200 mn/8 ron) — BHyTpilLHEOBEHHO. CTaH naujeHTa
MOripLUMBCA, MOT0 NEPEBENM Ha anapar LUTYYHOI BEHTUNALT
nereHb. Ha Tperii feHb [0 CXemu nikyBaHHA LO4AHO iH-
TpatekanbHe BBeaeHHs amdotepuumty B (15 mr). 3rogom
CTaH navjeHTa NoKpaLLmBCS, | Ha BOCbMUI AEHb BiH Yxe He
notpebyBaB LWTY4YHOI BEeHTUNALT nereHb. Iicns Tepanii, wo
TpvBana Tpu TWXHI, Ha 28 AeHb YonoBika BunMcany 6e3
HEBPOIOTiYHMX MOpYLUEHb. Liel Bunagok Hao4Ho Nokasas
BaXMWBICTb paHHbOI AiarHocTuku MAM, ockinbku pesynsrat
NiKyBaHHS iCTOTHO 3anexuTb Bif Yacy 3BepHeHHs [37].

LLle oguH npuknag ycniwHoro nikysanHa MAM — Buna-
[0k 14-piyHoro xonus 3 IHAiT, skoMy fiarHo3 BCTaHOBIEHO
Ha MiacTaBi aHAMHECTUYHMX (KYMaHHS y rPOMaCbKOMY
cTaBKky 4 AHi TOMY), KNiHiYHUX (ronoBHUiA Binb, enisoam
CyL,OM) JaHUX i LLMSIXOM 3aCTOCYBaHHS TabopaTtopHMx Me-
TopiB (aHania kpoBi, Mikpockonis niksopy, MIP). NikysaHHs
po3no4aTo 3a MPOTOKoNamu, LLIO peKoMeHoBaHi LieHTpamu
3 KOHTPOITIO 3aXBOpOBaHb (amdoTepuumH, ¢hiykoHason,
asnTPOMILMH, pudamniunH i mintedoauH). Kpim Toro,
MpW3HaYeHo NPOTUCYAOMHUIA 3acib feKkcameTasoH i Tepa-
Mito, LLIO CNPsIMOBaHA Ha 3HKEHHS! BHYTPILLIHLOYEPENHOTO

TUCKY, — BBEAEHHS TNEPTOHIYHOrO po3unHy. Yepes Tpu aHi
CTaH XJ1onLs HopMarnidyBaBCsl, a MOBTOPHWIA aHani3 NiKBOpY
3 MIKpOCKOMi€t0, 3MiINCHEHI HA BOCbMWIA L€Hb, HE BUSIBUB
N. fowleri. Micnst 21 gHa aHTWBiOTMKOTEpanNii Xnonus Bu-
MUCaHO 3 KMiHikK. Yepes 5 MicsLiB Ha NOBTOPHOMY Ornsgi
HEBPOMOriYHWIA CTaH NauieHTa OLHEHO SIK HopManbHWi [38].

06roBopeHHsA

Naegleria fowleri, Binoma sik «ameba, L0 NOifae MO30K,
3amnMLLAETHCS 3HAYYLLIOKO 3arpo30t0 ArIsi FPOMaACHKOTO 300-
POB’Sl, HE3BAXAKUM Ha Te, LU0 CMPUYMHSIE 3aXBOPIOBAHHS
BiAHOCHO pifKko. BpaxoBytoum ayxe BUCOKY NeTanbHICTb npu
nepBrHHOMY amebHoMy MeHiHroeHuedbaniTi (noHag 97 %),
npobnema notpebye ocobnmeoi yearu 3 60Ky HayKOBLIB,
KMiHILMCTIB Ta enigemionoris.

Y pesynbtati aHaniay axoBoi nitepaTypu BCTaHOBMe-
HO, Lo MopdhororiyHa MiHnmBicTb N. fowleri fae in amory
eeKTBHO afanTyBaTMCA A0 PisHUX YMOB JOBKiNNs. MNopis-
HSHO 3 iHLLIMMU BINIbHOXMBY4MMU amebamu, Lien NMPOTUCT Xa-
paKTepu3yeTbCs YHIKaNbHO 3AATHICTHO LIBMAKO 3MIHIOBATM
chopmu (TPOchO30iT, IKryTUKOBa CTags, LMcTa), i Lie iCTOTHO
yCKnagHioe npoinakTuyHi 3axoau. Y pesynbrati none-
penHix JocniMKeHb NigTBEpMKEHO TEPMOMINbHICTL Napa-
31Ta Ta 0ro BIDKMBAHHS 3a eKCcTpeManbHMX ymoB [8,12].
Brim, noci 6pakye aeTanbHUX AaHWX LWOAO CTIMKOCTI LUCT Y
Pi3HUX TUNAX 'PYHTIB, & TAKOX MeXaHi3MiB BUKMBAHHS Npu
BUCOKWX KOHLIEHTpaLlisix 3acobiB Ans AesiHpekLi.

EnipemionoriyHa kapTvHa cBiguuTh Npo 36inbLUeHHs
KinbKoCTi BUNagkiB agjiarHOCTUKM MAM y Tennux KniMaTnyHux
30Hax. Lle BiAnoBigae AaHuMm oo onTUMarnbHUX Temnepa-
Typ icHyBaHHs N. fowleri. Pasom i3 TvM, onucaHo BUNagku
iHDiKyBaHHS y BiZHOCHO NOMIpHKX KniMaTax (Hanpuknag, B
Kurai Ta MNisgenHin Kopei) [34]. Lie ciguuTb Npo noTeHLjn-
He po3LMpeHHs apeany 30yaHKKa BHacMifoK rmobarnsHoro
MOTENMiHHS, LLO CTaBUTb Mif CyMHIB yCTaneHi yaBneHHs npo
1oro reorpadiyHi Mexi.

[NaToreHe3 foBONi AETaNbHO OMMUCAHO HA MOMEKyYmsp-
HOMYy piBHi, 3okpema ponb MM i nopoyTBOptoBanbHMX
6inkiB (N-PFP, Naegleriapore A/B), Lo cnpniuHsitoTh ge-
CTPYKLIitO KMITUH FONOBHOrO MO3KY [22]. BTiM, 3anuiiaeTbest
BIZKPUTUM NTaHHA woao B3aemogii N. fowleri 3 imyHHOO
CUCTEMOIO NIOAVHK, 0cobMMBO Yy hasi NpuKpinneHHs Ao
HtoxoBoro enitenito. Migsuwera exkcnpecia HSP70 y Bi-
pyneHTHUX Wramis i BusienenHs AIP1, HID-1, Rab-1, a Ta-
KOX LIKIMOCNOPUHIB NOTPebyHoTb NPOJOBKEHHS LOCTIimKEHD
3 aKLEHTOM Ha iXHiil poni B MOAYNsLLii iMyHHOI BigMoBigj.

e oguH KpUTUYHO BaXKNWBWIA HaNpsM LOCHigKEHb
— OnTUMiI3auia AiarHOCTUKKU. He3Baxaluu Ha BMCOKY
yytnmeicTb M/1P, meTog LAMP 3anuwaeTtbes HegoouiHe-
HUM Yepe3 oBMexeHy KiNbKiCTb AOCMimKeHb, Xo4a Mae
MoTeHLian Ans 3aCTOCyBaHHS B YMOBaX 3 OOMEXEHUMM
pecypcamun. Okpemy yBary AOLiNbHO NPUAINKTYA Cepono-
riyHin giarHoctuui N. fowleri, 3okpema nig Yac BUSIBNEHHS
CneumnIYHNX aHTUTIN y cupoBaTui kpoBi. [ig Yac Kinbkox
AocnimkeHb BUSBNEHO TUTpU aHTuTin Ao N. fowleri HaBiTb
Y KNiHIYHO 30,0POBKX OCID, LI KWBYTb B EHAEMIYHMX 30HaX.
Hanpuknag, y focnimkeHHi, Wwo 3gincHeHe B Mekcuu,
BCi y4aCHWKW BUSIBUNMCS CEPOMNO3UTUBHUMM 3 TUTPaMK,
wo craHosunm 1:100 i GinbLue, ane He B yciX BUMagkax
B aHamHesi Oynu paHi wopo MNAM [32]. Li paHi He patotb
3Moryt 3poBKTI OCTATOYHUIA BUCHOBOK, UM AiNCHO BUSIBNEHI
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Ornsaam

iMyHOrnoByniHM € pe3ynsTaToM 6E3CMNTOMHOTO KOHTaKTY
3 N. fowleri, 4n, MOXIMBO, HACMIAKOM iIMYHHOI BiAMOBIgi
Ha iHWi amebw, WO BINbHO XMBYTb | MalOTb AHTUTEHHY
cnopigHeHicTb i3 N. fowleri. [Joci Hemae TOUHWX AaHUX, LLO
Zanu 6y 3mory JOCTOBIPHO BiApisHWTY Li ABa BapiaHTW.
3anuwaeTbesa BigKPUTUM NUTaHHS LWOAO cneundiyHoCT
CepOonorivYHNX peakLiit i MOXNMUBOro X1BHOMO3NTUBHOO
pesynbrary.

OTxe, NONpU NOTEHLiNHY LiHHICTb ceponorii Ans
€nigemionoriyHoro MOHITOPUHTY, ii AiarHOCTUYHA 3Hauy-
LLiCTb Y KMNiHIYHOMY KOHTEKCTi 3aNnLIaeTbCs 0OMEXeEHOH
i noTpebye YTOYHEHHS, BPAXOBYIOUM NEPEXPECHY IMYHHY
pEeaKTUBHICTb.

LLlogo nikyBaHHS, TO KMiHiYHi BUNagkm 3 MNakuctany Ta
IHAii nokasanw, Lo paHHS AiarHocTMKa Ta kKoMBiHOBaHa Te-
panist (amcoTepuumH B, MinTedo3uH, asuTpoMiLyH ToLLO)
MOXyTb ByTi edbekTuBHMY [37]. MpoTe Li AaHi obMexeHi,
a CTaHOapTM30BaHOMO MPOTOKOMY MiKyBaHHA JOCI HEMae.
3a3HauMmMo, L0 HM3bka MPOHMKHICTL MpenapaTiB Yepes
rematoeHuedaniyHui 6ap’ep i HEMPOTOKCUYHICTb € nepe-
LLUKOAOIO Ha LLASXY A0 YCMILLHOrO MiKyBaHHS. JoLinbHUM €
BWBYEHHS! HOBUX TPAHCMOPTHWX CUCTEM [1OCTaBKM MikiB 40
LieHTparnbHOi HEPBOBOI CYCTEMM (HAHOYACTUHKM, TINOCOMU),
LLO HWHI aKTUBHO AOCTIDKYIOTb Y hapMakonori.

BusiBneHi cynepeyqHoCTi, SK-0T CeponosnTUBHICTL 6e3
KniHiYHMX NposiBiB abo CTilKiCTb A0 Ae3iHdekuii, ganm
nigcTaBn 3po0WTU BUCHOBOK, LLO NOTPansHHA ametu
[0 OpraHismy MoauHu He 3aBxam cnpudnHse NMAM. Tomy
[aHi Npo netanbHICTb Ha piBHI 97 %, WO cnpuyiMHeHa
MAM, notpebytoTb KOpeKLii, 3Baxatoum Ha Te, Lo CMepTb
HacTtaBaTuMe He nue y pasi kKoHTakTy 3 N. fowleri, a i npu
PO3BUTKY KMIHIYHOT KAPTUHM.

HeoOxigHO nepernsHyTu ycTaneHi nornsaaum LWoao
CnpaBxHbOoro enigemionoriyHoro notewuiany N. fowleri,
apxe BiH Moxe 6yTu HegoouiHeHuid. Came Tomy MAM
noTpebye He NuLLe NPOAOBXKEHHS BYBYEHHS, ane i akTya-
ni3auii Ha piBHi rmobanbHUX Nporpam 3 0XOPOHY 300POB'S.

BucHoBKH

1. Naegleria fowleri — dpakynstaTuBHO TEPMOINbHUIA
npeactaBHUK Amoebozoa 3 BUCOKOK HENPOIHBA3VNBHOW
30ATHICTIO, L0 CNPUYMHSE NPOHUKHEHHSI MIKpOOpraHiamy
[0 LieHTparbHOi HepBOBOi cMCTeMM 3 AoBKiNNS. Lis Bnactu-
BIiCTb 3yMOBJIEHA 3AATHICTIO AoNaTH remaTtoeHuedaniyHni
6ap’ep Ta yHuKaTu eCheKTUBHOI iIMyHHOI BiZMOBIAI Xa3siHa.

2. MNatoreHe3 nepBMHHOrO amebHOro MeHiHroeHUedarni-
Ty POPMYETLCSA BHACTILOK B3AEMOLii KOHTAKTHO-3aMEXHUX i
KOHTaKTHO-He3anexHx MexaHiamis amedu, Lo Npu3BoasiTL
[0 pyNHYBaHHs remaTtoeHuedaniyHoro 6ap’epa, posBuTKy
rOCTPOro Herpo3anarneHHst Ta PO3BUTKY XapakTepHoi He-
BPOMOri4YHOI CUMMTOMATVIKM.

3. [liarHoCTvIka NepBMHHOMO aMeBHOro MeHIHroeHLeda-
nity notpebye iHTErpoBaHOro Niaxoay, Lo NoeaHye More-
KynsipHo-reHetnyHi metoam (MNP, LAMP), aHania nikeopy
3 MIKpOCKOMI€t0 Ta KyrnbTUBYBAHHSAM, iMYHOTICTOXIMIYHE
3abapBneHHs, a TakoX HeMpoBi3yanisaLiiiHi 4OCHimKeHHS.

4. PaHHs Ta kOMGiHOBaHa hapmakoTepanist (amgote-
puuvH B, MinTeco3unH, dnykoHason) KpUTUYHO BaXnvBa
ANS NiABULLEHHS NMOBIPHOCTI YCMILLHOIO MiKyBaHHS Ta
3MEHLLIEHHS! NETanbHOCTi BHACTIZOK NEPBUHHOTO amebHoOro
MeHiHroeHLedanity.

3anopi3bkuil MeAUYHNI XypHaA. Tom 27, Ne 5(152), BepeceHb - x0BTeHb 2025 p.

MepcneKTMBM NoAaAbLIMX AOCAIAXKEHb. HacTynHi
pocnimkeHHs wopo Naegleria fowleri [OLINBHO 3QiACHI0-
BaTW 32 TaKUMK KIKOYOBMMU HAMPAMAaMK: YAOCKOHANEHHS!
eKcnpec-aiarHoCTuKK, 30KpeMa cTaHZapTusalii Metogy
LAMP; BMBYEHHS MONEKYNAPHNX MEXaHi3MIB BipyIeHTHOCTI
Ans ineHTudikauii TepaneBTUYHNX MiLLEHE; PO3POBNEHHS
e(EKTUBHIX CXeM NiKyBaHHS, BPaX0OBYHOUN NMPOHUKHICTb
npenaparis Yepes remartoeHLeddaniyHui 6ap’ep; CTBOpeH-
HS1 BaKLMHW 5K 3acoby cneumndivHoi npodinakTuku; Moae-
TOBaHHS BNIUBY KNiMaTUYHWX (haKkTopIB Ha enifemionorio
nepBUHHOrO amebHoro MeHiHroeHuedanity. KomnnekcHe
BWBYEHHS LiMX acnekTiB CpusTMME MOMINLIEHHo edek-
TMBHOCTI AiarHoOCTUKY Ta Tepanii iHcbexwii.

®dinaHcyBaHHA
DOCNAKEHHS 3AICHEHO 6e3 GiHaHCOBOI MIATPUMKM.

Moasku

ABTOpU LMPO ASIKYHOTE Makcrmy OnekcaHApoBHYY BaniHy 3a Baromuii
BHECOK Y NIAFOTOBKY Matepiany y cdepi 6i0A0rii Ta MoAeKyAspHOT
AIarHOCTMKM, LLO CYTTEBO MIABMLLMAO HayKOBY KICTb Ta 3MiCTOBHY
MOBHOTY CTaTTi.
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