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Bawu ronosHun pegaktop rnpogp. B.B. HikoHoB m
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Predictive use of the digital tool for pain risk
and rehabilitation burden in post-amputation patients:
a prospective observational study

Abstract. Background. Post-amputation pain and rehabilitation difficulty are common challenges that affect
Sfunctional outcomes, especially in young individuals with traumatic amputations. Early identification of patients
at risk allows for proactive intervention. Materials and methods. In this prospective observational study, 76 pa-
tients (mean age 34.1 years, 85 % male) with recent traumatic major limb amputations were assessed using the
Protesys platform within three weeks post-surgery. The tool collected data on wound status, pain intensity, stump
condition, and psychosocial risk (including PHQ-9 and PCS). Patients were followed for three months. The pri-
mary outcome was significant pain (NRS > 4) or inability to wear a prosthesis > 4 hours/day. Logistic regression
and ROC curve analysis were used to assess predictive accuracy. Results. At three months, 36.8 % of patients
experienced moderate-to-severe residual or phantom pain. A total of 15.3 % developed stump infections within
the first month, which was significantly associated with persistent pain (p < 0.01). Only 60 % of participants were
able to use a prosthesis > 4 hours/day. Protesys scores demonstrated strong predictive accuracy for poor outcomes
(AUC = 0.82). Multivariate analysis identified initial pain intensity (OR 2.1, 95% CI 1.4—3.2), infection (OR 3.4,
95% CI 1.7—6.8), and high catastrophizing scores (OR 1.8, 95% CI 1.1—2.9) as independent predictors. Patients
categorized as high-risk by digital soft had more than double the rate of pain or rehabilitation failure compared to
low-risk patients (57 vs. 22 %). Conclusions. The digital soft tool effectively stratifies post-amputation patients by
risk of pain and rehabilitation difficulty. Its integration into early clinical evaluation enables timely identification
of patients who may benefit from targeted pain management, wound care, and psychological support, ultimately
improving long-term recovery trajectories.

Keywords: amputation; pain prediction; rehabilitation, digital health; phantom limb pain; traumatic injury

Introduction

Limb amputation, particularly due to trauma, re-
presents a life-altering event with complex physical, psy-
chological, and social consequences [1]. Among the most
disabling sequelae are residual and phantom limb pain,
which can persist for months or even years after surgery
[2]. These pain syndromes are often accompanied by poor
prosthetic tolerance, increased rehabilitation burden, and
diminished quality of life [3—5]. Despite advances in surgi-

cal techniques and prosthetic technology, pain remains un-
der-recognized and undertreated in many post-amputation
rehabilitation programs [6]. In particular, young adults with
traumatic amputations face unique challenges, as they often
have higher physical demands, psychosocial stressors, and
expectations for full functional recovery [7]. Early identi-
fication of those at risk for chronic pain and difficult reha-
bilitation is thus essential to enable timely, individualized
intervention [8, 9]. The development of digital tools capable

© «Meauuwa HesigknapHux ctaxie» / «Emergency Medicine» («Medicina neotloznyh sostoanij»), 2025
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of integrating multimodal clinical data offers a promising
solution. New soft is an interactive, digital clinical support
platform designed to evaluate wound healing status, pain
characteristics, biomechanical stump features, and psycho-
social risk factors in the early postoperative period [10]. Its
aim is to provide clinicians with a rapid, structured assess-
ment to predict outcomes, such as pain persistence, pros-
thetic integration, and overall rehabilitation burden [11]. To
date, few studies have evaluated real-time, integrated digital
assessment systems for prognostication in post-amputation
care. This study aimed to assess the predictive capacity of
new digital soft in a cohort of relatively young individu-
als with traumatic amputations, and to identify the most
salient early clinical indicators of poor outcomes [13]. We
hypothesized that new digital soft would provide clinically
meaningful stratification of risk and support targeted early
interventions for patients at highest risk of pain and func-
tional limitations [14—20].

Materials and methods

This was a prospective, single-center observational study.
The study period extended from February 10, 2025, to June
10, 2025. Eligible patients were enrolled within 30 days
post-amputation and followed for a total of 12 weeks to as-
sess clinical outcomes related to pain, wound healing, and
rehabilitation progress. All patients underwent a standar-
dized baseline evaluation using the digital platform, which
was administered in-person with clinician assistance when
needed. Clinical follow-up included in-person visits and
remote contact at 6 and 12 weeks.

Inclusion criteria: age > 18 years, recent traumatic
major limb amputation (upper or lower limb); amputa-
tion surgery within 6 weeks prior to enrollment; ability to
complete the digital support assessment; signed informed
consent.

Exclusion criteria: cognitive impairment or psychiatric
illness that limit participation; history of contralateral limb
amputation; terminal illness or palliative care status; severe
comorbidities (e.g., advanced cardiac or renal disease) that
impair rehabilitation potential.

Data collection. Data were collected via structured input
into the digital support platform, which includes both clini-
cian- and patient-reported modules. The following variables
were captured:

— wound-related data: presence of surgical site infection,
delayed closure, ischemic signs, hematoma;

— pain profile: numerical rating scale (NRS 0—10),
type of pain (burning, stabbing, electric), radiation, al-
lodynia;

— stump features: presence of edema, neuroma suspi-
cion (via percussion or imaging), skin integrity, pressure
areas;

— rehabilitation metrics: Barthel index for functional
independence, daily duration of prosthesis wear.

Digital support soft automatically generated an integra-
ted risk score based on these inputs, categorizing patients
into low-, moderate-, or high-risk for pain and rehabilita-
tion burden.

Outcomes. Primary outcome: clinically significant pain
(NRS > 4) and/or inability to wear prosthesis for > 4 hours/day

at 12 weeks. Secondary outcomes: wound complications
(infection, delayed healing > 6 weeks, need for revision sur-
gery); Barthel index score < 60 at 12 weeks; need for early
prosthetic refitting or stump revision.

Statistical analysis. Descriptive statistics (mean, stan-
dard deviation, proportions) were used to summarize pa-
tient characteristics. Bivariate associations were tested using
chi-square and t-tests. Predictive models were built using
multivariate logistic regression. Performance of the digital
soft score for predicting primary outcomes was evaluated via
receiver operating characteristic (ROC) curve analysis, and
the area under the curve (AUC) was calculated. Statistical
significance was set at p < 0.05.

Ethical considerations. The study protocol was approved
by the Institutional Ethics Committee of the Vinnytsia Na-
tional Pirogov Memorial Medical University. Written in-
formed consent was obtained from all patients and clini-
cians (protocol No. 04/012025). Trial was registered in the
Ukrainian Institute of Scientific and Technical Expertise and
Information under No. 0125U002777.

Results

A total of 92 patients with traumatic major limb amputa-
tions were screened. After exclusions, 76 patients were enrolled
and completed the baseline Digital Tool assessment. Four
patients were lost to follow-up, resulting in a final analytical
sample of 72 participants. Table 1 presents the demographic
and clinical baseline data of the 72 patients who completed
follow-up in this study. The cohort consisted predominantly
of young adult males (85 %) with a mean age of 34.1 =+ 7.6
years, reflecting the typical demographic profile of individu-
als experiencing trauma-related amputations, particularly in
military and high-risk civilian populations. Most amputations
(68 %) involved the lower limb, with the remainder involving
upper-limb injuries. The median time from amputation sur-
gery to Digital Tool evaluation was approximately 15.3 days,
with a range of 5 to 39 days, indicating that most patients were
assessed in the early postoperative or subacute phase, which is
optimal for early prognostication.

Table 1. Baseline characteristics

Characteristic Value
Mean age (years) 341 +76
Male (%) 85
Lower limb amputation (%) 68
Time from surgery to enrollment 15.3
(days) (range 5-39)
Residual or phantom pain at 3 months (%) 36.8
Prosthesis use > 4 h/day at 3 months (%) 60
Stump infection in the first month (%) 15.3
Delayed wound healing > 6 weeks (%) 9.7
Low Barthel index < 60 (%) 18.1
Surgical revision (%) 6.9

By the 3-month follow-up point, 36.8 % of patients
experienced clinically significant residual or phantom
limb pain, confirming that pain is a common complication
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Table 2. Outcomes by risk level

Risk level Pat(i:)nts Poor %z;come Inft(a%t)ion I:;:;l
Low 24 22 8 33
Moderate 25 56 16 44
High 23 57 26 39

in this population even with early rehabilitation. Despite
prosthesis fitting in most patients, only 60 % were able to
use the prosthesis for at least 4 hours per day, suggesting
limitations due to pain, poor socket tolerance, or delayed
recovery.

Concerning postoperative complications:

— 15.3 % of patients developed early stump infection,
which is a known contributor to pain chronification and
prosthetic failure.

— 9.7 % experienced delayed wound healing lasting be-
yond 6 weeks, which could delay prosthetic training.

— 18.1 % scored below 60 on the Barthel index, indica-
ting moderate to severe impairment in functional indepen-
dence.

— A smaller proportion (6.9 %) required surgical revi-
sion, mostly due to soft-tissue complications.

These baseline findings highlight the clinical complexity
of early post-amputation recovery and emphasize the im-
portance of early digital risk stratification tools for targeted
intervention.

A clear trend toward worse clinical outcomes is observed
with increasing Digital Tool risk level (Table 2):

— in the low-risk group, only 22 % of patients experi-
enced a poor outcome, with low rates of infection (8 %) and
moderate pain frequency (33 %);

— the moderate-risk group demonstrated more than
double the rate of poor outcomes (56 %) and higher rates of
both infection (16 %) and pain (44 %);

— patients in the high-risk group had the greatest rate
of infection (26 %) and similarly high rates of poor out-
comes (57 %) and pain (39 %), despite a slightly lower
pain percentage than the moderate-risk group suggesting

that in this cohort, functional limitations and infection
may have played a stronger role in defining poor outcomes
than pain alone.

This stratified analysis validates the predictive uti-
lity of the Digital Tool, confirming that the risk scores
generated at baseline meaningfully reflect the likelihood
of clinically significant complications. The distinction
between groups also supports the tool’s role in early tri-
age and resource allocation, helping clinicians identify
which patients may require more intensive monitoring or
early interventions.

The ROC curve illustrates the diagnostic performance
of the Digital Tool in predicting poor outcomes (defined as
moderate-to-severe post-amputation pain and/or prosthetic
intolerance) at 3 months follow-up. The AUC is 0.82, indi-
cating good discriminative ability. The curve demonstrates a
favorable trade-off between sensitivity and specificity across
multiple thresholds, suggesting that the Digital Tool reli-
ably identifies high-risk patients early in the rehabilitation
process.

—AUC=0.82(95% CI: ~ 0.76—0.91).

— Optimal cutoff yields sensitivity ~ 78 % and specificity
~73 %.

— Model inputs include wound healing parameters, pain
intensity, psychological scales (PCS, PHQ-9), and mechani-
cal factors.

This confirms that early digital assessment using a
structured multidimensional tool can support accurate
prediction of adverse outcomes following limb amputa-
tion.

A bar chart (Fig. 2) presents the distribution of patients
with poor outcomes — defined as moderate-to-severe pain
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Figure 1. ROC curve for Digital Tool score predicting
poor outcomes

Figure 2. Distribution of poor outcomes by Digital Tool
risk level

Tom 21, N#¢ 7, 2025

www.mif-ua.com, https://emergency-journal.com 9



OpuriHaABbHI AOCAiAXXeHHs1 / Original Researches

and/or inability to use a prosthesis > 4 hours/day at 3
months — across three risk categories as determined by
the Digital Tool assessment. In the low-risk group, only
22 % of patients experienced poor outcomes. In contrast,
the moderate- and high-risk groups showed a substantially
greater burden, with 56 and 57 %, respectively, experien-
cing poor outcomes. A clear upward trend in complication
rate was observed with increasing risk level (p < 0.01 for
trend).

These findings demonstrate the stratification power of the
Digital Tool and validate its clinical utility in early identifica-
tion of patients who may benefit from intensified monitoring
or intervention.

Discussion

This study provides further evidence supporting the
clinical utility of the Digital Tool in early identification
of patients at high risk of pain persistence and rehabilita-
tion difficulty following traumatic limb amputation [12].
The tool demonstrated strong predictive performance in a
relatively young and functionally demanding population,
accurately stratifying individuals based on their likelihood
of developing clinically significant pain, infection-related
complications, and functional limitation at 3 months post-
surgery [1—4].

Despite early surgical intervention and access to
prosthetic services, over one-third (36.8 %) of patients
reported moderate-to-severe residual or phantom pain,
and only 60 % were able to use their prosthesis for more
than 4 hours per day. These findings highlight the hid-
den burden of suboptimal recovery, which may not be
fully captured by conventional clinical indicators in
the immediate postoperative period [20—24]. Further-
more, early stump infection (15.3 %) and delayed hea-
ling were independently associated with poor outcomes,
consistent with previous literature linking local wound
complications to central sensitization and prosthetic
intolerance [13].

The Digital Tool’s risk scoring system [18], which in-
tegrates wound status, pain intensity, psychological vulne-
rability (e.g., high pain catastrophizing), and biomechanical
factors, enabled real-time, structured triage of patients into
low-, moderate-, and high-risk categories [22]. Notably,
patients in the moderate- and high-risk groups had more
than double the rate of poor outcomes compared to those in
the low-risk group [23]. This gradient reinforces the value of
early multidimensional evaluation over single-domain clini-
cal judgment [24].

Importantly, this study confirms the hypothesis that
digital decision support tools can enhance early clini-
cal insight in complex post-traumatic recovery scenarios.
By offering both clinicians and patients a visual avatar-
based interface and evidence-driven risk categorization,
the Digital Tool may improve communication, shared
decision-making, and individualized rehabilitation plan-
ning [18, 23].

However, the study has several limitations:

1. Single-center design limits generalizability to broader
populations, particularly those with non-traumatic amputa-
tions.

2. Relatively small sample size (n = 72), although
adequately powered for exploratory modeling, requires con-
firmation in larger cohorts.

3. Reliance on self-reported outcomes (e.g., pain inten-
sity, prosthesis use) may introduce subjective bias. Objective
measures, such as quantitative sensory testing, EMG-based
gait tracking, or neuroimaging, were not included but should
be considered in future research.

4. The predictive algorithm was embedded in a single
platform version of the Digital Tool; future validation
in mobile, remote, or multilingual settings will be
needed.

In conclusion, the Digital Tool demonstrates strong po-
tential as a clinical decision aid for early stratification of pain
and rehabilitation risk after traumatic amputation. Integra-
tion of such digital platforms into standard post-amputation
workflows may support personalized, data-driven rehabilita-
tion, reduce chronic disability, and optimize use of health
system resources.

Conclusions

This study highlights the value of an integrated digital
assessment tool for early prediction of adverse outcomes in
patients following traumatic limb amputation. The Digital
Tool proved effective in identifying individuals at elevated
risk of pain persistence, prosthetic intolerance, and de-
layed functional recovery within the first three months af-
ter surgery. By synthesizing clinical, biomechanical, and
psychosocial data into a structured risk profile, the tool
enabled accurate stratification and informed clinical deci-
sion-making. The findings suggest that incorporating such
technology into routine post-amputation care may facilitate
earlier intervention, enhance individualized rehabilitation
planning, and potentially mitigate the long-term burden of
disability. Future multicenter studies with larger and more
diverse populations are warranted to validate these results
and explore broader implementation, including remote and
resource-limited settings.
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"BIHHULIbK HALIOHQABHU MEANYHUM yHIBEPCUTET iMeHi M1, [porosa, M. BiHHuLSI, YkpaiHa
2LleHTP AikyBAHHST 6OAKO TQ peabinitauii «[oomerevi», M. BiHHUS, YkpaiHQ
SLIeHTp TepMIiYHOI ToABMM TQ MIAQCTUHHOI Xipyprii, BIHHULbKQ OBAQCHQ KAIHIYHA AIKQPHST iMeHi M.1. [Tnporosa, M. BiHHuus, YikpaiHa

NMPOrHoCTUYHE BUKOPUCTAHHS LMPPOBOro iIHCTPYMEHTY AAS OLIHKM PU3UKY GOAIO Ta pedbiAiTauinHoro
HOBOHTO)KEHHS B NALIEHTIB NiICAS aMnyTALii: NPOCNEeKTUBHE CMOCTEPEXXHE AOCAIAKEHHS

Peswome. Axmyaavnicmo. Binb nicis ammyrauii Ta CKIaaHiCTh
peabiiTallii € MOIMPEHUMH MpobdIeMaMHu, sIKi BIIMBAIOTh Ha
¢yHKUiOHATBHI pe3ybTaTh, 0COOJMBO B MOJIOAMX MALIEHTIB i3
TpaBMaTUYHUMHU aMITyTallisiMUA. PaHHe BUSBICHHS 0Ci0 rpymnu

BUCOKOTO PU3MKY CIIPUSIE BUaCHOMY BTpydaHHI0. Mamepiaau
ma memoou. Y 1lbOMY MPOCIEKTUBHOMY CITIOCTEPEXKHOMY J0CTi-
IDKEHHI B3SUTM ydacTb 76 MallieHTiB (cepenHiii Bik — 34,1 poky;
85 % — 40JIOBiKM) 3 HEILLIOJABHO MPOBEJACHUMU TPaBMaTUUHUMU
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aMIyTallisiIMU BEJTMKUX CETMEHTIB KiHIiBOK. O1liHKY BUKOHYBa-
JIM i3 3acTOCYBaHHSIM LIM(DpoBOi matgopmu Protesys nmpoTsirom
TPBHOX THMKHIB Micst onepaii. 3a A0MOMOTOI0 1IbOTO iHCTPyMEHTa
30Mpaliv JaHi PO CTaH paHU, iIHTEHCUBHICTH 00JII0, CTaH KYKCHU
Ta MICUXOCOLIiaJlbHi pU3UKHU (BKJIIOUHO 3 aHaJIi30M 3a IIKaJIolo
PHQ-9 Tta ingekcom karactpodiszaiiii 6ost0). [laieHTiB crno-
cTepiraiy mpoTsroM Tpbox MicsiiliB. OCHOBHUM pe3yJibTaToM
Oyra HasgBHicTh 3HauymIoro 6o (NRS > 4) abo HeMoXXIMBiCTh
KOPUCTYBaTUCS MPOTE30M > 4 TOAUHU Ha 000Yy. Pezyasmamu.
Yepes Tpu Micsii y 36,8 % maliieHTiB 30epiraBcsi cepeTHbOTSIK-
KU 3QJTMITKOBUI a60 dhaHTOMHMIA 6ib. Y 15,3 % cnoctepiranu
iH(eKIil KyKCU IMPOTITOM IIePIIOTO MicCsIs, 110 BipOTriTHO aco-
HiroBasocs 3 XxpoHiuuuM 6ojiem (p < 0,01). JTuire 60 % yyacHuUKiB
MOTJIM KOPUCTYBATUCS TPOTE30M > 4 ros1/no0y. [IponeMoHcTpo-
BAaHO BUCOKY TOUHICTb cucTeMu Protesys 11010 mporHo3yBaHHsI

HeraTuBHUX pe3ynabratiB (AUC = (,82). baratogakTopHuii aHa-
JIi3 BUSIBUB He3aJIeXHi PEAMKTOPHU, SIK-OT MOYaTKOBA iHTEHCUB-
Hictb 60110 (OR 2,1; 95% CI 1,4—3,2), indexkiis (OR 3.,4; 95%
CI 1,7—6,8) ta Bucoki nmokasuuku karactpodizauii (OR 1,8;95%
CI 1,1-2,9). V naitieHTiB i3 BUCOKUM PU3UKOM MTOKA3HUKU OOJTIO
abo HeBaayiol peabimiTauii Oyau BABiYI BUIIUMM, HiXK y TpyIIi
HU3bKOTO pusuKy (57 mpotu 22 %). Bucnosxu. Lndposa ruiat-
dopma Protesys epekTUBHO cTpaTudiKy€e 0CiO micis amITyTalii
3a pU3MKOM GOJIIO Ta CKJIAAHICTIO peabititauii. [T BukopuctaHHs
Ha PaHHbOMY €Talli KJIiHIYHOTO 0OCTEXEHHSI 103BOJISIE CBOEYACHO
BUSIBUTHU TALIEHTIB, sIKi TOTPEOYIOTH 1JILOBOTO 3HEOOIIOBAHHS,
JIOTJISIY 3@ PAHOIO Ta TICUXOJIOTIUHOI MATPUMKHU, 1110 CITPUSIE TIO-
JIMIIEeHHIO JOBIOCTPOKOBUX Pe3yJIbTaTiB BiTHOBICHHS.
Ki1104o0Bi c10Ba: ammyTaltiss; MporHo3yBaHHs 6oIIi0; peaditiTaris;
1mdpoBe 3mopoB’st; GaHTOMHMIA OLTb; TPABMAaTUIHE YIIIKOIKEHHST
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HavioHanbH meanydHn yHiBepcuteT imeHi O.O. boroMonbLsl, M. Kuig, YkpaiHa

AndepeHUinHnM niaXiA NpU AIKYBOHHI NALUEHTIB
I3 NTOEAHOHUMUM NepeAOMAMU KAIOYML TO pebep

Pestome. Axmyaavnicme. Ceped 0ominyrouux nowmko0lceHs Ha yeazy 3acay208Yoms NOEOHAHI NOULKOONCCHHS
2pyoHoi kaimku ma Karouuyi. Tpaemu epyoHoi Kaimku € 00HUM 3 OCHOBHUX YUHHUKIE N1eMAAbHOCMI Y NOCIPAJIC-
danux K npu 304b08AHUX, MAK [ NPU NOEOHAHUX NOUKOONCEHHAX. Y nauienmie i3 MHOJNCUHHUMU MPABMAMU, Ki
OMpUManu myny mpasmy epyoHoi KAimku, HatbiAbu NOWUPEHUMU ROUKOONCeHHAMU € nepeaomu pebep (86 %),
nepenomu karovuyi (19 %) abo kombinauis yux ywrkodxcens (19 %). Josedeno, wo nepesomu Kaouuyi it pebep €
mapkepamu msayickocmi mpaemu epyoroi kaimku. Tloeonani nepeaomu Karuuyi ma MHONCUHHI nepesomi, 0c00AUBO
8epXHixX pebep, MOJNCYMb npu3zeecmu 00 MANCKUX Oepopmauiil 2pyoOHOi KAimKY il NopyueHHs QYHKUIT y nievosomy
cyenobi. Mema: nosinwumu pe3yibmamu AIKY8AHHs NAUIEHMIB (3 NOEOHAHUMU NOWKOONCEHHAMU KAOYUUI ma
2PYOHOI KAIMKU WASXOM 8NPOBAOICEHHS CYHACHUX NAMO2eHeMU4HO 00T DYHMOBAHUX Xipypeiunux mexHoaoeiil. Ma-
mepiaau ma memoou. Kiiniune docaiodncenns 6azyemucst Ha o0cmedicenti i aikyeanti 47 nayienmia i3 noeOHaHuMU
nepeaomamu Kaouuyi ma pebep 3a nepioo 2015—2024 pp. Cepedwniii ik nayienmie cmarnosus 41,5 * 11,9 poky.
Tlayicumu 6yau posnodineri Ha 08i epynu: ocHosHa — 23 nayichmiu, nopieHaabHa — 24 nayienmu. Pezyabmamu.
Ceped 47 nayieumie i3 NO€OHaAHUMU NepesoMamu KA4UYyi ii pebep npeeanrosant nocmpaicoadni 40108i4oi cma-
mi — 43 (91,5 %); 6ionosiono, Kinvkicme mpagmoganux xcinouoi cmami cmanosuna 4 (8,5 %). Ceped uunnuxie
Mpaemoeenesy npeeantoioms 00pOICHbO-MPAHCROpMHI npueodu: 00 53,2 % eunadkie ceped nayichmie 40108i401
cmami ma 0o 6,4 % — xcinouoi. Ilayicumu ocHo6HOI epynu, 00 AKUX 3ACMOCO8Y8ABCA ONEPAMUGHUI MemOoO
AIKYBAHHSA (MEMAn00CmeocurHmes), Maiu Cmamucmuuo 0oeedeHi Kpauii nOKA3HUKU uj000 GUHUKHEHHs pechi-
pamopHoeo ducmpec-cundpomy (26, 1 npomu 54,2 % y epyni KoHcepeamugHo2o NiKy8aHHs,), NICASMPAGMaAMUYHOI
nueemonii (33,3 npomu 61,5 %), menury nompeby y wmyuniii genmunsayii secens (10,6 = 8,4 npomu 16,7 = 7,9
0obu) ma Kopomuiuii mepmin nepedyéarus y eioddinenti inmencusrnoi mepanii (14,6 = 10,6 npomu 23,6 = 10,2
dobu). Bucnosxu. 1. Cyyacna Konuenyisn AiKy8anHs nAuieHmie iz NOEOHAHUMU NOUWKOOICEHHAMU KAIOHUUYI ma
pebep xapakmepusyemuvcs NPOMUACHCHUMU NOASAOAMU W000 BUOOPY MemMOoOY AIKYBAHHSA Ul 00TDYHMYBAHHS HO-
Kasaws 00 ix 3acmocysanns. 2. [layienmu ocHo8HOI epynu, 00 AKUX 3ACMOCO8AHO ONEPAMUBHUL MeMOO0 NIKYEAHHS
(Memanoocmeocurnmes), Manu cMamucmu4Ho 008e0eHi Ninuti NOKA3HUKU 000 UHUKHEHHS PeCnipamopHo2o Ou-
cmpec-CuHopomy, RiCAAMpasMamu4Hoi NHeeMOHIL, MeHuly nompeby y WmyuHill 6eHMUNAYIL 1e2eHb | Kopomuiuil
mepMmin nepebysants y 8i00ineHHi iHmeHcueHoi mepanii.

KnrouoBi ciioBa: nosimpasma; noconani nepesomu karouuyi ma pebep; AiKyeaHHs

Bctyn

TpaBMaTHUHI MOIIKOMXKEHHS Ta iX HACIIKM MOCiNal0Th
OIHE 3 MPOBIMHMNX MiCLIb cepel YMHHUKIB iHBaIiAU3aIlii i1
JleTaJibHOCTI cepen ocid Bikom 30—50 pokiB, mepeBaxkHO
40J10Bivoi cTaTi [1].

JlaHi CBITOBUX peeCTpiB BKa3yloTh Ha 5,8 MiJibiiOHa Jie-
TaJIbHUX BUTIAIKIB (3@ CBITOBOIO CTATUCTUKOIO — 9 %), 25 %

BMIAJIKIiB 3yMOBJICHI JOPOXHBO-TPAHCIIOPTHUMU TTPUTO-
namu (I TIT) Ta € o0CHOBHMM YMHHMKOM iHBajinu3auii [2].

Cepen TpaBMaTMYHMX TOIIKOIKEHb Ha OCOOJIMBY yBa-
Ty 3aCJyroBYIOTh MOEAHAHI MOMIKOMXKeHHs. He3anexHo
Bill BXXMBaHOI TePMiHOJIOTIi: MOJICUCTEeMHI Ta TOJIiopraHHi
YIIKOJKEHHSI, TTojliTpaBMa (y 3apyOixHiil jiTepatypi —
polytrauma, multipletrauma, severetrauma ta majortraum),
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1Iell cTaH 3yMOBJIEHUI BIUIMBOM BUCOKOEHEPTETUUYHOTO
MexaHigyHoro (akTopa, sikuii € Hacainkom JITIT i mamiHHs
3 BUCOTH (KaTaTpaBMa), 110 IIPU3BOAUTH A0 TSIXKKOIo abo
KPUTUYHOTO 3arajibHOTO CTaHy MAlliEHTIB 3 BUCOKUM T10-
Ka3HMKOM 3a 1Kajioio Injury Severity Score |3, 4].

Cepell TOMiHYIOUHX MOIIKO/XKEHb Ha yBary 3acjyroBy-
IOTh MOEAHAHI MOIIKOMKEHHS IPYAHOI KJIITKM Ta KJIIOUYHIILI.
TpaBmu rpyaHOiL KJIITKM € OMHUM 3 OCHOBHMX YMHHUKIB
JIETATLHOCTI Y MOCTPaXXIAJIMX SIK MPU i30JIbOBAHMUX, TaK i
MPU MOETHAHUX TTOLIKOIKEHHSX, OCKIJIbKU ICHYE BeJnKa
MMOBIpHICTb MOIIKOIKEHHSI JKUTTEBO BAXKJIMBUX OpraHiB. ¥
MAali€HTIB i3 MHOXKMHHUMMU TPaBMaMU, sSIKi OTpUMaI TYILy
TpaBMY T'PYAHOI KJIITKM, HAOLIbII MOMMPEHUMHU TTOIITKO-
JDKEHHSIMU € Tiepesiomu pedep (86 %), mepeoMu KITIOUHI
(19 %) a6o xombiHaIis X yurkomkeHs (19 %). JloBeneHo,
1110 TIEpeIOMU KJTIOUMIi i pedep € MapKepaMu TIKKOCTi
TpaBMU I'PYAHOI KJIITKH, a iX TTOETHAHHS CYTTEBO IiABU-
LIYIOTh piBeHb JeTanbHOCTi. OKpiM 11bOTO, KOMOIHOBaHi
MepeIoMU KJIIOUMII Ta MHOXMHHI TTlepejioMu pedep, 0co-
OJIMBO BEPXHIiX, MOXYTb MPU3BECTHU 10 TSIKKUX jehopma-
Wil rpyIHOI KJIITKM Ta MOPYLIEHHS (PYHKIIIT Y TIeu0BOMY
cyro0i [5, 6].

AKTyaJlbHUM NUTAaHHSIM CbOTOJEHHS € BUOip MeTOMy
JIIKyBaHHS TAIli€HTiB 3 ITOENIHAHUMMU TepesioMaMu pedep
i KJTIOUMIIi, @ TAKOXX BU3HAYEHHS MOKa3aHb JUISl X 3aCTO-
CYBaHHSI.

OnHi aBTOpY BBaXalOTh, 1110 KOHCEPBATUBHE JIiKyBaHHS
cJlifl yacTiule po3misigaT SIK aJITepPHATUBY XipypridHOMY
BTPYYaHHIO, apTYMEHTYIOUH 1110 TOUKY 30pY iH(PEKIIIMHIMNI
YCKJIQJIHEHHSIMUY TIPU XipyprivyHOMY BTpY4YaHHi Ta BiICyTHiC-
TIO BiIMiHHOCTE# Y (DyHKIIIOHAJIbHUX pe3yJIbTaTaX y Bigga-
JieHi tepminu [7]. [TpuXuabHUKY XipypriyHOTO JiKyBaHHS,
1110 MOJISITa€ y cTadiiizallii Kiouulili i pedep, 00rpyHTOBY-
[OTh JOLJIBHICTh BIACHOI ITO3uUIlii [8].

Merta: noiMIINUTU PEe3yIbTaTH JIIKyBaHHS MALliEHTIB i3
MOEAHAHUMM TTOIIKOIKEHHSIMU KJTIOUHULLI Ta TPYTHOT KIIITKU
LIJISIXOM BITPOBAIKEHHSI CyJacHUX MaTOTEHETUYHO OOTIpYyH-
TOBAHUX XipypriYHUX TEXHOJIOTIA.

MarepiaAn Ta meToamn

KuriniuHe mocmimKkeHHsT 0a3ye€ThbCsI Ha OOCTEXKEeHHI i1
JIiKyBaHHi 47 Mali€eHTiB i3 NO€HAHUMMU MEPEJTOMAMU KITIO-
yuili Ta pedep 3a nepiog 2015—2024 pp. CepeaHiii Bik na-
1ieHTiB ctaHoBMB 41,5 = 11,9 poky.

Lle xiHiYHE MOCHiIKEeHHSI BUKOHAHO 3 JOTPUMAaHHSIM
BUMOT i TTOJIOXeHb [e1bCciHChKOT AeKTapaliii po mpasa Jito-
auHu (2000 p.), BkiouHo 3 neperisiaom EC-GCP, Kon-
CTUTYILIil i1 OCHOB 3aKOHOJABCTBA YKPaiHU IIPO OXOPOHY
310poB’st (1992 p.), ycix eTUMHUX HOPM IIIOJIO TIPOBEICHHS
KJIiHIYHUX DocTimKeHb (akT ekcrieptusu Bin 30.04.2025 p.).

Taxkoxx oTprMaHO JOOPOBIIBHY 3rOAy HAlliEHTIB HA YIaCTh Y
TOCJTiIKEHHI, MiATBEPIKEHY ITiAITMCOM.

[NamienTn Oynu po3momisieHi Ha IBi TPyNy: OCHOBHA —
23 nauieHTu, MOpiBHsIbHA — 24 Malli€EHTH.

Kputepii BKIIOYeHHS y A0CAiAHY (OCHOBHY) TpyIly:
Mali€eHTH 3 TIOEAHAHUMU TIepesioMaMu pedep i KITouunlli,
SIKUM TPOBOJMJIOCH ONEPAaTUBHE JiKyBaHHS (MeTanoocTe-
OCHHTE3).

KpuTtepii BKIIIOUeHHSI Y TOPiBHSUTbHY TPYMY: NALliEHTH 3
MMOENHAHNMU TIepeoMaMu pedep Ta KITIOUMIIi, SKUM IIpO-
BOIMJIOCS KOHCEPBATUBHE JIiIKYBaHHSI.

TumyBaHHS MepeIoMiB KIIOUUILi IIPOBOIMIIM 32 KJIaCH-
(dikauiero AO/ASIF [9].

CrarucTuyHMii aHadi3. Yci po3paXyHKM BUKOHYBaIU
3a JOTOMOTOIO MEePCOHAIILHOTO KOMIT' I0Tepa 3 BUKOPUC-
TaHHSIM KOMIT'IOTEPHUX TTPOTpaM CTaTUCTUYHOTO aHaJli3y:
STAT 12, SPSS, Statgraphics i Microsoft Excel 2016. Bix-
MiHHICTb MiX BEJIMUMHAMM, SIKi TTOPiBHIOBAIMCSI, BBaXKasia-
cs BiporigHoto mipu p < 0,05.

PesyAbTaTH

Cepen 47 mali€HTIB i3 MTOETHAHUMH TIepeIOMaMU KITI0-
yuli i pedep npeBaaoBaIn IMOCTpaXKaasli YoJ0BiYO0i CTaTi —
43 (91,5 %). BianoBinHO, KiJIbKiCTh TPABMOBAHMX 3KiHOYOT
crati craHoBuia 4 (8,5 %).

XapakTepUCTUKY Ialli€HTIB i3 MOEMHAHUMU MOIIKO-
JOKEHHSIMU KITIOUHMII i pebep 3a 00CTaBUHAMM TPaBMYBaHHS
i CTaTTIO HaBeJIEeHO y TaoI. 1.

TakuM YMHOM, cepel YUHHUKIB TpaBMOTeHe3y TpeBa-
JIIOIOTh OPOKHBO-TPAHCIOPTHI Mpuroau: 1o 53,2 % Bunam-
KiB — cepel MaLicHTIB 40JI0Biuoi cTari Ta 10 6,4 % — XiHOo-
yoi. Bapro 3ayBaxkutu, 1o cepen JATII 46,4 % tpaBMyBaHb
BiZOyBaKCh y BEJIOCUIIEAUCTIB, BOMiiB CKyTepiB i caMo-
KariB.

Cepell KOHKYPYIOUHX TOMiHAHTHMX MOILIKOJIKEHb Y Ma-
LIIEHTIB i3 TIepeIoMaMu KJIIOUUIIi i pebep IpeBaitoBaia
3aKpUTa YepeITHO-MO3KOBA TPaBMa Pi3HOTO CTYMEHS TSIK-
KOCTI, siKka OyJia BusiBjieHa y 33 nauieHris (70,2 %).

XapakTepucTUKy OCHOBHOI i TTOPiBHSIJIBHOI TPYM Ha-
BEJCHO y TaoJI. 2.

He BCTaHOBJIEHO CTATUCTUYHO TOBEACHOTO 3B’ SI3KY MixK
JIOKaJTi3ali€lo NepeoMiB KITIOYHIL Ta XapaKTepPOM MOLIKO-
IKEHHS TPYAHOI KIiTKY. Ha Halry myMKy, 11i HOIIKOMIKEeHHS
3YMOBJIEHI 0COOJMBOCTSIMU MEXaHi3My MOIIKOIXKEHHS Y
KOXXHOMY KOHKPETHOMY BUIIAIIKY.

Takum unHOM, cepe MepeIoMiB KITIOUMIL 3a JToKaTi-
3alli€lo MpeBaloBaJu NepejoMU CEPEIHbOI TPETUHU —
35 nmamienTiB (74,5 %). BinmoBigHo, iepeloMU aKpoOMi-
anbpHOTO KiHIs ctaHoBuau 9 (19,1 %), rpynuuHoro — 3

(6,4 %).

Tabnuys 1. XapaktepucTvka nayieHTiB 3a o6ctaBUHaMy TpaBMyBaHHs1 i CTaTTio

Yonosiva cTatb XiHou4a cTaTb
Bup TpaBsMu
n n %
aTn 25 53,2 3 6,4
Kararpasma 14 29,8 1 2,1
IHLL 4 8,5 - -
Bcboro 47 (100)
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Tabnuys 2. XapakTepucTHKa rnoLUKOAX€EeHb y naLieHTiB OCHOBHOI i MOPIBHAIbHOI rpyn

XapakTepucTuka OcHoBHa rpyna MopiBHsinbHa rpyna p
MOLUKOAPKEHb n % n %
Kno4unus IpyovHHWUIA KiHeLb 4.3 2 8,3 > 0,05
CepepHs TpeTuHa 17 73,9 17 70,9 > 0,05
AKpOMiaanMVl 5 21,8 5 20,8 > 0,05
KiHeLb
Kinbkictb <3 10 43,5 10 41,7 > 0,05
pecep =3 3 13,0 4 16,6 > 0,05
>3 10 43,5 10 41,7 > 0,05
IHLWI noLuko- 3abili nereHb 16 69,6 11 45,8 < 0,05
fpKeRRA MHeBMoTopake 9 39,1 37,5 >0,05
emoTopakc 8 34,8 29,2 > 0,05

Ilepenom nBox pedep OyJo giarHocToBaHO y 20 marti-
enriB (42,6 %), Tppox — y 7 (14,8 %), Ginbile TPHOX —
y 20 (42,6 %). Okpim nepenomy pebep y LUX MaLli€H-
TiB OyJIO miarHOCTOBaHO: 3a0iii JereHb — 27 BUMIAAKiB
(57,4 %), nuesmoropakc — 18 (38,3 %), remoTOopakc —
15 (31,9 %).

JlikyBaHHSI mallieHTIiB 000X TpyI Oa3yBajocst Ha MPUH-
uunax Damage Control Surgery (DCS) i Damage Control
Orthopedics (DCO).

KoHcepBaTnBHE AiIKYBOHHS MALEHTIB
i3 NOEAHOHUMYN NepPeAOMAMMU KAIOYULLI
n pebep

st iMMo06iizaltii KITIoYmnili BUKOPUCTOBYBAJIN CTaHIap-
TU30BaHi opTe3u. 3a HAsSIBHOCTI TeMO,/ITHEBMOTOpaKCy 0yJio
JOCTaTHBO CITOCTEPEKEHHS i/a00 IpeHyBaHHS TUIEBPAIbHOT

nmopoxxHuHM i/a6o IIBJI — 19 (79,2 %). Y 5 Bunankax, ce-
pen Skux Oyau po3puB JiereHi (n = 2) i po3puB niacdparmu
(n = 3), mpoBoaMJIaCS TOPAKOTOMisl.

[1pu KoHCepBaTUBHOMY JIIKYBaHHI IMAIIIEHTIB i3 TIepeJioMaMu
pedep, 3 MeToro 3a0e3MeUeHHsT ONTUMAIbHUX YMOB /151 I0CTaT-
HBOTO PiBHS BEHTWISILII1 JIETeHb, BEIMKY YBary MpUIUIUIU aneK-
BaTHOMY 3HEOOJIIOBAHHIO, SIKE TIPOBOAMIIOCS TAKWUM IILISIXOM:

— emigypajbHa aHaire3is (3a BiICyTHOCTiI IPOTUIIOKA-
3aHb, a caMe 3aCTOCYBaHHST aHTUKOATYJISTHTHOI TTpodiak-
TUKHU TPOMOOEMOOTiil);

— mapaBepTeOpabHi 0JJOKaIM BiAITOBIIHOL DIITHKI a00
MiXpeOepHOTo HepBa;

— BHYTpIIIIHbOBEHHI, €HTepaJIbHi aHAJITeTUKHU Ta BHY-
TPIlTHBOILJIEBpAIbHA aHAJITE3isl;

— MyJIBTUMOJaIbHa aHaJIre3ist (perioHapHi, CUCTEMHI
aHAJITeTHKU 11 aHAJITeTUYHI TOITOMIXKHI 3ac001).

MoeagHaHi nepenomu knouuui Ta pedep

.

CraHpapTnaosanuii l'emo/nHEBMOTOpAKC
0pTe3 AN KL
3a TMnoMm .
kinbLs [lensbe CnocTepexeHHs
Ta/abo gpexysaHHs
MNEBPanbHOI NOPOKHUHK
Ta/abo WBN

3

TopakoTomisa

MynbTMOfaNLHa aHanresis
33 CXOLMHKOBHM» MPUHLMMIOM
(BOO3, 1986)

| I

\.

3HebonoBaHHs ‘ Mipocpinakriaa
NereHeBux
J. ycknagHeHs: JTOK,
EninypankHa aHanresis AuxarnbHa riMHacTuka

(Mpw BigCYTHOCTI
NpoTUNOKa3aHb,

a came 3acToCyBaHHs
aHTWKOATYNAHTHOI
npodinakTvki Tpomboembonin,
napasepTebpankHi Gnokaau
BIANOBIAHOT AiNsHKM
abo
MixpebepHoro Hepea;
BHYTPILUHE0BEHHI, eHTepankHi
aHanreTMKi Ta BHYTPILLHBO-
nneepansHa aHanresis)

Cnabkui 6inb MomipHuii Ginb
HEHAPKOTUYHWIA cnabkui gnio‘fq +
aHanreTu, HEHaPKOTUYHUA aHANTETH,
HM3M + ap'toeaHTHA HIM3M + ag'toeaxTHa
Tepanis Tepanis

CUMbBHUA OMioig + HEHaPKOTUIHMWIA 2HANTETHK,

CunbHuM Binb

HIM30M + an'toBanTHa Tepanis

PucyHok 1. TakTuka KOHCepBaTUBHOIO JliIKyBaHHS1 Y NaLi€HTIB i3 MoegHaHUMM repesioMamMu Ko4uLi v peéep
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PucyHok 2. MeTanoocTeocuHTe3 rpu NoeaHaHNX rnepesiomax KioquLi i peéep

BaxxiuBolo cKJ1agoBOO KOHCEPBATUBHOTO JIiKYBaHHS
Oysa npodginakTuka gereHeBUX yekiaanHeHb: JIOK, quxanb-
Ha riMHacTuKa.

CxeMa JIiKyBaHHSI MAIliEHTIB i3 MOEAHAHUMMU TepeoMa-
MU KJIIOUMII i1 peOep HaBeAeHa Ha puc. 1.

OneparnuBHe AIKYBOHHS NALIEHTIB
i3 NOEAHOHUMUN NePEeAOMAMMU KAIOYULL
" pebep

IMoka3zaHHS 10 OMEePaTUBHOTO JIIKyBaHHSI IEPEJIOMiB
KJTIOYUMILi:

— BIIKpUTHUII IEPEIOM;

— YCKJIaTHEHUIA Tepesiom;

— yJaMKOBHI1 MepesioM, SIKUi1 Ma€ MOTEHIIiIAHY 3arpo3y
nepdopailii mKipn a0 MoxXe IIPU3BECTH I0 YCKIaTHEHD;

— MepesioM 3i 3MIllleHHSIM MO AOBXHWHI > 1 cM y matti-
eHTiB < 50 pokiB.

[TokazaHHS 10 OTIepaTUBHOTO JIIKyBaHHS MEPEIOMiB
pebep:

— yJIaMKOBi mepejioMu > 3 pebep 3i 3MillIEeHHSIM, 110
CYMPOBOIXKYIOThCS TTApaaOKCATbHUMU pyXaMU TPYIHOT
KJIITKM, a00 Ma€ Miclle TTOTeHIIiliHa 3arpo3a MOIIKOIKEHHST
JIeTeHb YU JiachparMu;

— TiepesioMu pebpa/pedep i3 MOIKOIKEHHSIMHU JIeTeHb
abo miadparmu;

— mepenaoMu pedep 3i 3MIllleHHSIM, acolliiioBaHi 3 Te-
peJIOMOM TPYIMHU i/a00 TBOOIYHUMU TepeoMaMu KJTIO-
YUILi;

— TOCTPUI1 pecHipaTOpPHUN TUCTPEC-CUHIPOM, STKUI
CYIIPOBOIXKYETHCSI HECTAOIbHICTIO TPYAHOL KJIITKU;

— TIaTOJIOTiYHA PYXOMICTb ITPYIHOI KIIITKH, SIKa CYIIPO-
BOJIKYETBCSI 3pOCTAHHSIM AUXaJTbHOI HEOCTaTHOCTI;

— JIOBTOTpUBaJa, OUIBIIE MiCSIISI, IATOJIOTIYHA PYXO-
MiCTh I'PYJHOI KJTITKU;

— HEeKYIOoBaHU OiJIb 3a Hee(peKTUBHOCTI KOHCEpBa-
TUBHUX 3aXOIiB.

IIpoTunokazaHHs: reMOAMHAMIYHO HecTabiabHI ma-
LIEHTH; TSIXKKA YePEeTTHO-MO3KOBa TpaBMa 3 CUMIITOMaMU
KOMIIpecii, 320010 MO3KY, SIKi CYTTPOBOKYIOTHCS TSIKKUMU
po3agaMu IuXaHHs (aImHoe, OpaguItHoe, IuxXaHHI YeitH —
Crokca) (Tmoka3HUK 3a 1kajoro [1azro < 10); 3a6iii 1ereHb
-1V cTyneHs 3 ypaxkeHHSIM ABOX i OiJIbllle 4aCcTOK; 3a0iii
cepist; iH(PEeKiiHI yCKIaTHEHHS Y BUTJISII eMITiEMU TIJIEB-
pY, MEIiaCTUHITY, TSKKOI ITHEBMOHII.

KirixiuHi mpuKiIagu OCTeOCUHTE3Y Y MAIli€HTIB i3 I10-
€IHAaHUMM TIepeJIoMaMu KJTIOUMIL i pedep rmogaHi Ha puc. 2.

3a yMOBM reMoJMHaMiYHOI CTa0iJIbHOCTI Malli€HTIB
ONTHUMAJbHUM TEPMIHOM [IJIsI OCTEOCUHTE3Yy TepesIoMiB
KJTIIOUMIIi 1 pedep Oy/Iu Mepiili YOTUPU 100U ITiCIs TpaBMMU.

Cepen ycKJIaiHEHb, SIKi CYyTTEBO BIUIMBAIU Ha KMT-
TE3NATHICTh MaLliEHTIB, OyJIN pecnipaTOpPHUU AUCTpec-
cuaapoM (PIC) ta micnisgtpaBmatuyHa rmHeBMOHis. [1o-
PiBHSJIBHUM aHaJi3 [IUX CTaHIB y Malli€HTIB TOCIIHOI i
MOPiBHSIJILHOI TPYII ITOJAaHO y Tab1. 3.

Takum 4MHOM, 3TiTHO 3 HaBEAECHUMU pe3yJIbTaTaMu,
Mali€HTU OCHOBHOI i MOPiBHSJILHOI IPYIT MAJIM CTaTUCTUY-

Ta6nuys 3. lMopiBHANLHWI aHani3 ereHeBUX yCcKnaaHeHb cepes nalicHTiB OCHOBHOI i MOPIBHANBbHOI rpyn

MoKasHMK OCHOOBAI)-I?nI;pyna, nopIBHS:;:t(»:)a rpyna, P
loctpuii POC 26,1 (6) 54,2 (13) 0,036
[MHeBMOHiIsA 33,3 (4) 61,5 (8) 0,036

Ta6nuuys 4. [Noka3HUKN TepMiHY LUTYYHOI BEHTUNSLIT iereHb, nepebyBaHHs y BiaAiNeHHi iHTeHcuBHOI Tepanii
Ta s1eTasbHOCTi

Moka3Huk OcHoOBHa rpyna MopiBHANbHA rpyna P
LLITy4yHa BeHTUNSAUIS nereHb, Aié 10,6 + 8,4 16,7+7,9 0,001
[MepebyBaHHSA y BigAiNeHHi iIHTEHCUMBHOI 14,6 + 10,6 23,6 +10,2 0,003
Tepanil, gié
JletanbHicTb, n (%) 1(4,3) 2(8,3) 0,034
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HO JIOBEIEHI pi3Hi ITOKAa3HUKU CTOCOBHO PeCIlipaTOPHO-
ro AUCTPEC-CUHAPOMY Ta MiCISITPAaBMAaTUYHOI THEBMOHIT
(P <0,05).

Y npoteci BUKOHaHHS poOOTH OyJIM MpoaHali3oBaHi
TaKi MOKa3HUKMU, SIK TEPMiH IITYYHOI BEHTUJISLIIL JIereHb,
nepeOyBaHHS Y BillIiJIeHHI iHTEHCUBHOI Tepartii Ta jeTaib-
HicTb (Tab. 4).

TakyM UMHOM, NALlIEHTU OCHOBHOI IPYIU MaJii CTaTUC-
TuHO noseaeHi (P < 0,05) kpalili moka3HUKM 1010 MOTpe-
OM y IITYYHill BEHTUJIALIL JIETeHb i TepMiHy TepeOyBaHHS y
BiIIiJIeHHI iIHTEeHCUBHOI Teparlii.

JleTanpHicTh B OCHOBHIM rpymi craHoBuna 1 (4,3 %),y
nopiBHsITBHIN — 2 (8,3 %). 3araabHuUii CTaH WX NalliEHTIB
XapaKTepU3yBaBCsl SIK TSKKUI a00 BKpail TSKKUM, 3a 1IKa-
sioro ISS Bin cranosus 41,3, 3a mkanoo TS — 5,9 £ 1,5
6ana. OKpiMm TOTO, 1Ii MALIEHTHA MaJu TSXKKE CYMyTHE J10-
MiHaHTHE YepeInHO-MO3KOBE MOIIKOIKEHHS, sIKe OYJ10 O1li-
HeHe 3a Glasgow Coma Scale y 7—8 6atiB.

O6roBopeHHs

CyyacHi Morfsiiv Ha TaKTUKY JiKyBaHHS MOENHAHUX
TepeIOMiB KIIIOUMIIi i1 pedep mpeacTaBieHi IBOMa IIPOTH-
JICXKHUMU TOYKAMU 30PY: OfHiI aBTOPU JTOBOJISITH JOLLIb-
HiCTb KOHCEPBAaTUBHOTO METO/LY, iHIIli OOIPYHTOBYIOTh OIle-
paTUBHUMA.

Ha nanry nymKy, miarpyHTsIM IS L€l AUCKYCii € MPOTH-
JIEKHICTh TOTJISIAIB Ha JIIKyBaHHS i301bOBAaHUX TE€PEIOMiB
KJTIIOUMIIi i pedep, siKi 6a3y10ThCsl Ha HEAOCKOHAIMX ITOKa-
3aHHSIX 10 BUOOPY METOTY.

He3Baxalouu Ha IIMPOKE 3aCTOCYBAHHSI METaJI00C-
TEOCHUHTEe3Y IIpU MepeaoMax KIIOYHIli, 0COOIMBO 3 YIIPO-
BaJI)KEHHSIM TIPUHLMMIB KoHuenuii MIS, KoHcepBaTuBHe
JIIKyBaHHS € JOBOJIi BXXMBaHUM MeToaoM [10—12].

3arajom MPUXWIBHUKN KOHCEPBATUBHOTO METOMY Jii-
KyBaHHS apryMeHTYIOTb CBOIO MO3ULil0 TUM, 1110 BiH BU-
KJTIOYa€ HETaTMBHI HACTiNKY ONepaTUBHOTO JIiKyBaHHSI, a
came: HeoOXiHICTh MOBTOPHUX OTNIEpaTUBHUX BTPY4YaHb 3
METOIO BUIAJIEHHSI MeTaJleBUX KOHCTPYKILi, TTOPYIIEHHS
LJTICHOCTI KOHCTPYKILii Ta Mirpaliito OKpeMux eJIEeMEHTIB,
THiiHO-HEKPOTUYHI YCKJIaAHEeHHs, He3polleHHs. Tak,
S.J. Charles (2022), K. Ling (2024) mmoBimoMISIIOTh, IO 3a-
rajibHUi piBeHb yckiaaHeHb miciast ORIF nepenomy cepen-
HBOI YACTUMHU KJIIOUYMILIi 31 3MillleHHAM cTaHOBUB 27,3 %,
npuyomy 9,1 % BUMAaraau MOBTOPHUX ONEPATUBHUX BTPY-
yaHb [13, 14].

OpHak, 3a pe3yJbTaTaMu JOCHiIKeHb, BiTHOCHO BUCO-
KMIi piBeHb YCKJIaJHEHb OyB KOHCTAaTOBAaHMIA Y MAIli€EHTIB
i3 CYTTEBOIO COMAaTUYHOIO MATOJIOTi€I0 (IIyKpOBUI mialeT,
OXHWPiHHS) Ta WKiUIMBUMU 3BUYKAMU, 110 JA€ MiACTaBU
CTBEPKYBATH HE MPO HEIOJiK1 METOIUKH BiIKPUTOTO OC-
TEOCUHTE3Y, a PO HeIOCKOHAJTICTh ITOKa3aHb JI0 OTepaThB-
HOTO JIiKyBaHHSI.

Baromum apryMeHTOM IIOJ0 KOHCEPBAaTHMBHOTO JIiKY-
BaHHS MepeoMiB KITIOUMIL € ixHs (yHKIiOHaIbHA pe-
3yJAbTaTUBHICTh. OMHAK TTOPSA 3 IIUM aBTOPU HABOISTH
JIOCTaTHBO BUCOKMI BiACOTOK He3poiueHb (31—42 %), 1o
noTpedye Bajliau3ailii MoJI0KeHb IIOA0 KiHIIEBUX Pe3yJbTa-
TiB, OCOOJIMBO Yy IMALiEHTIB MOJIOA0TO BiKy [15, 16].

BrpoBamkeHHsT HOBITHiX TeXHOJIOTiH i (piKCytounx KOH-
CTPYKIIil CIIpUSIE 3aCTOCYBAHHIO OTIEPATUBHOTO METOIY

JIIKyBaHHS, 110 XapaKTePU3YETHCS 30UTBIICHHSIM KiTbKiCTi
ornepaTMBHUX BTpyYaHb Ta 3a0e3Ieuy€e BUCOKHI piBEHb 3pO-
meHHs (98,6 %) [17—19].

Y. Matsubara, S.A. Irfan, 3a pe3yabraTaMu BJIacHUX
JOCJIiI>KeHb BKA3YIOTh, 1110 TAIliEHTH Mic/si KOHCepPBaTUB-
HOTO JIiKyBaHHSI MaJIu 3MEHILIEHHS iana3oHy pyxiB i 6o
y OUISHII MJIeY0BUX CyrIo6iB. 83,3 % malieHTiB i3 BKO-
pOYCHHSIM KJIIOUMIIi BigdyBajau OiJib ITiJ Yac 3aKJIaIeHHs
PYKU 3a o, 65,9 % — MaKCUMaJIbHOTO MiTHSITTS PYKU,
TJTIOC TPYIHOII 3 MUTTSIM CITUHU, a 65,4 % mauieHTiB, saKi
MaJIi TOJOBXKEHY KUY, BiTUyBalu TPYIHOILL il yac
pO3MillleHHs mpeaMeTa Ha BUCOKIil MOJUIi Ta KUAaHHS
M’siya. [lo3uilist TOCHiTHUKIB TOJIsATa€E B TOMY, 1110 OIle-
paTUBHE JiKyBaHHS MepeJoMiB KIIOUYMII 3HAUHO 3HUXKYE
YacTKy He3pOIllleHb, BiTHOBIIOE aHATOMIUHI TTapaMeTpu
KJTIOUMIII Ta 3a0e3reuye MOBHOLIHHI pyXU Y MJIEYOBOMY
cyrno6i [12, 20].

Lllomo onepaTUBHOTO METOAY JIiKyBaHHSI, TUCKYCisl
CTOCYETHCS XipypriyHUX OOCTYIIiB, po3TalllyBaHHS Ta
KOHCTPYKTUBHUX OCOOIMBOCTE! (DiKCYylOUNX KOHCTPYK-
uiit [21, 22].

TakTuka JiKyBaHHS IIepeIoMiB pedep € JOBOJII CyIie-
PEYIMBOIO 111010 BUOOPY METO/LY.

B ocHOBY KOHCepBaTUBHOTO JIiKyBaHHS MOKJIaAeHi
MPUHLIUIN ¢(PEeKTUBHOTO KOHTPOJIIO 00110 Ta Ipoditak-
TUKU JIETeHEeBUX YCKJIaaHEeHb (KOJIaIC JiereHi abo mMHeBMO-
Hist). 3TiTHO 3 paHAOMi30BaHUM KJIIHIYHUM JOCIiIKEHHSIM,
OKPiM TpaauLiiHUX HECTEPOIIHUX MTPOTU3ANAJILHUX ITpera-
paTiB i ommioiniB, HOBOJI e(PEKTUBHUMU € pi3HOMAaHITHi 0J10-
Kaau (TepeHbol YaCTUHU 3y0UacToro m’siza, MiXkpeOepHi,
eninypayibHi Toio). KucHeBa Tepartisi moka3aHa y TSKKUX
KJIiHIYHMX BUTIAAKaX, il METOIO € BiITHOBJIEHHS KOJaboBa-
HOI JiereHi Ta 3MEeHIIeHHSI PU3MKY BTOPMHHMX JIeTEHEBUX
YCKJIamHEeHb [23, 24].

OnHak cydyacHa TaKTUKa JIIKyBaHHS MEPeIOMiB pe-
O6ep xapaKTepu3y€eETbCs TEHACHIIIEIO 0 OMepaTUBHOTO
JIIKyBaHHS, SIK€ TOJISITA€ y cTabiTi3allii MOIIKoIKeHUX
CTpyKTyp. Baromumu aprymeHTaMu Ha KOPUCTD Xipyprid-
HOTO JIiIKYBaHHSI €: 3MEHIIIEHHS JICTATbHOCTI, JIETeHEBUX
yCKJaaHeHb, oTpedu i Tepminy LLIBJI, nepedyBaHHs y
BIT [25-27].

[TalieHTH 3 MoeAHAHUMU TIEPETOMaMU KITIOUHLL i pedep
HajeXxaTb J0 TSKKOI KaTeropii, Takuii cTaH XapaKTepusy-
€ThCS SIK TIoJTiTpaBMa (3a mkasnoro ISS > 18), Tomy nuraHHsS
11010 BUOOPY MeToay (KOHCEpBaTMBHOTO/OMEPaTUBHOIO)
JIIKYBaHHSI € 111e OUTbII aKTyaJTbHUM Ta JUCKYCIHHUM i ChO-
TONIHI MpencTaBaeHe MPOTUIEXKHUMU TOUKAaMU 30DY, 1110 00-
I'PYHTOBYE HEOOXiTHICTh ITOJAIBIIIOTO BUBYCHHSI.

BucHoBKMK

1. CyyacHa KOHIeMIIis JiKyBaHHS MaILli€HTIB i3 TMO-
€THAaHUMMU TMOILIKOIKEHHSIMU KIIOUYMII i1 pedep xapak-
TePU3YETHCS TPOTUIEKHUMU MOTJISIAaMU 040 BUOOPY
METO/y JIiIKyBaHHSI i OOIPYHTYBaHHS MTOKa3aHb J0 iX 3a-
CTOCYBaHHSI.

2. [a1ieHT OCHOBHOI IPyIU, A0 SIKMX 3aCTOCOBYBaB-
Csl oMepaTUBHMIA METOJ JiKyBaHHS (METaJIOOCTEOCUHTE3),
MaJlid CTaTUCTUYHO JIOBEJEHI Kpallli TOKa3HUKH CTOCOBHO
BUHUKHEHHS PeCipaTOpHOro IUCTpec-cuHapomy (26,1
nipotu 54,2 % y Tpyni KOHCEpBAaTUBHOTO JIiKyBaHHs ), TTic-
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JgTpaBMaTUYHOI THeBMOHII (33,3 ipotu 61,5 %), MeHIIy
MoTpedy y MTY4IHiil BeHTW s Jeredsb (10,6 £ 8,4 mpotu
16,7 + 7,9 mobu) Ta KOPOTIINIi TEPMiH TIepeOyBaHHs y Bill-
HiNeHHi inTeHcuBHOI Tepartii (14,6 = 10,6 mpoTtu 23,6 + 10,2
00m).

KonduikT inTepeciB. ABTOpU 3as1B/ISIIOTH PO BiICYTHICTh
KOHJIIKTY iHTepeciB Ta BIacHOI (piHaHCOBOI 3alliKaBJIEHOC-
Ti IPU MiATOTOBII JaHOI CTATTi.

Indopmanist mpo dinancysannsa. ABTOpu 3asiBJISIIOTH IIPO
BiJICYTHICTh CTOPOHHBOI (hiHAHCOBOI MiNTPUMKH LIHOTO J10-
CJTIIDKEHHS.

Buecok aBTopiB. byp’siHoB O.A. — KOHIEIIis i Au3aitH
nochimkeHHs; Ksama B.I1. — aHami3 oTpuMaHux pe3yib-
TatiB; KpaBuyk M.B. — 30upanHs it 06poOKa MaTepialis;
MsicHikoB [I.B. — HanmMcaHHS TEKCTY.
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Differential approach to the treatment of patients with combined fractures
of the clavicle and ribs

Abstract. Background. Among the dominant injuries, combined
trauma to the chest and clavicle deserve attention. Chest injuries
are one of the main factors of mortality in victims, both in isolated
and combined injuries. In patients with multiple injuries who sus-
tained blunt chest trauma, the most common lesions are rib fractures
(86 %), clavicle fractures (19 %), or a combination of these injuries
(19 %). It has been proven that clavicle and rib fractures are mark-
ers of the severity of chest trauma. Combined clavicle fractures
and multiple fractures, especially of the upper ribs, can lead to
severe chest deformities and dysfunction in the shoulder joint. The
purpose was to improve the treatment outcomes of patients with
combined injuries of the clavicle and chest by implementing modern
pathogenetically based surgical technologies. Materials and methods.
The clinical study is based on the examination and treatment of 47
patients with combined fractures of the clavicle and ribs from 2015
to 2024. Their average age was 41.5 £ 11.9 years. The patients were
divided into two groups: the main one included 23 people and the
comparative group consisted of 24 patients. Results. Among 47 pa-
tients with combined fractures of the clavicle and ribs, male victims

prevailed — 43 (91.5 %), the rest 4 (8.5 %) people were females.
Among the factors of traumatogenesis, road traffic accidents prevail:
up to 53.2 % of cases among male patients, and up to 6.4 % of cases
among females. Patients in the main group who underwent surgical
treatment (metal osteosynthesis) had statistically proven better rates
of respiratory distress syndrome (26.1 vs. 54.2 % in the conservative
treatment group), post-traumatic pneumonia (33.3 vs. 61.5 %), less
need for mechanical ventilation (10.6 £ 8.4 vs. 16.7 £ 7.9 days),
and shorter length of stay in the intensive care unit (14.6 £ 10.6 vs.
23.6 + 10.2 days). Conclusions. 1. The modern concept of treatment
of patients with combined injuries of the clavicle and ribs is charac-
terized by opposing views on the choice of therapeutic method and
justification of indications for its use. 2. Patients in the main group
who underwent surgical treatment (metal osteosynthesis) had statis-
tically proven better indicators regarding the occurrence of respira-
tory distress syndrome, post-traumatic pneumonia, a lower need for
mechanical ventilation, and a shorter stay in the intensive care unit.
Keywords: polytrauma; combined fractures of the clavicle and
ribs; treatment
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CT imaging optimization in ballistic tfrauma::
a focus on diagnostic accuracy

Abstract. Background. Improving computed tomography (CT) images for effective diagnosis of gunshot wounds is
of particular importance. The aim of the work is to develop models, methods and test software for gradation correc-
tion that provides automatic enhancement of X-ray and CT images in real time, even under conditions of limited
time and low visibility of low-density non-metallic objects, such as cardboard, leather and plastic. Materials and
methods. During the experiments, CT images were obtained with non-metallic fragments of various types located in
certain organs. All fragments were measured in detail and documented by independent experts for further analysis.
The results were evaluated by numerical and visual comparison using traditional and modern computer image pro-
cessing methods. Results. Based on the obtained data, a unified model, methodology and test software for gradation
correction of X-ray and CT images were created. This toolkit allows to significantly improve the quality of images,
increasing their contrast by up to 5 times, with a processing time for one image of less than 1 second. The developed
solutions are universal for different file formats, automatically adapt to the density of materials and ensure efficient
data processing. Conclusions. The developed model, methodology and software fully meet the set goal: they provide
fast and high-quality improvement of X-ray and CT images. This allows for effective and accurate diagnosis of
gunshot wounds, regardless of the type of foreign bodies in the wound. The effectiveness of the solutions is confirmed
by the results of experiments.
Keywords: computed tomography; image enhancement; gradation correction; gunshot wound diagnosis; efficiency

Introduction

The significance of high-quality imaging in the accurate
diagnosis of gunshot wounds is underscored by clinical experi-
ence in managing such injuries, both within stationary medical
facilities and in field hospital settings [1]. Modern computa-
tional technologies, including machine learning methods and
neural networks, are widely applied in image processing, en-
abling the automation of visual data analysis and significantly
enhancing image quality [2—5]. In medicine, these technolo-
gies play a crucial role in improving diagnosis, particularly in
the interpretation of computed tomography (CT) scans, which
is especially important for detecting traumatic injuries, such as
gunshot wounds and intracranial hemorrhages [6—8].

To date, standard tools and settings of CT imaging sys-
tems for foreign body analysis allow detecting only up to
80 % of such objects. About 20 % of foreign bodies remain

undetected, especially if they are made of low-density ma-
terials, such as light metals (aluminum and alloys), fabrics,
leather, paper, plastic, and others. This significantly compli-
cates the diagnosis and treatment of gunshot wounds, since
incorrect visualization of such objects can lead to errors in
determining the location of fragments, assessing the degree
of tissue damage, and establishing the general condition of
the patient [9—11].

A particular problem is that standard imaging modes,
such as those in systems like Radiant [12], are tuned to ana-
lyze specific tissues, which can result in inadequate visualiza-
tion of foreign bodies. This is especially noticeable in cases
of low contrast or gloss effects that suppress tissue and back-
ground detail. Organs and tissues with low density are often
imaged in a single color, making it impossible to accurately
assess the patient’s condition [13—15].
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To solve this problem, it is necessary to develop effective
tools, in particular models, methods, algorithms, software
and techniques, which will allow to ensure reliable diagnosis
of gunshot wounds regardless of the type of foreign bodies
that have entered the wound. The proposed unified model
of gradation correction takes into account practically signifi-
cant situations, such as working with CT images with foreign
bodies made of low-density materials. The model is adjusted
to the brightness scale automatically, which ensures the ef-
ficiency and versatility of its application in practice.

In addition, the proposed approach facilitates the cre-
ation and use of medical image databases, allowing for ef-
ficient search, comparison, and analysis of images [16, 17].
This opens up new opportunities for improving the quality
of diagnosis and treatment of patients with gunshot wounds,
ensuring the efficiency and accuracy of visualization of fo-
reign bodies of any type.

Although the primary focus of this study is on ballistic
trauma, the computational methods and imaging enhance-
ment techniques presented herein have broader potential
across various fields of medical diagnosis. Advanced mo-
deling and image reconstruction strategies are increasingly
relevant for detecting subtle pathological changes in soft
tissues and vasculature. This includes, but is not limited to,
conditions, such as metabolic disorders, chronic inflamma-
tory diseases, and diabetic complications, where accurate
imaging plays a critical role in early detection and treatment
planning [18].

Materials and methods

As part of the study, the materials of the fragments (more
precisely, fragments of foreign bodies) for analysis were se-
lected in advance: cardboard, plastic, leather, rubber. Each
of them was measured and photographed. A group of experts
(7 people) was involved for this purpose. They measured and
photographed fragments of foreign bodies independently of
each other for the purity of the subsequent experiment. Then
the results were smoothed using the averaging procedure. Be-
fore it, extreme observations were excluded — measurements
of the linear dimensions of the fragments, which is necessary
to obtain highly accurate results in the future.

It should be noted that all types of materials considered
were selected taking into account their great practical sig-
nificance in the subject area as the most likely non-standard
non-metallic foreign bodies that can be found inside a gun-
shot wound.

After this preparatory stage, a corresponding series of
field experiments was carried out. A block of foam plastic was
chosen as a container for the fragments under study. Frag-
ments of the materials under study were placed in the middle
of this block. Each block contained 4 fragments of different
types. Of course, for the adequacy of further analysis of the
experimental results, a diagram of the location of the frag-
ments inside the blocks of foam plastic was constructed.

Next, a CT scan of each block was performed. It is these
CT data (foam block with fragments being examined inside)
that are further considered for the study and implementation
of the model for gradation correction of CT images.

From the point of view of formal notation, we will as-
sume that the input range of brightness (more precisely, den-

sity) of CT voxels is determined by the interval [a, ..., b], and
the output range is respectively the interval [c, ..., d].

We will denote the gradation correction function by
f(x) € [c, ..., d], x € [a, ..., b]. In this case, the limit restric-
tions are fulfilled: f(a) = c, f(b) = d.

We will also assume that the gradation correction func-
tion f(x), which is considered in this study, is continuous. It is
defined and takes values within the density intervals [a, ..., b],
[c, ..., d],, which are being considered. Externally, the func-
tion of gradation correction is undefined.

Gradation correction models
Typically, the basic model of gradation correction is a
linear model of the form:

fl) =27 x—_a)+e (1)
b—a

This is the model that is considered in applications first.
Because it is easy to use, it often gives good results.

Geometrically, such a model is a straight line that passes
through points with coordinates (a, c¢) and (b, d). That is,
through the ends of the density and brightness ranges under
consideration. Due to the presence of these parameters in
(1), the position of line (1) and its angle of inclination are
automatically scaled to the data being processed. Thus, ad-
aptation to the applied problem is carried out.

The linear model does not always allow for good correc-
tion results. First of all, because it does not allow for nonli-
near transformation of the density scale fragments that need
to be significantly amplified or suppressed. To do this ef-
ficiently, we will use the exponential f2(x), logarithmic f3(x)
and complex f4(x) transformations, which are given below:

1209 = exp (=T

) —1+e, (2

d—c

B = i —a+ )

nihn(x—a—+1)+ec, 3)

S, y) ={[(0 —p) - f2(x) +[1 = (1 —y)] x
A F0<y<L[[1 - =D -fIx)+@-Dx
x 3] if 1 <y<2},

where parameters take values: y >1, 0 <y <2.

These gradation correction functions are shown in Fig. 1.

We note once again that all functions are built in such a
way that they are automatically scaled to the output para-
meters (boundaries) of the density and brightness scales un-
der consideration, and also that by varying the parameters,
it is possible to flexibly adapt to the specifics of the task. All
this is a guarantee of high efficiency of practical application
of models.

Gradation correction method

At the first stage, we select a gradation correction model.
More precisely, we set the parameters of the model (4) for
its further use in automatic mode. This parameter setting is
done by an expert before the system is started up.

At the beginning, we load the CT image. After that, for the
given parameters of the model (4) and the defined limit values
of the range |a, ..., b] observed for the image, we calculate the
tabular function T to convert density values to brightness values.
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This table function is a vector of dimension (d — ¢ + 1).
Note that truncation is used: the boundaries of the inter-
val [a, ..., b] are artificially reduced — these boundaries
are the first non-zero end values.

The next step is to scan the input CT density
image and replace these values with the brightness va-
lues from the table T. This procedure is very fast because
all the necessary calculations have been performed be-
fore the loop. In the scan loop, only the replacement of
input values with output values is performed.

Based on the appropriate analysis and prelimi-
nary testing, a corresponding library and software
for gradation correction of CT images were created
utilizing the proposed method, which allows load-
ing CT images in DICOM file format, performing
parameter settings/automatic gradation correction
of CT images, as well as data visualization.

Results

During the experiments, the effectiveness of the
proposed model was tested on examples of CT image
processing for materials with low density. For the
research, pig muscle tissue and specially prepared
blocks of foam and foam rubber were used as a con-
tainer into which objects made of various materials
were put, including plastic, leather, cardboard and
batteries.

The stages of preparation and conduct of the ex-
periment are shown in Fig. 2.

The proposed adaptive gradation correction mo-
del showed high efficiency in detecting low-density
foreign bodies, which traditional models cannot al-
ways detect.

Visualization of the results of image enhancement
(for finding low-density objects) is shown in Fig. 3, 4.

Ao

SO 6 % L 9 5 ¢ ¢

a:=0 b:=1000

c:=10 d:=250
d—c
flx) = —(x—a) tc
b—a
200 =exp (1A DOz,
b—a
B =—37C  p—a+1) e
T hmb—a+1)

JAx,y) =1 =y) 200 +[1 =1 =p)] - fIX)] f0<y<],
(1= @—D]-fI()+ G —1) ()] if1 <y<2, otherwise

200+ —"

1(x) i
fa(x,0) |/

4, 2)100 r"

,,,,,,

200 400 600 800 1x10°
a X b

Figure 1. Example of image gradation correction functions
considered

Figure 2. Stages of the experiment: preparation
of samples, their placement in the experimental
environment and the scanning process to obtain CT

data

Figure 3. Visualization of the results of CT examination
of a skin sample in a foam block using
the proposed software in different viewing
modes
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Figure 4. Visualization of the results of CT examination
of a plastic sample in a foam block using the
proposed software in different viewing modes

Moreover, the use of tabular functions and automatic
adaptation to density scales allowed not only to improve the
quality and accuracy of visualization, but also to provide
real-time data processing. The results of numerous experi-
ments confirmed that the model can significantly reduce the
number of missing foreign bodies and significantly improve
the quality of diagnosis in cases with gunshot and shrapnel
wounds.

Discussion

The experimental results confirmed the high efficiency of
the proposed gradation correction model for improving the
visualization of CT data. Compared to existing approaches,
its use provides significantly better detection of low-density
objects, such as plastic, cardboard, and fabrics. This became
possible by using a nonlinear exponential gradation cor-
rection model that enhances contrast and truncation of the
uninformative density range, which reduces the impact of
artifacts and uninformative fragments of the density scale.
The adaptability of the model and the use of tabular func-
tions provide real-time data processing, which is critically
important for emergency diagnosis. The proposed solutions
allowed to increase the accuracy of foreign body detection
up to 95 % and reduce the time for effective visual analysis
of CT images by up to 10 times, which significantly exceeds
the performance of traditional methods. At the same time,
some limitations remain when processing images with large
artifacts, which require further research.

Conclusions

The paper addresses the problem of low efficiency of fo-
reign body detection in CT images, in particular low-density
objects, such as light metals, fabrics, leather, plastic, and other
materials. An adaptive model and a gradation correction
method are proposed to improve the quality of visualization

and analysis. The model automatically adapts to different CT
density scales, and the use of a tabular function provides fast
and automatic processing in real time.

The experiments confirmed the effectiveness of the pro-
posed approach. It allowed us to achieve higher diagnostic
accuracy regardless of the type of foreign body, which signifi-
cantly improves detection and analysis even in complex cases
related to gunshot wounds. The results of the work contribute
to the development of automation methods and improvement
of the quality of medical diagnosis.
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Ontumisauis KT-isyaaisauii npy BOrHeNAAbHUX MOPAHEHHSX:
OKLLEHT HO AIOrHOCTUYHY TOYHICTb

Pestome. Axmyaasnicms. YiockoHanieHHs 300pakeHb, OTPUMAHUX
3a gomomoroio KoM otepHoi Tomorpadii (KT), mae ocobnuse
3HAYEHHS 17151 €(DeKTUBHOI AiarHOCTUKY BOTHEMAJIbHUX MOPAHEeHb.
Mema: po3poOUTH MOJIEJIi, METOIU i TECTOBE MTpOrpamMmHe 3adesrne-
YeHHS ISl TpajlalliiiHOl KOpeKIlii, 1110 3a0e3Me4yloTh aBTOMaTUYHe
TOJiMnIIeHHsT peHTreHiBchbkux Ta KT-300pakeHb y pexkuMi peaTbHO-
T0 Yacy, HaBiTh MPU HU3bKiil BUTUMOCTI 00’ €KTIB MaJIOi IIJIbHOCTI,
SIK-OT KapToH, LIKipa Ta riactuk. Mamepiaau ma memoodu. I1in
yac ekcriepuMeHTiB orpuMaHo KT-300paxkeHHs 3 HeMeTaleBUMU
dparmMeHTaMu Pi3HUX TUIIIB, PO3TAILIOBAHUMU B OKPEMUX Opra-
Hax. Yci (pparmMeHTH Oy/IM AeTaJbHO BUMIpsIHi Ta 3a0KyMEHTOBaHi
He3aJIeKHUMU eKCIIepTaMy [UIsl MOAaIbLIOro aHallizy. Pesynbratu
OLIHIOBAJIM LIJISIXOM YMCEJIBHOTO Ta Bi3yaJbHOTO MOPiBHSIHHS 3
BUKOPUCTAHHSAM TPAIULIIMHUX i CyJaCHUX METO/iB KOMIT I0TEPHOI
00poOKH 300paxkeHb. Pezyasmamu. Ha 0CHOBI OTpMMaHUX JaHUX
CTBOPEHO YHihiKOBaHy MOJIe/Ib, METOAUKY i1 TECTOBE MpOrpamMmHe

3a0e3reyeHHs JUIsl rpanauliiiHoi kopekuii peHTreHiBebkux tTa KT-
300paxeHb. Llel iHCTpyMeHTapili 103BOJISIE 3HAYHO MOIMIIUTH
SIKICTh 300pakeHb, MiABUIIYIOUM X KOHTPACTHICTh 10 5 pasiB Mmo-
PiBHSIHO 3 6a30BUM 300pakKeHHSM IPU Yaci 0OPOOKHU OJHOTO 30-
OpakeHHsI MeHLIe 3a ceKyHy. Taki pillleHHSI € yHiBepCaIbHUMMU 151
pi3HUX (hopMaTiB (haiiTiB, aBBTOMATUYHO adanTYIOThCS A0 IIIJIbHOCTI
MarepialiB i 3a06e3neuytoTh e(heKTUBHY 00pOOKY naHux. Bucrnoexu.
Po3po6sieHi Mozesb, MeToaMKa i TporpaMHe 3a0e3rneyeHHs TOBHiC-
TIO BIIITTOBIIAIOTH IOCTABJIEHII1 METi — IAI0Th 3MOTY IIIBUIIKO Ta SIKiC-
HO TIOJImIIyBaT! peHTreHiBchKi Ta KT-300paxkenHs. Lle mo3Bosse
e(eKTUBHO i1 TOYHO JiarHOCTYBaTH BOTHEMaJIbHi Ta OCKOJIKOBI MO-
paHEeHHsI He3aJIeXKHO BiJl TUITY CTOPOHHIX Tisl y paHi. EpekTuBHicTH
PpIllIeHb TTiATBEPIKEHA pe3yIbTaTaMy eKCTIIEPUMEHTIB.

KirouoBi ciioBa: kommn’iorepHa ToMorpadist; MOMIMIIEHHS 30-
OpaxkeHb; rpajaallifiHa KOPeKIlisl; 1iarHOCTUKA BOTHEMaJbHUX I10-
paHeHb; ePeKTUBHICTb
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NMprYnHM YCKAOAHEHDb Y NALEHTIB
3 ILUEMIYHUM IHCYABTOM i LUASIXU IX KOPEeKLil

Pestome. Akxmyanvnicmeo. lwemivnuil incyavm € npogioHo0 NPUMUHOI CMEPMHOCMI Ui iH6ANIOHOCMI Y c8imi, 1o
3YMOBAIOE 3HAYUHE HABGAHMANICEHHS HA CUCTEMU OXOPOHU 300p08°s KoJcHOT Kpainu. Mema: susgaenns ghakmopis,
Wo 8NAUBAIOMb HA PIBEHb ACMANbHOCHI NAUIEHMIE 3 IWeMIYHUM [HCYAbMOM, [ NOULYK NAMO2eHemMU4HO 00T PYHMO-
eanux memodie aikysanns. Mamepiaiu ma memoou. ILle kocopmue 0ocaioxncenHs 3 pempoCHeKMUGHUM AHANIZ0M
MeOQuuHUX Kapm cmayioHapHoeo xeopoeo 152 nauicumie (cepeoniii ik 71,6 x 8,0 poky) 3 iuemiunum incyaomom,
aki aikysanucs y BIT KHII «Ceamo-Muxaiiniecvka kainiuna nikapus m. Kuesa» ma KHII «Ospyybka micvka
aikapus» Ospyuwvkoi micvkoi padu Kumomupcvkoi oonacmi 'y 2023 poui. Pesyasmamu. Ceped macugy eusueHHs
y 122 (80,26 %) éunaodkax écmanogaeno odyxcannusa nayicumis, y 30 (19,74 %) — cmepms. Ceped uonogixis
oodyacanu 50,82 %, nomepau 46,67 % oci6, ceped xcinok — ionogiono 49,18 i 53,33 %. Cmamucmuury 06po6Ky
OMPUMAHUX pPe3yAbmamie npoeoousU 3a 00ONOMO200 PO3PAXyHKY cniesionouents wancie (Odds Ratio, OR) ma
ouyiHKu pieHs 3Hauyuocmi (p-value) 3 suxopucmarnuam mournoeo mecmy Diwepa. Ceped ycix npoananizo8anux
CYNYMHIX 3aX60PHBAHb NPU IUEMIYHOMY IHCYAbMI 8IPORIOHUMU, NO8 A3AHUMU 3 PO3GUMKOM ACMANbHOCMI, € NOPY-
WeHHs cepuyesoo pummy il nopyuents nposionocmi (OR = 6,41, p-value = 0,0001, p < 0,05), ¢ibpuasyis nepeo-
cepob (OR = 5,006, p-value = 0, 0002, p < 0,05), a makosc nneémoniss (OR = 7,93, p-value = 0, 008, p < 0,05).
Bucnoexu. Jlikysanns nayienmie 3 iuleMitHUM IHCYAbIMOM NOMPeOy€e KOMNACKCHO20 MYAbMUOUCUUNATHAPHOLO
nioxody 3 KOpeKyiero 8Cix napamempis 20Meocmasy NAYIEHMa 3 ypaxyeaHHsIm Cynymuosoi namosnoeii (Hacamnepeo
nopyuieHb cepyesoe0 pummy, HopyuieHb NPOGIOHOCMI Ma NHEBMOHIE) | NO0ANbUL020 NOULYKY NAMOEHEMUYHO 00-
TPYHMOGAHOI mepanii.

Ki04oBi clioBa: iwemiunuii incyaom; nopywienns cepuegozo pummy; NOpyuieHHs npogionocmi; Giopuiauis
nepedcepdb; NHEBMOHIA

cynuHM (peKaHari3allii) IISIXOM IIPOBEIeHHS BHYTPIllI-

Bctyn

[HCY/IBT — 11e HeBPOJIOTiYHE 3aXBOPIOBAHHS, SIKE BU-
HUKA€ BHACJIIOK YaCTKOBOI a00 MOBHOIT HEJOCTATHOCTI
KpOBOIIOCTauyaHHs Oyab-sKOi YacTUHM MO3KYy. Hecraua
KPOBOTIOCTaYaHHS YaCTO € HACJiJIKOM MOPYIIEHHS KPOBO-
TOKY (ilemMiyHuit iHCybT) 2800 BUTOKY KPOBi 3 pO3ipBaHO1
MO3KOBOI CyauMHM (remMopariuHuii iHcynst) [1]. IHCynbT 3a-
JIMIIAETHCS OMHIEIO i3 MPOBIAHMX MPUIMH CMEPTIi Ta 3a-
XBOPIOBAHOCTI B ychoMy CBiTi [2]. I[IpoTsirom mmoHanm Tphox
JIECSTWIITh TOCTiIHUKIU JOCSTIM BEJIMYE3HOTO YCITiXy Y pO3-
KPUTTi MOJIEKYJISIDHUX i KIIITUHHUX 3MiH, 1110 BilOYBalOThCSI
micis iHeyabsty. Lleit mpopuB TakoxX TOYHO BU3HAYA€E Pi3Hi
dakTopu pU3UKY iHCYIEBTY [1].

CyuacHuil miaxin y JikyBaHHi iH(apKTy TOJOBHOTO
MO3KY MOJISITA€ Y BiIHOBJIEHHI MPOXiAHOCTI TPOMOOBaHOI

HBOBEHHOTO TPOMOOJTi3HCy a60 MeXaHiYHO1 TPOMOEKTOMil.
OnHak e(eKTUBHICTh TAKMX METOMIB 3aJeKUTh Bil yacy
BUKOHAHHS: /U1 TPOMOOJIi3UCY YacoBe BiKHO CTAHOBUTH
4,5 roAVHM BiJl TOYATKY CUMIITOMIB MOPYILIEHHS] MO3KOBOTO
KPOBOOOIry, a uIsl MeXaHiuHOI TPOMOEKTOMIT — 10 6 TOAUH
y IPYITi Malli€HTIB 3 OKJII03i€10 BEIUKUX CYIUH i MOXe OyTU
posiupene 10 24 roguH. I1icist BiTHOBIEHHS IIPOXiTHOCTI
y OaceliHi TPOMOOBaHO1 CyIMHU Ha MIEPIIMIA IJTaH BUCTYITA€
penepdy3iliHMI CUHAPOM, 1110 TIPU3BOAUTH A0 YIIKOIKEH-
HST MO3KOBOI TKAHUHM.

Citig BpaxoByBaTH, 1110 HEPIiJAKO MalLli€EHTH 3 ilIEMiYHUM
iHCYJIBTOM HAAXOHSTh y 3aKjad oxopoHu 3mopoB’s (303)
yepe3 24 roIMHU Bill OSIBU MEPUIMX CUMIITOMIB 3aXBOPIO-
BaHHsI, YIIPOAOBXK SIKUX IM HE IIPOBOAMIINCS Hi TPOMOOJTi-

© «MeguuuHa HesigknaaHux cTaHie» / «Emergency Medicine» («Medicina neotloznyh sostoanij»), 2025

© Bupasewp 3acnascokuii 0.10. / Publisher Zaslavsky 0.Yu., 2025

[Ina kopecnongeHuii: MapkoB [0piii [BaHOBWY, KaHAWAAT MEANYHNX HaYK, AOLEHT, Kadeapa aHecTe3ionorii Ta iHTeHCUBHOT Tepanii 3 Kypcom AuTAvoi aHectesionorii, HauioHanbHWii yHiBepcuTeT 0XOPOHU
3p0poB'a Ykpainu imeni I1.J1. Lynuka, Byn. [loporoxuubka, 9, m. Kuis, 04112, Ykpaika; e-mail: yu.mark1961@gmail.com; Ten.: +-380 (96) 679-31-94

For correspondence: Yurii Markov, PhD in Medicine, Associate Professor, Department of Anesthesiology and Intensive Care with Pediatric Anesthesiology Course, Shupyk National Healthcare University of Ukraine,
Dorohozhytska st., 9, Kyiv, 04112, Ukraine; e-mail: yu.mark1961@gmail.com; phone: +-380 (96) 679-31-94

Full list of authors information is available at the end of the article.

Tom 21, N7, 2025

www.mif-ua.com, https://emergency-journal.com 25



OpuriHaABbHI AOCAiAXXeHHs1 / Original Researches

30
26,32

25 23,03

21,05
20
® 15
10
0
66-70

61-65

1316 135

3,29
—_—

71-75 76-80 81-85 86-90 >90
Bik mawjieHTie (poku)

w

90 84,21
20
70
60
50
®
40
30
20
10 5,26 6,58
0,65 1,32 o 1,97
= m s -
<5 6-15 16-25 26-35 36-45 46-55 355
TpueanicTe rocnitanisawii (nixro-aHi)

PucyHok 1. Po3niogin nayieHTis
3a Bikom (%)

31C, Hi XipypTiyHa peKaHali3allisl OKJIF030BaHOI CYIUHH.
Oco0611BO aKTyaJibHA 1151 TpobJieMa JIJIs MALiEHTIB CTapIIUX
BIKOBUX TPYIIL.

V cyyacHMX peastisx JiKyBaHHS ilIeMiYHOTO iHCYJBTY
ITPYHTYETBCSI HA MYJIBTUAUCIUILTIHAPHOMY TiJXO/li, a TPU-
BaJie TiepeOyBaHHs TMAaLli€EHTIB y BiJiJIeHHI iHTEHCUBHOI
Tepamnii (BIT) Bumarae 3HauHUX €eKOHOMIYHUX BUTPAT, 110
CTUMYJTIOE TIOIIYK e(PEKTUBHUX IILJISIXiB IEPBUHHOI ITPOodi-
JIAKTUKM Ta HOBMX ITiIXOMiB y JJiKyBaHHi, SIKi BIUIMBATUMYTb
Ha OCHOBHI NTaTOT€HETUYHI JJAHKU i1lIEMiYHOTO iHCYJIBTY.

Mera podoTH 10JIsITaE y BUSIBJICHHI (paKkTOpiB, 1110 BILIU-
BalOTh Ha PiBeHb JICTAILHOCTI MALiEHTIB 3 ilIEMiYHUM iH-
CYJIBTOM, i MOIIYKY MaTOTeHETUYHO 00T PYHTOBAHUX METO/IiB
JIIKyBaHHS.

MaTepiaAn Ta MeToAmn

Hamu Gyso mpoBeneHO peTpoCIeKTUBHE KOTOPTHE J10-
CJIIIDKEHHS TPUYUH YCKJIAIHEHb Yy MALIIEHTIB 3 ilIEMiYHUM
iHcynbroM, siki Hapiuui y BIT KHIT «Cesito-Muxaiinis-
cbKa KiniHiuHa jgikapHs M. Kuesa» ta BIT KHIT «OBpylbka
Micbka JikapHs» OBpyLbKOI MichbKo1 paau (2KutomupcbKa
o0mactb) y 2023 poui. Kpurepii BKITIoUeHHS Y JOCITiIKEHHS:
nMamieHT 000X cTaTeil BikoM ctapiue 60 pokiB, sKi Haj-
xommwm y 303 depe3 24 TOOAUHU Bill TOYATKy TOCTPOTO I10-
pyuieHHs1 Mo3koBoro kpoBoobiry (I'TIMK) 3a turom inemii
Ta SIKM He TIPOBOAMBCS TPOMOOIII3UC UM XipypTidHa peka-
HaJji3allis ypaXkeHoi CyJIMHU, a OIliHKa 3a IIKaJIOl0 KOMU
Inazro Oyna > 9 6aniB. CraTucTuHy 00pOOKY OTPUMAHUX
pe3yJbTaTiB TPOBOMIIN 32 TOTIOMOTOI0 PO3PaxyHKY CIIiB-
BinHomeHHs 1maHciB (Odds Ratio, OR) ta ouiHku piBHS
3HAYymocTi (p-value) 3 BUKOPpUCTAaHHSIM TOYHOI'O TECTY
Dimepa.

Pe3yAbTaTM T OGrOBOPEHHS

3arajibHa KiJIbKiCTb OIpalibOBaHUX MEAUYHUX KapT XBO-
pUX CTaHOBUTH 152, cepen sikux 76 osoBikiB (50 %) i 76
XiHOK (50 %). IlepeBaxHa OimbIIicTh MamieHTiB (143, a6o
94,0 %) nanxomnunu no BIT i3 nmpuiitMaabHOTO BilmiieHHS,
a9 (5,9 %) 6ynu nepeBeieHi 3 iHIIMX BilaiIeHb. Yci XBopi
Oynu gompanieHi 1o 303 OpuragamMy eKCTPEHOI IIBUAKOI
MeInJHOI moromoru. ITpuumHa 3ami3Hiaol rocmitamiza-
11ii Ta, BiIMOBiAHO, 3aMi3HIIOrO MOYATKY JiKyBaJbHUX 3a-
XOIiB — HECBOEYACHE 3BEPHEHHS 110 MEANYHY JOITOMOTY.

PucyHok 2. CepegHe nepebyBaHHSI XBOPOro
Ha niXKy, gHi

BcraHoBiieHo, 1110 JiKyBaHHS TAaIli€HTIB MPOBOIMIIOCS 3
JIOTPUMAHHSAM OCHOBHUX IOJIOXEHb «YHi(iKoBaHOTO Kili-
HIYHOTO IIPOTOKOJTY MEAUYIHOI JormoMorn «lmemidyHmii iH-
CyJbT» (€KCTpeHa, MepBUHHA, BTOPMHHA (crelliajli3oBaHa)
MeIuJyHa IoTloMoTa, MeIuvHa peabimitarist)» (Hakaz Ne 602
MiHicTtepcTBa 0XOpoHU 300poB’st YKpainu Bin 03.08.2012).

Hiarnoctuka 'TIMK 3niiicHIOBanacs Ha IiJcTaBi KOMIT-
JIEKCHOI OLIiHKY TaHUX KJIiHiKO-71ab0paTOPHOTO Ta Bi3yasi-
3aliifHOrO 00CTEXXEeHHS Nalli€EHTa.

BxomoueHi y gociKeHHs TallieHTH OyJIv po3MoiieHi
3a BIKOBUMU KaTeTropissMHU, K BiqoOpaxkeHo Ha puc. 1, ce-
pemHiii Bik cTaHOBUTH 71,6 £ 8,0 poky.

AHaJi3 JaHUX, HaBeIGHUX Ha puC. 1, BKa3ye Ha Te, 110 Y
BIKOBIlf CTPYKTYpi MAaILli€HTIB 3 illleMiYHUM iHCYJIBTOM CTa-
TrcTUYHO BiporigHo (p < 0,05) nepeBaxkatoTh 0COOM BiKOBOT
KaTeropii 61—75 poxkis. Ix uncenpHicTs y 2,4 pasa Bua,
HIX CcTapIInX 3a BiKom maiieHTiB (81 pik i Oixpmie). Bik
BiTHOCSITh J1O OMHOTO 3 HeMOIU(iKOBaHUX (PAKTOPIB pU3UKY
IHCYJIBTY, SIKMI1 y TIOXWJIOMY Ta CTapevdOMY Billi 3yCTPIiYa€ETh-
cs yactime. Bik 30i7blye pU3uK CMEPTHOCTI Ta IMOTaHUM
MPOTHO3 ITics iHCYIbTY [3].

B opranizaiiii po6oTu crauioHapHoro BipaiieHHss 303
3a OCHOBY 0epeTbhcsl €(DeKTUBHICTh BUKOPUCTAHHS JIKKO-
Boro ¢oHay. B ocTaHHBOMY BUMAAKY BaXJIMBE 3HAUCHHS
Ma€ TaKuii MOKa3HUK, K TpUBaIiCTh nepeOyBaHHs y BIT
crauioHapy. Bona BimoOpaxkeHa Ha puc. 2, cepeIHe 3Ha-
yeHHs1 TiepedyBaHHs XxBoporo y BIT craitioHapy ctaHOBUTh
12,4 + 9,4 pixKo-maHsI.

[Tpu 11bOMyY BCTaHOBJIEHO: 5 i MEHIIIE JTiXKO-AHIB — 8
Bunankis (5,26 %), a monan 55 nixko-aHiB — 3 (1,97 %)
Buragku. Haiigacrimre manieHTy nepedyBain Ha JiKyBaHHi
y BIT mo 16 gnis (p < 0,05).

BaxxnuBe 3HaueHHS MUIST 371aTOMIXKEHOro (PyHKIIOHY-
BaHHS JIIOJICBKOTO OpraHi3My Mae 3a0e3IMeueHHsT TeMIle-
patypHoOro romeocrasy. TemrepaTypa Tijla MiATPUMYETHCS
Ha CcTaJoMy PiBHi, a ii KOJIMBaHHS CTAaHOBJISITh 3aTPO3Y JJIsI
310poB’sl. BuMipioBaHHsI TeMIIepaTypy 103BOJISIE CBOEYACHO
NiarHOCTYBATU 3aXBOPIOBAHHS, LISl IKMX XapaKTepHi rinep-
TepMist abo TimoTepMisl, i po3moyaTy ageKBaTHY Teparilo.
lneprepmist yacTo BUHUKAE Yy MAIi€HTIB, SIKi MepPEeHECIN
IHCYJIBT; BOHA HETaTHBHO KOPEJIIOE i3 KJIIHIYHUM pe3yJibra-
TOM i TAKOX HEraTMBHO BIUIMBAE HA CXEMU JIiIKyBaHHS, SIKi
B HOpMaJIbHUX YMOBax Oy/iu 6 ycrittHuMu. JIOKJTiHIYHI 10-
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>37.6

CJTKEHHS TaKOXK TTOKA3yIOTh, IO TiepTepMist IEpEeTBOPIOE
PATIBHY MiBTiHb HAa illleMidyHUii iHGapKT [4].

V Hamomy HOCIiIKeHHI BpaXxoByBajacs TeMmIiepaTypa
nauieHTiB mpy HagxomkeHHi y 303 (puc. 3), 110 cTaHOBUJIA
y cepenHbomy 36,7 = 0,4 °C.

I1pu iboMy 3BepTai 0COOIMBY yBary Ha cyodeopriIbHi
3HauYeHHs rinepTepMii. Tak, mpy 3HaYEHHSIX TeMIlepaTypu
Tina 6inbire 3a 37,6 °C (5,26 % BunankiB) rieprepmis Oyna
3YMOBJIEHA CYTYTHBOIO [103arocMiTaibHOI0 MHEBMOHIEIO.

IIpwu iHCYnBTI cepen AiarHOCTUYHMX 3aXOMIiB BaxKIMBe
3HAYEHHsI MAa€ BCTAHOBJIEHHSI OaceiiHy ypaxkeHOi CyIMHU,
sIKa 3[iMCHIOE KPOBOIIOCTaYaHHs AUISIHKY MO3Ky. Ha puc. 4
MOKa3aHO PO3IIOJiJ TallieHTiB 32 OaceiiHOM ypaxKeHOol
CYIVHU. Y HaAIIoOMy OOCJiIKE€HHi BipOTiZHO IMepeBaXaau
ypaxkeHHsI OaceiiHiB IMpaBoi Ta JIiBOi cepeaHiX MO3KOBHUX
aptepiii — 125 (82,23 %) cnoctepexensb (p < 0,05). 3Ha-
YHO piaire crnoctepiranucs ypaxkenHs Bbb, 3MA ta BCA
(17,76 % ButIankis).

Ha puc. 5 moka3zaHo po3mnois Nali€HTiB 3a CYIyTHIMU
3aXBOPIOBAHHSIMU.

Cepen cynyTHix 3axBoptoBaHb [ X ta IXC BiporinHo me-
pesaxanu (p < 0,05) Taki 3axBoproBanus, sk [1CPITIT —
32,24 %, U, — 31,58 % Tta inii xsopoou — 26,97 %.

V 3araJbHOMY PEUTUHTY CYIYyTHiX XBOpOO HiarHO3
['X maB nepiue paHrose Micue. Haltuacrile 3yctpiyaBcs
niarnos I'X 11 ct. — 134 (88,16 %) Bunanku, 3Ha4HO pi-
me — X Il er. — 12 (7,89 %), 1110 TIOSICHIOE BUHUKHEHHS
camoro I'TIMK, ockinbku nipu I'X 111 cT. 3’aBAsII0TbCS
TaKi YCKJIaAHEHHs, K iHCYJIbT Y TOCTpUit iHPapKT Mio-
kapaa (I'IM). OcraHHiil OyB BCTAaHOBJICHUI Y YOTUPbOX
xBopux (1,97 %).

Jlpyre paHroBe Micile cepela CyIyTHiX 3aXBOPIOBaHb
oyno HamaHe IXC, 141 Bumamok (92,76 %). Kpim yoTrpbrox
BUTNAAKiB BUIe3a3HaueHoro ['IM, y 45 (29,6 %) maiieH-
TiB AiarHOCTOBAHO IrOCTPUII KOPOHAPHUM CUHAPOM, a 'y 13
(8,55 %) — cynytHio cteHokapaito HanpyxkeHHsT DK 11 Ta
micnstiHgapKTHUI Kapaiockiaepo3 'y 115 (75,65 %).

Crin BuokKpemMuTu cepueBy HegocTaTHicTh (CH), pi3-
HUI CTYMiHb SIKOI AiarHOCTOBaHO B ycix xBopux (100 %):
CHIcr. — 13 (8,55 %) Bunanxis, CH I1A — 135 (88,82 %),
CHIIBct. —4 (2,63 %).

TpeTte paHrose Miclie cepen CyIlyTHiX 3aXBOpIOBaHb
3aiimae LI: 48 (31,58 %) BunankiB — i3 Hux LIJI 2-ro Ty
y ctafii cyokomneHcanii — 42 (87,5 %), 6 — nekomreHcartii
(12,5 % Bunanxkis). ¥ 2 (1,31 %) nanuieHTiB 11e OyB BIIepIie
BusiBiaeHuit LIJI.

IlopylieHHs ceplieBOro puTMy Ta MOPYLIEHHS IPOBiI-
HoCTi KoHcTaToBaHO y 46 (30,26 %) manieHTiB (4eTBepTe
paHroBe Miclie cepell CYMyTHiX 3aXBopioBaHb). CyIyTHS
diopumamisa nepencepan (PIT) — 42 (27,63 %) Bunanku,
cyInpaBeHTpUKYyJsspHa Taxikapmisg — 1 (0,65 %), aTpioBeH-
TUKYyJIsIpHa O0Kkaga (AV-6inokama) — 4 (2,63 %), i3 Hux
AV-6nokana I ct. — 1 (0,65 %) Bunanok, AV-6i10Kaaa
I ct. — 3 (1,97 %); noBHa Gj10Kana JiBOI HIXXKKH ITydKa
lica — 3 (1,97 %) Bunanxu.

Jlo xareropii «IHIi XBopoOu» (I1’siTe paHroBe Miclie Yy
3araJIbHOMY PEUTUHTY CYITyTHiX 3aXBOPIOBAaHb) BiTHECEHO:
ITHEBMOHI1 Ta 3aXBOPIOBAHHS LIMATOIOAIOHOT 3271031 — TIO
5,2 % Bunankis, anemiro — 4,6 %, oxupinus II-11I ct. —
4,61 %, 3aXBOpIOBAHHS BEH i3 XpOHIYHOIO BEHO3HOIO HEMIO-
cratHictio [I-1II cT. — 1,97 %, XxpoHiuyHY XBOPOOY HUPOK —
2,63 %, oHKOJIOTiuHi 3axBopioBaHHSI — 2,6 % Bumankis. B
OCTaHHBOMY CHOCTEpeKeHHi XBOpi Oy/IM paHille mpoore-
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PucyHok 4. Poanogin nayieHTiB 3a 6aceiiHom
YpaXKeHHs1 cyaAnH
TMpumitkn: CMA — cepeaHsi MO3KoBa apTepisi,
BBbB — BepTebpobasunsapHunii 6aceviH, 3MA —
3aHs Mo3KoBa apTepisi, BCA — BHYTPILLHSI COHHa
aprepis.

PucyHok 5. Po3nopgin nayieHTiB 3a cynyTHiMu
3axBOpPIOBaHHAMM
TMpumitkn: X — rinepToHiyHa xBopoba, IXC — iwe-
midHa xBopoba cepus, MCPIIT — nopyLwieHHs cepue-
BOro puUtMy i nopyLueHHs nposigHocTi cepus, L —
YyKpoBui giaber.
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poBani (o ogHomy Bunagaky (0,65 %)) — remMikojeKkTo-
Misl, ceKTopajibHa pe3eKllisi MOJIOYHOI 3aJ1031, BUAATEHHSI
reMaHrioMu, eKCTUpnaliis MaTku 3 npuaarkamu. Lle 2,6 %
XBOpHUX OyJU poorepoBaHi (1o omHomy (0,65 %) Bumaaxy):
omepallii Ha MaricTpaJbHMX apTepisgx, aOPpTOKOPOHapHe
LIYHTYBaHHSI, CTEHTYBaHHsI BHYTPIillIHOI COHHOI apTepii Ta
MPOTE3yBaHHS KYJIbIIIOBOTO CyIJ00a.

Cepen MacuBy BuBueHHs y 122 (80,26 %) Bumaakax
BCTaHOBJIEHO onyxaHHs, 30 (19,74 %) naiieHTiB ITOMEpIIH.
Cepen yosoBikiB omyxanu 50,82 %, momepnu 46,67 % ocio;
cepes XKiHOK — BinnosinHo 49,18 153,33 %.

Pesynbprati mposlikoBaHUX XBOPUX 3a BIKOBUMU IpyTia-
MM BinoOpaxeHiy TaoJ. 1.

V 3arajibHOMY PEUTUHTY cepe/l Malli€HTIB, SIKi Oy>Kaju,
mepiie paHroBe Miclie — y BikoBoi rpynu 66—70 pokiB,
npyre — y rpynu 71—75 pokiB, Tpete — 61—65 pokiB, yeT-
BepTe — 76—80 pokiB, m’sare — 81—85 pokiB i 1rocre paH-
roBe Miciie — y BikoBoi rpyrnu 86—90 pokiB. Cepell TUX, XTO
OJlyXaB, Mali€HTIB BikoM ctapiuie 90 pokiB He OyJ10.

VY 3arajibHOMY peUTHHTY cepell TOMepJuX BiKoBa Ka-
Teropisg 71—75 pokiB Ma€ mepiiie paHroBe Miclle, TaKOX
1151 TpyIa MOoCia€e repiie Micle y 3arabHOMY MacuBi BU-
BUeHHsI. BikoBa kareropist 81—85 pokiB Mae Ipyre paHToBe
Miclie, y 3arajJjbHOMYy MacuBi — I1’siTe. BikoBa kaTeropis

76—80 poKiB Ma€ TpeTE paHIOBE MicClie, Y 3aTalbHOMY Ma-
CHBI BUBYEHHST — 4yeTBepTe. YeTBepTe paHroBe MicClie cepes
TIOMEPJINX MarOTh IPYITH BiKOBUX KaTeropiit 61—65 pokis i
86—90 pokiB, y 3araJlbHOMY MacuBi BUBYEHHST — BiITOBiIHO
TpeTe Ta mocTte. [1°sTe paHroBe Miclie cepel ToMepIux Ma€e
BiKoBa KaTeropist 66—70, y 3araTbHOMY MacHlBi BABYEHHS —
npyre. | ocTaHHE, IIOCTE paHTOBE MiCLie Y IPYyIli IOMEPIUX
Mae BikoBa kateropis crapuie 90 pokiB, y 3arajibHOMy Ma-
CHUBi — CbOME, OCKIJIbKU € HaiMEHII YUCEIbHOI, BChOTO
OJTHE CTIOCTEPEKEHHSI.

IcToTHICTD BIJIMBY CyMyTHIX 3aXBOPIOBaHb Ha JieTallb-
HiCTb MaIli€HTIB BimoOpaxkeHa y Tao1. 2.

Byso BcraHOBIIEHO, 1110 Cepejl YCiX MpoaHaTi30BaHUX Cy-
IyTHIX 3aXBOploBaHb MpH imemiuHomy iHcyabTi (I'X, IXC,
L, CH, IICPIIII, mHeBMOHisI, aHeMis Ta iH.) BipOTiTHUMU
(akTopamu, MOB’sI3aHUMHU 3 PO3BUTKOM JIETAIBLHOCTI, €
IICPIIII, a takox mHeBMOHis (p < 0,05). Cepen mopyiieHb
cepuesoro putmy (PIT i cynpaBeHTpUKYISIpHA TaXiKapis)
JIMIIIE B OMHOMY BUTIanKYy (5,88 %) y moMepinx NarlieHTiB He
Oyso cyryTHbO1 ['X, 1110 CBiTYUTH PO B3aEMOOOTSIKIUBUIA
XapakTep UMX KoMopOinHux ctaHiB. [1oaiOHi BUCHOBKU
3poounu i inmi gocaimauku. Tak, N. Abdallah Ta crmiBaBT.
(2024) 3azHaunu, 1110 apTepiajbHa TirepTeH3is OB’ si3aHa
3 TIpIIMMM pe3yJbTaTaMu JiKyBaHHs y Bunaakax ®IT, Tpi-

Ta6bnuys 1. Pe3ynbTaty nposlikoBaHUX nauieHTiB 3a BiKoBUMY rpynamm

. Opyxanu Momepnun 3aranbHuin macus

BikoBa rpyna,
poKiB Mutoma Bara Panr Mutoma Bara Paur Mutoma Bara Paur
(%) (%)

61-65 23,77 3 10,00 21,05 3
66-70 27,05 1 6,67 5 23,03 2
71-75 25,41 2 30,00 1 26,32 1
76-80 12,30 4 16,67 3 13,16 4
81-85 9,83 5 23,33 2 12,50 5
86-90 1,64 6 10,00 4 3,29 6
BinbLue 91 - - 3,33 6 0,65 7
Bcboro 100 - 100 - 100 -

Ta6bnuuys 2. IcToTHICTb BANBY CYMYTHIX 3aXBOPIOBaHb Ha JIeTasIbHICTb NaLi€HTIB

CynyTHi aiarHo3mn CniBBigHOLUEHHS LUaHCIB PiBeH(I;, _:.#;’r;alll-‘l:)mocﬂ L(;T:;:Z:;:H?g:bu(sé
X 0,720 0,657 He mae iCF;I'(;TS%FEC,) BMNNNBY,
IXC 2,59 0,693 He mae iCF;I'C;TS%FE()) BMNMBY,
ncern 6,41 0,0001 Mae iC;T)OI%I?gSBHHMB’
on 5,06 0,0002 Mae iC'F;O:I-(I)V,IgISBrInMB,
ua 226 0,0778 He mae iCF;I'(;Tg%FE? BMNSMBY,
MHeBMOHis 7,93 0,008 Mae icFT)o<T+(|)v,|g|5|3nn|/|B,
AHewmis 2,83 0,256 He mae iCpTC;Tg%FE()) BMNSMBY,
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MOTiHHS TIepecepab i MapOKCU3MaIbHOI CyPaBEeHTPUKY-
JISIpHOI Taxikap/ii [3].

Bnacnigok BTpaté CMHYCOBOTO pUTMY HEPIIKO IIporpe-
cye CH, 36iapIIyeThCs pU3KK LepeOpaIbHUX YCKIIaJHEHD
i MOTipIIYETHCS MePeOir iHCYBTY, 1110 IPU3BOAUTH A0 3HU-
JKeHHSI BUKMBAHOCTI.

Otpumani pesynsrat moao ®IT (OR = 5,06, p-value =
=0,0002) cBimuats nipo icrorHmii BriuB (p < 0,05) mporo
Pi3HOBUY HANIIJTYHOUYKOBUX TaxiapUTMiii Ha JIETaIbHICTh
IpHU iIIeMiYHOMY iHCYIBTI, 110 Y3TOMXYETHCS 3 TaHUMU
inmux aBTopiB. Tak, A.C. Ivanescu i criBaBT. (2021) 3a-
3Ha4aloTh, 10 PIT € HANMOLIKUPEHIIIOK MTePCUCTYIOUOIO0
aputMmieto. Bona 36inbinye pusuk incyasry, CH, cmep-
Ti, rocmiTtanizauii Ta Butpat [6]. A E. Wong Ta cniBaBT.
(2022) BKa3ytoTh, 110 Hepigko PI1 € mpuunHoOO ileMiu-
HOTO iHCYJIBTY MPU MTOMUJIKAX Y JIIKyBaHHI, SIK-OT: HEIPU-
3HAYEHHSI aHTUKOATyJISIHTHOI Teparlii ab0o MpUIMHEeHHS
1l HEeHaJIeXKHUM YMHOM, OCOOJIMBO Yy CTapIInX BiKOBUX
rpynax [7].

3a manumu M.FE Hindsholm Ta cmiBaBt. (2024), puzuk
PELMANBY iHCYJIBTY Ta CMEPTHOCTI OYB BUCOKMM Y Malli€EHTIB
i3 @I1, He3BaxkaUM HA BTOPUHHY NPODiIaKTUKY TTepO-
paJbHUMM aHTUKOATYJISIHTAMU, a TIPUITMHEHHS PUAOMY
npenapaTiB IOABOIIO PU3UK PELIUAUBY iHCYJILTY ITOPiBHSIHO
3 MalieHTamu, sKi MPOJIOBXYBaJIM NMPUIAMATU aHTUKOAry-
JISTHTH [8].

OCHOBHUMM KoMTIOHeHTaMHu JTikyBaHHS DIT € komr-
JIeKCHe JIiKyBaHHSI (aKTOpiB PU3UKY Ta CYMyTHiX 3aXBO-
pIOBaHb, a TaKOX IIpodilakKTuKa TPoMOOEeMOOTIUYHUX
YCKJIaJIHEHb, 3a3BUYail 3a IOMTOMOTOI0 ITepOpaIbHUX aHTH-
KOaryJsiHTiB a00 aHTaroHicTiB BitamiHy K, He3anexxHuX Bin
BiTaminy K, BiInmoBigHo 10 iHAMBIAyaIbHOT CTpaTUdikaliii
pu3KKy. OKpiM IbOTO, XUTTE3AATHUMU KOHLEMLISIMU JIi-
KyBaHHSI € KOHTPOJIb YaCTOTU CEPIIEBUX CKOPOUYEHBb 200
cepieBoro putmy. CUMIITOMaTUYHUM TAalliEHTaM, Y SIKHUX
BUKJIIOUEHI 000POTHI IIPUYMHM, CJIif 3aIIPOIIOHYBAaTHU Tepa-
Mi10 KOHTPOJIIO PUTMY Ha PaHHIX CTaisIX 3aXBOPIOBaHHS. Y
MauieHTiB i3 pakTopamu pu3uky Ta/a6o CH Gyno BU3HaHO
KOPUCHUM paHHE 3aCTOCYBAHHSI CTPATETil KOHTPOJIIO PUTMY.
OCKIiJIbKM aHTUAPUTMIiYHI TIperapaTi YacTo BUSIBJISTFOThCSI
Hee(eKTUBHUMMU y JOBIOCTPOKOBil MEpPCTEKTUBI, KaTe-
TepHa a0JisiLis 3apa3 HaOyBae nenaasi 61IbIIOro 3HaYeHHS
y mikyBanHi ®IT [9].

3arpo3JIMBUM YCKJIATHEHHSIM TOCTPOTO iHCYJIBTY € BU-
HUKHEHHS iH(peKIiMHNX yCKIaaHeHb. Y HalllOMY JOCIi-
IDKeHHI TaKUM YCKJTaTHEHHSIM OyJia THeBMOHis (5,2 % Bu-
MajKiB), sika iCTOTHO BIUIMBajia Ha PO3BUTOK JIETATbHOTO
Haciaky (p < 0,05). Sk 3a3Haugae D. Li Ta cmiBaBt. (2024),
«ITHEBMOHIsI, MOB’sI3aHa 3 iHCYJILTOM, € YaCTUM i TSIKKUM
YCKJIAAHEHHSIM, 1110 BUHUKAE TIPOTSTOM TEPLIOro THUXHS
micnst iHCyabTy. Hacammnepen 3ymoBiieHa iHAYKOBaHOO
iHCYJIBTOM iMYHOCYMpeci€lo, nucgarieio Ta MopyleHHIM
CBIZIOMOCTI, 1110 TIPU3BOAUTH A0 acrmipallii Ta Moaajblioi
nHeBMoHil. YacTora mHeBMOHIT cTaHOBUTH Bix 3,9 1o 12 %,
110 POOUTH i MPOBITHOIO IMPUINHOIO CMEPTHOCTI Ta 3aXBO-
PIOBAHOCTI TUX, XTO 3aXBOPiB Ha iHCYJIBT» [10].

IIHeBMOHIsI 30i7blllye HECTIPUATAUBUI pe3yabTaT i
CMEPTHICTD Y MALEHTIB 3 iIHCYJILTOM Yepe3 CUCTeMHi ehek-
TH, TaKi SIK TiMOTeH3is1, TMXOMaHKa, 3aTpUMKa peaoimiTallii,
SIKi BBaXKaloThCsl BUpiasibHumu [11].

Cepen ¢axTopiB, IO MiABUIIYIOTh PU3UK BUHUKHCHHS
acnipauiifHol MHEeBMOHIi Ta CMEPTHOCTI, OKpPEMi aBTOpU
BKa3ylOTh Ha MOCTIHCYIbTHY aucdariio [12]. [Ipu ouiHmi
OCTaHHBOI CJTil BpaXxOBYBaTH TUI iHCYJIBTY, AaHi MPO T0-
MepeaHiil iHCYJbT, TSXKKicTh iHCYabTY, LI Ta cTaTh, 11100
JIOTIOMOTTH Y TpoiJlakTULLi Ta JTiKyBaHHI TTHEBMOHII Ta TUM
CaMUM 3HU3UTHU PiBeHb CMEPTHOCTI [12].

Cepen moTeHLIHHNUX (PAaKTOPiB PO3BUTKY ITOCTIHCYJIb-
tHoi nucdarii H. Guta D. Ren (2025) Ha3uBatoTh: MOXUIUi
BiK, apTepiaibHy rineprensito, L1/1, iHcynbsT B aHaMHe3i Ta
DIT[13].

L. Biscetti i ciBaBT. (2023) ony0aikyBaiu AaHi peTpo-
CTMIEKTUBHOTO JOCJIIKeHHSI, CIIPSIMOBAHOTO Ha BUBYECH-
HSI OCHOBHUX (haKTOPiB pU3UKY Ta 3aXUCTY Bij iH(DEKIIilt,
OTPMMAaHUX BHACJIOK MEAUYHOTO BTPYYaHHS Y KOTOPTi
MAali€HTIB MOXWUJIOTO BiKY, FOCIITaIi30BaHUX B iTailChKi
TPETUHHI HEBPOJIOTiYHI KIiHiKK. ABTOPM BKa3ylOTh, 11O
IHCYJIBT i IeMEeHIIis BBaXKaloThCsl (paKTOpaMM pU3HNKY pO3-
BUTKY Takux iHdekiit [14].

OnHuM i3 HaiBaxkIuBimKUX (HaKTOpiB BUHUKHEHHS
YCKJIaAHEHb Y rocTpomy niepioni iHcyabry € LI1. HasgBHicTb
LIJI moripirye mepe0dir iHCYIbTY, 301JIbIITYE PU3UK PO3BU-
TKY YCKJIaIHEHb. X04a y HallloMy OOCJIiIXKEHHi He 0yJIo
BCTaHOBJICHO icTOTHOTO BIUUBY (p > 0,05) Ha BUHMKHEHHST
JIETAJILHOTO HACJIIIKY Y KOTOPTH TAIli€EHTIB CTapIlInX Bi-
KOBUX TpyM, CJIil BpaXOByBaTH, 1110 HEKOPEKTHA Tepallis
LIJI, ocobanBO B rOCTpUil Mepion IMOPYIIEHHSI MO3KOBOIO
KPOBOOOIry, MOTipIIye Mepeodir iHCYIbTY Ta 301LIbIIYE PUUK
PO3BUTKY YCKJIaIHEHb.

Ak 3a3nauvaiots FP.B. Kristensen ta cniBast. (2025), y
nauieHTiB 3 iHcynbToM Ta LIJI 2-To TUMy icHYye minBuiie-
HUI pPU3UK CMEPTHOCTI, a PpU3UK PELIUAUBY iHCYJIBTY IO
BMIIMIA 1IJIs1 TIALIEHTIB 3 ilemMiyHuM iHcynsToMm i L1 2-ro
THITY, HIK IJIsI TTallieHTiB 0e3 miadety [15]. LI cripumauHsie
CHUCTEMHI CyIWHHI YCKJIaAHEHHs. XPOHiYHA rinepriikemis
€ o3Hako1o 11JI. Kpim Toro, BBaxka€eThCs, 10 TillepriIiKeMis
IMOCWJTIOE MOIIKOIKEHHS TKAHUH IpH iHCybTi [16].

Sk yxe Oya0 3a3Ha4eHO, Y HAILIOMY JOCTiIKEeHHi He
OyJ10 BCTAaHOBJIEHOTO icTOTHOTO BIIMBY (p > 0,05) Ha Je-
TaJIbHICTb MPU iHCYJIBTI MPU TAKUX CYIYTHIX 3aXBOPIOBaH-
Hax, gk L, IXC, I'X ta anemist. Aste, 3a JaHUMU IESIKUX
aBTOPiB, iICHY€E TBOCTOPOHHIN MPUYMHHO-HACIiIKOBUIA
3B’130K MixX aHemielo Ta CH, a TakoxX 3HauyIIuii 3B’ 130K
MiX TeHeTHYHOI0 cxuibHicTIO 10 IXC Ta rocTpuM iHCYIIb-
TOM 3 aHEMIi€lo, 1110 CIPUsIE KIiHIYHOMY JIIKyBaHHIO 000X
3axBOploBaHb [17].

besnepepBHa Taxikapis Ta TSKKa TilepTeH3isl MOXYThb
copuunHuta CH. B octanHi poku Takox OyJI0 BU3HAHO,
110 OiJbII TTOMipHE MiABUINEHHS YaCTOTU CEPLEBUX CKO-
podeHb ab0 apTepiaIbHOIO TUCKY, SIKIIIO BOHO CTiliKe, MOXe
OyTu (hakTOpOM pU3UKY sIK po3BUTKY CH, TaK i cMepTHOCTI
y nauieHTiB 3i BctaHoBieHoo CH. Takum unHOM, yacToTa
CeplEeBUX CKOPOUYEHB Ta apTepialbHUI TUCK € MOAM(DIKOBa-
HumMu pakropamu pusuky npu CH [18]. CH € npoBigHoto
MIPUYNHOIO CMEPTHOCTI a00 MOTipIIeHHs 03HAK i CUMITTOMIB
CH, yacro notpedye rocmitamizauii 1o BIT [19].

IHCYynBT pinko BuHMKAaE 6e3 iHIINUX naTo(i3ioaorivHuX
CTaHIB i 4YaCTO CYIPOBOJKYETHCS MOJIIMOPOIAHICTIO, Of1-
HUM i3 MPOSIBIB SIKOI € ceplieBi 3aXBoploBaHHs. biu3bpko
MOJIOBUHU BUMAJKIB iHCYJIBTY TTOB’sI3aHi 3 CEpLIEBUMU 3a-
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XBOPIOBAHHSIMU Ta 3aXBOPIOBAHHSIMU BEJIMKUX apTepiil.
OcCKiIbKUM 1J1s1 HOpMaJIbHOTO (DYHKIIIOHYBaHHSI MO3KY
HeoOXimHe ameKBaTHe KPOBOIIOCTaYaHHs, Oyab-sKi IaTo-
(iziosioriuHi 3MiHUM B ceplli YaCTO BIUIMBAIOTh HAa HACIIIKU
iHcynery [20]. IXC Ta imemiyHui iHCYIbT € MPOBIAHUMU
MpUYMHAMU CMEPTHOCTI B ychoMy cBiTi. CynyTHi 3axXBO-
proBaHHs IXC Tta ileMiuyHOTO iHCYJBTY € IJ100aJbHOIO
po0JIEMOI0 OXOPOHHU 3I0pOB’sl. BTpyuaHHs y BigmoBigHi
MoandikoBaHi (aKTOPU pU3UKY MOXKE iCTOTHO 3MEHIIUTH
HaBaHTaXKE€HHSI IIUX 3aXBOpIOBaHb [21].

Hepinko imemMiyHuUiA iHCY/IbT BUHMKAE TTiCJIST OTlepa-
TUBHUX BTpy4YaHb, OCOOJIMBO y MAILLiEHTIB CTAPIIMX BiKOBUX
rpyn. Cepes Nali€HTIB i3 TOCTPUM illIEMiYHUM iHCYJIBTOM,
B aHaMHe3i gKux OyJIn ONepaTUuBHiI BTPyYaHHS, TOMEPJIU
nBoe: 1) gonoBik BikoMm 83 pokmu. [iarnos: IXC. Atepo-
CcKJIepOTUYHMI Kapaiockiepo3, PII, nmocriitHa ¢opma,
taxicucromiunuii BapianT. CH IIA. LI/l 2-ro Tumy, cepen-
HBOTO CTYIEHSI TSKKOCTI, cTaH KomreHcallii. Konocroma;
2) xXiHKa BiKoM 75 pokiB. [liarHo3: roctpuii He-Q iHpapKT
MioKap/a To MepeIHbO-TNEPEropoaKOBO-BEPXiBKOBO-00-
KOBilt cTiHLi JIiBOrO 1uTyHOUKa. HaGpsik roToBHOIO MO3KY.
Bropunnuii qucnokaniitHo-cToBOypoBuii cuHapoM. CtaH
MicJisi aOPTOKOPOHAPHOTO IIYHTYBaHHS (5 POKiB TOMY).
®pakiiist Bukuay = 58% (nmomepia Ha 70-Ty 100Y).

VY nanieHTiB cTapiinx BiKOBUX I'PYIT HEPiZIKO BUHUKAIOTh
CYIMHHI KaTacTpodU ITic/is orepaTUBHUX BTpyYaHb, 30Kpe-
Ma PEKOHCTPYKTUBHUX Ha Cyrio0ax.

R. He Ta cniBabt. (2022) miiiliuim BUCHOBKY, 1110 Yac-
TOTa TOCTPOTO ilIEMiYHOTO iHCYJABTY MpoTsAroM 90 nHiB
MiCJIst TOTaIbHOTO €HIOTIPOTE3YBaHHSI KYJIbIIIOBOTO CYTJIO-
0a y 3B’SI3Ky 3 IIepeJIOMOM CTeTHa Yy Ialli€HTiB BikoMm > 70
POKiB cTaHOBUTH 2,5 %. Cepen (hakTopiB PUBUKY iHCYITb-
Ty — noxwiuii Bik, LI/, rinepainigemist, ®IT i Buii piBHi
D-mumepy [22].

Y Hamomy crioctepeskeHHi 0yB oauH nauieHT (0,65 %)
BiKOM 73 poKu, IpOOINEPOBaHUN 3a piK 10 BUHUKHEHHS
ilIeMiyHOTO iHCYJBTY (OTepallisi — TOTajJibHe eHI0MpPOoTe-
3yBaHHsI KYJIbIIOBOIO CYIJ100a), KWl OMy>KaB IicJIs Iepe-
HECEHOTO illIeMiYHOTO iHCYJIBTY.

Taxum yrHOM, 1J11 YHUKHEHHSI YCKJIaAHEHb Y TalliEHTIB
3 IIeMIYHUM iHCYJIBTOM, OCOOJIMBO CTAPIINX BiKOBUX IPYII,
BakJIMBE 3HAUEHHSI Ma€ MOMpaBIeHHS iX 10 CIeliaaizoBa-
HOTO CTallioHapy B MeéXax TepareBTUYHOIO BiKHA 3 METOIO
CBO€EYACHOIO MPOBENEHHS peKaHali3alil OKJII030BaHOI
cyauHu (TpoMOoJi3ucy abo onepaTUBHOTO BTPYYaHHS),
a TAaKOX ypaxyBaHHsI Pi3HOMaHITHUX acMeKTiB KJIiHIYHO-
ro cTaHy (CyIyTHiX 3aXBOpIOBaHb, HacaMIlepel TaKux, sIKi
MPU3BOJSTH J0 MOPYILIEHHS CEPIIEBOTO PUTMY Ta THEBMO-
Hil). AKTyaJJbHUMH € TOTJISI 3a MalliEHTOM i3 JOTPUMaHHSIM
ririenu (Tina, MopoxXHUHU poTa [23]), MOHITOPUHT ITOKa3-
HUKIB OpraHiB, 1110 BAKOHYIOTh XXUTTEBO BaXKJIMBi (DYHKIIIT,
HelipoBi3yaltizallis, podiJakTUKa KaTeTEPHOTO CEIICHUCY,
MOTPUMAHHSI HYTPUTUBHOTO CTAaTYCy, IPOBEIEHHS KOMII-
JIEKCY 3aXO[liB 3 iHTEHCUMBHOI Teparlii, IpU LIbOMY BaXKJIMBO
IOTPUMYBATHUCS MYJIBTUANCIUTLTIHAPHOTO TTiaxony [24].

TxkanuHa imeMivyHOI MiBTiHI (penumbra) € OCHOBHOIO
MiIlIEHHIO AJIs PO3pO0KM HEMPONMPOTEKTOPHUX CTpaTe-
riii, CIpsSIMOBaHMX Ha MiHiMi3allil0 CTyTeHs illeMiYHOTO
YPaXXeHHS MO3KY LUISIXOM CBOEYACHOTO TEPareBTUYHOTO
BTpyuaHHs. Yepe3 oOMexeHHs penepdy3iliHoi Teparii 3

BUKOPUCTAHHSM PeKOMOIHAHTHOTO TKAHWHHOTO aKTHBa-
TOpa MJ1a3MiHOTeHy a00 MeXaHi4HOI TPOMOEKTOMIl iCHY€E
BEJIMKUI iHTepeC I0 MoeAHAHHS penepdy3iiiHOoI Teparii
3 HEHPOMPOTEKTOPHUMHU CTPATETiSIMU JIUISI TTOAJIBIITIOTO
3MEHIIIEHHsI MPOTPeCyBaHHS illIEMiYHOTO ypaXKeHHS MO3-
Ky. Ha choronHi Ha OCHOBI 1y>ke OOHaIiIMBUX pe3yJIbTaTiB
TOCJiIKEeHb Ha MOJIEJISIX i1lIeMiYHOTO iHCYJIBTY Y TPU3YHIB
OyJ10 BUSIBJICHO BEJIMKY KiJIbKiCTh IIOTEHIIMHIX HEHPOIIPO-
TEKTOPHUX IIpenaparis [25].

BucHoBku

1. Cepen cynmyTHiX 3aXBOpIOBaHb iCTOTHUI BILJIMB Ha
PO3BUTOK JieTaibHUX Hacainkis (p < 0,05) manu: [TCPIIIT
(cmiBBigHOIIEHHS 11aHCiB 6,41, piBeHb 3HaunMocTi 0,0001),
®IT (cniBBimHOLIEHHS IAaHCIB 5,06, piBeHb 3HAUMMOCTI
0,0002), mHeBMOHIs (CTiBBiIHOIIIEHHS 11IaHCIB 7,93, piBeHb
3"HauumocTi 0,008).

2. JIns yHUKHEHHS YCKJIaAHEHb Y Malli€HTIB 3 ileMiv-
HMM iHCYJIBTOM Yy CTapIlIMX BiKOBUX IpyIax BaKJIMBe 3Ha-
YEHHsI Ma€ JIOMPAaBJIEHHS iX 10 CTeliali30oBaHOrO CTallio-
Hapy B Mexax TeparneBTUYHOIO BiKHA 3 METOIO CBOEYACHOTO
MIPOBEIeHHs peKaHali3allii OKJII030BaHO1 CyauHU (TPOMOO-
JIi3UCy abo OTepaTUBHOTO BTPYyYaHHSI), a TAKOX ypaxXyBaHHSI
Pi3HOMaAHITHUX aCIIeKTiB KJIiHIYHOTO CTaHY.

3. Cepen maTOreHETUYHO OOTPYHTOBAHUX METO/IB JTiKY-
BaHHSI IIEPCIEKTUBHUM € TTIO€AHAHHS pernepdy3iiitHoi Tepa-
ITii 3 HEHPOMPOTEKTOPHUMMU CTPATETiISIMU TSI TIOAATBIIOTO
3MEHUIEHHS TPOrpecyBaHHS illIEMiYHOTO YPaXKEeHHST MO3KY.

KonduikT inTepeciB. ABTOpY 3asiBJISIIOTH MPO BiZICYTHICTb
KOHJIIKTY iHTepeciB i B1acHoOi (hiHaHCOBOI 3a1liKaBJIeHOCTi
TPH TiArOTOBI 1aHOT CTaTTi.

Indopmanis npo dinancysanns. Lle nocaimkeHHs He Mae
(hinaHCYyBaHHS Ta TPOBOJMIIOCS Y paMKax HayKOBO-TOCIi/I-
HUILbKO1 po0oTH HalioHaabHOTO YHiBEPCUTETY OXOPOHU
300poB’s Ykpainu imeHi [1.J1. Illynuka.

Etnyni nHopmu. [lepen nmoyaTkom JocCIiIKeHHS OyJio
OTPpUMAaHO HEOoOXigHEe eTUYHE CXBaJIeHHS BiJ MiCLIEBOIO
KOMITETy 3 eTuKU HallioHanbHOTO yHiBepCUTETY OXOPOHU
3n0poB’st Ykpainu imeni I1.JI. [llynuka (mara: 27.11.2023).
3a moTpedu Bia KOXHOTO Ialli€eHTa 0yj10 OTPUMaHO ITHCh-
MOBY iH(popMoBaHy 3rofy. JlocmiKeHHsI TPOBOIMIIOCS Bifl-
MmoBigHO 1o [enbCiHCHKOI TeKapallii.

Buecok aBtopiB. Mapkos FO.I. — koHuemnitis i an3aitH
NOCIIiIXKEeHHsI, aHaJli3 MaTepiaiy, HanucaHHs ctaTTi; He-
BMepxxullbkuii [.M. — 00po0OKa i aHastiz MaTepiairy, moIIyK
Ta aHaJli3 BilMOBIAHOI JIiTepaTypu, HAaITMCAHHSI CTaTTi.
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Causes of complications in patients with ischemic stroke and ways of their correction

Abstract. Background. Ischemic stroke is a leading cause of
mortality and disability worldwide, placing a significant burden
on healthcare systems of each country. Objective: to identify
factors influencing the mortality rate of patients with ischemic
stroke and search for pathogenetically justified treatment me-
thods. Materials and methods. This is a cohort clinical study with
retrospective analysis of the medical records of 152 hospitalized
patients (average age 71.6 + 8.0 years) with ischemic stroke who
were treated in the intensive care unit of the MNP “Sviato-
Mykhailivska Clinical Hospital in Kyiv” and MNP “Ovruch
City Hospital” of the Ovruch City Council of the Zhytomyr
region in 2023. Results. Among the study population, recovery
was observed in 122 cases (80.26 %), while 30 patients (19.74 %)
died. Among men, 50.82 % recovered and 46.67 % died; among
women — 49.18 and 53.33 %, respectively. Statistical analysis

of the obtained data was performed by calculating the odds ra-
tio (OR) and assessing statistical significance (p-value) using
Fisher’s exact test. Among all comorbidities analyzed in pa-
tients with ischemic stroke, those significantly associated with
mortality were arrhythmias and conduction disorders (OR =
=6.41, p-value = 0.0001, p < 0.05), atrial fibrillation (OR = 5.06,
p-value = 0.0002, p < 0.05), and also pneumonia (OR = 7.93,
p-value = 0.008, p < 0.05). Conclusions. The treatment of patients
with ischemic stroke requires a comprehensive multidisciplinary
approach, including the correction of all homeostasis parameters,
taking into account concomitant pathology (primarily arrhyth-
mias, conduction disorders, and pneumonia) and further explo-
ration of pathogenetically justified therapy.

Keywords: ischemic stroke; arrhythmias; conduction disorders;
atrial fibrillation; pneumonia
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Evaluating the effectiveness of WSES sepsis severity
scores in predicting outcomes of intra-abdominal
infections

Abstract. Background. Intra-abdominal infections (IAls) are a major cause of morbidity and mortality. The World
Society of Emergency Surgery (WSES) Sepsis Severity Score has been found to be useful in predicting the outcomes

of critically ill patients with IAIs. The objective of this study was to determine the value of the WSES score in pre-

dicting mortality, septic shock, organ dysfunction and delayed surgical intervention in patients with IAls. Materials
and methods. The prospective cohort study took place at Tikrit Teaching Hospital from October 2023 through June
2024. The research included 91 patients who suffered from IAls. Demographic data, infection sources, WSES
scores and clinical outcomes were recorded. The predictive value of the WSES score for mortality, septic shock,

organ dysfunction and delayed intervention was assessed using a receiver operating characteristic (ROC) curve.

Results. Among the cohort, 63.74 % were male, and 37.78 % were over 70 years old. The most common sources of
infection were perforated appendix (38.89 %), perforated duodenal ulcer (21.11 %), and non-diverticular colonic
perforation (20 %). The WSES score demonstrated a strong predictive value for outcomes. The area under the
curve (AUC) for mortality was 0.854, with perfect sensitivity and specificity at a cutoff of 6.5. For septic shock, the

AUC was 0.893, with a sensitivity of 90 % and specificity of 62.9 %. The WSES score was also predictive of organ

dysfunction (AUC 0.669) and delays in intervention (AUC 0.842). Logistic regression analysis revealed that higher
WSES scores significantly increased the odds of mortality (odds ratio (OR) 2.060), septic shock (OR 2.108), and
organ dysfunction (OR 2.214). Conclusions. The WSES Sepsis Severity Score is a highly effective tool for predic-

ting critical outcomes in patients with intra-abdominal infections. Its ability to forecast mortality, septic shock, and
delays in intervention underscores its utility in guiding clinical decision-making, particularly in high-risk patients.

The WSES score stratification demands prompt intervention to improve treatment outcomes for this patient group.

Keywords: intra-abdominal infections; Sepsis Severity Score; World Society of Emergency Surgery; mortality
prediction; septic shock

Introduction

The global occurrence of intra-abdominal infections (IAls)
leads to major rates of morbidity and mortality. The classifica-
tion system divides intra-abdominal infections into two main
categories, which include uncomplicated and complicated in-
fections. Complicated intra-abdominal infections (cIAls) that
start in one organ will cause localized or widespread peritonitis,
which may result in fatal sepsis or septic shock [1]. Healthcare
providers face a major challenge in managing cIAls, particularly
when treating ICU patients, despite advances in surgery and
antibiotic development. These infections occur in 20 % of ICU
sepsis cases and lead to increased rates of disease and death [2].

The initial assessment of patients with cIAls helps identi-
fy those who have the highest risk of death, organ failure and

septic shock. Medical staff can determine proper care levels
and surgical procedures through accurate patient risk assess-
ment, which results in better patient outcomes [3]. Various
prognostic scoring systems have been developed since their
inception to predict outcomes in critical patients. The Acute
Physiology and Chronic Health Evaluation I (APACHE II)
score and the Sequential Organ Failure Assessment (SOFA)
score present challenges because they need extensive clinical
and laboratory data and are time-consuming to calculate,
thus limiting their use outside intensive care units [4].
Wacha and Linder presented the Mannheim Peritonitis
Index (MPI) in 1983 as one of the first scoring systems for
determining patient death from peritonitis [5, 6]. The MPI
functions as an unbiased evaluation tool, yet its current use in
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clinical practice produces problems because of the evolving
sepsis definitions and associated complications.

The WSES Sepsis Severity Score (SSS) was presented as
a practical prediction tool for cIAls patients in 2014 from the
World Society of Emergency Surgery [7]. The WSES score
presents a new scoring system which provides both simpli-
city and precision for assessing sepsis severity in patients with
cIAI. The WSES score has been validated internationally
through various studies, which demonstrate its effectiveness
for predicting mortality and organ dysfunction and septic
shock in both community-acquired and healthcare-associ-
ated intra-abdominal infections [8, 9].

Before Sepsis-3, the historical definition of sepsis ap-
plied the systemic inflammatory response syndrome (SIRS)
criteria to detect patients who faced a high in-hospital mor-
tality risk [10]. The main diagnostic element of Sepsis-3
became organ dysfunction after it replaced the SIRS criteria
during its introduction in 2016 [11]. The development of
sepsis definitions requires new scoring systems that should
have simple implementation, like the WSES Sepsis Seve-
rity Score.

Major observational research studies, including the CIAO
study and the CIAOW study, led to the WSES Sepsis Seve-
rity Score gaining acceptance [12, 13]. The research identi-
fied severe sepsis and septic shock at admission as major
risk factors for mortality among patients with complicated
intra-abdominal infections. The analysis showed that nega-
tive outcomes occurred due to several critical risk factors,
which included the infection source, treatment timing and
organ dysfunction presence. Additional research is required
to validate the predictive value of the WSES score for specific
patient populations, including regional healthcare institu-
tions.

The purpose was to evaluate the WSES Sepsis Severity
Score for its ability to forecast short-term clinical results,

including death, organ complications and surgical require-
ments for complicated intra-abdominal infection patients
treated at Tikrit Teaching Hospital.

Materials and methods
Study design

The research conducted at Tikrit Teaching Hospital
spanned from October 1, 2023, to June 30, 2024, within the
general surgical and critical care units.

Study population

The research study included 91 adult patients who re-
ceived a cIAl diagnosis and admission to the general surgi-
cal and critical care units at Tikrit Teaching Hospital. The
researchers selected patients through consecutive enrollment
until they obtained the required 91 participants. The research
participants gave their consent through written documents
before starting the study.

Data collection

A structured questionnaire and abstraction tool were
used to gather data to record important preoperative and
intraoperative information. The abstraction tool contained
variables based on the World Society of Emergency Surgery
(WSES) sepsis severity score, which researchers calculated by
evaluating patient risk factors when they enrolled in the study.

Postoperative data, including complications and out-
comes, were collected during the patients’ hospital stay (from
admission to discharge or up to 30 days post-admission,
whichever occurred first). The WSES Sepsis Severity Score
was calculated according to the criteria shown in Table 1,
with a possible total score ranging from 0 to 18. Score cal-
culation: add the points corresponding to each risk factor
category present in the patient. Total WSES score: the sum of

Table 1. WSES Sepsis Severity Score [6]

Category Condition/criteria Score
Severe sepsis (acute organ dysfunction) at admission 3
Clinical condition at admission Septic shock (acute circulatory failure characterized by persistent 5
arterial hypotension, requiring vasopressors)
Colonic non-diverticular diffuse peritonitis 2
Small bowel diffuse peritonitis 2
Origin of 1Als Diverticular diffuse peritonitis 2
Post-traumatic peritonitis 2
Post-operative diffuse peritonitis 3
Delay in source control Delayed initial intervention (a delay exceeding 24 hours) 2
Age 70-80 years 1
Age
Age > 80 years 2
Irmunosupprceson (ehvonc dlcocorooks Immunosuppressant | g
Total score Severity classification
<3 Low severity
4-6 Intermediate severity
>7 High severity
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points provides the WSES Sepsis Severity Score, which can
range from 0 to a maximum depending on the combination
of risk factors present.

Data management and analysis

IBM SPSS version 21.0 was used to perform data en-
try, followed by cleaning and analysis. The analysis of de-
mographic data included presentation through means, fre-
quencies and ranges. The risk factors leading to complicated
intra-abdominal infections were presented in tables through
frequency and proportion statistics.

The analysis used logistic regression to evaluate WSES
score effects on clinical results, while receiver operating
characteristic (ROC) curves determined the best outcome
prediction thresholds.

The statistical threshold for significance was established
at p <0.05. The ROC analysis generated sensitivity and spe-
cificity values, which helped us assess the WSES score’s abi-
lity to predict clAl patient severity and outcomes.

Ethical approval

The study received approval from the Tikrit University
College of Medicine Ethics Committee to guarantee ethi-
cal research standards for human participant studies. All
participants received written informed consent before study
inclusion, and the research maintained complete patient
confidentiality throughout the study.

Results

Demographic characteristics of patients
with intra-abdominal infections

We assessed 91 patients with varying risks according to the
WSES score. Among them, there were 58 (63.74 %) males
and 33 (36.26 %) females, with a male-to-female ratio of
1.76 : 1. In addition, 34 patients (37.78 %) were over 70 years
old and 56 (62.22 %) were aged between 18 and 70 years, with
a mean age 93.80 = 11.17 years (Table 2).

Table 2. Demographic characteristics of patients
with intra-abdominal infections

Demographic
characteristics No. %
18-70 56 62.22
Age range > 70 7 5778
(years)
Total 91 100
Male 58 63.74
Sex
Female 33 36.26

Distribution of patients with intra-abdominal
infections according to the setting of
acquisition

Table 3 showed that the most common source of infection
was a perforated appendix, accounting for 38.89 % of cases.
This was followed by perforated duodenal ulcer and non-
diverticular colonic perforation, which constituted 21.11 and
20 % of cases, respectively. Less common sources included

diffuse diverticular peritonitis, mesenteric vascular occlusion,
and perforated gallbladder (GB), each representing 6.67 %
of the cases.

Table 3. Distribution of patients with intra-abdominal
infections according to setting of acquisition

Setting of acquisition No. %
Perforated appendix 35 38.89
Perforated duodenal ulcer 19 21.11
Non-diverticular colonic
perforation 18 20
Diffuse diverticular peritonitis 6.67
Mesenteric vascular occlusion 6.67
Perforated GB 6.67
Total 91 100

WSES score stratification and its frequency

In Table 4 among the clinical manifestations, sepsis affected
44 (48.35 %), followed by severe sepsis in 26 (28.57 %) and sep-
tic shock in 20 (21.98 %). In terms of the setting of acquisition,
the most frequent sources were perforated appendix (38.46 %)
and perforated duodenal ulcer (20.88 %), while less common
sources included diffuse diverticular peritonitis, mesenteric vas-
cular occlusion, and perforated gallbladder, each affecting 6
(6.59 %). It took more than 24 hours to obtain infection source
control in 84 (49 %) patients, and 14 (15.38 %). Immunosup-
pression was noted in 16.48 % of patients.

Table 4. WSES score stratification and its frequency

Observed WSES score Risk | No. %
risk score
Clinical Sepsis 1 44 | 48.35
manifesta- | Severe sepsis 3 26 | 28.57
tions Septic shock 5 20 | 21.98
Diffuse diverticular
peritonitis 3 6 6.59
Mesenteric
vascular occlusion 4 6 6.59
; Non-diverticular
gfe ting colonic perforation 2 18 | 19.78
acquisition | perforated
appendix 1 35 | 38.46
Perforated
duodenal ulcer 1 19 120.88
Perforated GB 1 6 6.59
Time <24 h 0 76 | 83.52
of interven-
tion >24h 3 14 | 15.38
Immuno- Negative 0 75 | 82.42
suppres- —
sion Positive 3 15 | 16.48
Risk of Present 2 81 | 89.01
healthpare-
associated | Apsent 0 10 | 10.99
infection
Age of > 70 2 | 34 |37.78
patients 18-70 0 | 56 |62.22
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Distribution of patients with intra-abdominal
infections according to the WSES index

The distribution of patients with intra-abdominal infec-
tions according to the WSES index reveals varying degrees
of severity. Most patients, 36.67 %, had a WSES score of 8,
indicating a moderate level of severity. Following this, 22.22 %
of patients had a WSES index of 9, and 12.22 % had a WSES
index of 7. Fewer patients exhibited higher severity scores, with
11.11 % having a WSES index of 12, 8.89 % having an index
of 10, 5.56 % having an index of 11, and only 3.33 % with
the highest index of 13. This distribution suggests that while
a significant proportion of patients fell within the mid-range
severity (index 8), there was a broad spread of WSES scores.

Associations between specific risk factors
and mortality outcomes

Table 5 revealed significant associations between specific
risk factors and mortality outcomes in patients. Organ failure
is notably linked to a higher mortality rate, with 63.64 %
of those who died having positive organ failure compared
to only 36.36 % who survived. Malignancy also appears as
a critical factor, with 33.33 % of patients with malignancy
dying compared to 15.28 % of those without. The timing of
intervention is crucial; all patients who died had interven-
tions delayed by 24 hours or more, underscoring the im-
portance of prompt treatment. Additionally, the setting of
acquisition and clinical manifestations like septic shock are
strongly correlated with increased mortality, particularly sep-
tic shock, which resulted in a 50 % mortality rate.

Table 5. Associations between specific risk factors
and mortality outcomes

Outcomes
Risk factors Survived Died
No. % No.| %
Organ Positive 8 |36.36 | 14 | 63.64
failure Negative 65 | 9559 | 3 | 4.41
. Positive 12 | 66.67 | 6 | 33.33

Malignancy -

Negative 61 | 8472 | 11 | 15.28
Time <24h 73 | 96.05 3.95
of interven-
tion >24h 0 0 14 | 100

Diffuse diver-

ticular perito- 4 |66.67| 2 |33.33

nitis

Mesenteric

vascular occlu- | 4 | 66.67 | 2 |33.33

sion
Setting | Non-diverti-
of acquisi- | cular colonic 16 | 88.89 | 2 | 11.11
tion perforation

Perforated ap-

pendix 29 | 8286 | 6 |17.14

Perforated

duodenal ulcer | 14 | 7368 | 5 |26.32

Perforated GB | 6 100 0 0
Clinical Sepsis 42 | 9545 | 2 | 4.55
manifesta- | Septic shock 10 50 10 50
tions Severe sepsis | 21 | 80.77 | 5 |19.23

Predictive value of the WSES score
in forecasting outcomes of intra-abdominal
infections

In Table 6, the WSES index demonstrates high accuracy
in predicting mortality, with an AUC of 0.854 and perfect
sensitivity and specificity at a cut-off score of 6.5, making it
highly effective in identifying patients at risk of death. It also
shows strong predictive capability for septic shock (AUC
0.893, sensitivity 90 % and specificity 62.9 %). For organ
dysfunction, the index is moderately predictive, with an
AUC of 0.669 and a cut-off of 4.5 providing a good balance
between sensitivity (77.3 %) and specificity (75.0 %). Ad-
ditionally, the WSES index is effective in predicting delays in
intervention (> 24 hours), with an AUC of 0.842, sensitivity
0f 92.9 %, and specificity of 66.1 % at a cut-off of 6.5, high-
lighting its utility in clinical decision-making.

Table 6. Predictive value of the WSES score
in forecasting outcomes of intra-abdominal infections

Outcome | AUC | FOC | Bt | ey %
Mortality 0.854 | 65 100 100
Septic shock 0.893 6.5 90 62.9
Organdystunc- | og69 | 45 | 77.3 75.0
Jime of ('tha n | 0842 | 65 | 929 66.1

Logistic regression analysis
of intra-abdominal infections outcomes
associated with WSES score

The study found that the WSES score significantly pre-
dicts organ dysfunction, septic shock, mortality, and dehis-
cence, with strong associations. The odds of organ dysfunc-
tion increase by 2.214 times for each unit increase in the
WSES score. The odds ratios for septic shock, mortality,
and dehiscence are 2.108, 2.060, and 1.509, respectively,
indicating a positive relationship. The constants in the model
are negative, reflecting baseline odds when the WSES score
is zero.

Table 7. Logistic regression analysis
of intra-abdominal infections outcomes associated
with WSES score

Out- .
ST Variable B S.E. | Wald OR
Organ | WSES 0795 |0.127 | 38.966 | 2.214
dysfunc-
fon Constant | —5.259 | 0.792 | 44.142 | 0.005
Septc | WSES 0.746 |0.124 | 35.996 | 2.108
shock I onstant | —5.445 | 0.818 | 44.270 | 0.004
Mortality | WSES 0722 |0.147 |24.194 | 2.060
Constant | -6.872 | 1.151 | 35.633 | 0.001
Dehi- WSES 0412 |0.089 |21.160 | 1.500
scence
Constant | —3.736 | 0.607 | 37.867 | 0.020

Note: constant (also known as the intercept) repre-
sents the baseline log odds of the outcome when all
predictor variables (WSES score) are equal to zero.
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Discussion

This study observed that 63.74 % of the patients with
intra-abdominal infections were male, with a male-to-female
ratio of 1.76 : 1. The predominance of male patients is con-
sistent with findings from other studies on intra-abdominal
infections. Freund et al. [11] reported a higher incidence of
intra-abdominal infections in males, as did Osatnik et al.
[12], who found a male-to-female ratio of 1.5 : 1 in a similar
study of 173 patients, with a mean age of 38.9 years and only
4 % of patients above 70 years of age. This male predomi-
nance may be related to risk factors such as peptic ulcer dis-
ease, trauma, or high-risk behaviors that result in abdominal
injuries. Furthermore, men are more prone to complications
such as perforations, which account for a significant portion
of intra-abdominal infections.

In terms of the source of infection, this study found
that a ruptured appendix was the most common cause,
accounting for 38.89 % of cases. Perforated duodenal ul-
cers and non-diverticular intestinal perforations followed,
at 21.11 and 20 % of cases, respectively. Less common
causes included diffuse diverticular peritonitis, mesen-
teric vascular occlusion, and perforated gallbladder, which
collectively made up 6.67 % of cases. These findings are
similar to those of Wabwire and Saidi [13], who reported
that appendicitis was the most frequent cause of intra-
abdominal infections at 31.4 %, with duodenal perforation
coming in second at 22.9 %. Green et al. [14] also found
that appendicitis was the leading cause of abdominal sepsis
(40.1 %), followed by perforated ulcers (15.4 %). Parlato
et al. [15] discovered that 33.5 % of their patients pre-
sented with severe sepsis, with the majority suffering from
small and large bowel perforations.

The study also identified significant associations be-
tween certain risk factors and mortality. Organ failure was
strongly linked to higher death rates — 63.64 % of patients
who died experienced organ failure compared to 36.36 %
of survivors. Septic shock, in particular, was associated
with a 50 % mortality rate. These findings are consistent
with those of Weiss et al. [16], who highlighted organ dys-
function as a major determinant of mortality in critically
ill patients, particularly those with sepsis or septic shock.
The study demonstrates that all patients who died experi-
enced treatment delays exceeding 24 hours. The research
conducted by Asner et al. [17] showed that delayed antimi-
crobial therapy by one hour results in increased mortality
among septic patients. The research demonstrates the
necessity of immediate medical response for better patient
survival results.

The research showed that patients with cancer had a
higher risk of dying from their infections because 33.33 % of
cancer patients passed away compared to 15.28 % of patients
who did not have cancer. Santucci et al. [18] confirmed this
finding by stating that cancer patients face higher mortality
because their immunosuppressed state and aggressive cancer
types contribute to their elevated death rates.

The WSES Sepsis Severity Score demonstrated effective-
ness in forecasting treatment results for patients who had
intra-abdominal infections. The score demonstrated excep-
tional predictive accuracy for mortality because it achieved
an AUC of 0.854 and perfect sensitivity and specificity at a

cut-off score of 6.5. Medical staff can identify patients who
need immediate care because of the score’s high predictive
value. Dimitrov et al. [19] demonstrated that the WSES score
produced outstanding mortality prediction results with an
AUC value of 0.874.

The WSES index proved effective for septic shock di-
agnosis because it achieved an AUC value of 0.893 and de-
monstrated 90 % sensitivity and 62.9 % specificity at the 6.5
cut-off score. Dellinger et al. [20] reinforced these findings
by emphasizing that prompt identification and treatment of
septic shock leads to reduced patient mortality rates. The
WSES score demonstrated moderate predictive strength for
organ dysfunction with an AUC of 0.669 while maintaining
77.3 % sensitivity and 75.0 % specificity, which indicates its
continued usefulness in clinical practice.

Clinical implications

The research shows that the WSES Sepsis Severity Score
can guide clinical decisions, particularly in critical care set-
tings where fast risk assessment is required. The WSES score
shows strong correlations with patient outcomes, including
organ dysfunction, septic shock, mortality and delayed in-
terventions, which suggests its potential to improve patient
results. The score’s increase shows worsening infections and
greater physiological decline, which makes it an important
tool for determining treatment priorities.

The study results show that early aggressive treatment of
intra-abdominal infections is crucial for patients with organ
failure, septic shock or cancer. The strong link between de-
layed treatment and patient death rates shows that high-risk
patients need immediate, targeted medical care.

Conclusions

1. The research included mostly older male patients since
63.74 % of participants were male and 37.78 % were older
than 70 years old.

2. Perforated appendix was the leading cause of intra-
abdominal infections, followed by perforated duodenal ulcers
and non-diverticular colonic perforations.

3. Sepsis was the most common condition, and the WSES
score effectively stratified patients, with 36.67 % showing
moderate severity (score of 8).

4. Delays in intervention (> 24 hours) were observed in
15.38 % of cases, highlighting the need for prompt treatment.

5. Organ failure, malignancy, and delayed intervention
were strongly associated with higher mortality, particularly
in cases of septic shock.

6. The WSES score accurately predicted mortality and
septic shock, proving to be a reliable tool for asses-sing risk.

7. Each unit increase in the WSES score significantly
increased the odds of organ dysfunction, septic shock, mor-
tality, and dehiscence, validating its predictive power.

Recommendations

1. Prioritize early detection and intervention in older
male patients who are at higher risk for severe outcomes in
intra-abdominal infections.

2. Ensure prompt surgical intervention within 24 hours to
reduce mortality and complications, particularly in patients
with high WSES scores.
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3. Implement the WSES score in routine clinical practice
to effectively stratify patients by risk and guide decision-
making.

4. Closely monitor patients with organ dysfunction, ma-
lignancy, or those who experience delays in treatment, as
they are at higher risk for adverse outcomes.

5. Conduct additional studies to refine the WSES score
and explore its application in other patient populations and
settings.

6. Develop training programs for healthcare provid-
ers on the importance of the WSES score and the need for
timely intervention in managing intra-abdominal infec-
tions.
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OuiHKa epeKTUBHOCTI LUKAAU TXKKOCTI cencnucy WSES y nporHo3yBAHHiI HACAIAKIB
BHYTPILUHbOYEPEBHUX iHDEKLIN

Pesiome. Akxmyaavnicms. BuyrpininbouepesHi indexuii (BUI) e
OCHOBHOIO TPUYMHOIO 3aXBOpIoBaHOCTI Ta cmepTHOCTi. llkana
TSKKOCTI cercucy BeecBiTHROro ToBaprcTBa HEBiAKIaMHOL Xipyp-
rii (WSES) BusiBujacsi KOpMCHOO B IIPOTHO3YBaHHI pe3y/IbTaTiB
JIIKyBaHHS Y KpUTUYHO XBOpUX MallieHTiB i3 BUl. Mema: Bu3Ha-

YUTH LiHHICTh Kaau WSES y nporHo3yBaHHi cMepTHOCTI, Cer-
TUYHOTO HIOKY, OpraHHO1 AMCGYHKLII Ta 3aTPUMKH XipypridyHOTro
BTpyuYaHHsI B oci0 i3 BUI. Mamepiaiau ma memoodu. I1pocriekTuBHe
KOTOPTHE JAOCJiI>)KeHHS MPOBOAMIOCS B HaBYabHil JdikapHi Ti-
kpura (Ipaxk) 3 sxoBTHsI 2023 poky 1o yepBeHb 2024 poky 3a yyac-
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Ti0 91 mauienra 3 BUI. bysno ouineno nemorpadiuni naHi, xepe-
Ja iHdex1ii, moka3HuKy 3a mkanoo WSES Ta KitiHiuHI pe3yib-
Tatu. [IporHocTruHy HiHHicTh miKanu WSES 1ogo cMepTHOCTI,
CENTUYHOTO 11I0KY, OpTraHHOI AMCQYHKILIT Ta 3aTPUMKHU BTPYYaHHSI
BU3Havau 3a ngoromoroto ROC-kpuBoi. Pesyabmamu. Cepen
ob6crexeHux 63,74 % craHoBWIM 40JI0BiKM, a 37,78 % ocib Oynu
BikoM noHan 70 pokiB. HalimommpeHimumu oxepeaamMu iHGexirii
oynu nepdopartist aneHaukca (38,89 %), Binkpura BUpa3Ka 1Ba-
HamugTumnanoi kuiku (21,11 %) Ta HeaguBepTUKYIIsipHA TIepdo-
pauist ToBctoi kuiku (20 %). llkana WSES npoaemoHcTpyBaia
BUCOKY MPOTHOCTUYHY LIIHHICTh IIOA0 KJIiHIYHUX Pe3yIbTaTiB.
[Tnomwa nin xpusowo (AUC) mns cmepTHOCTi cTaHoBuAa 0,854,
3 ileaIbHOIO YYTJIMBICTIO Ta CIEeU(IYHICTIO TPU MTOPOTOBOMY
3HaveHHi 6,5. [lnst centuuHoro 1moky AUC nopiBHioBana 0,893,
3 yyrausicTio 90 % Ta cnenmdivnictio 62,9 %. Illkana WSES
TaKoX OyJa KOPUCHOIO B TPOTHO3YBaHHI OPraHHOI TMCHYHKIIT

(AUC 0,669) ta 3arpumku BrpydanHs: (AUC 0,842). Jlorictuu-
HUI perpeciiHuii aHaji3 IMoKa3as, 110 BUIIi 0alu 3a IIKaJ0io
WSES BiporiaHo mifBUIILYIOTh PU3UK CMEPTHOCTI (BiIHOIICHHS
nrancis (BL) 2,060), centranHoro troky (BL 2,108) Ta opraHHoi
nuchyukuii (BLL 2,214). Bucnoeku. 1llkana TSXKOCTI cencucy
WSES € BucokoeeKTUBHUM iHCTPYMEHTOM [IJIsT IPOrHO3YBaHHS
KPUTUYHUX Pe3yJbTaTiB y MALi€HTIB i3 BHYTPilIHbOYEPEBHUMU
iHdekuisMu. MOXIUBICTb TPOrHO3YBAaTH CMEPTHICTh, CENTUY-
HUI 110K Ta 3aTPUMKY BTPYUaHHS MiAKPECIIOE i1 KOPUCHICTh
IIOA0 MPUNHATTS KIiHIYHUX pillleHb, 0COOJMBO B IMALIIEHTIB i3
BUCOKMM pusnkoM. Ctpatudikaliis 3a mkaiow WSES Bumarae
CBOEYACHOTO BTPYYaHHS [UTS MTOJTIMILIEHHS Pe3yJIbTaTiB JIiIKyBaHHS
Li€l rpynu XBOpUX.

KimouoBi c10Ba: BHyTpinIHbOUEPEBHI iH(MEKIIIT; KA TIXKKOCTI
cerncucy; BcecBiTHE TOBaprUCTBO HEBiIKJIAIHOI Xipyprii; MPOrHO-
3yBaHHSI CMEPTHOCTI; CENTUYHMIA IIOK
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Ihaavyk 1.3., BonsHebka A.l., AyHBKO A.C., AyHbKO T.A.
OAeChbk HAUIOHAABHWN MEeANYHUN yHiBepcuTeT, M. Oaeca, YkpaiHa

EdeKTUBHICTb HYTPUTUBHOIT KOpeKLUii Aediuuty 3aAisa
Y XBOPUX HO FeHITOAbHU eHAOMETPIO3,
LLLO CYNPOBOAXXYETbCS OHEMIEIO AETKOrO CTYMNeHs

Pestome. Axmyaavnicmeo. XKinku, saxi cmpaxcoarome 6i0 endomempiosy, Mawomv ULl pU3UK PO3EUMKY Oegi-
yumy 3aniza, Hixe mi, y Koeo Hemae endomempiosy. Pezyaomamu 6aeamvox 00cAioxceHb ceiduams npo me, ujo
deghiyum 3aniza caio mamu Ha yeasi nio yac nepeuHHoi diacHOCMUKU i N00ANbUI020 NIKYBAHHS eHOOMempio3Yy,
aodvce MEeHCmpyanvHi po3naou 3 00HOACHON HAABHICMIO eHOOMempioiOHUX 2emepomoniil — 00uH 3 (pakmopie
po3eumky anemii 6 ycinok. Mema: eusuumu egpexmuericms HympumueHoi Kopekyii deiyumy 3aniza y x60-
DUX HA 2eHIMANbHUL eHOOMEemPIio3, w0 cynpogoodicyemucs ducmernopecio. Mamepiaiu ma memodu. Xeopum Ha
eHOomempio3 i3 aHeMi€r Ne2K020 cmyneHs 0yaa NPU3Ha4eHa HympumueHa Kopekyis oeiyumy 3aniza. Y epyni
docaidacenns (n = 34) xeopum 0y npusHaueruil Komniexc nipogpocghamy 3aniza mixkpoxancyavosanoeo (14 me) y
AinocomanwvHiil hopmi 3 goniesoro kucaomoro (200 mxe), eimaminom B,, (2,5 mxe) i eimaminom C (80 me), a maxonc
diemuuna dobasxa aaxkmoghepur (JID) y 003i 250 me Ha doby énpodosic 2 micayie; y epyni nopieusinus (n = 32)
0y6 npusHa4ueHuil 8UUEe3a3HaAYeHUll KOMNAeKCHUL npenapam be3 dodasanHs 6 diemy arakmogepuny. Tlayienmxam
npoeoounacs OYiHKa pieHs 2eM02100iHY, KilbKocmi epumpoyumia, pieHie gepumuny, mpancghepuny i 3a2anbHoi
KoHuenmpauyii 3aaiza é cuposamui Kpogi 0o nouamy aAikyeants i uepe3 2 micauyi. Pezyasmamu. Hympumuena
Kopekuyisa 3anizo0ediyumy y X60pux Ha eHooMempio3, Wo CYnpPoBOONCYEMbCI AHEMIEID AeeK020 CmyneHts, 3a 00-
NOMO020H0 KoMNAEKCY nipoocpamy 3aniza ma eimaminis € He minbku egpekmueHolo, ane ii bezneuHor, adice no-
Olunux s6uw, diemomepanii 6 nayicHmok 3apixcoearo He 6yno. [lpuednants 0o 3a1i30-8imaminHo20 npenapamy
diemuyHoi dobasku rakmogepun npueooums 00 Kpaujux pesyabmamis i0H08AeHHS PiGH Memabonizmy 3aaiza
i Hopmanizayii 11020 KAHH0BUX NOKA3HUKIG: 2eM02100IHY, (hepumuny [ CUpoeamku 3a1i3a, a MaKoic npueooums
00 Oinbl 3HAYYW020 3DOCMAHHSA pieHS mpancgepuHy. Takoxnc eaxrciuso, w0 NOKA3HUK cepeoHbol KOHUeHmpayii
2eM02n00iHy 6 epumpoyumax y epyni 00caiodceHHs 00csieHy8 HOPMU, HAMOMICmb Y epyni NOPIGHAHHS GiH Aulue
HabAU3UBCA 00 HOPMANbHUX 3Ha4eHb. Bucnoexu. JID y noconanni iz 3a1i30-8imamiHHUM KOMNACKCOM 30aMHUIL
3abe3neuyeamu HAllOINbU CNPUAMAUBT YMOBU 0451 BCMOKMYBAHHA HEOOXIOHOI KinbKkocmi 3a4i3a Ha MAi 3MeHUIeHHS]
inmencuenocmi 3ananents i nopmanizayii mikpodiomu. Yepes cnopionenicmo 0o mpancgepuny JID bepe ynacmo
Y NOBHOYIHHOMY 8IOHOBAEHHI HAAEHCHO20 DiBHI Memaboai3my 3ani3a, w0 NepeKAuKaemocs 3 0AHUMU IHUUX 00-
CAi0MCceHb OCMAHHIX POKIG.

KiouoBi ciioBa: endomempios; ducmernopes; sanizodepiyumna anemis; nipogocgham 3aniza; araxmogepur;
gepumun; mpancgepun

Bctyn

Konu KiabKocTi epUTpOLIMTIB HEAOCTATHBO /IS 3a0e3-
MeYeHHs MeTa0OoMiYHUX MOTPed OpraHiaMy, pO3BUBAETHCS
aHeMiss — TaTOJIOTIUHUI CTaH, SIKUil BUBHAYAETHCSI HU3b-
KOIO KOHIIEHTpALli€l0 reMOorjIo0iHy, 1110 3HaYHOIO0 Mipolo
BIUIMBA€E Ha MOKA3HUKHU 3aXBOPIOBAHOCTI Ta CMEPTHOCTI B
ycboMy cBiTi [1, 2].

JI1st KiHOK PerpoayKTUBHOIO BiKYy CUMIITOM PSICHUX
MEHCTpYaJIbHUX KPOBOTEY € JIyKe MOIIMPEHNM, BiH € OCHO-
BHUM (paKTOPOM, 1110 CIIPUSIE PO3BUTKY AedilIUTy 3ajiza
Ta oro HaiiBaXxuoMy TMposiBy — 3aj1izofedilluTHiil aHeMil
[3—5]. Lli moeaHaHi mpobjaeMu HeraTUBHO BIUIMBAIOTh Ha
JKUTTS IiBYAT i XKiHOK PEMPOAYKTUBHOTO BiKy B IIepiof Bil
MEHapxe 10 MEHOITay3H, i IX MiICTYITHUI XxapaKTep HEPIAKO
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MoOxe OyTu HegooliHeHuM [4, 6, 7]. dediuuT 3ai3a € of-
HUM 3 HalmoLMpeHilux aedilrTiB MiKpoeJeMeHTiB, SIKUi
HEIMPOMNOPLIiiHO BIUIMBAE HA XKiHOK IIPOTITOM TPUBAJIOTO
repiory IXHbOTO XXMUTTS Yepe3 MEHCTpyallito (KpOBOBTpaTy),
BariTHIiCTh (MoTpedu 1maoaa) i KpoBOTeUi MMia yac I0JIOTiB
[5, 7, 8]. 3amizonediumTHIII CTaH MIPOSBISIETHCI B Pi3HUX
¢dopMax, MOYMHAIYM 3 BUCHAXKXEHHSI 3ai3a 6e3 aHeMii i
3aKiHYYIOYN MOPYIISHHSIM epUTPOIIoe3y Ta aHeMi€lo |7,
8]. 3rimHo 3 oniHKkaMK BcecBiTHROT opraHizaliii oXopoHuU
3I0POB’S1, aHEMIST JiarHOCTYETHCS B 32 % HEBaTiTHUX XKiHOK,
40 % BariTHUX XiHOK i 33 % XiHOK perpOayKTUBHOTO BiKy
[9, 10].

Kinku, sKi cTpaXkIaroTh Bill eHIOMETPio3y, MAalOTh BU-
LW pU3KK PO3BUTKY AeDilluTy 3aj1i3a, HiX Ti, y KOrO HEMa€e
engometpio3y [11, 12]. Pe3ynsratn 6araTbox HOCTiIKEeHb
CBimyaTh Mpo Te, 1o AedilluT 3ai3a CJ1iJ MaTy Ha yBasi ITif
Yac MepBMHHOI IiarHOCTUKU Ta MOAAJIbIIOr0 JiKyBaHHS
€HJIOMETPi03y, a/XKe MEHCTPYaJIbHi PO3JIaiv 3 OAHOYACHOIO
HasIBHICTIO €HIOMETPiOiAHUX reTePOTOMili — OOMH 3 (hak-
TOpIB PO3BUTKY aHeMil B XKiHOK [13—15].

IlepopanbHuit mpuiioM 3ajiiza € HaMOIIMPEHIIIUM Tpa-
OULIITHAM MeTomoM JiikyBaHHs. OnHak y 70 % Bunazakis BiH
BUKJIMKA€E HebaxaHi mob6iuHi epeKTu 3 OOKY HITYHKOBO-
KUIIIKOBOTO TPAKTY, 1[0 MOXE BIUIMHYTU HA MIPUXWIBHICTh
MauieHTiB 10 JikyBaHHs [16, 17].

Jlaktopepun (JID), rnodynsipHuil TIiKOIPOTEIH poO-
IUHU TpaHCchEPUHIB, MAa€ BUCOKY CIOPiAHEHICTh 10
3B’s13yBaHHs 3aj1i3a, CTPYKTYPHO Ta XiMiYHO BiH MOmiOHMIA
0 cupoBaTKoBOro tpancdepuny [18]. IO mae Bucokumit
cTyniHb nofaioHocTi (1o 70 %) 1o J10ACHKOTo JaKToheprHy,
110 MiCTUTBCSI B EK30KPUHHUX CEKpeTax opraHisaMy (kiHoue
MOJIOKO, CJIbO3U Ta CJMHA) i BTOPMHHUX rpaHyJiaX HEUTPO-
dinis [19, 20]. Bin mokaszaB 6araToo0ilstoui pe3yabTaTi
B 0araTboX JOCIIKEHHSIX, 1110 OLIiHIOIOTh MOTO BILUIMB Ha
piBeHb reMOIJIO0iHY B KPOBi B >KiHOK, IiTel i Malli€HTIB i3
XpOHIUHMMM 3axBopioBaHHaMHU [18, 19]. Pesynbratu unc-
JIGHHUX IOCTiIKeHb ToKa3yloTh [18, 19, 21], mo nodaBku
JIO pallioHy 3 JakTo(heprHOM, 3aJ1i303B’SI3yI0UUM OiIKOM,
MOXKYTb OYTU KOPUCHUMMU JUTSI TPOMITaKTUKY i TiKyBaHHS
3ajizofgedinuTHol aHeMii. JID, 1o npuitMaeTbes epo-
pasIbHO, HOpMaJli3ye TOMeocTa3 3aji3a, He JIMIIE CIIPUSIIOUN
OT0 3aCBOEHHIO, aJie i1 MPUTHIYYIOYM 3aMajbHi IIPOLIeCH,
sIKi MOXXYTh HETaTUBHO BILJIMBATH Ha MeTaboJIi3M 3aiiza
[20, 23] (puc. 1). JI® takox 3axuinae Bia iHdeKIiii i 3a-
MaJIbHUX YCKJIaJIHEHb, CIIPUUYMHEHUX TiarTHOCTUYHUMU 200
XipypriYHMMM BTPYYaHHSIMU B aKYIIEPCbKO-TiHEKOJIOTIUHIl
npaxkTui [21, 23].

EdextusHicts JID 1110710 cTatycy 3ajtiza OyJia NOpiBHSIH-
HOIO 3 e(peKTUBHICTIO (hOpMYJI HEOPraHiuYHOro 3ajiza abo
HaBITb MepeBUIIyBaJa ii, 1110 OyJIO MiITBEepIXKEHO aHai30M
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PucyHok 1. Ornsig noteHuyiinnx nepesar J1® Ha piBHi kuwedyHuka [23]. JI® moxe sigirpaBatu pisHi posi
B KWULLIEYHUKY, 30KpemMa CripyusiTu BCMOKTYBaHHIO 3ai3a, nponighepayii Ta fo3piBaHHIO KNiTUH KULLEYHUKA,
rnocunoBaTy KULLKOBUI 6ap’ep, 36inbLuyBaTy iMyHOMOAYNIOIOYY aKTUBHICTb, aHTUMIKPOGHY aKTUBHICTb
i Mmogynsauyito KUMLWKoOBOI MiKpob6ioTn
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ImapaMeTpiB CTaTycCy 3aji3a: KibKocTi epurpounTis (RBC),
piBHs1 Hb, piBHs cupoBatkoBoro dbeputuny (sFtn), 3araib-
HOI KOHIIEHTpallii 3aj1i3a B cupoBaTii KpoBi (TSI) Ta iHmmx
bioMapkepiB MeTaboti3My 3aii3a [18, 20, 22, 24].

MerTa nociKeHHs: BUBYUTU €(heKTUBHICTb HYyTPUTUB-
HOIT KOpekilii aediluTy 3aji3a y XBOpUX Ha FeHiTAIbHUN
€HJIOMETPi03, 110 CYMPOBOIKYETHCS TUCMEHOPEEIO.

Marepiaau Ta meToAun

HassnicTs aHeMii erkoro crymeHs [25] miarHocToBa-
HO B 66 XiHOK, SIKi TIPOXOIWJIN JIIKyBaHHS T€HIiTaTbHOTO
€HJIO0METpPio3y Ha 0a3i YHiBEepCUTETChKOI riHEeKOJOTiuHO1
kiiHiku OHMY. V¥ rpymi nociimkeHHs (n = 34) xBopum OyB
MpU3HAYEHU I KOMILIEKC mipodocdary 3ajiza Mikpokarn-
CyJIbOBaHOTO (14 MT) B JimocoMainbHii popmi 3 porieBoro
kuciaotoro (200 Mkr), BitamiHoM B, (2,5 MKr) i BiTamiHOM
C (80 Mr), a TakoX mieTyHa q00aBKa JIaKTO(GEepUH Y 1031
250 Mr Ha OOy BIPOAOBXK 2 MICSIIB; Y IPYyMi OPiBHSIHHS
(n = 32) OyB npu3HaYeHUI BUIlIe3a3HAYEHU T KOMIUIEKCHUIA
npernapar 0e3 1ofaBaHHs B Ai€Ty JakTodepuny. [laieHT-
KaM MPOBOJMIACS OLliHKA MOKAa3HUKiB: PiBHS FeMOTJIO0iHY,
KiJIbKOCTI €pUTPOIIUTIB, PiBHIB (hepUTUHY, TpaHCPEPUHY i
3arajbHO1 KOHIIEHTpaILlil 3aj1i3a B CUPOBATIli KPOBi A0 IO-
YyaTKYy JIIKyBaHHSI Ta yepe3 2 MiCsILIi.

JocainkeHHs MPOBOAMIOCS 3 JOTPUMAHHSIM TTPUHIIU -
miB [enabciHCchKOI neknapaliii BcecBiTHbOI MeAMUYHOI aco-
mianii «ETUYHI IpUHIMON MeOAUYHUX TOCTIIKEHb i3 3a-
JIy4EeHHSIM JIIOAMHU SIK 00’ ekTa gociimkeHHs» (2000). Yci
Mali€HTU Jajy IMMChMOBY iH(pOpMOBaHY 3roay Ha 30ip Ta
00poOKy KJIiHiYuHOro MaTepiajy. JlaHi BHOCUJIUCH Y 0a3y
JaHUX JJIS1 TTIOJAJIbIIOro aHaji3y B aHOHIMi30BaHii (hopMi.

PesyAbTaTH

CKpUHIHT IO TTOYaTKY JiKyBaHHS ITOKa3aB, 110 B ITalli-
€HTOK TPYIU AOCTIIKEHHSI piBeHb reMOII00iHy CTAHOBUB
y cepenbomy 106,0 + 4,3 1/1, HaTOMICTb Yepe3 2 micsi-
i — 126,0 = 3,9 r/x; y Toi Xe 4yac y pedpepeHTHii rpymi
reMOIJI00iH 10 IMoYaTKy HyTPUTUBHOI KOPeKIlii OyB Ha piBHi
109,0 = 7,2 r/n, a micas nikyBaHHS — Ha piBHi 118,0 £
+ 5,8 r/n. KijbKicTh €pUTPOLIMTIB Y XBOPUX IPYIU JOCITi-
TKeHHs Oyna Ha piBHi 3,4 + 0,6 T/x mo nikyBaHHs Ta 4,4 +
+ 0,4 T/n micns nikyBaHHS; TIPY LIbOMY B TPYITi KOHTPOJTIO
aHaJIOTiuHi MOKa3HUKM Oyau Ha piBHi 3,8 + 0,9 T/ni4,1 £
* 0,5 T/n BinmoBinHo. TakoX y rpyIi JOCTiIKEHHS TTpU-
BepTa€ yBary KOHIEHTpallis (pepuTUHY B CUPOBATIIi KPOBi
TTicJist JIiKyBaHHSI, sika OyJ1a Oiiblie HiX Y/ABiUi BUIIOIO T10-

B MCHC (rln), rpyna pocnimpxexHa MCHC (r/n), pechepesitha rpyna
350
340
330
320
310
300
290 — I
280
270
260

[o nikyBaHHa NicnA nikysaxHs

PucyHok 2. CepeaHsl KOHLeHTpaLisi reMornoo6iHy
B eputpouymTtax (r/n) y nayieHToK o ta nicasa
NliKyBaHHS1

PIBHSIHO 3 MOKAa3HWKaMU A0 JIiKyBaHHS i ctaHoBwia 57,7 +
+ 6,8 Hr/mi (Tab. 1).

[lepen moyaTkoM HYTPUTUBHOI KOPEKIlil B MalliEHTOK
TPyNM AOCIiIXEeHHS KOHIIEHTpaIlisd 3a1i3a B CMpOBaTIIi
KpOBi cTaHOBWJIA B cepeaHboMy 8,0 + 1,9 MKmoub/71, Ha-
TOMiCTh yepe3 2 Micsmi — 16,9 £ 5,4 MKMOJIB/JT; y TOM XKe
yac y pepepeHTHiii TpyIIi el ITOKa3HUK 10 JiKyBaHHS OyB
Ha piBHi 8,8 + 2,0 MkMouIb/J1, a Ticas aikyBaHHsT — 10,7 £
* 2,5 MxMmosib/i1. [ToMiTHI 3pyllieHHsI KOHLIEHTpALliil TpaHC-
depuHy B OiK 3pOCTaHHS TaKOX BiIOyiIMcsd B IPYITi JOCTi-
mkeHHst: 32,1 0,5 /1 10 3,5+ 0,7 r/a, 1o 3Ha4HO mepe-
BUIILYE aHAJIOTIYHI TOKA3HUKU B TPYITi KOHTPOJIO.

Takox ciin 3a3HAYMTH, IO SIK Y TPYIT JOCTiIKEeHHS,
Tak i y pedepeHTHIi IPpyIIi Mmicis MpOoBeAeHHS JIIKYBaHHSI
CIIOCTepirajiocsl MiBUILIEHHS MMOKa3HUKA CepeHbOT KOH-
HeHTpaii remornoo6iny B epurpouurax (MCHC) (puc. 2).
3ayBaxKMMO, 1110 B TPYITi KOHTPOJIIO 1Iei MOKa3HUK BUPIC i3
292,0 £ 9,4 r/m 10 306,0 £ 11,2 r/1, TOOTO B cEpeTHHOMY Ha
5%, a B Tpymi nochimkeHHs — 3 298,0 = 12,2 r/n no 337,0 =
+ 14,51/71, 1o Ha 13 % BuIlEe 3a BUXiTHMIA piBeHb. AJIC TOJIO-
BHe, 1m0 nokasHnk MCHC y rpyti JoCTimKeHHST JOCSITHYB
niara3oHy HOpMaTbHUX 3HadeHb (315—360 r/m), HaToMicTh y
IPyIi MOPiBHSHHS BiH JIMIIE HAOIM3UBCS 10 HOPMM.

OTpuMaHi pe3ybTaTi CBig4yaTh, 1110 HYTPUTUBHA KO-
pexilis 3amizoaediuuTy y XBOpUX Ha €HIOMETPio3, 110 Cy-
MPOBOJIXYETHCS AHEMIEIO JIETKOTO CTYIIEHS, 3a JIOTTOMOTOI0
KOMILIeKCy mipodocdarty 3amiza i BiTaMiHiB € He TiIbKU
e(eKTUBHOIO, aJie 11 6e3IIeYHOI0, aKe ITOOIYHIX STBUIII [i-
€TOTeparlii B malieHToK 3adikcoBaHo He Oyso. BapTo 3a3Ha-
YUTH, 110 MPUETHAHHS 0 3a1i30-BiTaMiHHOIO IIpernaparTy
MIETUYHOT 100aBKM JJAKTO(GEPUH TTPUBOAUTD 10 Kpallnx
pe3yJbTaTiB BiTHOBJIEHHS piBHS MeTa00JIi3MYy 3aJjii3a i Hop-
MaJtizalii #oro KJto4oBMX IMOKa3HUKIB: TeMOTJIO0iHY, de-

Ta6bnuys 1. Pe3ynbtatv CKPUHIHIY reMaTtosioriyHuX rnoKasHuKiB o6MiHy 3asisa y XBOpUX Ha eHAOMETPIio3

NoKasHWKN Ipyna gocnigXeHHs pyna KoHTposto PedpepeHTHi
o nikyBaHHa | Micnsa nikyBaHHs | [lo nikyBaHHa | licnsa nikyBaHHs EHANCHL
lemorno6iH, r/n 106,0 + 4,3 126,0 + 3,9 109,0 £ 7,2 118,0+ 5,8 120-156
Eputpouuntu, T/n 3,4 +0,6 4.4 +0,4 3,8+0,9 41+0,5 3,9-5,2
DepuUTUH, HI/MN 21,0+9,9 57,7 + 6,8 ** 28,0+ 13,8 39,0 + 8,2* 11,0-306,8
3aniso, MKMonb/n 8,0+1,9 16,9 + 5,4* ** 8,8+2,0 10,7+ 2,5 9,0-30,4
TpaHcdepwuH, r/n 2,1+0,5 3,56+0,7%* 1,9+0,3 2,8+0,7* 2,15-3,6

TNpumitkn: * — pisHUYsA BiporigHa NopiBHAHO 3 AaHUMU [0 JTIKYBaHHS; ** — Pi3HNLS BiporigHa NopiBHAHO

3 fJaHUMU KOHTPOJIbHOI rpynu (p < 0,05).
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PUTHHY i 3aJ1i3a CUPOBAaTKHM, a TAKOXK 0 OLIBII 3HAUYIIOTO
3pocTaHHs piBHSI TpaHCcdepuHy. TakoX BakJIMBO, 1O T10-
ka3HuK MCHC y rpymi gociiIXeHHsI JOCSITHYB HOPMU,
HATOMICTb y TPYMi MOPiBHSHHS BiH JUIlIe HAOIU3UBCS 10
HOPMaJIbHUX 3HAYEHb.

O6roBopeHHs

3aJ1i30 € BaXJIMBUM €JIEMEHTOM Pi3HMX METAa0OIITHIX
MPOLECiB JIIOAMHY, BKJIIOYHO i3 cuHTe3oM JIHK, Tpancnop-
TOM €JIEKTPOHIB i KucHIo [27, 28]. Ha BinMiHy Bim iHIIMX Mi-
HepatiB, piBeHb 3aj1i3a B OpTaHi3Mi JTIOAMHA KOHTPOIIOETh-
cs muie uuisixom adbcop6itii [29—31]. MexaHi3M BUBeIeHHS
3ajTiza € HeperyJIbOBaHUM TIPOIIECOM, IO TOCATAETHCS Yepe3
BTpaTy MOTY, MEHCTpYyallilo, BUMaAiHHs BOJOCCS i 3pOro-
BiHHS KJIITUH LIKipU, a TAKOX IIBUJIKE OHOBJIEHHS i BU-
BeneHHs1 eHTepouuTi [30, 31]. B opranismi JtoguHu 3ai1izo
MIiCTUTBCS TIEPEeBaKHO B €PUTPOLIMTAX Y BUIJISIAI T€MOBOI
CMOJIYyKU TeMOmIo0iHy (IprOau3HO 2 T 3ajli3a B YOJIOBIKiB
i 1,5 r y XiHOK), MEHIIIOI0 MipOI0 — Y CKJIaJHUX CITOJyKax
(bepuTHH i reMOCUIEPUH) i B M’ SI30BUX KJIITUHAX Y BUTJISI
miornobiny [31, 32].

BcmokTyBaHHS OiTBIIIOL YaCTMHM Xap4yOBOTO 3aJli3a Bil-
OyBa€eTbCs y IBAHAMLISITUIIAJII KUIIIIIi Ta TPOKCUMaJIbHOMY
BiIIiIi TOPOXKHBOI KUIIIKY i 3HAYHOIO MipOIO 3aJIEXKUTh Bif
¢iznyHOrOo cTaHy aroMa 3aiisa [29, 30]. I1pu diziomoriuno-
My pH 3aiizo icHye B okncHeHOMY, 3aizHoMy (Fe’*) craHi.
11106 BcMoKTYBaTucs, 3aiizo Mae 6ytu y Fe** crani abo 6ytu
3B’s13aHUM OiJIKOM, TakuM siK rem [30—32]. Husbkuii pH
IIUTYHKOBOI KMCJIOTHA B TIPOKCUMAaJIbHOMY BiIIiji ABaHAaI-
LSITUTIAJIOT KMIITKY JT03BOJISIE (hepMEHTY 3aj1i30penyKTasi,
nyoneHanbHoMy HuToxpoMy B (Dcytb), meperBopioBatu He-
po3unHHe 3aji3o (Fe**) Ha BcMokTyBaHi ioHu 3aniza (Fe?")
[27, 33, 34].

OcTaHHIMM pPOKaMHM 3aJ1i303B’ I3YIOUNI IIIKOIPOTEiH
JlakTo(epuH, OTPUMAaHUI 3 MOJIOKA, BUKOPUCTOBYETHCS
SIK Jo0aBKa 3aj1i3a Il KOpeKii 3aj1i30aeilluTHUX CTaHiB
[35—37]. JI® mae cTPYKTYpHY CXOXICTh i3 TpaHC(HEPUHOM
[38] i meMOHCTpY€E BUCOKY CIIOPITHEHICTh A0 3B’SI3yBaHHS
3ajiza B IMPOKOMY niana3oHi 3HayeHb pH [39]. 3aBasiku
BJIACTUBOCTSIM 3B’SI3yBaHH$ 3aJj1i3a 0yJ10 BUCJIOBJIEHO TIPU-
myeHHs, 1o JI® MoxXe MocuIoBaT BCMOKTYBaHHS 3aji3a
B KMILIEYHUKY I TTOKpalllyBaTA BUPOOJIEHHS reMOro0iny [1,
20, 23, 24, 40, 41].

PesynbraTit HalIoro AOCHiIXKEHHS JO3BOJSIOTh KOH-
cTaTyBaTH, 110 iHTeTpallis B CXeMy MEHEIKMEHTY aHeMil
JIETKOTO CTYIEeHS Y XBOPUX Ha €HIOMETPio3 Ti€ETUIHOT 10~
0aBKM JJaKTODEPUH MPUBOAUTH 10 KpalllMX pe3yJbTaTiB
BiZTHOBJICHHS piBHSI MeTa0OJIi3My 3ajliza Ta HOpMaJri3alii
MOTO KJTIOUOBUX MOKA3HUKIB: TeMOTJI00iHY, (DEepUTHHY Ta
3ajiiza cupoBaTKu. BaxinBo Takox i Te, 110 TTOPIiBHSIHO 3
pedepeHTHOIO TPYMOIO CITOCTEPIraeThes OUIBII 3HAUYIIE
3pOCTaHHS piBHS TpaHC(hEpUHY — KJIIOYOBOTO OiJiKa repe-
HOCY MOJIEKYJI 3aJli3a B Ipolieci 0OMiHy MiXkK OCHOBHUMHU
KJIacTepamMu XUTTe3abe3MeYeHHs OpraHi3My: KJIiTUMHHU-
MM eJIeMEHTaMU, TIEPEeBaKHO epUTPOIIUTAMU, KPOB’ THUM
pycioM i TkanuHamu [42, 43]. Amxe TpaHcheprH, Maloun
BUCOKY CITIOPiTHEHICTh 10 TPUBAJIEHTHOTO 3aji3a, Iepenae
1Ieil MiKpOeJIeMEHT rernarouuTam, Makpodaram i KJIiTuHam
KiCTKOBOTO MO3KY uepe3 perientop TpaHcdepuny 1 (TfR1)
[43, 44].

Tomy, mincyMOByIOUM pe3yJbTaTH Li€i poOOTH, MOXKHA
OOIPYHTOBAHO TMPUITYCTUTH, 1110 JID y nmoeaHaHHi i3 3aJ1i-
30-BiTaMiHHMM KOMILIEKCOM 3IaTHUI 3a0e3euyBaTh Hali-
OiJbII CIIPUATIUBI YMOBHU JJIsI BCMOKTYBaHHS HEOOXiTHOT
KIiJTbKOCTI 3aJli3a Ha TJ1i 3MEHILIEHHS! iHTEHCUBHOCTI 3amna-
JIEHHST i HopMaUTtizalii Mikpob6iotu. A ronoBHe, JID yepe3
CHOPiTHEHICTh A0 TpaHCchepuHy 6epe y4acTb y MOBHOLIIH-
HOMY BiITHOBJICHHI HaJIeKHOTO piBHS METa0OJIi3MYy 3ai3a,
110 MEePEKIMKAETHCS 3 AAHUMU iHIINX TOCTiIKEHb OCTAaHHIX
pokiB [1, 18, 20, 38, 40, 41].

BucHOBKM

1. Y xBOpuX Ha €eHAOMETPiO3, SIKi MAIOTh MPOSIBU JIUC-
MEHOpE1, PEECTPYETHCS aHEMis JIETKOTO CTYMeHs, 1110 TOo-
TpeOy€e HyTPUTUBHOI KOPEKIIil.

2. IlpuenHaHHs 10 3a1i30-BiTaMiHHOIrO Mpenapary
MIETMYHOI 100aBKM JIaKTO(GEepUH NPUBOIUTD A0 KpallnX
pe3yJIbTaTiB BiHOBJIEHHSI piBHSI MeTaboJ1i3My 3aj1i3a i Hop-
MaJtizallii 1oro Kjato4yoBUX IMOKa3HMKIB: TeMOIJIO0iHY, de-
PUTHHY i 3ajTi3a CUPOBATKH, a TAKOX /10 OUIbII 3HAYYIIOTO
3POCTaHHS PiBHS TpaHC(HEPUHY.

3. JI® y noegHaHHi i3 3a51i30-BiTaMiHHUM KOMILIEKCOM
3MaTHUI 3a0e3nevuyBaTy HailOLIbII CIIPUSITIMBI YMOBU JIJISI
BCMOKTYBaHHSI HEOOXiqHOI KiJIbKOCTi 3aji3a Ha TJIi 3MeH-
IIEHHs iIHTEHCUBHOCTI 3aItajJieHHs i HopMaJti3allii Mikpo-
6iotu. Yepes cnopigHeHicTh 10 TpaHchepuny JID Gepe
y4acTh Y MOBHOILIIHHOMY BiIHOBJICHHi HaJIeXKHOTO PiBHS
MeTaboJ1i3My 3aj1i3a, 110 NePEeKIMKAEThCS 3 JAHUMU THIINUX
IOCIiIKEHb OCTAHHIX POKIiB.

IlepcnekTHBH MoJaJbIIMX AOCTiMIKeHb. Ha HacTymHuX
eTarax JOCJIiIXeHb 3a 00paHUM HaIpsIMKOM Oys10 O 1o-
LIUTBHO PO3KPUTU TEMY Pi3HOMAHITHUX KOMOPOITHUX CTaHiB
Y XBOPUX Ha FeHITATbHUI €HIOMETPio3.

KonduikT inTepecis. ABTOpU 3as1BJSIIOT PO BiICYTHICTb
KOHJIIKTY iHTepeciB i BiracHoOi (hiHaHCOBOI 3a1liKaBJIEHOCTI
MPU MiATOTOBIIi JaHOT CTATTi.

Buecok aBropis. [laquyk 1.3. — KOHLIEMIIisS AOCTiIKEH-
H$I, pelaryBaHHSI TEKCTY, 3aTBEP/KEHHSI CTATTi 10 JPYKY;
Bonsinceka A.I. — penaryBaHHSI TEKCTY, 3aTBEPIXKEHHSI
craTTi 1o Apyky; Jlyapko A.C. — 306ip MaTepiay, aHami3
Ta iHTepripeTalis oTpuMaHux pe3ysbraTiB; JlyHbko TA. —
KOHIIETILIiST JOCTiMXKEeHHs, iHTepIIpeTallisl OTpMMaHUX pe-
3yJIBTATiB, HATTMCAHHS TEKCTY.

Cnuncok Aiteparypu

1. Christofi MD, Giannakou K, Mpouzika M, et al. The effective-
ness of oral bovine lactoferrin compared to iron supplementation in
patients with a low hemoglobin profile: A systematic review and meta-
analysis of randomized clinical trials. BMC Nutr. 2024, 10:20. https://
doi.org/10.1186/540795-023-00818-6.

2. Pasricha S-R, Tye-Din J, Muckenthaler MU, Swinkels DW.
Iron deficiency. Lancet. 2021;397:233-248.

3. Akpan 1J, Narang M, Zampaglione E, Marshall S, Ste-
fanik D. Iron deficiency anemia in patients with heavy menstrual
bleeding: The patients’ perspective from diagnosis to treatment. Wo-
mens Health (Lond). 2025 Jan-Dec;21:17455057251321221. doi:
10.1177/17455057251321221.

4. Barros VV, Hase EA, Salazar CC, Igai AMK, Orsi FA, Mar-
garido PFR. Abnormal uterine bleeding and chronic iron deficiency.

Tom 21, N7, 2025

www.mif-ua.com, https://emergency-journal.com 43



OpuriHaABbHI AOCAiAXXeHHs1 / Original Researches

Rev Bras Ginecol Obstet. 2022 Dec;44(12):1161-1168. doi: 10.1055/s-
0042-1760235.

5. Anthon C, Steinmann M, Vidal A, Dhakal C. Menstrual Disor-
ders in Adolescence: Diagnostic and Therapeutic Challenges. Journal
of Clinical Medicine. 2024; 13(24):7668. https.//doi.org/10.3390/
Jem13247668.

6. De Sanctis V, Soliman AT, Elsedfy H, Soliman NA, Soliman R,
El Kholy M. Dysmenorrhea in adolescents and young adults: a review
in different country. Acta Biomed. 2016 Jan 16,87(3):233-246.

7. Munro MG, Mast AE, Powers JM, Kouides PA, O’Brien SH,
Richards T, Lavin M, Levy BS. The relationship between heavy men-
strual bleeding, iron deficiency, and iron deficiency anemia. Am J
Obstet Gynecol. 2023 Jul;229(1):1-9. doi: 10.1016/j.ajog.2023.01.017.

8. Fernandez-Jimenez MC, Moreno G, Wright I, Shih PC, Vaque-
ro MP, Remacha AF. Iron Deficiency in Menstruating Adult Women:
Much More than Anemia. Womens Health Rep (New Rochelle). 2020
Jan 29;1(1):26-35. doi: 10.1089/whr.2019.001 1.

9. Tang GH, Sholzberg M. Iron deficiency anemia among women:
An issue of health equity. Blood Rev. 2023,;64:101159.

10. WHO. Anaemia in women and children. https://www.who.
int/data/gho/data/themes/topics/anaemia_in_women_and_children,
assessed on 10th June 2021. P. 1-6.

11. Gete DG, Doust J, Mortlock S, Montgomery G, Mishra GD.
Risk of Iron Deficiency in Women With Endometriosis: A Population-
Based Prospective Cohort Study. Womens Health Issues. 2024 May-
Jun;34(3):317-324. doi: 10.1016/j.whi.2024.03.004.

12. Goldberg HR, McCaffrey C, Solnik J, Lemos N, Sobel M,
Kives S, et al. High prevalence of undiagnosed iron deficiency in endo-
metriosis patients: A cross-sectional study. Int J Gynaecol Obstet. 2025
Mar;168(3):1321-1327. doi: 10.1002/ijgo. 15994.

13. Donnez J, Carmona F, Maitrot-Mantelet L, Dolmans MM,
Chapron C. Uterine disorders and iron deficiency anemia. Fertil Ste-
ril. 2022 Oct; 118(4):615-624. doi: 10.1016/] fertnstert.2022.08.011.
PMID: 36182260.

14. Chai AL, Huang OY, Rakocevi¢ R, Chung P. Critical iron
deficiency anemia with record low hemoglobin: a case report. J Med
Case Rep. 2021 Sep 13,15(1):472. doi: 10.1186/513256-021-03024-9.

15. Lee HJ, Pak H, Han JJ, Chang MH. Comprehensive Analysis
of Iron Deficiency Anemia and Its Related Disorders in Premenopausal
Women Based on a Propensity Score Matching Case Control Study Us-
ing National Health Insurance Service Database in Korea. J Korean
Med Sci. 2023 Sep 18;38(37):¢299. doi: 10.3346/jkms.2023.38.¢299.

16. Hasan MM, Soares Magalhaes RJ, Garnett SP, Fatima Y,
Tariqujjaman M, Pervin S, Ahmed S, Mamun AA. Anaemia in women
of reproductive age in low- and middle-income countries: progress to-
wards the 2025 global nutrition target. Bull World Health Organ. 2022
Mar 1;100(3):196-204. doi: 10.2471/BLT.20.280180.

17. Moum B, Lindgren S. Iron Deficiency and Iron Deficien-
cy Anemia in Chronic Disease — Common, Important, and Treat-
able. Journal of Clinical Medicine. 2025;14(13):4519. https://doi.
org/10.3390/jcm 14134519.

18. Artym J, Zimecki M, Kruzel ML. Lactoferrin for Prevention
and Treatment of Anemia and Inflammation in Pregnant Women: A
Comprehensive Review. Biomedicines. 2021;9(8):898. https://doi.
org/10.3390/biomedicines 908089S.

19. Superti F. Lactoferrin from Bovine Milk: A Protective Com-
panion for Life. Nutrients. 2020;12(9):2562. https.//doi.org/10.3390/
nul2092562.

20. Zhao X, Zhang X, Xu T, Luo J, Luo Y, An P. Comparative Ef-
fects between Oral Lactoferrin and Ferrous Sulfate Supplementation on

Iron-Deficiency Anemia: A Comprehensive Review and Meta-Analysis
of Clinical Trials. Nutrients. 2022 Jan 27;14(3):543. doi: 10.3390/
nul14030543. PMID: 35276902; PMCID: PMC8838920.

21. Barros CA, Vieira TCRG. Lactoferrin as a Candidate Mul-
tifunctional Therapeutic in Synucleinopathies. Brain Sciences.
2025;15(4):380. https.//doi.org/10.3390/brainsci 15040380.

22. Demir R, Santas S, Bechelany M, Karav S. Lactoferrin:
Properties and Potential Uses in the Food Industry. International Jour-
nal of Molecular Sciences. 2025;26(4): 1404. https.//doi.org/10.3390/
ijms26041404.

23. Conesa C, Bellés A, Grasa L, Sanchez L. The Role of Lacto-
ferrin in Intestinal Health. Pharmaceutics. 2023,15(6):1569. https.//
doi.org/10.3390/pharmaceutics 15061569.

24. Rosa L, Cutone A, Lepanto MS, Paesano R, Valenti P. Lac-
toferrin: A Natural Glycoprotein Involved in Iron and Inflammatory
Homeostasis. Int J Mol Sci. 2017 Sep 15;18(9):1985. doi: 10.3390/
ijms18091985.

25. Suprapti E, Hadju V, Ibrahim E, Indriasari R, Erika KA,
Balgis B. Anemia: Etiology, Pathophysiology, Impact, and Preven-
tion: A Review. Iran J Public Health. 2025 Mar;54(3):509-520. doi:
10.18502/ijph.v54i3.

26. Parums DV. Editorial: The 2024 Revision of the Declaration
of Helsinki and its Continued Role as a Code of Ethics to Guide Medi-
cal Research. Med Sci Monit. 2024 Dec 1;30:e947428. doi: 10.12659/
MSM.947428.

27. Gafter-Gvili A, Schechter A, Rozen-Zvi B. Iron Deficiency Ane-
mia in Chronic Kidney Disease. Acta Haematol. 2019;142(1):44-50.

28. DelLoughery TG. Safety of Oral and Intravenous Iron. Acta
Haematol. 2019;142(1):8-12.

29. Correnti M, Gammella E, Cairo G, Recalcati S. Iron Absorp-
tion: Molecular and Pathophysiological Aspects. Metabolites. 2024 Apr
17;14(4):228. doi: 10.3390/metabo 14040228.

30. Rodgers GM, Gilreath JA. The Role of Intravenous Iron in the
Treatment of Anemia Associated with Cancer and Chemotherapy. Acta
Haematol. 2019;142(1):13-20.

31. Gomez-Ramirez S, Bisbe E, Shander A, Spahn DR, Muiioz M.
Management of Perioperative Iron Deficiency Anemia. Acta Haematol.
2019;142(1):21-29.

32. Chuncharunee S, Teawtrakul N, Siritanaratkul N, Chuea-
muangphan N. Review of disease-related complications and ma-
nagement in adult patients with thalassemia: A multi-center study in
Thailand. PLoS One. 2019;14(3):e0214148.

33. Jiang X, Stockwell BR, Conrad M. Ferroptosis: Mechanisms,
biology and role in disease. Nat Rev Mol Cell Biol. 2021;22:266-282.
doi: 10.1038/541580-020-00324-8.

34. Galy B, Conrad M, Muckenthaler M. Mechanisms control-
ling cellular and systemic iron homeostasis. Nat Rev Mol Cell Biol.
2024;25:133-155. doi: 10.1038/541580-023-00648- 1.

35. Ke C, Lan Z, Hua L, Ying Z, Humina X, Jia S, et al. Iron
metabolism in infants: Influence of bovine lactoferrin from iron-fortified
Sformula. Nutrition. 2015;31:304-309.

36. Maccio A, Madeddu C. Efficacy and Safety of Oral Lactofer-
rin Supplementation in Combination with rHuEPO-p for the Treatment
of Anemia in Advanced Cancer Patients Undergoing Chemotherapy:
Open-Label, Randomized Controlled Study. Oncologist. 2010;15:894-
902.

37. Rosa L, Lepanto MS, Cutone A, Siciliano RA, Paesano R,
Costi R, et al. Influence of oral administration mode on the efficacy of
commercial bovine Lactoferrin against iron and inflammatory homeo-
stasis disorders. Biometals. 2020;33:159-168.

44 MeANLIMHA HEBIAKAGAHMX CTOHIB, ISSN 2224-0586 (print), ISSN 2307-1230 (online)

Tom 21, N¢ 7, 2025



OpuriHaABHI AOCAiAXeHHs1 / Original Researches

38. Lambert LA, Perri H, Meehan T. Evolution of duplications
in the transferrin family of proteins. Comp Biochem Physiol. Part B:
Biochem Mol Biol. 2005;140:11-25.

39. Donker AE, van der Staaij H. The critical roles of iron during
the journey from fetus to adolescent: Developmental aspects of iron
homeostasis. Blood Rev. 2021;50:100866.

40. Griffin 1J. The Effects of Different Forms of Lactoferrin
on Iron Absorption. J Nutr. 2020 Dec 10;150(12):3053-3054. doi:
10.1093/jn/nxaa314.

41. June D, Konstantin AT, Lumbanradja LA, Aryani A, Heng-
ky A. Lactoferrin as treatment for iron-deficiency anemia in children: a
systematic review. Turk J Pediatr. 2023;65(4):543-554. doi: 10.24953/
turkjped.2022.670.

Information about authors

42. Steere AN, Byrne SL, Chasteen ND, Mason AB. Kinetics of
iron release from transferrin bound to the transferrin receptor at endo-
somal pH. Biochim Biophys Acta. 2012 Mar, 1§20(3):326-33.

43. Vogt A-CS, Arsiwala T, Mohsen M, Vogel M, Manolova V,
Bachmann MF. On Iron Metabolism and Its Regulation. Interna-
tional Journal of Molecular Sciences. 2021;22(9):4591. https://doi.
org/10.3390/ijms22094591.

44. Guo Q, Qian C, Wang X, Qian ZM. Transferrin receptors.
Exp Mol Med. 2025 Apr;57(4):724-732. doi: 10.1038/s12276-025-
01436-x.

Ortpumaro/Received 29.08.2025
PeveH3osaHo/Revised 03.10.2025
TMpwisTo fo apyky/Accepted 17.10.2025 M

Igor Z. Gladchuk, Odesa National Medical University, Odesa, Ukraine; e-mail: igor.gladchuk@gmail.com; https://orcid.org/0000-0003-2926-4125

Alla G. Volyanska, Odesa National Medical University, Odesa, Ukraine; e-mail: volyanska@i.ua; https://orcid.org/0000-0003-4572-3141

Anastasia S. Lunko, Odesa National Medical University, Odesa, Ukraine; e-mail: anastasiyalunko7@gmail.com; https://orcid.org/0009-0009-8440-5796
Tetiana A. Lunko, Odesa National Medical University, Odesa, Ukraine; e-mail: t.a.lunko@gmail.com; https://orcid.org/0000-0003-2391-8722

Conflicts of interests. Authors declare the absence of any conflicts of interests and own financial interest that might be construed to influence the results or interpretation of the manuscript.
Authors’ contribution. Gladchuk I.Z. — research concept, text editing, article approval for publication; Volyanska A.G. — text editing, article approval for publication; Lunko A.S. — material
collection, analysis and interpretation of the results; Lunko T.A. — research concept, interpretation of the results, writing the text.

1.Z. Gladchuk, A.G. Volyanska, A.S. Lunko, T.A. Lunko
Odesa National Medical University, Odesa, Ukraine

The effectiveness of iron deficiency nutritional correction in patients with genital endometriosis
accompanied by mild anemia

Abstract. Background. Women with endometriosis are at higher
risk of developing iron deficiency than those without endomet-
riosis. The results of many studies indicate that iron deficiency
should be considered during the initial diagnosis and subsequent
treatment of endometriosis, since menstrual disorders with the
simultaneous presence of endometrioid heterotopias are one of
the factors for the development of anemia in women. The purpose
was to study the effectiveness of nutritional correction of iron
deficiency in patients with genital endometriosis accompanied
by dysmenorrhea. Materials and methods. Endometriosis patients
with mild anemia were prescribed nutritional correction of iron
deficiency. In the study group (n = 34), women received a complex
of microencapsulated iron pyrophosphate (14 mg) in liposomal
form with folic acid (200 pg), vitamin B, (2.5 pg) and vitamin C
(80 mg), as well as a dietary supplement of lactoferrin at a dose of
250 mg per day for 2 months; in the comparison group (n = 32),
the above-mentioned combination drug was administered without
adding lactoferrin to the diet. The patients were assessed for the
following indicators: hemoglobin level, erythrocyte count, fer-
ritin levels, transferrin and total serum iron concentration before

treatment and after 2 months. Results. Nutritional correction of
iron deficiency in patients with endometriosis accompanied by
mild anemia with the use of a complex of iron pyrophosphate and
vitamins is not only effective, but also safe, because no side effects
of diet therapy were recorded. Adding the dietary supplement
lactoferrin to the iron-vitamin preparation improves restoration
of the iron metabolism level and normalizes its key indicators: he-
moglobin, ferritin and serum iron, and leads to a more significant
increase in transferrin. It is also important that the mean corpuscu-
lar hemoglobin concentration in the study group reached normal,
while in the comparison group, it only approached normal values.
Conclusions. Lactoferrin in combination with an iron-vitamin
complex can provide the most favorable conditions for the absorp-
tion of the required amount of iron against the background of a
decrease in the inflammation and normalization of the microbiota.
Due to its affinity for transferrin, lactoferrin participates in the
full restoration of the proper level of iron metabolism, which is
consistent with the data of other studies in recent years.
Keywords: endometriosis; dysmenorrhea; iron deficiency anemia;
iron pyrophosphate; lactoferrin; ferritin; transferrin
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Retrograde intrarenal surgery as an alternative
to percutaneous interventions in the management
of large stones in the ureteropelvic segment
of the kidneys in patients with renal colic

Abstract. Background. Treatment of large kidney stones remains a highly debated issue in modern urology
because such stones often cause potentially life-threatening conditions, while management protocols vary due to

the emergence of new treatment methods. This study purpose to analyze the clinical potential of intrarenal surgery
as a method of lithotripsy for large kidney stones, assess the frequency of complications, evaluate its impact on

postoperative outcomes and recovery, and to determine its role in modern urological practice. Materials and
methods. The study was conducted in two groups of patients (a total of 76 cases) who underwent surgery for large
stones of the renal ureteropelvic segment that caused acute renal colic. Intraoperative and postoperative parameters

were assessed such as procedure duration, complications rates, kidney function, and the presence or absence of
residual stones. Results. Surgeons spent more time performing retrograde intrarenal surgery (112 = 24 min vs.

87 = 18 min, p < 0.001). The smaller diameter of instruments reduced visibility, thereby extending the procedure
time. However, this did not increase intraoperative complications or adverse events and postoperative recovery.

Moreover, the rate of complications such as bleeding and hyperthermic reactions was significantly lower with

[flexible ureteroscopy (p < 0.05). Despite the longer duration of the procedure, we did not observe any deterioration
in postoperative kidney function. Hospitalization periods were significantly shorter (1.6 = 0.4 days vs. 4.5 = 0.9 days,

p <0.001). We did not observe any cases of “stone street” that required conservative treatment or monitoring. After two

weeks, the group that underwent intrarenal interventions showed fewer residual stones compared to the percutaneous
group, confirming the effectiveness of the studied method. Conclusions. Retrograde intrarenal surgery provides a proven
and effective alternative to percutaneous approaches for managing large stones of the renal ureteropelvic segment. This
method ensures a shorter, safer postoperative recovery and achieves favorable clinical outcome.

Keywords: retrograde intrarenal surgery; urolithiasis; renal colic; lithotripsy

Introduction

Kidney stones have always been a major problem that led
to serious complications of the urinary system, such as uri-
nary tract obstruction, urological sepsis, and renal failure [1].
Also, urinary tract stones are not a one-time condition, but
tend to recur frequently, leading to frequent disability with
increased risks of normal life [2, 3]. The reason for patients
to be admitted to inpatient departments is an urgent condi-
tion — renal colic, which occurs suddenly, in its pathophysio-

logical mechanism is based on a violation of the outflow of
urine from the renal pelvis due to the appearance of an ob-
stacle (stone) in the ureter or in the area of the transition of
the renal pelvis into the urethra [4]. Clinically, it manifests
itself as very severe pain and requires an immediate actions
to reduce the chance of adverse events. Emergency treatment
consists of eliminating the cause of renal colic — obstruction
of the urinary tract [5]. This can be done by restoring the
passage of urine. For this, drainage of the renal pelvis can be
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used in the options of stenting or percutaneous nephrostomy
placement, there is also an option of extracorporeal crush-
ing, which should lead to the destruction of the stone and
normalization of urine outflow [6].

All these methods have long been used in urgent urology
and their positive and negative sides have been sufficiently
studied. The next stage of patient management after the acute
condition is much more important — litho-eradication. At
the moment, there are several methods of crushing stones
(shock-wave lithotripsy, contact lithotripsy in the options of
rigid endoscopy, flexible endoscopy and percutaneous inter-
ventions) [7]. These methods differ in duration, complexity,
complications and final results. If the methods of dealing
with small kidney stones (1—2 cm) have already been widely
studied [8], then the management of large stones (more than
2 cm) is still controversial and is currently being actively
discussed in international scientific publications. The main
competing methods at present, according to the analysis
of the literature of the last 5 years, are mini-percutaneous
nephrolithotripsy (PCNL) and a fairly young method that
is rapidly gaining popularity — retrograde intrarenal surgery
with use of a flexible ureteronephroscopes [9].

Percutaneous interventions historically appeared earlier;
more statistical data have been obtained on them, which
show their high effectiveness against large kidney stones, but
among the negative aspects are the presence of complications
such as bleeding (blood transfusion may be required), the
development of a urinary tract infection, and the presence
of residual stones [10, 11]. Also, in our opinion, the negative
of this method is the procedure under intraoperative X-ray,
which requires protection of the operating team, a special
operating room [12]. The second method of retrograde in-
trarenal surgery (RIRS) is performed without violating the
integrity of the skin, it is performed inside the urinary tract.
The authors highlight the advantages as fewer complica-
tions, better opportunities to search for stones in any calyx
of the kidney [13]. The disadvantages include a longer ope-
ration time due to the smaller diameter of the instruments,
poor visibility, possible intrarenal hyperthermia, the need
for staged interventions to achieve a “stone-free” state [14].
Comparison of these two methods, determining their effec-
tiveness in large calculi, that is currently of greatest interest
in endourology [15].

The purpose of the study was to determine the role of ret-
rograde intrarenal surgery (RIRS) as an alternative method
to traditional percutaneous interventions (PCNL) in the
management of large calculi of the ureteropelvic segment
of the kidneys in the treatment of patients with renal colic.
The task was to assess complications, both intraoperative and
postoperative, the technical component of the procedures,
the course of the postoperative period and patient monitor-
ing, the possibility and safety of achieving a “stone-free”
state.

Materials and methods

We performed a retrospective cohort study in the period
2023—2025 with the participation of 76 patients who had an
urgent condition — renal colic, caused by a large stone (mini-
mum size 2.1 cm) of the ureteropelvic segment of the kid-
ney, the presence of symptoms of hydronephrosis of the af-

fected side upon admission. The study did not include pa-
tients with stones smaller than 2.1 cm and more than 3.5 cm
in maximum dimension, pregnant women, patients with
critical decompensation of neurological, cardiopulmonary
diseases at the time of admission, ketoacidosis conditions,
urosepsis conditions, and constant anticoagulant therapy
due to heart diseases.

All patients were urgently hospitalized in the ME “City
Clinical Hospital 2”, Poltava, Ukraine. Upon admission, all
patients underwent an ultrasound examination and, in the
presence of hydronephrosis, a non-contrast CT scan of the
abdominal cavity was performed to determine the nature
of the kidney block. CT obtained data on the number of
stones, their size, and density. The study analyzed only cases
of single large stones.

All admitted patients underwent endopyelovesical stent
placement to eliminate acute urinary tract occlusion. Stent-
ing was performed under local anesthesia with lidocaine gel
in women and under short-term sedation in men. The posi-
tion of the stent was monitored by ultrasound. Open-ended
Rush stents with a diameter of 6 or 5 Fr were used. The stent
was placed over a nitinol guidewire with a rigid ureteroscope.
The stenting procedure provided the elimination of acute re-
nal block and a clinical effect in eliminating pain syndrome,
the possibility of conducting antibacterial therapy, and
preparing the patient for litho-eradication surgery (PCNL
or RIRS). Antibacterial therapy continued on average for
8.00 * 1.23 days, until positive dynamics of urinary leuko-
cytosis and the absence of hyperthermia were achieved. The
next surgical intervention was performed on average 15 + 2
days later, urine culture for postoperative antibiotic prophy-
laxis was necessarily performed before it.

Patients were divided into 2 groups: 38 in each. Group
I — patients who were treated with percutaneous interven-
tion, group Il — patients who underwent intrarenal surgery
with a flexible ureteroscope. Patients were approximately
equally distributed by gender and age. Group I included 18
men (47.37 %), 20 women (52.63 %). Group II — 16 men
(42.11 %), 22 women (57.89 %). The average age was 54.0 +
+ 8.6 years. Before hospitalization, the patients’ baseline
parameters were assessed: the average duration of the attack
of renal colic before hospitalization was 4.5 + 1.2 days in
group I, and 4.8 £ 1.4 days in group I1. Hyperthermic reac-
tion in the form of subfebrile temperature (37.1-37.9 °C) was
observed in group I in 25 patients (65.79 %), and in group
IT in 26 (68.42 %). Febrile temperature values (> 38 °C),
in group I — 7 (18.42 %), in group 11 — 4 (10.53 %). High
temperature values often coincided with the presence of con-
comitant diabetes in patients. The creatinine level at the time
of admission in group I was 94.0 + 17.6 umol/l, in group
IT—91.0 £ 21.4 pmol/1 and statistically depended more on
age and the presence of concomitant diseases than on the
antiquity of the onset of a colic attack or on a hyperthermic
reaction.

Regarding the technical features of the operations:
percutaneous nephrolithotripsy was performed under spi-
nal anesthesia combined with intravenous sedation in the
prone position with the side raised on the side of the inter-
vention. A 5 Fr catheter was first inserted into the kidney,
through which a contrast agent was injected to determine
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the shape of the renal pelvis, its anomalies, and to select
the cup through which access would be performed. Under
ultrasound, a kidney puncture was performed (preferably in
the lower cup, in case of anatomical features — through the
most accessible one). Then, under X-ray control (C-arch),
tubes (16.5—17.5 Fr) and a 12 Fr mini-nephroscope (Richard
Wolf Gmbh, Germany) were inserted into the kidney. We
used a Holmium Laser (Potent), with a maximum power of
160 W, laser fiber, 500 um using a fragmentation and dusting
settings. Frequency 10 Hz, power 2.0—2.5 J. After the litho-
tripsy procedure, a 16 Fr nephrostomy tube was inserted,
which was left for 2—4 days. A Foley catheter was inserted
into the bladder until the next day.

RIRS interventions we performed under spinal anes-
thesia. Other authors have shown performing these inter-
ventions under general anesthesia, but our opinion is that
spinal anesthesia is safer in view of any concomitant patho-
logy, is more easily tolerated by the patient, does not require
special postoperative supervision, and the analgesic effect
provides the possibility of carrying out the procedure for
up to 2.5—3 hours, which is more than enough for such
interventions. Instead of a pre-installed stent, a flexible
ureteral access sheath (F-UAS) was installed, with a size of
10—12 or 11—13 Fr. In our opinion, this type of UAS helps
to better deal with the outflow of fluid from the site of stone
fragmentation, provides better visibility, and reduces local
hyperthermia in the kidney when using laser lithotripsy.
Many authors install UAS under X-ray control, but our
experience shows that this is not necessary. We did not use
X-rays to control the position of the ureteral access sheath,
avoiding radiation exposure and the need to protect person-
nel. We approximately determining the depth of installation
in advance based on the results of CT, and controlling the
position of the F-UAS intraoperatively. Disposable flexible
ureteroscopes (HugeMed HU30), with a diameter of 9 Fr,
were used for fragmentation. Due to the smaller diameter
of the instrument, a 200 um laser fiber using a fragmen-
tation settings was used. The frequency and power were
set the same as for PCNL (10 Hz, 2.0—2.5J). Fragment
removal was performed using a 1.9 Fr, 120 cm basket. After
the procedure, a 6 Fr stent was inserted into the kidney,
which was removed under local anesthesia with lidocaine
gel after 14 days. A Foley catheter was inserted into the
bladder until the next day. Water irrigation during both sur-
gical interventions was performed by a passive method, the
saline solution was raised to a level of 60—80 cm above the
person’s body. This provided sufficient visibility, the pump
was not needed.

Visualization during surgery was assessed on a 3-point
scale: 1 — clear visualization, 2 — moderate, 3 — poor. The
criterion was the clear visibility of the stone in the presence
of blood and sand particles, and the speed of their removal
by the washing system.

In the postoperative period, all patients received prophy-
lactic antibiotic therapy according to sensitivity with oral
antibacterial drugs, prophylaxis of venous thromboembolism
with enoxaparin in doses that depended on the presence of
concomitant diseases. Early activation after 3 hours for the
group with RIRS was mandatory, patients with PCNL were
activated on the next day.
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Figure 1. Visualization scale during the operation:
1 — clear visibility; 2 — moderate visibility; 3 — poor
visibility

The following parameters were measured and compared:
duration of surgical intervention, pain syndrome (visual ana-
log pain scale (VAS)), complications after surgery (presence
of fever, “stone-street” in the ureter, residual stones in 2
weeks, creatinine level on days 1, 7, total duration of hospital
stay).

Within 2 weeks, we performed a control CT scan on the
patients to determine residual fragments and their size. If
they were present, all patients were offered surgical inter-
vention in the form of RIRS only to select these fragments.

Statistical data processing was performed using the Stat-
soft Statistica 10 for Windows package, and Microsoft Excel.
For quantitative indicators, the mean and standard devia-
tion were calculated for normal distribution and/or median
(Me) and interquartile range (IQR) for non-normal distribu-
tion. When comparing mean indicators, the Student t-test
was used, and for non-normally distributed indicators, the
Mann-Whitney test was used. Data by categories were com-
pared between groups using the Pearson test. If the result in
the obtained values was p < 0.05, then the parameters were
considered statistically significant.

Ethical considerations. Before beginning the study, the
necessary ethical approval was obtained from the Commis-
sion on Ethics and Bioethics of PSMU. Written informed
consent was obtained from each patient. The study was con-
ducted in accordance with the Declaration of Helsinki.

Results

Evaluating the conducted study, we obtained the follo-
wing data.

The results of the examination of patients before surgery,
including stone size, its density, initial pain scale, creatinine
level, level of hyperthermia, and the presence of concomitant
diabetes mellitus, are presented in Table 1 for clarity.

The total duration of the surgical intervention in the
group I was 87 * 18 min, in the group Il — 112 + 24 min
(p <0.001). At the same time, the total laser operating time
in the group I was 26.8 + 7.4 min, and in the group I —
34.6 £ 5.9 min (p < 0.001).

Regarding the visualization during the operation, the
following data were obtained, shown in Fig. 1.

Analyzing this, we saw that when performing retrograde
surgery, the surgical intervention itself takes statistically lon-
ger, due to the smaller diameter of the fiber, the smaller di-
ameter of access to the kidney, the need to remove smaller
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fragments of stones. When performing PCNL, we save time
during the operation on washing out the cloudy fluid from
the kidney due to better washing, and we also don’t have to
worry about renal hyperthermia. When performing RIRS,
time is lost on ensuring visualization.

Pain syndrome according to VAS after surgery on the next
day was statistically lower in the group II (1.2 + 0.4) most-
ly due to stent syndrome, while in the group I (2.7 £ 0.6),
which in our opinion is due to the presence of nephrostomy
drainage, the presence of a skin cut (p < 0.05).

Regarding intraoperative complications, in both groups it
was intraoperative bleeding, which interfered with visualiza-
tion. It occurred statistically less frequently in the group II:
group I — in 11 patients (28.95 %), group I — in 6 patients
(15.79 %), p < 0.05.

In the group with PCNL, it occurred due to puncture
of the renal parenchyma and injury to the renal epithelium
by the tube. In the RIRS group, it occurred due to injury to
the mucous renal epithelium by the access sheath during
the patient’s respiratory movements. In all cases, this did
not lead to stopping the operation or the need to change the
treatment tactics.

Postoperative complications were statistically lower in
patients in the group II, which is shown in Table 2.

As we can see, due to the smaller surgical trauma in the
RIRS group, we have a statistically smaller number of in-
fectious complications, fewer adverse events in the form of
bleeding. Regarding the level of creatinine, as an indicator of
kidney damage, its increase was not statistically significant,
but still it was more noticeable in the group I.

The “stone street”, visible on ultrasound examination,
was noted only in the 1-st experimental group in 3 patients
(7.89 %). In the group II, such a condition was not visua-
lized. The “stone street” did not lead to the need of repeated
surgery, but required conservative litho-eradicative therapy.
As for residual stones (3—5 mm), their presence was detected
on control CT after 2 weeks: in the PCNL group — 7 patients
(18.42 %), in the RIRS group — 4 patients (10.53 %), which
gave us a stone free rate after the first intervention in the
group I — 81.58 %, in the group I1 — (89.47 %).

Discussion

Studies on large kidney stones and their treatment with
the advent of new surgical methods still can’t provide a single
conclusion and standards of treatment [16, 17]. This is due
to the rather high efficiency of each method in the presence
of an experienced specialist.

Analyzing the literature on the technical conduct of sur-
gical interventions, we note that most urologists perform
operations under general anesthesia [18]. In our opinion, it
is recommended to perform the intervention under spinal
anesthesia, as this provides less impact on organ function
and early activation of patients. No patient was noted to have
undesirable effects or an insufficient level of analgesia. Also,
most authors perform the intervention both for PCNL and
for RIRS using a C-arch, which has a need of radiation pro-
tection [19]. And if in the case of PCNL this is recommended
and convenient for clearer navigation, then in RIRS we have
never encountered the position of any access sheaths, guide-
wires, etc. by the X-ray control.

Table 1. Initial parameters of patients

Name of characteristic ?;:gkﬁ_)l C?Eigg)ll
Days before admission to hospital 45+1.2 48+1.4
Hyperthermia:

— normal; 6 (15.79 %) 8 (21.05 %)

— subfebrile; 25 (65.79 %) 26 (68.42 %)

— febrile 7 (18.42 %) 4 (10.53 %)
Creatinine 94.0 = 17.6 pmol/l 91.0 = 21.4 ymol/l
Comorbid diabetes mellitus (compensated forms) 9 (23.68 %) 12 (15.79 %)
Stone size 2.46 + 0.21 2.44 +0.28
Stone density (Hounsfield units) 1056 + 136 987 + 181
Pain syndrome (VAS) 6.4+1.2 6.8+1.6

Table 2. Postoperative parameters of patients
Name of characteristic ?;g'f\lﬁ_)l G(‘Eigg)" p
Significant bleeding 2 (5.26 %) - 0.518
Need for blood transfusion 1(2.63 %) - 0.476
Decreased hemoglobin level for the next day 86+1.2 23+0.8 0.228
Fever for more than 3 days 4 (10.53 %) 1(2.68 %) <0.05
Creatinine level:

— day 1; 114.0 = 19.8 pmol/l 96.0 = 15.2 ymol/l 0.155

—day 7 96.0 + 16.1 pmol/l 92.0 + 11.5 pmol/l 0.124
Hospitalization term 45+09 1.6+04 < 0.001
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Analyzing the duration of operations, we note that the
PCNL group in all studies, and according to our data, also
has a statistically significant advantage (approximately 20 %
of the time). This is certainly due to better visualization,
larger diameter of the tubes, easier removal of stone frag-
ments. With RIRS, visualization is achieved much more
better using flexible sheaths (F-UAS) that are brought to the
site of crushing and provide better washing. We agree with
this position of some authors [20] and have been using only
them for 2 years.

The total duration in our study was quite different (lon-
ger) from some existing studies, for example, by Mariani
etal. [21], Hyams et al. [22], Breda et al. [23]. We attribute
this to the longer time we spent on the extraction of stone
fragments, which we highly recommend for RIRS. The
longer intervention time in our cases did not lead to sta-
tistically greater intraoperative complications compared to
other authors [24], so our opinion is that it is better to use
15—25 % more time and have fewer residual fragments in
the postoperative period. Also, not all studies indicate the
exact operating time of the laser equipment and it is not
completely clear what is included in the total operation
time, because preparation, methods of placing of F-UAS,
tubes, etc., can affect it.

The postoperative course and its complications did not
reveal a significant difference between the already conducted
studies [25]. The RIRS group statistically significantly has
fewer adverse events, such as life-threatening conditions
(bleeding), and a lower chance of developing an infectious
process. Influence of both groups of operations on kidney
function did not show a statistical difference either in our
study, neither in other authors [26], showing that both me-
thods are safe. The terms of hospitalization in all authors
have a significant advantage in favor of RIRS.

Regarding the effectiveness of methods for achieving a
“stone free state”, the conducted studies note more or less
equal indicators of residual stones, but in our RIRS group
there is a statistically fewer number of them. We think this is
due to the technical performance of the operation, because
our clinic tries to search and remove fragments as much as
possible, despite the total time of the operation.

In our opinion, further issues for research and discussion
are combination of mentioned methods (we already started
using RIRS intraoperatively in PCNL interventions in order
to achieve the maximum “stone free state” and already have
quite positive results which will be published later).

Conclusions

Summing up our research, we can state that although
the retrograde surgical technique takes longer than classical
percutaneous interventions (112 = 24 min vs. 87 £ 18 min),
it demonstrates a statistically lower rate of intraoperative
and postoperative complications especially life-threaten-
ing conditions (p < 0.05), causes less pain starting from
the first postoperative day (p < 0.05), and reduces hospital
stay duration threefold (1.6 * 0.4 days vs. 4.5 = 0.9 days,
p <0.001). However, it is important to note that the compli-
cations of both methods are well-defined, fairly predictable,
and generally do not create significant challenges in their
management.

Both techniques do not significantly affect renal func-
tion in the postoperative period and can be performed under
spinal anesthesia; therefore, they remain safe for patients
with comorbidities.

According to our data, the target “stone-free” status
using the RIRS method can be achieved in approximately
90 % of cases, which represents a considerable success rate
comparable to the percutaneous approach. Moreover, con-
sidering the advantages of intraoperative revision, RIRS of-
fers an additional benefit.

Thus, we conclude that retrograde intrarenal surgery
for large calculi of the ureteropelvic segment of the kidneys
proves its effectiveness and can serve as a safe alternative to
traditional urological interventions.
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PeTporpaaHa iHTPAPEHAAbHA XipYPris IK AAbTEPHATUBA MEePKYTAHHUM BTPYUYOHHSM Y MEHEe AXKMEHTI
BEAUKUX KOHKPEMEHTIB MUCKOBO-CEYOBIAHOIO CEerMeHTd HUPKU B MALLIEHTIB i3 HUPKOBOIO KOAIKOIO

Pe3iome. Axmyaavnicms. JlixyBaHHs KOHKPEMEHTIB HUPOK, 0CO0-
JINBO BEJIMKMX, 3IUIIAETHCS AYXKe TUCKYCIHHUM MUTAHHSM,
aJKe BOHU 4acTO MPU3BOISTH 10 3arPO3JIMBUX CTaHiB, a TPOTOKO-
JIM MEHEIKMEHTY € BapiaGeJIbHUMU yepe3 MOsIBy HOBUX METO/IIB

Tepamnii. Mema: ipoaHali3yBaTu MOXKJMBOCTi BUKOPUCTAHHS
iHTpapeHaJibHOI Xipyprii sIK METOLY JiTOTPUIICiIT BEIUMKHUX KOH-
KPEMEHTIB HUPOK, BU3HAYUTH YaCTOTY YCKJIaIHEHb, BILUIUB Ha
rmicasionepaliiHuii mepedir Ta OUiHUTHU i POJIb B YPOJIOTIUHIN
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npakrtuili. Mamepiaau ma memoou. JIocniaXeHHs MPOBEACHO y 2
rpymnax nauieHriB (3arajom 76 oci0), mpoorepoBaHuX 3 IPUBOLY
BEJIMKUX KOHKPEMEHTIB MUCKOBO-CEUOBIIHOTO CErMEHTa HUPKHU,
SIKi BUKJIMKAJIU YPreHTHUI CTaH — HUPKOBY KoJIiKy. OUiHIOBaIn
iHTpaomepalliiiHi Ta IicasgonepaniiiHi mapamMeTpu (TPUBAJiCTh,
YCKJIaAHEHHSI, BIJIMB Ha (byHKILi10 HUPOK, HAsIBHICTh UM BifACYT-
HICTb pe3uayasbHUX KOHKPeMeHTIB). Pe3yabmamu. TpuBanictb
peTporpanHoi Xipyprii BusiBuiacs suio (112 + 24 xB ipotu
87 = 18 xB, p < 0,001). I1pu BUKOHAHHI Omepaliil Xipypru CTu-
KaloTbhCsl C TipIIO BUAMMICTIO Yepe3 MEHIIUM aiaMeTp iHCTpy-
MEHTIB, 1110 i 3yMOBJIIOE TPUBAILINI Yac, aje 1ie He BIUIUBAE Ha
iHTpaoTepalliiiHi YyCKJIaIHEHHS Ta IicsonepaliiHuii mepedir
XBOpOOU. Binbill Toro, mpu BUKOPUCTaHHI THYYKOI YPETPOCKOITi1
YCKJIaIHEHb Y BUTJISIII KpOBOTEY, TiMepTepMiuYHUX peakiliit 0yao
cratuctuuHo meHue (p < 0,05). [Monpu TpuBanimmit yac npo-

LIe/lypH, He BUSIBJICHO HEraTHBHOTO BIUIMBY Ha TicJsionepaliiiny
(yHK1i0 HUpOK. CTaTUCTUYHO BipOTiAHO 3MEHIIYBAIUCh CTPOKHU
rocmirtamizarii (1,6 £ 0,4 no6u npotu 4,5 £ 0,9 no6u), p < 0,001.
He 3adikcoBaHO ycKIIagHEHDb Y BUTJISIII «KaM STHOI TOPiKKM», sIKa
0 moTpeOyBaja KOHCEpPBATUBHOIO JIiKyBaHHS i Harsmy. [Ticiasa
2 TUXHIB KiJIbKICTh pe3uyalbHUX KOHKPEMEHTIB BUSIBUJIACS
MEHIIIOI0 B TPYITi iHTpapeHaIbHUX BTPy4YaHb, HixXK TIEPKYTaHHUX,
110 0BeJIO e(PEeKTUBHICTh MOCIiIKyBaHOTO MeTony. Bucnoexu.
PerporpagHa iHTpapeHalIbHa Xipypris sIK METOJI MEHEIKMEHTY
BEJTMKUX KOHKPEMEHTiB MUCKOBO-CEUOBIJIHOTO CeTMEHTa HUPKHU
€ IOBEICHOO aJIbTePHATUBOIO MEPKYTAHHUM BTPYYaHHSIM, 11O
3a0e31eyye KOPOTKUH i Oe3meyHunt TicasonepaiiiHuii epion
Ta MOBHOTY KJIiIHIYHOTO pe3yJIbTaTy.

KirouoBi ciioBa: perporpanHa iHTpapeHalbHa Xipypris; cedo-
Kam’siHa XBopo0a; HUPKOBa KOJIiKa; JTITOTPUTICisT
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KAiHIYHU BUNOAOK: MiHiIiHBO3UBHA e30darekTomis
3a McKeown y nauieHTKU 3i CKOAio3oMm lll cTyneHs
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Hokapyunoma. Kainiuno Xeopi Mojcyms ckapicumucs Ha npoepecyiouy oucgaeiro, émpamy macu mina, 6ins 3a
2pYOHUHOI0 abo 6 chuHi, oxpunaicms eonocy. Jliaenocmuka eéxkarouae endockoniro 3 6ionciero, KT, [IET-KT oas
oyinku cmadii nyxaunu. Jlikyeauus 3anrexcums 6io cmadii: KomoOiHoearna mepanis (ximiomepanis, npomeHesa
mepanis ~+ Xipypeis) € cmaHdapmom npu A0Ka1i306aHOMY paKy. Xipypeiune émpy4anHs — e3opacekmomis — 3a-
AUUAEMBCS OCHOBHUM MemOo0oM NIKY8aHHs, 0c00AUB0 y hayienmie Oe3 giddanrenux memacma3sie. Miniineasusna
esopacexmomis 3a McKeown — ue kombinogaruil Xipypeiunuil nioxio 0o eudaierts cmpagoxooy npu 3109KIiCHOMY
HOBOYMBOPEHHI, U0 NOEOHYE NAANAPOCKONIMHUL eman i3 MOpPaKoCKONIMHUM JOCIYNOM, A MAKOJIC YePBIKaANbHULL
eman. [lepesaeu 6xatouarome 3MeHUIeHHS NiCAS0NePAUiliHO20 00110, MeHU mpueadie nepedysants 6 CmayioHapi,
weuduie i0OHO6AEHHs MA 3HUICEHHS HACMOMU YCKAAOHe b, Ane Hasa8HICMb MANCKUX CYNYMHIX namonoeiil, K-om
ckoaio3 Il cmynens, 3Ha4HO YCKAAOHIOE OnepamueHe 6MpPYUaHHs ma nompedye pemenabHo20 aHecme3sion0eiuHo2o
ma xipypeiunoeo nAaHy8anHs. 3a ymos MyabmuoucyunainapHoeo nioxo0y — 3 ypaxyeanHsIm aHecme3ionoeiuHoeo
3abe3neuents, adanmauii emanie onepayii 00 AHAMOMIMHUX 3MIH MA NPOOYMAHO020 NICASONEPAUIINHO020 8e0eHHS —
MOJUCAUBO DOCAMU NO3UMUBHO20 Pe3YAbMAmy HAGIMb Y CKAAOHUX KAIHIYHUX CUMYAUYisX.

Ki04oBi cioBa: saoaxicne nosoymeopenna cmpagoxody; miniineazuena esogpacexmomin 3a McKeown; kym
Kobba; ckonios 1l cmynens; o0Hoseeeneéa éenmunsyis

Bctyn

3J105IKiCHE HOBOYTBOPEHHS CTPAaBOXOMIY € OIHI€I0 i3
HaWOIIBII YaCTUX MYyXJIWH, 1110 BUHUKAE 3 KJIITUH CTiHKU
cTpaBoxony. BoHO xapakTepu3yeTbcsi HEKOHTPOJbOBAHUM
pPOCTOM aTUIOBMX KJIITUH, SIKi YTBOPIOIOTH ITyxymHY. [Tyx-
JINHA CTPABOXOY € CEpHO3HNUM 3aXBOPIOBAHHSIM, SIKE 4aCcTO
MiarHOCTYEThCS Ha Mi3HIX CTadisgX, 10 YCKIIATHIOE 110ro
JIiKyBaHHsI. [CHye 11ija rpyra 3JI0SKiCHUX TyXJIMH, cepe/l
SIKMX TepeBaXkaloTh MJIOCKOKIITUHHA KapliMHOMa Ta ajie-
HokapuuHoma [2, 3, 22].

3a CTaTUCTUKOIO, BUXKMBAHICTD MALIIEHTIB 31 3JI0IKICHUM
YpaXXeHHSIM CTPABOXO.Y ITPOTSTOM IT’SITU POKiB CTAHOBUTH
MeHIIe HixX 25 %.

Ha pannix cragisix xBopo0a repebdira€ HeImoMiTHO i BU-
SIBJISIETBCSI JINIIIE TIPU TTPOdiTaKTUYHOMY 00CTEXXEeHHi abo
MPU IiarHOCTULII 3 IPMBO/LY iHIIIOTO 3aXBOPIOBAHHSI.

KiiHiuHi ocoOiuBOCTI mepebiry paky cTpaBOXOmy
MOB’SI3aHi 3 aHATOMiIYHOIO 3JaTHICTIO OpraHy 10 PO3Ts-
ryBaHHs. [lamieHT mounHae BimuyBaTu nucdarito, Juiie
KOJIM JliaMeTp IPOCBITY CTPABOXOIY CKOPOUYETLCSI MEHILIE
HixX 14 mm. CriouaTKy yTPYIHIOETHCS KOBTAHHS I'YCTOI iXKi,
MOTiM — HaIiBPiAKOi, a 3pelITOI0 — pPIAWHU Ta CIUHMU.
IHOIi MOXe BUHMKATH OiTh y TPYIHIN KJITLI 3 ippamialiieio
B criuHy. Take HeyXuabHe IporpecyBaHHs aucdarii BKasye
Ha IMporpecyBaHHs 3105IKiCHOro HOBOyTBOpeHH:1. Ha kajb,
TalliEHTY 3BEPTAIOTHCS [0 JIiKapsi JIUIIE 32 3HAYHOTO IO -
peHHs yxJuHu. BBaxaloTp, 1110 B cepeAHbOMY TPUBAIICTh
aHaMHe3y XBopoOu (Bim MepIInx IIPOsBiB 0 3BEpPHEHHS
3a MEIMYHOIO TIOTIOMOTOI0) CTAaHOBUTH Bil 2 10 4 Mic. [2,
3,23].

JIiKyBaHHSI 3JI0SIKiCHOI'O HOBOYTBOPEHHS CTPaBOXOIY
3aJIeXKUTh Bifl CTalii 3aXBOPIOBaHHS, PO3MIpy IyXJIMHU, i1
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JIOKaJIi3allil Ta 3araJIibHOro CTaHy mamieHTa. Omepallis €
OCHOBHUM METOJIOM JIiKyBaHHSI paKy CTpPaBOXOJly Ha paHHiX
cramisx. 3aJexHO Bif JIOKali3allil MyxXJIMHU MOXYTb 3aCTO-
COBYBATHUCSI Pi3Hi TUTIK OTIEpalliii.

MiniinBa3uBHa e3odarekTomis 3a McKeown Bce yacTi-
11Ie CTa€ XipypriyHuM METOJIOM BUOOPY NP paKy CTPaBOXO-
ny. MeTa 11i€i MeTOIMKU — 3MEHIIUTH YacTOTy pecIipaTop-
HUX YCKJIQJHEHb, MOB’SI3aHUX 3 TOPAKOTOMIEIO; BOAHOYAC
repeBaro MaJloiHBa3UBHUX METOJIB € 3HUXKEHHSI CMEpT-
HocrTi [12, 15]. OnHak MiHiiHBa3uBHa €30(areKToMisi Bce
111 HE BBAXKAETHCS 30JIOTUM CTaHAapTOM JIiIKYBaHHS Pe3eK-
LiAHOTO paKy CTPaBOXOAY B YCbOMY CBiTi, OCKiJIbKH € BUCO-
KOTEXHIYHOIO i CKJIaJiHOIO TIpotienypoto [5, 8, 11].

MiniinBa3uBHa e3odarekTomist 3a McKeown — 11e cy-
YaCHUI XipypriuHWiA MiaxXid A0 JTiKyBaHHS paKy CTPaBOXOLY,
SIKW MOENHYE MiHiiHBa3MBHY TEXHiKY Ha TOpaKaJbHOMY Ta
a0aoMiHaJIbHOMY eTamax 3 BiIKPUTUM IIUHHUM JOCTYIIOM
[1, 6,7, 11]. Lleit MmeTOn Ma€e Ha MeTi 3MEHILIEHHS TPaB-
MaTMYHOCTI BTpy4YaHHS MMPHU 30€peKeHHI paauKaabHOCTI
OHKOJIOTIYHOI pe3eKllii.

Emanu ma cxkaadoei mexnixu McKeown [14, 15]

Lle TproxeTarnHa e30¢areKToMis, 110 BKIIIOYAE:

1. Topakockoniunmii eTan (y MoJOXEHHI Ha XXUBOTI):

1) BUKOHYETBHCS CIIOYATKY;

2) Mo0ifizallisi TpyIHOTO BifIiJTy cTpaBoXomy 3 JiMdo-
TMHUCEKIII€IO;

3) BUIIJICHHST CTPABOXOMY A0 PiBHSI IIMITHOTO BiIIimy.

2. AonoMiHaIbHMIA eTan (T1allieHTa MepeBOISATh Y TOJIO-
JKeHHSI Ha CIIMHI):

1) MoGinizanist nutyHka, popMyBaHHS ILIYHKOBOTO
TpaHCIUIaHTAaTa;

2) niMoaUCeKIIis B 30HI YepeBHOTO CTOBOYpa.

3. IlepsikajabHuii eTam:

1) niBOOIYHMIA IIMITHWIT PO3Pi3;

2) BUTSITYIOTh IIUTYHKOBWIA TPAHCIIIAHTAT Y LIIUITHY paHy;

3) dopMyeThCs LiepBiKaTbHUI e30daroracTpaibHU
aHaCcTOMO3.

IlepeBaru: MeHIla iHTpaonepaliiiHa KpOBOBTpaTa, 3H1-
JKEHHS TicsiornepaniitHo1 00J1040CTi, MIBUIIIE BiTHOB-
JIEHHSI MallieHTa, 3MEHIIEHHS YaCTOTU YCKJIAaTHEHb 3 OOKY
paHU, ONTUMATbHUI KOHTPOJb OHKOJIOTIUHOTO TIPOLIECY
pu 30epekeHHi IKocTi KuUTTH [1, 6].

BaxuiiBuM acrekToM € aHecTe3iooriyHe 3a0e3neyeHHs
MPU XipypriyHUX BTPyYaHHSX Ha CTPABOXO/Ii.

OO0O0B’s13KOBOIO0 YMOBOIO aHECTE310I0T YHOI MiATPUMKU
€ peTesbHe CIIOCTePEeXKeHHS 32 CTAaHOM TIalliEHTA 3a JI0T0-
MOTOIO Cy4acHOI anapaTypy 3 MOHITOPYBaHHSIM MOXJIUBUX
MOKAa3HMKIB AUXAIbHOI, CepleBO-CYAIMHHOI, IEHTPaIbHOL
HEPBOBOI, BUAIIBHUX CUCTEM, TeMIIepaTypH TiJla Ta CBOE-
YyacHa KOPEeKILisl BiIXWieHb, 1110 BUHUKIU [17—19, 25].

IHTpaornepaliiitHo HeOOXiTHO 3a0e3MEeYNTH:

— CYAMHHMIA JOCTYII IS iH(Y3ii B onepalliiiHiii;

— MPOXiAHICTh TUXAJIBHUX ILISIXIB;

— iHBa3UBHUI KOHTpoJb AT,

— KOHTPOJIb KPOBOBTPATH;

— peTesIbHUIT MOHITOPUHT pifMHHOTO OanaHcy [21];

— ONTUMAJIbHY TeMIIepaTypy TiJla XBOPOro, 3arodirao-
4u rino- abo rirneprepmir;

— (piziosoTiuyHy YKJIaaKy IMallieHTa Ha oIlepaliiiHoOMYy
cToti;

— IpodiIaKTUKy TPOMOO3y INIMOOKMX BEH;

— 3aXUCT oYeil MallieHTa;

— ONTUMAaJIbHUI THUCK B MaHXeTax iHTyOamiliHOI
TpyOKM.

AHecrtesioJjioriuHe 3a0e3IeYeHHs TIpU OnepaTuBHUX
BTPYUYaHHSIX Ha CTPaBOXOJi MOTpeOye Ge3rnepepBHOI Ta
peTesbHO1 yBaru, MOHITOPYBaHHS XUTTEMISUILHOCTI opra-
Hi3My Hali€HTa Ta MOCTiHHOr0 KOHTPOJIIO JIiKapeM-aHecC-
TE310JI0TOM.

[Ipu XipypriyH1X TOPaKOCKOITIYHMX BTPYIaHHSIX Ha CTpa-
BOXOJIi HeOOXiHa OHOJIeTeHeBa BEHTUJISALLIS JiereHb. st
MPOBEIEHHS 11i€1 MaHimyJIsI11il HeoOXigHa po3aibHa iHTyOa-
11isl TOJIOBHUX OPOHXiB 32 JOTIOMOTOIO JIBOITPOCBITHUX TPY-
00k [4, 8]. Haituacrile BUKOPMCTOBYIOTh €HIOOPOHXiaIbHY
JIIBOCTOPOHHIO IBOIIPOCBITHY TPYOKY. Po3minbHa iHTyOAalis
TOJIOBHUX OPOHXiB 3 BUKOPUCTAHHSIM JBOITPOCBITHUX TPYOOK
3a0e3neuye HamiliHy i30JIs11il0 OMHI€T JIeTeHi Bil iHIIOI, J0-
3BOJISIE TIOBHICTIO BAMKHYTH JIET€HIO Ha 0O11i OTIepaTHBHOTO
BTPYYaHHSI, a TAKOXK IIBUIKO MIEPEXOAUTHU BiJl OMHOJIETeHEBOL
IO IBOJIeTeHeBO1 BeHTW s [4, 9]. KoHTpoJb mo3utlii J1iBo-
014HOI 1BONPOCBITHOI TPYOKM 31iCHIOETBCS 32 JOTIOMOIOIO
¢ibpoonTHIHOI OpOHXOCKOTMIIT — 30J10THi cTaHAapt [ 10, 24].
[1paBWIBHICTh MOJIOKEHHST BU3HAYAEThCSI O€3MOCepeIHBO
ITicJIs iHTyOallii, a TAaKOXK MicCJIsi KOXKHOTO IIOBOPOTY XBOPOTO,
OCKIJTbKM MOSKJIMBA AUCIIOKALLisT iHTyOaLiifHOI TpyOKH [4, 24].
[Ipu ogHOMEreHeBiil BeHTUJIALI PEKOMEHIYEThCSI BUKOPUC-
TOBYBATHU JUXaJIbHUI 00’ €M 4—5 MJI/KT ineajibHOI Macu Tijia
3 PEEP 5 mMm pr.cT. [4, 20].

V 1poMy KJIiHIYHOMY BUITAAKY y MALliEHTKA OYJIO BH-
SIBJIECHO HOBOYTBOPEHHSI HUKHBOI TPETUHU CTPABOXOY Ta
MPOBeIeHO MiHiiHBa3UBHY e30(arekTomito 3a McKeown.

MarTtepiaAu Ta meToamn

V ropakoabmominanshe BigmiieHHss HHIIXT 6ymna roc-
TiTajizoBaHa xBopa M., 64 p., 3i ckapraMu Ha Tedio Ta me-
piooMYHMI TTeKy4uii OiIb B ermiracTpaiabHiit mimsaHi. [icms
MPOBENIEHHS TOJATKOBUX JIAOOPATOPHUX Ta iIHCTPYMEHTATb-
HUX JOCJIiIKEeHb, KOHCYIbTallii CYMiXKHUX CITeLiaJlicTiB OyJ10
BCTaHOBJICHO JiarHO3.

OcHoBHuii: Ca HUXHBOI TPETUHU CTPABOXOIY
cT2NOMO, st. 11, xrin. rpyna 2.

CynyTHiii: MeTariasisi cIM30B01 000JIOHKHY CTPABOXOIY
(ctpaBoxin bappera), rpmxa cTpaBOXiZIHOTO OTBOpPY dia-
dparmu; IXC: a/c kapaiocknepos, ¢piopos cryiok MK, AK,
aoptockiepos, cumnromaruuHa Al, CH I, @K I1.

[licag mpoBeneHHST MiXKIMCIMUILIIHAPHOTO OHKOJIO-
TiYHOTO KOHCUJIiyMy OyJ10 MpUIAHATO pilllIeHHS MPO Ore-
paTUBHE BTpy4YaHHsS: MiHIiHBa3MBHY e30(]areKToMio 3a
McKeown.

PesyAbTaTH

AHecre3ioforiyHe 3a0e3neyeHHs MalieHTKU MaJlo TeB-
Hi 0c00MBOCTI. ¥ XBOpOi1 BUpaxkeHUI CKOJII03 IPYAHOT
KJIITKU, 1110 YCKJIAAHIOE Tpolec iHTyOallii, BEeHTUIISLIT i
TaKTUKY OMepaTUBHOTO BTpydaHHs. [l mepenonepatiii-
HOTO aHaJjli3y BUKOPMCTOBYBajacs Iporpama 3 eJeMeH-
TaMM IITYy4HOro iHTenekTy (Al-mMomynp), sika 1o3BoJaMIA
aBTOMaTMYHO po3paxyBaTu KyT Ko66a (33°) Ha ocHOBI
KT-panux. Lle 3a0e3ne4nio 00’ €KTUBHY KiJIbKiCHY OLIIHKY
CTYIIeHST CKOJIio3Y, 110, ¥ CBOIO Yepry, CIIPUSIIIO TOUHOMY
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nepeadavyeHHIO BEHTWISLIMHUX pU3KKIB i BUOOPY BimIio-
BiZTHOI aHeCTe310JIOriYHOI TAKTUKHM, Ta CTAJIO0 00’€KTUBHUM
KPUTEPIEM PU3HKY.

Ha KT (dbpoHTanbHa mpoexilisi, puc. 1) BUSBICHO BU-
KPUBJIEHHS Y TPYIHOMY Bidili XxpedTa BIpaBo (IIpaBOCTO-
POHHii1 ckoJ1io3). [Tpubnmn3Huit Kyt ctraHoBUTH 33°, 1110 Bif-
noginae 111 crynexto ckoiosy (Tab. 1).

Ta6nnuys 1. Knacugbikauisi ckoniosy

Kyt Ko66a,

CTyniHb rpapycu

I 0-10

I 11-25

1l 26-50
v > 50

3a oTpMMaHUMU JAaHUMU MU MOXEMO JiHTH MEBHUX
BUCHOBKIB, 1110 Y TTALIiEHTKX HassBHA OOMeXKeHa PYXJIUBICTh
TPYIHOI KJIiTKU.

V nmaiieHTKY 3aBiIOMO MOXJIMBA YCKJIaAHEHA iHTyOallis,
1110 TTOB’SI3aHO 3i 3MIllIeHHSIM aHATOMIYHMX CTPYKTYD, 3HH-
JKeHa JKUTTEBA EMHICTB JiereHb (10 60—70 % Bim Hopmu). Lle
BaXKJIMBO BpaxOBYBaTHU IIPU IUIAaHYBaHHI aHECTE310JI0TIYHOTO
JOCTYITYy Ta MOHITOPHHTY.

BkazaHuii Tun onepaTUBHOTO BTpy4YaHHS MOTpeOye
Bill aHeCTe3i0I0TIYHOI CJIy>KOU TTPOBEIEHHSI OIHOJIeTeHEe-
BO1 BEHTWJISILT I 3a06e31eUeHHs] XipyprivHOTro TOCTYITY

orepauiifHiit Opuramni. st 1boro HeoOXiZHO MPOBECTH iH-
NUBITyaJIbHUIA TiA0Ip JIiIBOOIYHOI ABOMPOCBITHOI TPYOKM
PobGeprtiioy.

[Tin6ip Takoi TpyOKM BinOyBa€eThCs 3a (DOPMYIIOIO:

Y=0,121xX, +7,22xX, + 1,27x X, + 7,1,

ne Y — IMpoTrHO30BaHe 3HAYEHHS PO3Mipy TpyOkH, X, —
3picT nauieHTa (cM), X, — aiaMeTp JIiBOro roJOBHOTO OpOH-
xa nauieHra (cm), X; — 118t >kKiHOK aopiBHIoe 0 i wist yoso-
BiKiB 1OpiBHIOE 1.

Y =0,121 %156 + 7,22 x 1,24+ 1,27 x0 + 7,1 = 34,92.

Ipu 3HaueHHsx Y < 36 Homep Tpyoku — 35.

IIpu 3HauenHsnx 36 <Y < 38 nomep Tpyoxku — 37.

IMpu 3HauenHsx 38 <Y < 40 Homep TpyOKu — 39.

[Ipu 3naueHHsx Y > 40 Homep TpyOKM — 41.

Hai#t mauieHTLi HeoOXigHa J1iBOOiYHA IBOMPOCBITHA
TpyoKa Pobepriioy Ne 35.

Takox po3paxoByeTbcsl INIMOMHA BCTAHOBJICHHS €HJI0-
OpoHxianbHOI TpYOKHM 3a opmysoro: 12,5 + 0,1 x 3picT.
3rimHo 3 po3paxyHKamMu BOHA CTAHOBUTH 28 CM.

OTxe, B olepalliliHiii XBOpiii MpoBoaMIacs MpeMeauKa-
1Iist: aHTHOAaKTepiaaTbHa podiTakTiKa (11edaToCIIOCIIOPUHA
1-ro nmoKosiHHS 2 I Ha IToYaTKy orepailii BHyTpillIHBOBEHHO),
0JI0KaTOpU MPOTOHHOI oMIu 40 M BHYTPillIHLOBEHHO, AeK-
caMeTa30H 4 MT BHYTPillIHLOBEHHO, HECTEPOIAHU I TIPOTU3a-
MaJbHUM IpenapaT — AMKI0(heHaK 75 MI BHYTPilLIHBOBEHHO.

[IpoBommnacs mpeokcureHaiiss 3—5 XBUJINH TUXaHHS
100% O,.

PucyHok 1. KT nayieHtkun M.
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CT Thamx AL,
Artenal Phase Abdo|

PucyHok 2. [liameTtp siBOro ronoBHoro 6poHxa —
1,24 cm

IHoyK1ist B aHEeCTe3i10:

1. TIponiooa 200 Mr BHYTPillTHBOBEHHO (4 MT/KT).

2. ®enranin 100 MKT BHYTPilTHROBEHHO (1,9 MKT/KT).

3. Pokypomiii 40 Mr BHyTpiliHbOBeHHO (0,7 MI/KT).

BuxoHaHHS TpsIMOI TTOCITiTIOBHOT JIApUHTOCKOTTII Ta iH-
Tyballis Tpaxei JiBOOIYHOIO ABOMPOCBITHOIO TPyOKOI0 Po-
6epriroy Ne 35, 3 1-i cripo6u, 28 cMm at lip., TpuBamicTh iH-
TyOaii 33 cekyHau. [TinkiIoueHHSs 10 TMXaJIbHOTO KOHTYPY
amaparty. [IpoBonuTbCSI po3ayBaHHS TpaxeaJlbHOI MAaHXKETH.
ITpaBunbHe po3TalyBaHHs iHTYOAlliiHOT TPYOKM ITiATBEP-
JKYETHCS BAKOHAHHSIM (PiOpOONTUYHOI OPOHXOCKOTTIi.

LltyyHa BeHTUJISILLIS JIeTeHb MTPOBOAUIACS Y PEXKUMI
PRVC: Vt — 350 ma (6—8 mi/Kr izeanbHOI Macu Tina),
MV — 6.4 n/x8, PEEP — 5 cm H,0O, f — 16.

HanaromxeHo inBazuBHe BUMiptoBaHHs AT, kaTteTepu-
30BaHoO a. radialis. BukoHaHO yepe3lIKipHy KaTeTepu3allilo

BHYTPIIITHBOI SIPEMHOT BEHU 3-XOI0BUM LICHTPAJIbHUM Be-
HO3HUM KaTeTepoM.

I1ix vac 6GpOHXOCKOIIIi TPOBOAMIIOCS PO3AYBaHHS OPOH-
XiaJTbHOI MaHXKETU PYYHUM MaHOMETPOM J0 TUCKY He Oib-
e 25 cm H,0, 11106 3amo6irtu nepepo3ayBaHHIO, 1110 MOXKe
TIPU3BECTH IO TPABMU TFOJIOBHOTO OpoHxa. [Tpu 3miHax 1mo-
JIOXKEHHSI MallieHTa He00XiTHO OPOHXOCKOITIYHO NepeBipsSITU
3HAXOMKEeHHS OpOHXiaIbHOI MaHKEeTH, 1100 3aImo0irTtu ii
JTIACJTOKALIl.

I1pu ogHoNereHeBiii BEHTUISLII BUKOPUCTOBYBAaBCS
NUXaJIbHUI 00’€M, 1110 CTAHOBUTbL 4—5 MJI/KT ileajibHOT
Macu tina (260 mut), PEEP 5 cm H,0. IHbys3iitHa Teparis
MPOBOJIUJIACS 32 PECTPUKTUBHUM TUTIOM — 3—5 MJI/KT/TO/I.

3acToCOBYBABCS iHTAISILIMHUI aHeCTeTUK ceBOdIIIO-
pan. MAK — 0,8; morTik iHrajasmiiHOro aHecTeTUKa —
1,9—1,506.%

Ilin xontponem TOF-moniTopa BBoguiocs 10—20 mr
POKYpOHiI0 00JIIOCOM, a TaKoxX mnpoBoamiioch BIS-
MOHITOpPYBaHHSI: YUCJIOBUI MOKa3HUK CTAaHOBUB 45—50.

YV niepi- Ta nicyisionepaniifHuii iepioau yepe3 oaqHOPa3oBy
iHY3iiiHYy TOMITY B/B 3aCTOCOBYBaBCs JigokaiH 1% y mosi
0,5 Mr/Kr/Ton Ta 6OTIOCHE BBEIEHHS y 1031 1 MT/KT miepen
OMepaTMBHUM BTPYYaHHSIM, a TAKOX BBEJICHHS PO3UMHY Ke-
TamiHy 5% y 103i 0,5 Mr/Kr/Tof IUISIXOM MOCTiiHOI iHDYy3ii
MPOTSITOM OMepaTUBHOTO BTpy4yaHHs. [1in yac onHoereHeBoi
BEHTWJISALII TA OTIEPATHBHOTO BTPYyYaHHs POBOIMBCS MOCTili-
Huit KoHTposib KOC Ta rasiB KpoBi, 11100 3aro0irty riro- ta
TiMEePBEHTUJISLIT, KOPEKILisl eJIEKTPOJIITHUX 3pyIIeHb (puc. 3).

ITicna yknanku mami€eHTKY B TTOJI0XEHHS Ha XKUBOTI Ta
00poOKM onepalifHoro MmoJisi B MaeBpajibHYy MOPOXHUHY
crpaBa BBeneHO 4 Tpoakapu (puc. 4). I1pu peBi3ii B 1uieB-
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PucyHok 4. ETan onepauii

paJibHii MOPOXHMHI HasiBHA AedopMallis xpedTa Ta pedep,
iHIIIOI BUIMMOI ITaToJjIorii He BusaBieHo. [licasa po3cideHHsS
HWXKHBOI JIETEHEBOI 3B’SI3KM 0YJIO pO3CiYeHO MeTiaCTUHAIb-
HY IIJIEBPY, BAKOHAHO MOOiTi3a1lilo rpyIHOIO BilIiy cTpa-
Boxoay 3 JiMdoaucekiiero. HemapHy BeHy KJIiloBaHO Ta
nepeciyeHo. [emocTas. ¥ mieBpaibHy NOPOXKHUHY CIIpaBa
BCTaHOBJICHO JpeHaX, paH! MOIIAPOBO YIIUTI.

ITanieHTKyY yKi1aaeHO B OJ0XKEHHS Ha CITMHI Ta MicJIst
00pOOKM OIlepaliitHOro IT0JIST JIAIIapOCKOIIIYHO MOOiTi-
30BaHO LIJIYHOK MO MaJliii Ta BeJIUKiil KpuBU3Hi. Buaine-
Ha, IIepeB’s3aHa Ta IepeciuyeHa JiBa IIIyHKOBa apTepis.
B3noBx Manoi KpUBU3HU 3 OIHOYACHOIO PE3eKIIi€l0 Kapiil
3a IOIMOMOTOIO JIiHIMHUX CTeIIepiB cPOPMOBAHO IILTYHKO-
By TpyOKy. ChopmMoBaHUi1 HIJTYHKOBUI TpaHCIUIAaHTAT Ha
MpaBuX IIJIYHKOBUX Ta IILTYHKOBO-CATbHUKOBUX CyIUHAX
JKATTE3MATHU, MTyJIbcallisl KpaiioBUX CYIMH 30epekeHa.

BukonaHa niepsikoToMis 371iBa. BunisieHuii Ta Mooini-
30BaHUI CTpaBoOXil Ha mui. Yepe3 1epBiIKOTOMHUIL OTBip
CTPaBOXiJl 3 YaCTMHOO Kap/lii Ta IJTYHKOBUM TpaHCILIaH-
TaTOM BUBEJEHO B PaHYy, CTPaBOXi/ B MeXaX 310POBUX TKa-
HUH IlepeciueHo, BUKOoHaHa e3odarekrtomisa. Chopmo-
BaHO iHBariHaliiiHUi pydyHUit e3odaroracTpoaHacTOMO3
Ha wmmi. et aHacToM03 6e3 HaTsTy, BIIbHO MPOXiAHUIA,
y LUTYHKOBY TpYOKY npoBeneHo 3oHa. CchopMoBaHa Mi-
KPOEIOHOCTOMA ISl XapuyBaHsl. BcTaHOBIEHO OpeHax y
NUISTHKY 1IepBiKOTOMII Ta migmiacdparMajibHO 371iBa, paHU
MOIIAPOBO YIIMTI.

ITicnst 3aKiHUEHHS OTepaTUBHOTO BTPYYaHHS B yMOBaX
onepaiiHol Nali€eHTKY Mif MPsSMOI0 JJapMHTOCKOIMI€I0 3a
TpyOKOOOMiIiHHUKOM OYJI0 TepeiHTy0OBaHO OIHOTIIPOC-
BITHOIO €HI0TpaxeaibHOIO TpyOKot po3mipom 7,0 cm i
nepeseaeHo y BIT ns momanbioro nmpoOymKeHHs Ta Jii-
KyBaHHSI.

Hanani xBopa mpoaoBxXyBasia IJIaHOBE JIiKyBaHHSI, Ofep-
JKyBaJla HyTPUTUBHY TATpUMKY i Ha 10-Ty 100y y 3a10-
BUIBHOMY CTaHi BUNMCaHA UIS MIOJAJIBIIOTO JiKyBaHHS Ta
HarJIsiy.

O6rosopeHHs

MiniinBasuBHa e3odarekTomist 3a McKeown € cy-
YacHUM i e(peKTMBHUM METOAOM XipypriuHOIo JiKyBaHHS
paKy CTpaBOXO.y, 110 AO3BOJISIE MOEAHATU PANIUKATbHICTh

pe3exilii 3i 3MEHILIeHHSIM XipypriuHoi TpaBMaTUYHOCTI. Y
BEJINKOMY MYJIBTULIEHTPOBOMY JIOCiIKEHHI OyJ10 oKa3a-
HO, 110 TaKi onepallii acoLiI0IThCS 3 MEHIIOK YaCTOTOIO
micIsionepaliiiHIX yCKJIaZHeHb, KOPOTIIIOIO TPUBAJIICTIO
rocriTanizauii Ta KpalluM 3arajJbHUM BUXKUBAHHSAM T10-
PIBHSHO 3 BIIKpUTUMHU MeToAamH [1, 6].

Bonnouac HasBHICTE medopMallii TpyIHOI KIIITKH, 30-
KpeMa ckoumio3y 111 cTyneHs, CTBOpIO€e 10AATKOBI TPYIHOILL
SIK Ha eTalli aHeCTe310JIOTIYHOr0 3a0e3IeUYeHHsI, TaK i IiT yac
XipypriyHoro goctyiy. JlitepaTypHi mxepena MiCTSATbh JIUIIE
TOOIMHOKI BUITAAKM YCITIIITHOTO BUKOHAHHS TaKOi orepartii
y Malli€eHTiB 31 3HAUHUM BUKPUBJIEHHSIM xpeOTa [4, 7]. 3MiHa
aHATOMIYHUX OPiEHTHUPIB, 3MillleHHs Tpaxei, OPOHXiB, cep-
1IEBO-CYJIMHHUX CTPYKTYpP Ta 3HUXKEHHSI XKUTTEBOI EMHOCTI
JIeTeHb YTPYAHIOIOTH SIK iHTYOallit0, TaK i BEHTWIsLLO [9)].

V Halromy BUITQJIKY BaskKJIMBUM €TAITOM CTaJl0 BUKOPUC-
TaHHS1 (OPMYJIU 32 TOTIOMOTOIO IITYYHOTO iHTEJIEKTY ISt
TOYHOTO PO3paxyHKy Kyra Ko0Oba Ta mporHo3yBaHHs pU3UKY
ckJaaHoi iHTyoOartii. Lle nano 3mory 3aB4acHO miniopaTut orTu-
MaJIbHUM pO3Mip ABOMPOCBITHOI eHAOOPOHXiaabHOI TPYOKU
Ta TIPaBWJIbHO OILIHUTY TIMOWHY ii BBeneHHs [4, 10]. Takum
YUHOM, TOMNePeAHE TUIAaHYBaHHS TO3BOJMIO YHUKHYTH 3a-
TPUMKU TIpY 3a0€3MeUCHHI AUXaIbHUX IIUISIXIB Ta 3MEHIINTHA
PM3UK TIiMOKCii Ha eTari oHOJIereHeBOi BEHTUJISLIT. Xo4a
KJTIIOUOBY POJIb y IIepeaoIiepalliiiHoMy IIaHyBaHHI Bimirpa-
Jla KOMIT'toTepHa TomMorpadisi, caMe BUKOPUCTAHHST iHCTPY-
MEHTIB 3 eJIeMeHTaMH ILITYyYHOIrO iHTeJeKTy 3a0e3Meunsio
00’€KTUBHMIT, aBTOMAaTU30BaHUI1 po3paxyHoK KyTa Kob6ba.
Lle m03BOIMIIO IBUIKO OLIIHUTH CTYIiHb Ae(opMallii Ta agarn-
TYBaTH SIK aHECTE310JIOTIUHY, TaK i XipypriyHy TakTuky [17].

OpHosiereHeBa BEHTWISILIISI TIPU BUPaXKEHOMY CKOJIi03i
CTAaHOBUTb OKpeMy ITpo0JIeMy, OCKIJIbKU aedopmallist pedep
i XxpeOTa Mopylye CUMETPUYHICTD JiereHeBoro 00’emy. st
MiITpMMaHHS afeKBaTHOI OKCUTeHallil MU 3aCTOCYBaJIu pe-
CTPUKTUBHUI BEHTWISILITHUI PEXNM 3 TUXaJIbHUM 00’ €MOM
4—5mn/xt, PEEP 5 cm H,O, Bucokoto dpaxiieto kucHio (FiO,
1o 1,0) Ta mocTiitHUM KOHTpOJIeM caTypallii i TaHUX KarHO-
rpadii. Lli mimxoau BiAmoBigaloTh CydacCHUM peKOMEHAALIISIM
npu MiHiiHBa3uBHil e3o¢arekTomii 3a McKeown [11, 12].

[No3uitionyBaHHS MalliEHTKUA 3 BUPAXKEHUM CKOJIi0O30M
TaKOX MOTpeOyBaJo iHAMBIAYyaJbHOTO IiIXOMdy. ACUMe-
Tpisl TPYAHOI KIITKU yCKJIaAHIOBAJIA YKIIAIKY, TOMY Oy
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3aCTOCOBAHI CHeiali30BaHi MiATpUMYBaJIbHi BaIUKU Ta
(bikcaTtopu /U1 yHUKHEHHSI KOMIIpeCii CyIrH Ta HepBiB. Y
JIiTeparypi 3a3Ha4eHO, 110 HeIpaBWIbHE MTO3UIIIOHYBaHHS
y TaKUX ITalli€HTIB MOXe MPU3BECTU 0 HEMpomaTiii, mpo-
JIEXKHIB Ta TeMOIMHAMIYHOI HecTabiabHOCTi [12].

IHTpaonepartiitHe MOHITOpYBaHHS BKJIIOYAJIO iHBa3UB-
HUI KOHTPOJIb apTepialbHOrO TUCKY, LIEHTPaJIbHUI BEHO3-
Huii Tuck, KOC Ta rasu KpoBi, TeMmepaTypy Ta miypes. ¥
TicysioriepaliitHoMy Tepiofii MpiopuTeToM Oyiu rpodiaak-
TUKA PECIipaTOPHUX YCKJIAAHEHb, MYJBTUMOJAIbHE 3HE-
OoJIIOBAaHHSI Ta paHHS aKTUBi3alis. BukopucranHs iHdy3ii
JIiToKaiHy Ta KeTaMiHy 3a0e3Ieunio aneKBaTHUI KOHTPOJIb
00J1t0 P MiHIMaJIbHIN MOTPeOi B omioinax, 1110 0Co0JMBO
BaXKJIMBO JUIS MALIIEHTIB 3 TOPYILIEHOIO AUXATbHOIO MeXaHi-
koio [13, 17]. Hu3bki 1031 KeTaMiHy MaloTh OMioino30epi-
rarouuii epexkT y MalieHTiB y repi- Ta micjsionepaliiHoMy
nepioni. Tomy no3u eHTaHiTy Y HAIlIOMY KJIiHIYHOMY BU-
naaky Oyau MiHiManibHUMU [25].

Takxum YMHOM, HaBeJEHUM KJIiHIYHUN BUIIAJ0K I€-
MOHCTPYE, 1110 HaBiTh 32 HAsIBHOCTI CKJIQAHUX CYMyTHIX
aHaTOMIYHUX 3MiH, sIK-0T ckojio3 Il ctymens, 3a ymoB
MYJIBTUAMCUMILIIHAPHOTO MiIX01y, Cy4aCHOTO TMepeno-
nepauiiHoOro IiaHyBaHHS, iHAUMBIAYadbHOTO Mig00py
BEHTWJISILIMHOI TAaKTUKU Ta MoAu(ikallii omepaTuBHOI
TEXHIKM MOXJIMBO YCITIllIHO BUKOHATU MiHiiHBa3UBHY
e3o(arekromito 3a McKeown 3 MiHiMaJTbHUMM pU3UKAMU
JUUTSI TIaLlieHTa.

BucHoBKM

HageneHuil KIIiHIYHUN BUMAA0K I€MOHCTPYE MPaKTUI-
HY MOXJIMBICTh BUKOHAHHSI MiHiiHBa3MBHOI €30(hareKToMii
HaBiTh y MAIi€EHTIB 3 BUPA)KEHUMU aHATOMIYHUMM OCOOJTH -
BOCTSIMU, 30KpeMa mpu ckoJiosi I1I ctynens. IlinBuineHa
CKJIAMHICTH OIlepallii B TAKMX YMOBaX ITOTpeOye iHAUBImy-
aJIi30BaHOrO MiAXOMY 10 KOXHOTO eTamy: BiJ aHecTe3io-
JIOTiYHOTO 3a0e3meueHHs 10 (hOPMYBaHHS XipypTiduHOTO
JOCTYITY.

AHaTtoMmiuHi medopMaluii rpyaHOI KJIITKM MOXYTh
YCKJIaJHIOBATH iHTYyOAllil0, BEHTUJISLIIIO Ta TTO3UIIIOHY-
BaHHS MalliEHTa, TOMY IlepeaornepalliiiHe maaHyBaHHS 3
BUKOPUCTAHHSIM CY4YaCHUX iIHCTPYMEHTIB, 30KpeMa IITy4-
HOTO iHTEJEKTY, € KI0UYOBUM. KOMITJIEKCHE MYJIBTUMO-
IajibHe 3HEe0O0II0BaHHS, PpECTPUKTUBHA iH(DYy3iliHa Tepaltis
Ta iHauBinyansHi napamerpu [LIBJI cripusitors cTabinbHO-
My iHTpaoIepauiiiHoMy nepebiry Ta 3HUXYIOTh PU3BUKU
TicsionepaniiHuX ycKiaaHeHb. BUKOpHUCTaHHS HU3bKUX
103 KeTaMiHy Ta JIifoKaiHy M03BOJISIE CYTTEBO 3HU3UTU
3aCTOCYBaHHS (heHTaHLIy B IIepi- Ta IicIsonepaiiiitHoMy
nepiomi.

Xoua el KIiHiYHUI BUNAaA0K HE TeMOHCTPYE HOBUX
TeXHIYHMUX pillleHb YM YHIKaJbHUX aHECTEe310J0TiYHUX
cTparteriii, BiH MepeKOHJINBO MiATBEPIXKYE, 1110 HASIBHICTh
ckomiosy III cTyneHst Ta iHIIMX BUpaXkeHUX aHATOMIYHUX
nedopmalliil He € TPOTUTIOKA3aHHAM 10 MPOBEIEHHS Mi-
HiiHBa3MBHOI e30(areKToMmii.

3a yMOBH HAJIEXHOTO MYJIBTUAUCIUTIIIHAPHOTO IMiIXO.Y,
IHIMBIiAYyali30BaHOIO TMepeaoNepaliiHOTO TUIaHyBaHHS Ta
ypaxyBaHHsI OCOOJIMBOCTEN JUXaJIbHOTO 3a0e3MeYeHHsI Mo-
NiOHa CYIyTHS MMaTOJIOTisI He BIUIMBA€ KPUTUYHO Ha Iepeoir
abo0 Oe3meKy orepaTuBHOrO BTpydaHHs. KutiHigYHMIT mepebir

y HAIlIOI MALliEHTKYU IiATBEPIKYE MOXKIIUBICTh YCITIIITHOTO
3aCTOCYBaHHSI CTAHJAAPTHOTO MPOTOKOJY e30(harekToMii 3a
McKeown HaBiTh y CKJIaTHMX aHATOMIYHUX YMOBaX.

KondaikT inTepeciB. ABTOpU 3asB/ISIIOTH ITPO BiICYTHICTh
KOHDITIKTY iHTepeciB Ta BlacHOI (hiHAHCOBOI 3a1liKaBJIEHOC-
Ti IPY MiATOTOBLI JAHOI CTATTi.
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Case report: minimally invasive McKeown esophagectomy
in a patient with grade 1l scoliosis

Abstract. Esophageal cancer is an oncological disease characterized
by high mortality and often late diagnosis. The main histological
forms are squamous cell carcinoma and adenocarcinoma. Clini-
cally, patients may complain of progressive dysphagia, weight loss,
pain behind the sternum or in the back, and hoarseness. Diagnosis
includes endoscopy with biopsy, computed tomography, and positron
emission tomography-computed tomography to assess the stage of
the tumor. Treatment depends on the stage: combination therapy
(chemotherapy, radiation therapy + surgery) is the standard for lo-
calized cancer. Surgical intervention — esophagectomy — remains
the main treatment, especially in patients without distant metastases.
Minimally invasive McKeown esophagectomy is a combined surgi-
cal approach to removing the esophagus in malignant neoplasms,

combining a laparoscopic stage with thoracoscopic approach, as well
as a cervical stage. Advantages include reduced postoperative pain,
shorter hospital stay, faster recovery, and reduced complication rates.
However, the presence of severe concomitant pathologies, such as
grade 111 scoliosis, significantly complicates surgical intervention and
requires careful anesthetic and surgical planning. Nevertheless, with
a multidisciplinary approach, taking into account anesthetic support,
adaptation of surgical stages to anatomical changes, and thoughtful
postoperative management, it is possible to achieve a positive outcome
even in complex clinical situations.

Keywords: esophageal malignancy; minimally invasive McKeown
esophagectomy; Cobb angle; scoliosis grade I1I; one-lung ventila-
tion
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V/IK 616-036.22+616.94:617.55 DOI: https://doi.org/10.22141/2224-0586.21.7.2025.1968

XopoluyH E.M."?, boaHs1 K.1.", Heroayviko B.B."?, KupundeHko I.1."2, KoHapartok B.B."2,
KpasyeHko B.B.?

"XQPKIBCbKUK HALIOHOABHUY MEANYHWU YHIBEDCUTET, M. XaPKiB, YKpQiHQ

2Bi"CbKOBO-MEAMNYHIV KAIHIYHWV LLEeHTP [TiBHIYHOro perioHy, M. XQpkKis, YkpaiHa

KAiHIYHMI BUNOAOK TSXKKOro nepeobiry
raOCTPOIHTECTUHAABHOT GOPMU COABMOHEAbO3Y
3 rOCTPOIO HUPKOBOIO HEAOCTATHICTIO
Y BIMCbKOBOCAYXXOO0BLS

Pe3tome. Axkmyaavnicmo. Mema po6omu — onucamu KAiHivHUL 6UNAOOK CAAMOHENbO3HO20 2ACIMPOCHIMEPUY
3 HUPK0BOH HedocmamHicmio, suxkaukano2o Salmonella enteritidis, ma npoananizyeamu aimepamypri dati w000
yiei namonoeii. Mamepiaau ma memoou. Jlocaioxcenus nposodunocs y iodinenHi iHgheKUiliHuxX 3ax80pH08aHb
Biiicbko60-meduunoeo kainiunoeo yenmpy (BMKI]) ITieniunoeo peciony. Y cmammi onucano KainiuHuil 6unadox i
NPOAHANIZ08AHO ATMEPAmypy, Wo CMoCyEmMves yiei namonoeii, Ha npuxkaadi nayieuma, sKuii nepe6ysas Ha cmati-
onapromy nikyeanri y BMKI] ITieniunoeo peciony. Xeopomy 0yn0 npoeedero 3a2anbHOKAIHIMHULL 021510, OioXiMiuHI
aHanizu Kpoei, 6akmepionoeiuve 00CAIONCEHHS KAy, A MAKOJIC AAO0PAMOPHI Ma IHCIMPYMEHMANbHI 00CAIONCeHHS.
Pesyabmamu. Ha ocrogi ckape, anamuesy, 02a20y ma 000amkosux memodie oocmedicents (0ioximivmi ananizu Kpoei,
KAIHIMHULL aHaniz ceui, baKmepionoeiuHuil nocie Kay) 6CMaHoAeHo 0ideH03: CANbMOHeb03 (npu eochimanizayii 3
Kany bakmepionoeiuno eudinero Salmonella enteritidis), eacmpoenmepummnuil éapianm, cepeOHbOMANCKULL nepeoie,
VCKAQOHEeHUIl 20CmpuM YpasiceHHam HupoK. Bucnoexu. Axkmyanvnicmo 3ax6oprosanis ceped Gilicbk080cAY*c008Uie
BUSHAYAEMBCA YMOBAMU CAYICOU Ni0 uac 60ii06ux 0iil (N0ALOGUMU YMOBAMU), NEPIOOUHHOIO 8IOCYMHICMIO OOCHYRY
do yucmoi numuoi 800U, HEMONCAUBICMIO RIOMPUMYBAMU MEMNEePAMYPHULL pexcum 045 30epieaHHs npooyKmie
Xapuy8aHHs y NOAbOBUX YMO8AX, A MAKOIC HEOOCMAMHbOK 0COdUCMOr0 2ieienot. Emionoeia carbmonenvo3y ma
namoeene3 1020 YCKAAOHeHb 8UHeHI 00CMAMHbO,; YPANCEHHs HUPOK NPU CANbMOHENbO3I NEPeBa’cHO 3yMOBAEHE
eNeKMPONIMHUMU NOPYULEHHAMU U MANCKUM 3HeB00HeHHAM. OCHOBHUM OiAeHOCMUYHUM MEMOoOoM, w0 0038045€
niomeepoumu emionoeiro 3ax60pHO6aHHS, € NOEOHAHHS KAIHIYHUX | GHAMHECMUYHUX OGHUX, eni0emionoiMHUX napa-
Mempie ma pe3yrbmamis 1abopamopuux docaiodicens (nepedycim 6akmepionoeiuHo2o nocigy Katy).

KnrouoBi ciioBa: casbmonenvos; nupkosa nedocmamuicmo; Salmonella enteritidis

Bctyn

CanbmoHenb03 — TOCTPE 300aHTPONIOHO3HE iH(PEKITiTHE
3aXBOPIOBaHHSI, BUKJIMKAETHCSI PI3HUMU CEPOTUIIAMU OaK-
Tepiit pony Salmonella, xapakTepu3y€eThCsT MepeBaKHUM
ypaxkKeHHSIM LITYHKOBO-KHUIIIKOBOTO TPaKTy, HailuacTilie
Y BUIVISIII TaCTPOIHTECTUHAIBHOI, pidllle TeHepali30BaHOL
dopmM [1, 5].

Mexanizm 3apaxcenns: HeKaabHO-OpPATbLHUIA.

Hnsxu 3apaxcents: aniMeHTapHUI, BOIHUI i KOHTaK-
THO-TIOOYTOBUIA.

Iucepena ingexuyii: CBiiChKi, IMKi TBAapUHU, IITaXH,
puba, MOTIOCKHM (3apakeHHs IIpU 3a0pyIHEHHI BOJOIM
CTIYHMMM BoAaMM), JioArHa (XBopuit abo Hociii) [1, 4, 5].

Enidemionoeis. Y 2015—2017 pokax 0ysio BUSIBJIEHO, 1110
cepelHiil MOKAa3HUK 3aXBOPIOBAHOCTI HA CaJIbMOHEJIbO3 3a
el mepion y XapKiBcbKoMy perioHi craHoBuB 43,12 Ha 100
TUCSY HaceJeHHs. [1pu aHai3i eTioNoriYHO1 CTPYKTYpH
30yIHUKIB CaIbMOHEJIbO3y OYyJIO BCTAHOBJIEHO, 11O Mep-
i paHTOBI Micls nocinanu S. enteritidis, S. typhimurium,
S. infantis, ix yacTKa B cCepeHbOMY 3a BKa3aHUIl BUILIE MPO-

© «MeguuyHa HeBiaknagHux ctaHiB» / «Emergency Medicine» («Medicina neotloznyh sostodnij»), 2025

© Bupaseup 3acnascokuii 0.10. / Publisher Zaslavsky 0.Yu., 2025

[Ina kopecnoneHuii: XopowwyH Eayapa Mukonaitoiy, fepoii YKpaik, KaHAUAAT MEAUYHYX HayK, MONKOBHUK MEANYHOT Cy61, HauanbHIK BilicbkoBO-MeaNuHOro KNiHiuHoro LieHTpy MiBHIYHOTO periony,
Byn. Kynetypu, 5, m. Xapkis, 61058, YkpaiHa; e-mail: ehoroshun@i.ua; Ten.: 4380 (67) 692-31-20; foueH, kadeapa xipyprii N2 4, XapKiBcbKuii HaLioHanbHuil MeguuHuil yHiBepcuTeT, npocn. Haykw, 4,
M. Xapkis, 61022, Ykpaika

For correspondence: Eduard M. Khoroshun, Hero of Ukraine, PhD in Medicine, Colonel of the Medical Service, Head of the Military Medical Clinical Center of the Northern Region, Kultury st., 5, Kharkiv, 61058,
Ukraine; e-mail: ehoroshun@i.ua; phone: +380 (67) 692-31-20; Associate Professor, Department of Surgery 4, Kharkiv National Medical University, Nauky ave., 4, Kharkiv, 61022, Ukraine

Full list of authors information is available at the end of the article.

60 MeANLIMHA HEBIAKAGAHMX CTOHIB, ISSN 2224-0586 (print), ISSN 2307-1230 (online) Tom 21, N2 7, 2025



Aikapto, wo npaktmkye / Practicing Physician

MIiXOK 4acy craHoBwiaa 68,2; 15,7; 11,5 % BignosigHo [2,
7, 8].

Kniniuna kapmuna XxapakTepusyeTbCsl TOCTPUM MoYaT-
KOM 3 OYpXJIMBUM PO3BUTKOM T'OCTPOTO FaCTPOCHTEPUTY
(racTpO€HTEPOKOJIITY) 3 BUCOKOIO FapssyKol0 Ta BUpaXKe-
HUMMU TIPOSIBAMM iHTOKCUKallii, TAKOX HasiBHI HACTYIMHI
CUMNOTOMM: OJIIOBAHHS — TOBTOPHE; BUMTOPOKHEHHS —
KaJIOBi, psSICHI, PiAKi, 4acTO 3eJIeHyBaTOro KOJIbOpY; KO-
JIIT — BiACYTHil a00 c1abKi 03HAKM TUCTAIBHOTO; O3HAKHU
3HEBOJHEHHSI — IMPU O0araTopa3oBoMy OJII0OBaHHI Ta IMPo-
¢y3Hil giapei; crra3MaTUIHUI OiJTb — «CaJIbMOHEJILO3HUIA
TPUKYTHUK» [1, 5, 8, 9].

Jlanku namoeenesy:

1. IloyaTkoBa cTajisi: caIbMOHENU, MOTPAIUISIOUN Y
TPaBHUM TPAKT, BCTYIAIOTh Y KOHTAKT 3i CJIN30BOI0 O0OJIOH-
KOIO TOHKOTO KHWIIIEYHUKA, JIe BOHU MTOYMHAIOTh aKTUBHO
po3MHOXKyBaTucsa. YactuHa OakTepiii TMHE y IUTYHKY ITif
JIi€10 IUTYHKOBOT'O COKY, iHIII pYHHYIOTbCS Y HUXKHIX Bii-
Jlax KulleyHuKa. [1py 1iboMy BUBIIBHSETHCS €HAOTOKCHUH,
SIKUI BUKJTUKAE MicleBi (OiJ1b y XKMUBOTI, HyJ10Ta, OJIFOBAaHHSI)
Ta 3arajbHi (MiIBUILEHHS TeMIepaTypHu, iIHTOKCUKALLisl)
cumntomu [1, 8, 9].

2. Cragist po3BUTKY XBOPOOM: 30yTHUKM MOTPATUISIIOTh
y AiMbaTUyHi IUIIXA Ta TOIINPIOIOTHCS IO BChOMY Opra-
Hi3My, BUKJIMKAIOUW OaKTepieMit0, TOOTO MPUCYTHICTh OaK-
Tepiil y KpoBi. HaBiTb mipu JIoKaJbHOMY ypakKeHHi TpaBHOI
crcTeMM OaKTepieMis Moxe OyTu BusiBiieHa [9, 10].

3. Crapis reHepastizalii: y TSOKKMX BUITaKaX, KOJU Op-
raHi3M He MOXe JIOKaJIi3yBaT! iH(eKIIii0, CAIbMOHEIN PO3-
MHOXYIOTbCS Y BHYTPIiIlIHiX opraHax (TeuiHka, ceje3iHka,
HUPKHU), a TIOTIiM 3HOBY MOTPAILISIOTh Y KPOB, 1110 MOXEe
MPU3BECTH JI0 CENTUKOIIEMIT abo TUdomoaioHoT hopmu
3axBopioBaHH4 [1, 10, 11].

Hiaenocmuia. JliaTHOCTHKA HA ITICTaBi XapaKTepHUX
KJTIiHiKO-€TIiIEMiOJIOTIYHMX O3HaK i JJabopaTOPHUX JaHUX.
BukopucToByloTh 6aKkTepionoriudi MeToau (cepemoBUIa
Jlesina, Enyio Toi110), 1aboparopHi Mmetoau (KIiHiYHUI aHa-
JIi3 KpOBi, KOoIlpoLuTorpama, 0ioxiMiuHi aHajli3u KpoBi Ha
(dbyHk1ito HUpOK i evinkn) [1, 3].

OcHoeHi emanu AiKy8aHHA:

1. Perimpatais: BimHOBIeHHs OaylaHCy BTpadeHOl pimu-
HU I eJIeKTPOJIiTIB, 0COOJMBO MpH Jiapei Ta OatoBaHHI. 3a-
CTOCOBYIOTh OpaJIbHi perigparaliiiHi po3dynHU (HaIlpUKIIam,
PerinpoH) a0o BHYTpIllIHLOBEHHI PO3UMHM MPH TSKKOMY 3HE-
BOAHEHHI [1].

2. Jliera: No 4. 3a3Buuaii peKOMEHIYETbCS MIJIs 3MEH-
IIEHHsI HaBaHTaXEHHsI Ha TpaBHY cuctemy. OOMeXYIOTh
MOJIOYHI IIPOAYKTH, CBiXKi OBOUYi, KUPHY 1Ky. PekomeHmy-
FOThCS BApEeHi Kallli, TepMivHO 00po0JIeHi 0BOUi Ta (DPYKTH,
HEXMPHi COPTU M’sica i puOM, KMCIOMOJIOYHI ITPOIYKTH
[1, 3].

3. EHTepocopbeHTH: 3ac00U, 1110 3B’S13YI0Th Ta BUBOISTH
TOKCHHMU 3 opraHi3my (Harnpukiaa, Cmekra, Atokcin) [1].

4. AHTUGIOTUKU: TPU3HAYAIOTHCS MPU TSIKKUX (DopMax
CaJIbMOHEJIbO3Y, OCOOJIMBO Yy AiTell MO POKY, JITHIX IO i
TMAalieHTiB 3 iMyHoAehilnTOM. 3aIexKHO Bl (hOPMMU i TSKKO-
CTi MOXYTh OyTU MpU3HAUYCHI LIe(TPiaKCOH, a3UTPOMIIIIH,
nunpodaokcanut too [1, 3, 6].

5. CuMnToMaTU4yHe JIiIKyBaHHS: Tepeadadae xkapo-
3HUXXYBaJbHI 3aco0u (mapateramol, ioyrnpodeH), crnas-

MOJIITUKM ¥ IHIII mpernapaTy IJIs TTOJIETIIeHHS] CUMIITO-
MiB [1].

6. [IpobGioTuKuU: 1151 BiMHOBIIEHHST MiKPOMIOPU KUILIeY -
HUKa MPU3HAvYaoTh MpodioTuKy [1].

7. BinHOBJIEHHS TpaBJEHHS: MOXe 3HAIOOUTHUCS 3a-
CTOCYBaHHS (DEPMEHTHUX TpernapariB AJIs TOJiMIIeHHS
TpaBieHHs [1].

Mera: onrcatyl KJ1iHIYHUI BUTIAIOK CaTbMOHEIBO3HOTO
racTPOCHTEPUTY 3 HUPKOBOKO HEJIOCTATHICTIO (BUKJIMKAHOTO
Salmonella enteritidis) Ta mpoBecTu aHaIi3 JiTepaTypHUX
JTAaHUX CTOCOBHO IIi€1 MaTOJIOTii.

MarTepiaAn Ta meToamn

JlocnigxxeHHs mpoBoauocs Ha 6a3i iHdekuiiHOro
BinmieHHsT BilicCbKOBO-MEAMYHOIO KJIiHIiYHOTO LIEHTPY
[TiBHiuHOTO periony (mani — BMKILI ITHP). V wiii craTTi
OMUCaHO KJIiHIYHMUI BUITAAOK i IIpoaHali3oBaHO JiTepa-
TYpY, 1110 OTIMCYE 1[I0 TATOJIOTiI0 Ha MPUKJIa/i MalieHTa,
SIKMU niepeOyBaB Ha cTallioHapHoOMY JiikyBaHHI y BMKII
[THP. XBopomy npoBeneHO 3arajJbHOKIiHIiUHE 00CTeXEeH-
Hsl, OioxiMiuHe MOCIiIXEHHS KpOBi, OaKkTepiojoriuHe
oOcTexXeHHs dekaniil i 1abopaTopHO-iHCTpYMeHTaIbHI
00CTEeXEeHHS.

AHaJi3 JiTepaTypHUX JaHUX OXOILUIIOE CTATTi 3a Mepiof
2006—2021 pokiB 3 Takux mxKepe, sk MedLine/PubMed,
ScienceDirect Ta penozutapiit XHMY. ITomykoBi 3anu-
TU OXOIUTIOBAJIM Pi3HOMAHITHI TepMiHM Ta iX KOMOiHallii,
cepell HUX: caJlbMOHeNb03, Salmonella enteritidis, canbmo-
HeJIb03 3 HUPKOBOIO HEJOCTaTHICTIO. B aHani3 Bkiouanu
OLJISIAY JTiTepaTypH, case-based reviews i OImmcH KJIIHIYHUX
BMITaJIKIB.

Pe3yAbTaTU TO OOrOBOPEHHS

Kainiunuii eunadok: nauient T., 47 pokiB, cKapru Ha
CJIa0KiCThb, OUJIb y XKMBOTi, HYIOTY, OJIOBAaHHSI, PilKi BU-
nmopoxkHeHHs Oinblre Hix 10 pa3iB. BBaxkae cebe xBopuM
01M3bKO 100U TicIsi BXUBaHHS HeT00pOsIKiCHOT i, JTi-
KyBaBC$l CAMOCTIIHO — CTaH He MOJIIIIMBCS, Yepe3 100y
HaIlpaBJIeHUI Ta TOCIiTaIi30BaHUI 0 iH(PEKIIIiTHOTO Bif-
ninenHs1 BMKIL ITuP, nepen rocmiranizaiii€io orsiHyTUR
YepTroBUM XipyproM — T'OCTPOI XipypriqHoi MaToJIorii He
BUSIBJICHO.

B anamuesi scumms: TyOEpKynb03, BipyCHi TeIaTUTH Ta
XPOHIUHi COMaTUYHi 3aXBOPIOBAHHSI 3aIlepeUyeE.

Enidemionoeiunuii anamne3 OOTSIKEHU HECEHHSIM Biii-
CbKOBOI CJIyXXOM B MOJIbOBUX YMOBaxX Ta BXXMBaHHSIM Ha-
MepeaoHi 3aXBOPIOBAHHS HETOOPOSKICHOT 1Xi (IMalieHTy
TSDKKO TIPUTAATH i YTOYHUTH, SIKOI came).

ITi0 uac 06’ekmueHnoeo nepsuHHo20 02ns10y TIPUBEPTATIO
yBary Take: IIKipHi MOKPUBU OJIiIO-pOXKeEBi, I3UK OOKIa-
IIEeHWIA OLTMM HaJTbOTOM, JKUBIT IIiJI Yac Mmaiblallii 0oIioumii
110 X0y TOBCTOrO KMILIEUHMKA Ta B OUISIHII MyMKa; iHIIi
(dizukanbHi naHi 6e3 BimxuiieHb Bia (i3iosoriyHOI BiKOBOT
HOPMH.

IIpoBeneHo incmpymenmanwvHi 06cmedcents:

— npoeneHo EKT" — cunycosa Taxikapais 3 HCC 117
Ha 1 xB, EBC HOopMasbHa,;

— peHTreHorpama OpraHiB TPYIHOI KJIITKW: 6e3 maTo-
JIOTii, BUSIBJIEHO MOCUJIEHHS Ta AedopmMallilo JereHeBOTro
pUCYHKa, peJjlakcallito paBoro KymnoJa jfiadgparmMu;
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— YJIBTPa3BYKOBE OOCTEXKEHHS OpTaHiB YepeBHOI I10-
POXXHUHU Ta CEUOBUILILHOT CUCTEMM: CEYOKaM sSiHa XBOPO-
0a, KOHKPEMEHTH JIiBOi HUPKU, AU(Yy3Hi 3MiHM HapeHXiMU
MEeYiHKM Ta MiAILTYHKOBOI 3aJ103M1.

IIpoBeneHi y nuHaMilli kainiuni ananizu Kposi HaBeneHO
y Tab1. 1. BinmivaeThcst SMEHIIIEHHS TeMaTOKPUTY Ta MOJiIT-
ILIEHHSI PEOJIOTIYHMX BJIACTUBOCTEI KPOBi Ha TJIi MTPOBEAEHO1
iH(]Y3iiiHOI 1 OpaJIbHOI peTigpaTalliiiHOI Teparrii.

[lpoBeneHi y aAuHaMili Kainiuni ananizu ceui Ha-
BedeHo y Tabu. 2. BigmiyaeTbcs 3MeHIIEHHS O3HAK
YIIKOJXEHHSI HUPOK (3MEHIIeHHS KiJIbKOCTi Oisika i
epUTPOLIMTIB) Ha TJi afeKBaTHOI iHPY3iliHOI i aHTUOAaK-
TepiaJbHOI Tepartii.

IlpoBeneHi y nuHamilli 6ioximiuni ananrizu Kposi HaBe-
IeHo y Tabu. 3. BimmiuaeTbcs 3HaUHE 3MEHIIEHHsS O3HAK
VIIKOKEHHSI HUPOK (3MEHILIEHHST PiBHSI CEYOBUHU Ta Kpe-
aTMHiIHY KPOBi) Ha TJIi aaeKBaTHOI iH(Y3iiiHOI i1 aHTHOAaK-
TepiajabHOI Tepartii.

TIpoBeneHo bakmepionoeiune docaioNceHHs Kaay Nalli-
€HTA Ha KUIIKOBY Ipymny iH(heKIliil, BUSBICHO Y 3pa3Ky Mpu
HanxomkeHHi Salmonella enteritidis Ta Kl. pneumoniae.

Ha ocHoBI ckapr, aHaMHe3y, OIJIsILY, TaHUX JOIaTKOBUX
MeToliB 00cTexXeHHS (0ioXiMiuHi aHaTi3U KPOBi, KIIHIYHUI

aHaJl3 cedi, 0OaKTepiojloriyHe 0OCTEXKeHHS Kaly) BU3HA-
YEHO AiarHo3: CaJbMOHEb03 (MPU HAAXOIKEHHI BUIITIEHO
OakTepioioriuyHo 3 Kany Salmonella enteritidis), TacTpoeHTe-
PUTUYHUI BapiaHT, CepeTHbOTSKKUIA TIepeOir, yCKIaTHeHU
TOCTPUM HUPKOBUM YIIKOIKESHHSIM.

[lepcnexTuBM MOmANbIINX MTOCIiIXEHb ITOB’ sI3aHi 3
HEOOXiTHICTIO MPOAOBXEHHS MOLIYKY AiarHOCTUYHUX
1 TiKyBaJbHUX MOKJIMBOCTEI MpU caJbMOHENIbO3i, Ha-
CTOPOXEHICTIO JIiKapiB 1100 MOXJIMBUX YCKJIaAHEHb
IIOTO 3aXBOPIOBaHHS I BUOOPOM MpPaBUJIbHOI TAKTUKU
JIIKyBaHHS.

BucHoBKM

3a pesynbTaTaMy TOCiIKeHHs BCTAHOBJIEHO, 110 Callb-
MOHEJIH03 — iH(eKIIiliHe 3aXBOPIOBAHHS 3 KUILKOBOI TPy-
U, 1110 XapaKTePU3YEThCSI OYPXJIMBUM PO3BUTKOM racTpO-
E€HTEPUTY, 3HEBOJHEHHSIM, TIPY 1IbOMY Ma€ Miclle 3arpo3a
reHepaizallii mpoiiecy i ypaxkeHHsI iHIIIMX OpTaHiB i cUCTeM
0CJ1a0JICHOTO OpraHi3My.

AKTyaJIbHICTb 3aXBOPIOBAHHS Cepejl BiliChbKOBOCITYXK-
0OBIIiB 00yMOBJIEHa YMOBaMM CJTy>KOU ITiJl Yac BeAeHHs 00-
MOBUX Oili (ITOJIHOBI YMOBH), MEPiOANYHA BiICYTHICTbh 1O~
CTYITY JIO YUCTOI MUTHOI BOJW, HEMOXJIMBICTb TOTPUMaHHSI

Ta6bnuuys 1. JuHamika noKa3HUKIB 3arasibHOro aHasnisy Kposi

JleikouuTn, EputpouuTtn, Femorno6iH, Tpom6ouuTK,
Evan x10%/n x10"/n r/n lemaroxpuv x10°/n
HapxokeHHs 7,0 4,61 153 0,47 240
HacTynHoi gobu 6,4 4,68 154 0,48 240
Yepes poby 6,7 4,10 129 0,39 209
Yepes 4 nobu 8,4 3,62 114 0,34 184
Tabnuys 2. luHamika noKa3HUKIB 3arasibHOro aHanisy cedi
ETan JleikouunTn Eputpouuntu Binok, r/n Mutoma Bara Cnus
. Ha Bce none
HapxomxeHHs 4—7 y noni 3opy 30py, CBiXi 0,7 1015 Barato
HacTtynHoi gobu 7-8 y noni 3opy | Ha 1/3 nonsa 3opy 0,22 1021 BaraTto
Yepes noby 2—4 y noni 3opy MooanHoKi Hemae 1015 MomipHo
Ta6nunys 3. iuHamika 6ioxiMidHUX MOKa3HUKIB KpPOBi
Moka3HuK Hapxop»keHHs HacTtynHoi po6u Yepes poby Yepes 4 nobun
ANT, on/n 50,0 61,5 53,7 60,5
ACT, opn/n 57,4 75,2 53,3 48,2
3aranbHuii 6inipy6iH, 5,8 4.3 3,7 3,6
MKMOb/N
a-AMY, og/n 39,7 41,2 62,8 97,3
Ce4yoBuHa, MMONb/N 16,3 17,5 13,5 7,0
KpeaTuHiH, MKMonb/n 577,6 478,4 268,0 162,3
3aranbHun 6inok, r/n 101,7 74,6 69,1 63,1
[ntoko3a, MMornb/n 7,4 7,0 5,5 5,0
AnbOyMmiH, r/n 50,8 - - -
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TEeMIIepaTypPHOIO PeXUMY IJIS 30epiraHHs iXi B MOJILOBUX
YMOBax, HEJOCTATHSI OCOOMCTA Tiri€eHa.

Erionoriio canbMOHENIbO3y Ta MaTOreHe3 Moro ycKiam-
HEHb BUBYEHO JIOCTATHBO, YPaXKEHHST HUPOK MPU CATbMOHE-
JIb03i HacaMmepea 00yMOBIEHE PO3BUTKOM €JIeKTPOJIITHUX
TOpYIIEeHb Ta BUPAXKEHOIO JIeTiIpaTalli€to.

[onoBHMM MeTOAOM AiarHOCTUKU, 110 JTO3BOJISIE i~
TBEPIUTH €TiOJIOTiIO0 3aXBOPIOBAHHS, € KOMOiHAIIisI KTi-
HiKO-aHAaMHECTUYHUX JaHUX, €IMiJeMiOJIOTiYHUX JaHUX
Ta pe3yJbTaTiB J1abopaTOPHOTO OOCTEXXEeHHS (HacaMIiepe
0GaKTepioNOTiYHMIA MOCIB Kamy).

Cepen Mali€HTiB CJia MPOBOAUTHU 3aXOIU 3 IMPOCBIT-
HUILIBKOIO METOIO JUISI 3a1T00iraHHs BAHMKHEHHIO 3aXBOPIO-
BaHHS, a y BUIAKy 3aXBOPIOBAaHHSI HEOOXiHa TepMiHOBa
i30JIs11is (TocmiTai3allis) XBOpHX i TPOBEICHHS aaeKBaTHOI
periaparauiifHoi Tepartii.

BuacHha i BceocskHa mpodiakTuKa KUIIKOBUX iH(beK-
1ii1, IX paHHE BUSBJICHHS i 1301511151 iHEKIIHHIX XBOPUX
3 TOCIIiTaji3alli€lo Ta BYaCHUM I1OYaTKOM MaTUMYTh IO~
3UTUBHUIA BIUIMB Ha 30epekeHHsT 00€31aTHOCTI 0COOOBOTO
ckinamy 30poitHUX CUT YKpaiHU Ta 3MaTHI 3a100irTi po3Bu-
TKY 3arpO3JIMBUX YCKJIaTHEHb.

KondaikT inTepeciB. ABTOpU 3asIBJISIIOTH IIPO BiICYTHICTh
KOHJTIKTY iHTepeciB Ta BjlacHOI (hiHaHCOBOI 3a1liKaBJIEeHOC-
Ti IIPM MiATOTOBLI JaHOI CTATTi.

Buecok aBropiB. XopoiiyH E.M., bonns K.I. — koHuen-
1is1 i nu3aiiH nociaimkeHHs; Kupuyenko I.1. — nepBuHHUMIA
TMOILIYK JIiTepaTypu, NepeKa JiTepaTypHUX JKepesi, Ha-
MUCaHHS CTaTTi, 3arajibHe peaaryBaHHs; Heroayiiko B.B.,
KpaBuenko B.B. — nepBuUHHMII MOIIYK JIiTepaTypu, Iepe-
KJaj JliTepaTypHUX JiKepes, HanucaHHs cratti; KoHmgpa-
TIoK B.B. — y3arajbHeHHs pe3y/IbTaTiB HOCITiIKEHHSI.
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Clinical case of severe gastrointestinal form of salmonellosis with acute renal failure
in a military serviceman

Abstract. Background. The purpose is to describe a clinical case
of salmonellosis gastroenteritis with renal failure caused by Sal/-
monella enteritidis and to analyze the literature data regarding this
pathology. Materials and methods. The study was conducted at the
infectious diseases department of the Military Medical Clinical
Center (MMCC) of the Northern Region. This article describes a
clinical case and analyzes the literature dealing with this pathology
using the example of a patient who underwent inpatient treatment
at the MMCC of the Northern Region. The patient underwent a
general clinical examination, biochemical blood tests, bacterio-
logical examination of feces, laboratory and instrumental exami-
nations. Results. Based on complaints, history, examination, and
additional methods (biochemical blood tests, clinical urinalysis,
bacteriological examination of feces), the patient is diagnosed with
salmonellosis (Salmonella enteritidis was isolated bacteriologically

from feces upon admission), gastroenteritis variant, moderate to
severe course, complicated by acute kidney injury. Conclusions.
The relevance of the disease among military personnel is due to
the conditions of service during combat operations (field condi-
tions), periodic lack of access to clean drinking water, inability
to maintain temperature conditions for storing food in the field,
and insufficient personal hygiene. The etiology of salmonellosis
and the pathogenesis of its complications have been sufficiently
studied; kidney damage in salmonellosis is primarily due to the
development of electrolyte disturbances and severe dehydration.
The main diagnostic method that allows confirming the etiology
of the disease is a combination of clinical and anamnestic data,
epidemiological findings, and laboratory examination results (pri-
marily bacteriological stool culture).

Keywords: salmonellosis; renal failure; Salmonella enteritidis
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MeaunyrHm ueHTp Cesaroi lapackesu, M. AbBiB, YkpaiHQ

PAPMAKOAOTIYHA PeryasLis MiTOXOHAPIOABHOTO
romMeocTasy npu rocCTPoMy NAHKPEeATUTI:
BiA astodarii A0 HaOHoTepanii

Pestome. Axmyaavnicmo. Tocmpuii nankpeamum (TTI) € majxickoro a60OMIHAABHOIO NAMOAORIEIO 3 BUCOKOIO YACMO-
Mo yckaaoHeHs i nemanvrocmi. OOHUM [3 KAIOHOBUX NAMOEHeMUYHUX MEXAHIZMIG Yb020 3aX60PI06AHHS GUIHAHO
MImoXoHOpianvHy OUCQYHKUIIO, KA CRPUAE PO3BUMK)Y ANONMO3Y, HEKPO3Y Ma CUCMEMHOI 3ananbHoi 8ionoesioi.
Po3spobxa mepanesmuunux nioxodie, cNpamMo8anux Ha 30epedceHHss MiMoXoHOpianibHo20 eoMeocmasy, Hadyeac
0cobausoeo 3navenns. Mamepiaau ma memoou. IIposedeno cucmemamu308aHUil aHANI3 eKCHEPUMEHMANbHUX 00~
caidncens 3 6az PubMed, Scopus ma Google Scholar, siki éusuanu énaue papmarxonoeiynux ma 0ion02iMHUx azeHmis
Ha mimoxordpianvry @yukuito npu I'll in vivo ma in vitro. OcHosHa ysaea npuoinsinace MoOyAsuii MimoOUHaMiKu,
mimoghaeii, bioeenesy, ineidyeannio NLRP3-inghnamacomu, a maxodic 3acmocy8anHio cmosoyposux KAimuH i HaHO-
mepanii. Pezyabmamu. Pe3yabmamu ananizy ekcnepumeHmansHux 00caiodcers niomeepoxicyoms, uio 8i0H08AeHHS
MIMOXOHOPIANbHO20 20MEOCMasy Modice Oymu 00CAeHYMO WASXOM MOOYASAUIT Kinbkox Karouosux npouecis. Ilpena-
pamu 3 AHMUOKCUOGHMHOIO AKMUBHICIMIO (MeAAMOHIH, peceepampon, a2oMeAamut) 0eMOHCmMPYIoms 30amMHICb
SHUICYBAMU NPOOYKYBAHHS AKMUBHUX (POPM KUCHIO, NPUSHIYYS8AMU ANONMO3 QUUHADHUX KAIMUH | ROAINULY8amu
MeMOPaHHULL nomeHyian MimoxoHopiil (AW m). Akmueauis 3axuchoi aemogaeii ma mimoghazii wasxom 3acmocy8anHs
DPanamiyumy, mpeeanosu, yporimuny A, cnepmioury ma ceaeHy cnpuse eaiminayii OuchyHKyionanrbHux Mimoxonopiil
i amenuye 3ananenns. 3acoou, uo cmumynioromo AMPK/SIRT 1/PGC- la-onocepedkosanuii 6iocene3 (memgopmin,
AICAR, 6epbeput, ninokembpur, HiMb01I0), 8I0OHOBAHIOMb eHepeeMUUHUL OANaHC, AKMUBYIOMb AHMUOKCUOAHMHI
wnsaxu (Nrf2/HO- 1), npueniuyroms kacnazu ma ingaamacomy NLRP3. Ineioimopu NLRP3 (MCC950, INF-39,
nonioamuH, NeoHoN) 3HAYHO 3MEHULYIOMb BUBLIbHEHHS NPO3ANAAbHUX UUMOKIHIE, akmueauilo Kacnasu- 1 i niponmos.
Kpim moeo, mezenximanvti cmosdyposi KaimuHu ma ixui exzocomu 3a6e3neuyroms nepedauy QyHKYIOHANbHUX Mimo-
XOHOpIil, IH2IOYHOMb NIPONMO3 MA 3HUNCYHOMb YPadiceHHs eiddareHux opearie. Hanomepanesmuuni naamgpopmu (Ha
OCHO8I KeMnepony, NeHMoKCUQIniny, noaigeHonie, HAHO3UMI, HAHOYACMUHOK IMpito, uepiro, ipudit) 3abe3newyoms
NPUYINbHY 00CMABKY 8 30HY YUIKOOINCCHHS, 3HUICYIOMb OKCUOAMUBHULL CIpec, CIMUMYAI0Mb Mimoghaeiro, 30epiea-
tomb A¥m i niosuwyroms cunmes adenosunmpugocghamy. Komniexche suxopucmanus makux nioxooie 0036onse
enausamu Ha Kaouoei aanku namoeenesy T, smenwumu maxckicms nepebicy 3ax80pr6aHHs Ma NOATNUUIMU NPO-
CHOCMUYHI NOKA3HUKU 6 eKCnepuMeHmanbHux modensx. Bucnosxu. @apmarxonoeivna modyasyis MimoxoHopianbHo2o
20Me0Ccmaszy 8iOKpUBae HOBI MOJNCAUBOCMI 0151 namoeHemu4Ho 00rpyHmosanozo ikyeanus I'll. MimoxondpiaasHo-
CNPAMOBAHA MEPANIisl € NePCReKMUBHUM HANPIMOM, W0 0036045€ SMEHULUMU NOWKO0ONCEHHS AUUHAPHUX KATMUH ma
obmedcumu majicKicms CUCEMHUX YCKAQOHEHb.

KmouoBi cnoBa: cocmpuii nanxpeamum; mimoxonopiansha Oucynkyis; MimoxoHOpianbHa mapeemna mepanis;
0ens0

Bctyn € Ha/J3BUYaiiHO CKJIaJHMM i OaraToeTarmHuM, OXOILIIOIO-

Toctpuii mankpeatut (I'Tl) 3anuiaeTbcst ogHi€0 3 UM MepeAyciM AECTPYKTUBHI 3MiHM B allMHAPHUX KJIITUHAX
HalakTyaabHIlIKX TTpo0JieM HeBiakaaaHoi abagomiHaibHOl  (ALLK) mimmmynkoBoi 3ano3u (I13), cucremHy 3ananbHy
MaToJIOTii Yepe3 BUCOKY YaCTOTY TSKKOI'O Mepediry, yCckiiaa-  BiAMOBiab, aKTUBALIiIO MPOTea3, MOPYIIEHHS MiKPOLIMPKY-
HEHb i 1eTanbHOCTI [1—3]. [IaToreHe3 IbOro 3aXBOpIOBAaHHSA  JISILii Ta MyJBTHOpPraHHy AuchyHKIIio [4—7]. 3a ocTaHHE
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TIEeCATIIITTS OCOOJUBY YBary JOCIIiIHUKIB IIPUBEPTAE POJIb
MITOXOHPiaTbHOI AMCHYHKIIIT SIK HEHTPAIBHOTO MaTOreHe-
TUYHOTO JIaHII[ora y ¢opmyBaHHI nomkomkeHHs ALLK mpu
I'TI [8—10]. 3HMKXeHHSI MeMOpaHHOTO MOTEHIIiaTy MiTOXOH-
npiii (AWYm), migBUIIEHHS TPOAYKYBaHHS aKTUBHUX (popM
kucHio (ADK), BuBinbHeHHS uTOoXpoMy C, TTOpYIIEHHS
cuHTe3y ageHo3uHTpudochary (ATD) ta BiAKPUTTS Te-
pexingHoi mopu poHUKHOCTI (MPTP) MiToxoHapianbHOI
MeMOpaHU BilirpaloTh KJIIOYOBY POJIb Y 3aITyCKy allONTO3y
Ta HEKPO3y KJIiTHH.

HakonunueHi ekxcriepuMeHTaIbHI JOKa3M CBiq4aTh, 110
IUC(YHKIIOHAIbHI MITOXOHIPIi € He JInIlie TaCUBHUM Ha-
CJTIIKOM YIIKO/IXKeHHSI, a 1 aKTUBHUM TPUTEPOM 3araibHO-
ro kackany [11, 12]. ITomkomkeHi MiTOXOHPIi CIIPUSIIOTh
redepauii HammmmkoBux AMK [13], akrtusarii NLRP3-
iHdaaMacomu [14], mopylieHHI0 roMeocTasy Kajbllito [15]
Ta BUBiUIbHeHHIO MiToxoHapianbHOi JHK (MTJIHK), sika nie
SIK MOJIEKYJISIDHUI TIaTePH, 1110 ACOLIIOETHCS 3 YIITKOIKECH -
Ham (DAMP — damage-associated molecular patterns) [16].
Lli MmexaHi3MU iHILIIOIOTH AKTUBALIiIO TTPO3aIlajJbHUX LIUTO-
KiHiB, sik-ot IJI-1p, IJI-18 i ®HITI-0, 1110 cipusiioTh nporpe-
CYBaHHIO MICLI€BOTO 3aMaje€HHs 10 CHCTEMHOTO ypaxKeHHS
i3 PO3BUTKOM CMHIPOMIB IOJliopraHHoi AuchyHKIii [17,
18]. 3pocTaHHs po3yMiHHS POJIi MiTOXOHAPil y maToreHesi
I'T] BinkprBa€ NepCIeKTUBY IS PO3POOKM MiTOXOHIpialb-
Ho-crpssMoBaHoi Teparii [19, 20]. Lleii nminxin cnpsiMmoBaHuii
Ha KOPEeKILilo OpYyIIeHb MITOXOHAPialibHOT (DYHKILii, Bif-
HOBJIEHH$ KJIITUHHOTO TOMEO0CTa3y Ta 3MEHILIEHHS 3anajib-
HOI BiIITOBIii, 110 MOXe 3HAaYHO BIUIMBATHU Ha Iepeoir I'T1
Ta MOJIIMIIEHHS KJIIHIYHUX Pe3yJIbTaTiB.

MarTtepiaAu Ta meToamn

Ilin yac MiAroTOBKU JaHOTO Orjsay Oya0 MpPOBEAEHO
CUCTeMAaTUYHUI aHai3 eKCTIePUMEHTAIBHUX JOCIIIKEeHb,
ony0JiKoBaHUX Y HayKOBUX 0a3ax naHux PubMed, Scopus
ta Google Scholar. OcHOBHY yBary 30cepeakKeHo Ha po-
0oTax, NMPUCBSIYEHNX BUBUEHHIO BILUIMBY (papMaKoJioriv-
HUX i 6i0JIOTIYHO aKTMBHUX areHTiB Ha (pyHKIIIOHATbHUMI
CTaH MITOXOH/IPili B yMOBaX eKCIIepUMEHTATbHUX MOJIeJIei
I'T1 in vivo Ta in vitro. 10 KpuTepiiB BKIIOYEHHSI HaJleXKasu:
BUKOpHUCTaHHS BamimoBaHux moaeieit I'Tl (iHmykoBaHmMX
LepyJieiHoMm, L-apriHiHoMm, HaTpiii-TaypoX0oJaToM TOLIO);
HasSBHICTh OLIHKM MapKepiB MiTOXOHIPiaJbHOTO YIIIKO-
JDKeHHS (3HMKeHHST AYm, HanMmipHe yTBopeHHsT ADK,
BUBLUIbHEHHS LUTOXpoMmy C, aKTMBallisl Kacras); aHalli3
MOJIEKYJISIPHUX MEXaHi3MiB Iii yepe3 KIJII0YOBi CUTHAIb-
Hi msaxu (AMPK/SIRTI1, PINKI1/Parkin, Nrf2/HO-1,
NF-xB, NLRP3). KoxHe BigiOpaHe mKepeao Miajsaraio
KPUTHUYHIN OLIHLI 3 ypaxyBaHHSM TaKWX MMapaMeTpiB: Ha-
YKOBa BipOTiIHICTb €KCIIEPUMEHTY, IIPO30PiCTh METOIOJIOTI],
BiJIMMOBIHICTh OTPUMAHUX PE3YJIBTATIB 3asIBJICHUM LIJISIM
TOCJIiIXKeHHSI Ta PeJIEBAHTHICTD 1O TEMUM MiTOXOHAPiaJbHO-
tapreTHoi Teparii mpu ['T1.

MoaAyAsLis MiITOAMHOMIKK Ta asTodarii

OaHUM i3 KJIIOYOBUX HAMpsMiB peryJisiiii MiTOXOH-
JIpiaJIbHO-3aJIeXKHOTO amonTo3y Ta Hekposy npu I'Tl € 3a-
CTOCYBaHHSI aHTMOKCHUJIAHTIB i aKTUBATOPiB CUTHAJILHOTO
nusixy Nrf2/HO-1 (Nuclear factor, erythroid 2 like 2/Heme
Oxygenase-1). 30kpeMa, MeJIaTOHIH TTPOJIEMOHCTPYBaB BU-

Caerulein
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PucyHok 1. Cxematu4He 306pa>keHHs MOZYJIIoH40ro
srinmBy (R)-TML104 Ha 3anasibHi LUASXU nif Yac
roctporo naHkpeatuty ([24], BigkpuTuii goctyn)

paxkeHuii aHTuanonToTuuHuii epext B ALK T13, 3HMXKY-
foun ekcrpecito NF-«B (nuclear factor kappa-light-chain-
enhancer of activated B cells), IJI-1p Ta ®HII-a, a Takox
3MeHIIyoun KiabKicTb TUNEL-TO3UTUBHMX KIIITUH, 11O
CBiTYUTH MPO 3HMUKEHHSI MPOAITONTOTUYHOTO HaBAaHTaXKEeH-
HSI 32 paXyHOK akTuBallii Nrf2-3a1eXKHOro aHTUOKCUIAHT-
Horo 3axucty [21, 22]. AHanoriyHy Jit0 BUSIBJIIE arOMea-
TUH — aroHiCT MeJaTOHIHOBUX PELIENITOPiB, SIKUI CIIPUSIE
MIPUTHIYEHHIO eKCIIpecii Kacra3u-3, 3MEHIIIEHHIO alloIITO3y
Ta HeKpo3y B TkaHuHi [13, aktusauii Nrf2/HO-1-uusixy, a
TaKOX 3HMXKEHHIO PiBHiB IIPOOKCUIAHTHUX HUTOKIiHIB. Lle
MMiITBEPIKY€E TTOTEHIIIa MeJIaTOHIHEPTiTHOI MOIYJISIIT STK
3aXMCHOTO MeXaHi3My IMPOTU MiTOXOHIpialbHOI AUCPYHKIILIT
Ta KJIITUHHOI 3arubesii B yMoBax ToCTporo 3anajieHHs [23].

KpiM Toro, pecBepaTpoJi i #oro CTpyKTypHi aHaJIOTU
JIEMOHCTPYIOTh 3IaTHICTh 3HIDKYBaTH eKcIpecito Bax, mim-
BMIIYBaTH piBeHb Bcl-2, mpurHivyBaTh aKTUBHICTh Kacma-
31-3, a TAKOX 3MEHIIyBaTU HEHUTPOodiabHY iHDiNIbTpallito
i1 iHTeHCUBHICTh anornto3y y TkaHuHax [13. Li edexTu
OI10CEPEKOBYIOTbCS YEPe3 aKTUBALIil0 CUTHAJIBHOTO Kac-
kany SIRT1/PGC-1la (Sirtuin 1/Peroxisome proliferator-
activated receptor gamma coactivator-1), skuii 6epe yuyacTb
Y peryJsilii MiTOXOHIpiaJIbHOTO OioreHe3y, eHepreTUIHOTO
MeTabo01i3My Ta TabMyBaHHSI MiTOXOHIpPiaTbHO-OTIOCEPE-
KoBaHoro anonro3y (puc. 1) [24, 25].

IHribyBaHHS Kacma3 — KII040BHX eeKTOpHUX (ep-
MEHTIB alonTo3y — PO3IJI4Aa€TbCS K MEePCIeKTUBHA
cTparerist i OOMeXeHHsI KJIiTuHHOoI 3aru6eni npu ['T1.
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CenekTuBHUI MaHiHTiIOITOp Kacma3 zVAD-fmk Biporin-
HO 3HMXXYBaB BUPaXKEHICTh aronTo3y Ta TSKKICTh JIereHe-
BOTO YUIKO/XKEHHS, acOLlilOBaHOTO 3 MaHKPEaTUTOM, 3a
paxXyHOK NPUTHIYeHHS eKCITpecii Kacma3u-3, 3MeHIIIeH-
Hs piBHiB @HIT-0 i IJI-6, a TakoX 3MeHIIEHHSI HENTPO-
dinbHOI iHDiNBTpallil B iereHeBy TKaHUHY. Lli pesynbratu
MiATBEPKYIOTh TICHUI B3a€MO3B’SI30K MiXX CUCTEMHOIO
3aI1aJIbHOIO BiIMIOBIAIIO Ta MiTOXOHIPiaJTbHO-0IOCEPEIKO-
BaHOIO KJIITUHHOIO 3aru6ero [26]. BomHovac pe3yiasraTi
(yHIaMEeHTAIbHUX AOCIIIKEHb CBiIUaTh, 1110 aKTUBALIisI
kacna3 B ALIK mozxe 3MeHIIIyBaTH HEKPOTUYHI YpaskeHHsI
LLJISIXOM MEPEeKIIIOUeHHS TUITY KJIIITUHHOI 3aru0esii 3 HEeKpo-
3y Ha aronTo3, SIKUI € MEHIII HIKIUIMBUM [IJISI OTOUYIOUMX
TKaHuH. OTXe, hapMaKoJoTiyHe peTyIioBaHHs OajaHCcy
MiX aItonTO30M i HEKPO30M HaOyBa€ MOTEHLIIAHOTO Tepa-
MEeBTUYHOTO 3HAUYEHHS Y KOHTEKCTi OOMEXEHHS TSIKKOCTI
nepediry HeKpOTUYHOTO IMaHKpeaTtuty [27].

[HIIMM MepcneKTUBHUM HampsMoM (apMaKoIoriu-
HO1 MOJIYJISILIT MiTOXOHIPiaJbHOTO aIllONTO3y if HEKPO3y €
3aCTOCYBaHHSI TPUMETA3UAMHY — TpernapaTy 3 BiTOMUMU
MPOTUILLIEMIYHUMU, AHTUOKCUJAAHTHUMHU Ta META0OTiYHO
aKTUBHUMU BJIACTUBOCTSIMU. Y MOJIEJISIX LIePYJIeiHIHIYKO-
BaHOTO MAHKPEATUTy TPUMETA3UANH BipOTiIHO 3HMXKYBaB
piBeHb amomnTo3y y TKaHuHi [13, 3MeHIIIyIoun KiJIbKiCThb
TUNEL-1mo3uTHBHUX KJIiTUH, aKTUBHICTh Kacrasu-3, a
TaKOX CHPOBATKOBI piBHi aMiJla3u Ta Jiila3u, 1110 BKa3ye Ha
MPUTHIYEHHST MITOXOHAPiaJIbHOTO ILIJISIXY aronTo3y yepe3
30epexxeHHss ATM-3a1eXXHUX KIITUHHUX TTPOLECIB i 3HU-
keHHs1 yrBopeHHs1 ADK [28]. V nochimakeHHSIX i3 BAKOpHUC-
TaHHsIM L-apriniHinmykoBaHoi mojaeni ['Tl TpumeTtasuann
3HIKYBaB PiBHI acmapTaTaMiHOTpaHchepasu, alaHiHaMi-
HoTpaHchepasu, aminasu, Jakrataerigporenasu, ®HII-a,
1JI-1B ta 1JI-6, a TaKOX 3MEHIIYBaB BUPAXKEHiCTh TiCTOJIO-
TIYHUX YIIKOMXEeHb, BKiIoyaioun Hekpo3 ALK, HaOpsk
Ta MepUBaCKYJIIpPHE 3aMajeHHs, 1110 CBiIYUTh PO HOTO
KOMIUIEKCHY MPOTU3alajibHy Ta aHTUAMONTOTUYHY Iil0
[29]. MoxnibHi pe3yabraTu Oy/IM OTpUMaHI i B iHIIUX eKCITe-
PUMEHTAJIbHUX TOCIIIKEHHSX, 16 TPUMETa3UIMH 3HUXKYBaB
PiBHI MTpo3amnajibHUX IUTOKIiHIB (30kpema, @HIT-o i 1J1-6)
i CIIpMsIB 3MEHILIEHHIO JieTaJlbHOCTI cepen TBapuH 3 I'T1. Lle
MiIKPECIIOE 30aTHICTh IIpenapary BIUIMBAaTA Ha KIIIHIYHO
3HaYylli HACJiIKV TAHKPEOHEKPO3Y LUISIXOM MiATPUMAHHS
MIiTOXOHIpiaabHOI HiicHOCTI Ta dyHKiii [30].

PanaMminuH, ceJIeKTUBHUU iHTiIOITOpP KOMIIJIEKCY
mTORCI1 (mechanistic target of rapamycin complex 1),
3JaTHUI aKTUBYBaTH aBTO(dariuyHuii Kackai, 30KpemMa
LIJISIXOM TTiABUILEHHS €KCIIpecii KII0UOBUX aBTOMariyHmux
mapkepiB LC3-1I (microtubule-associated protein 1 light
chain 3) ta Beclin-1, 1110 ormocepenKkoBaHO CIpUsie aKTUBA-
il MiTodarii. Y HM31i JOKIiHIYHUX TOCTiIKEeHb OYJI0 IMpo-
JIEMOHCTPOBAHO, 1110 paraMilliH MO3UTUBHO BIUIMBA€E Ha
nepe6ir I'T] 3aBasku BinHOBIEHHIO aBTO(ariyHoro (IroKcy,
MPUTHIYEHHIO eHAO0TIIa3MaTUYHOTO CTPECY Ta MOIYJISIIIIT
3anajJbHOI BilMOBiAi. Y Moaesi TinepTpuriilnepruaeMiqaHo-
acouiiioBanoro I'TI [31] 3acTocyBaHHS palaMilliHy Bipo-
TiIHO 3HVMXXYBAaJIO piBHi aMinasu, jinazu, @HII-o ta 1J1-6,
a TaKOXX 3MEHIIyBaJIO TiCTOIATOJIOTIYHY TSKKIiCTh YIIIKO-
mxeHb [13. BimHOBIeHHS aBTOMAriYyHOro MOTOKY ITiATBEp-
JOKYBaJIOCS 3HIKEHHAM PiBHIB p62 Ta hochopuiboBaHNX
¢opm mTOR (mammalian target of rapamycin) i S6K1 (S6

Kinase 1), a TakoxX 30iJIbIIEHHSIM KiJIBKOCTi aBTO(arocoMm
3a TaHUMMU €JIEKTPOHHOI Mikpockorii. Lle cBimuynuth npo
eeKTUBHE YCYHEHHS YIIKOJXXEHUX OpraHes, BKIIOYHO
3 MITOXOHJIpisIMU, TOOTO PO aKTUBallito MiTodarii [31].
AHasoriyHi pe3yjabraTu OyJIM OTPUMaHi B TOCTiIXKEHHI
[32], B skomy monens ['T1 y muieii iHaykyBaiu 1epyJei-
HoM. PamamiuuH BiporinHo 3MeHIlyBaB yikomkeHHst 13,
piBHI Ipo3amaJbHUX IUTOKIHIB Ta iHAYKyBaB aBTO(Ariio,
110 MinTBepmKyBanocs minBuieHHsIM ekcrpecii LC3-11 ta
Beclin-1 i 3amxennsam piBHsg SQSTMI1 (Sequestosome 1).
Y mopensix apriHiHiHayKoBaHOro ta uepyiaein+JIITC-
acollilfiloBaHOTO MaHKpPeaTUTy BBEICHHS paraMilliHy Iic/st
inaykuii ['TI cripusiio BinHOBIEHHIO aBTO(arivHOTO MOTOKY,
3HWDKEHHIO piBHIB p62, 1JI-1B Ta akTMBHOCTI Kacmasu-1, 1o
CYMPOBOXKYBa0Cs MOPGOJIOTIUHUM TTOITMIIIEHHSIM CTaHY
tkanuHU I13 [33]. Lli ecbekTH cBiquaTh npo 3MaTHICTh para-
MiLIMHY He JIUIIIe aKTUBYBAaTH aBTO(ariio, aje it orocepe-
KOBaHO MOJIYJIFOBATH 3aIlajieHHS Yepe3 OUMIICHHS KJIITUHU
BiJl YIIKOMXKEHUX MITOXOHAPIi, 1110 € CYyTTEBUM MeXaHi3MOM
Mitodarii. Y pocnimkenni Chen 3i criiBaBt. [34] BctaHOBIIE-
HO, 1110 paraMilliH 3HUXKY€E eKCITPeCito KOMIIOHEHTIB Syk/
BLNK/NF-kB-3anexHoro 3amaipHoro kackany (Spleen
associated tyrosine kinase/B-cell linker/NF-«xB), 1110 cynpo-
BOIKYEThCs 3MeHIIeHHsIM piBHiB LJI- 1 Ta @HIT-0. Ockinb-
k1 NF-kB peryitoe TpaHCKpUIILIiO YMCIEHHUX iHTiOITOPIB
Mitodarii, 30kpema p62, 1ii JaHi CBigUaTh MPO MOTEHIIIHE
3HSTTS OJIOKIB Ha LLIAXY peajizauii mitodarii, 1o cnpu-
sI€ BiTHOBJIEHHIO KJIITUHHOI'O roMeocTa3y. ¥ CYKYITHOCTi
eKCIepUMEeHTaIbHI JaHi CBigUaTh, 110 panaMilluH MOXe
MoayaoBaTy Mitodarito ripu I'TI, roToBHUM YMHOM 3a pa-
xyHoK iHrioyBaHHs mTORCI1, BigHOBIEHHs aBTO(ariyHoro
MOTOKY, 3MEHILIEHHSI €HI0TIa3MaTUYHOTO CTPECy Ta TMpu-
THiYeHHs akTUBallii 3anaapHoro kackanxy NF-«xB. Lli edek-
TH IIPU3BOIATH OO eJTliMiHallii YIIKOMIKEHNX MITOXOHAPII,
3HMXKeHHs yTBopeHHs1 ADK Ta 3MeHIIEHHSI HEKPOTUYHUX
yimkomkeHb ALLK, 1110 Bu3Hava€e MmoTeHIIian panaMiluHy sK
MiTOXOH/piaJIbHO TapreTHOro 3acoo0y teparmii ['T1.

YV Moneni uepyneininnykoBaHoro I'T1 Oyio BctaHOBIIe-
HO, 1110 PyTeHiil yepBoHMil minBuiiye excripecito PINKI
(PTEN induced putative kinase 1) i Parkin, a Takox piBeHb
LC3B-I1, mapkepa ¢opMyBaHHS aBTO(arocom, 1o BKa3ye
Ha akTuBallito rpouecy Mitodarii [35]. Lle cnpusie enimi-
HYBaHHIO TUCHYHKIIIOHATIbHUX MITOXOHIPiil, 3MEHIIICH-
HIO BHYTPIIIHBOKJIITUHHOTO OKUCHOTO CTPECy, 3HUKEHHIO
npoaykuii AOK Ta 3MeHIIIEHHI0O HEKPOTUYHOI KJIIITUHHOT
3arubeni. CyKymHicTh IUX edeKTiB 3a0e31euye UTOIpPO-
TeKIli1o emiTesialbHUX KJAITUH NMpoToK [13 y MoaenbHuX
cucTeMax in vitro.

VYponitua A (UA) — MeTaboJTiT eJ1aroBoi KUCJIOTH, SIKUTA
YTBOPIOETHCS il BILIMBOM KUIIIKOBOI MiKpO0iOTH, Ipoie-
MOHCTpPYBaB BUCOKUII TeparieBTUUHUI IMOTEHIIial Y KOHTEK-
cti I'Tl 3aBAsikM 3MaTHOCTI MOAY/IIOBAaTH MiTOXOHAPiaJIbHY
dbyHk1io Ta iHAYKyBaTH MiTodarito. 3actocyBanHs UA
CIPUSIIO BiTHOBJIEHHIO MiTOXOHIPiaJIbHOTO MEMOPAHHOTO
MOTeHLiany, 3HIKeHHIO mpoaykuii ADK i miaBUILeHHIO
piBHsT AT® [36]. BaxkiuBuM MeXaHi3MOM [Iii € perysiis
€HI0IIa3MaTUYHO-MIiTOXOHAPiaJIbHMX KaIbli€BUX KaHAJiB
(IP3R/VDACI — Inositol trisphosphate receptor/Voltage-
Dependent Anion Channel 1), 1110 3a6e3medyye romeocras io-
HiB KaJIbllito Ta iHri0ye HEKPOMTO3, OTIOCEPETKOBAHUI 111151~
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xom RIP3/MLKL (Receptor interacting serine/threonine
kinase 3/Mixed lineage kinase domain like pseudokinase).
BingnoBnenns dynkuioHanbHoi B3aemomii Mixk EP i mi-
TOXOH/IPiISIMU CTBOPIOE YMOBM [IJIsl aKTUBallil MiTodarii,
OCKIJIbKM CTa0iIi3allisl KaJblli€BOTO Ta €eHEPreTUYHOro ro-
MeOoCTa3y € KpUTUYHOIO ISl KJIITUHHOTO BMXKMBaHHS. 3a
nanumu orssiay Li 3i criiBaBt. [37], UA akTuBye miTodariio
yepe3 PINK1/Parkin-3anexHuii MexaHi3m, MpUrHidye eH-
JOTIa3MaTUYHUM CTpec Ta MoJinirye MikpootoueHHs [13.
Kpim Toro, UA eheKTUBHO BiTHOBIIOE MiTOXOHIpiaIbHUIM
MeTaboutism y cepui nipu I'TI-acouiiioBaHOMY ypakKeHHi,
30Kpema uepes aktuBaliito peryiasaTopiB CPT1 (Carnitine
palmitoyltransferase 1), PGC-1oa Ta PPAR-o (Peroxisome
proliferator activated receptor alpha), 1110 101aTKOBO Tij-
TpuMye mpolec Mitodarii [38].

CriepMifgyH, MPUPOIHUIA MOJTiaMiH i3 BUPAXKEHUMMU aH-
TUOKCUIAHTHUMU, TTPOTU3AaNAIbHUMMU Ta LIUTONTPOTEKTHUB-
HUMM BJIACTUBOCTSIMM, TIPOIECMOHCTPYBaB €(PEKTUBHICTh Y
BimHOBJIeHHI nmopy1ieHoi MiTodarii mpu ['T1. ¥ nociimxeH-
Hi, 1110 TOETHYBAJIO METO/IM MepekeBOi (hapMaKoJIorii, MO-
JIEKYJISIPHOTO TOKIiHTY Ta €KCIIEPUMEHTH in Vivo, TTIOKa3aHo,
110 cepMinuH 3HIKy€e Hekpo3 ALIK, iHmykoBaHuii Liepyiie-
1HOM, CTabiJIi3y€e PiBHI alleTUJIXOJiHECTepa3Uu Ta CEPOTOHI-
HoBoro TpaHcroprepa (5-HTT) i 3MeHIIye iX maToIoTivyHy
ekcrpecitoo y TkanuHax [13 [39]. MeronoM mMosieKysspHOT
IUHAMIKU IiATBEPAXKEHO YTBOPEHHS CTaOUIbHUX KOMII-
JIEKCiB CIIEPMIiAUHY 3 BilTTIOBITHUMM MIllICHSIMU 32 PaXyHOK
iOHHMX Ta BOJAHEBUX 3B’SI3KiB, 110 3a0€3Meuy€e CTPYKTYPHY
CTaOUIBbHICTh KJIITUH Ta aKTUBYE 3aXUCHY MiTodario.

Tperanosa, papmakoJioriayHuit iHIyKTOp aBTO(arii, oyia
3aCTOCOBaHa B MOJIeIi L-apriHiHiHAyKOBaHOTO MaHKpeaTH-
Ty [40]. 11 BBeleHHA 3HMKYBAJIO AKTHUBALLI0 TPUTICUHOTEHY,
piBEeHb HEKPO3Y, €HAOIIa3MaTUYHOIO CTPECY, a TAKOXK iHIIIi
Mapkepu ymkomkeHHs [13. HaiBaxkuBimmM pe3yIbTaToM
Oys10 mosinuieHHs1 aBTodariyHoro (UItoKCy, HopMaJizallis
PiBHSI aBTOJII30COM Ta 3MEHIIIEHHS MaTOJIOTiYHOI (hparMeH-
Tallil MiTOXOH/piii, 1110 BKa3ye Ha BiTHOBJIEHHs (PYHKILiO-
HaJbHOI MiTodarii. BcranoneHo, 1o y uiit momeni I'T1 mi-
Todarist BTOpuHHO MPUTHiYeHa BHACTIOK Binkputtss mPTP
3a yyacTio uMKiaodiiny D, a Tperanosa ni€ sSIK MOIYJISITOP
MiTOOMHAMIKY Ta aKTUBATOP JeTpanallil yIIKOMIKEHNX MiTO-
XOHIIpili, 3am00irarouu ix HAKOMUYEHHIO Ta MTPOrPeCyBaHHIO
3aXBOPIOBAHHS.

V nocaimkenni Hamo-Giladi 3i criiBaBT. [41] Tperaiosa
OiATBepAWsa CBili 3aXUCHUI eeKT y Moaesi LepyJieiHiH-
YKOBAHOTO TTAaHKPEATUTY, 30KpeMa Y TPAaHCTEHHUX MUIIIEH
i3 rinepekcrpecieto renapanasu (Hpa-Tg). 3acTocyBaHHs
TPErajio3u CyIpOBOIKYBAJIOCS 3MEHIIIEHHSIM HAOPSIKY, 3a-
nayibHOI iHDINBTpallil Ta HOpMaJIi3alli€lo yIBTPaCTPYKTYpHU
MITOXOH/IPiii, BKJIIOYAIOUM 3MEHILIEHHS X HAOPSIKY, TeTepo-
TEeHHOCTI Ta arperailii — KJ1040BUX MOP(MOJIOTIYHUX O3HAK
MitoxoHapianbHoi nucdyHkii mpu I'Tl. MopdomeTpuunmii
aHaJi3 eJeKTPOHHOI MiKPOCKOIIii MiATBEPAMB, 1110 Tpera-
JIo3a TOJIIIIIYE SIKiCHI Ta KiTbKiCHI XapaKTepUCTUKU MiTO-
XOHPil, 110 CBITYMTH PO aKTUBAIIIIO 3aXMCHOI MiToarii,
CIPSIMOBAHOI Ha eJTiMiHAILiI0 YIIKOIKEHUX OpTaHeN.

VY nocnimxenHi Ha Muinadiit moneri Tsokkoro I'T1 (TTTI)
OyJ10 TPOJAEMOHCTPOBAHO, 1110 BBEIEHHS cesieHy y dhopmi
HaTpil0 CEJIEHITY 3HAaUHO ITOCUJIIOE €KCIIPECil0 KIIOUYOBUX
perynsitopiB MiTodarii — PINK1 i Parkin, 1o cBiguuth npo

aktuBatito kitacuuHoro PINK1/Parkin-3anexHoro msixy
[42]. Lle cynpoBoxyBasiocst miasuieHHs M piBHs1 LC3-11
Ta 3HWXEHHSIM p62, SIKi € MOJIEKYJIIPHUMKM MapKepamu
aKTUBHOTO aBTO(dariuHoro moToky. AKTuBallisi Mmitodarii
ITi1 BILIMBOM CeJICHY CIIpMsiia eJiMiHallii MOIIKOMXKEHUX
MITOXOH/IPii1, 3HMKeHHIO poayKiii ADK Ta mpurHiyeHHIO
okucHoro ctpecy B ALLIK T13. Kpim Toro, ceseH HopMmaJii-
3yBaB MOP(OJIOTIUHY CTPYKTYPY MITOXOHIPIiii, BKITIOYAIOUK
BiTHOBJIEHHSI AWm, LiTiICHICTb KPUCT Ta IIUTbHICTh MAaTPUK-
Cy, 110 OyJIO MiATBEPAXKeHO TaHUMM TPAHCMICIiHOI eleK-
TPOHHOI MiKpockoItii. BogHovac criocrepiranocs 3HIKEHHS
BUBiLIbHEHHS LiMToxpoMy C Ta Kacmazu-9, 110 CBiIYUTh PO
iHriOyBaHHST MITOXOH/IpiaJIbHO-OIMOCEPEIKOBAHOTO arloITO-
3y [42]. KpUTUYHO BaXKJIMBUM TiATBEPIKEHHSIM TOTO, 110
MiTodarist € OCHOBHIM MeXaHi3MOM 3aXMCHOI il CeleHY,
CTajio 3aCTOCYBaHHS iHTibiTOpa aBTodarii 3-MA, sike nmpu-
3BOIMJIO A0 BTPATU 3aXMCHOTO e(eKTy CeleHY, 30epeKeHHS
IUChYHKIIIOHATBHUX MITOXOHIPii Ta TTOTJIMOJIEHHS YIITKO-
JKEHHS TKaHWH. TaKUM YMHOM, CYKYITHICTh OTPUMAaHUX
Pe3yJIbTaTiB CBIIYUTb, 1110 CEJIEH YNHUTD LIMTOIIPOTEKTOPHY
nito ipu I'TI nepeBaxkHo nuisixoM iHaykuii PINK1/Parkin-
3aJIeXKHOI MiTodarii, sika 3a0e3mneuye BUAAIeHHS YIITKOIKE -
HUX MITOXOHIPIiii, 3HUXKEHHSI OKUCHOTO CTpecy Ta 3aro0i-
raHHs nporpecyBaHHIo ypaxkeHHs ALLK [42].

Okpemy TepareBTUYHY Hillly CTAHOBJISITh 32aCO0M, CIIpsIi-
MOBaHi Ha 30epeKeHHs MiTOXOHAPiaJIbHOI (DYHKIIII Ta MpU-
THIYEHHS arnonTo3y B Mo3anaHKpeaTUYHUX TKaHWHAX TpU
Tskkomy Tiepe0iry I'TI. 3okpema, B eKCriepUMEHTaIbHiit
MOJeJIi cerncucy, acouiioBanoro 3 TI'TI Ta BHyTpilrHbOYE-
PEBHOIO TrinepTeH3sieto, 0yJI0 MoKa3aHo, 110 3aCTOCYBaHHS
MiTOXOHIpiaJIbHO TapreToBaHoro mentuny SS-31 cnpusie
CYTTEBOMY 3HUKEHHIO MIiTOXOH/IpiadbHOI nuCchYHKIII B
niadpparMajlbHUX M’s13aX, 3MeHIlIeHHo piBHiB ADK Ta mo-
JIIIIIEHHIO CKOPOTINBOI 3maTHOCTI miadpparmu. Lli edpex-
THU CYNPOBOXKYBAJIUCSI 3MEHILIEHHSIM €KCITpecii MapKepiB
aronTo3y Ta 30epexXeHHSIM MOP(@OJIOTiYHOI LiTiCHOCTI
M’SI30BMX KJIITHMH, 1O CBIIUUTD MPO MOTEHIIia] MiTOXOHIPi-
aJIbHOTO 3aXUCTY y MPO(IaKTUILI CUCTEMHUX YCKIaTHEHb,
30KpeMa aroNTOTUYHUX | HEKPOTUYHUX YIITKO/KEHb Y Bifl-
JAJICHUX OpraHax MpH TSOKKOMY TTaHKpeaTuTi [43].

HaBeneni ekcieprMeHTaIbHI JaHi IEPEKOHINBO CBilI-
YyaTh MPO KIOYOBY POJib (hapMaKOJIOTIYHOT MOIYJISILIT Mi-
TOXOHApPiaJIbHO-0IIOCEePEeIKOBAaHMX MEXaHi3MiB KIIiTUHHOI
3arubesti — anonTosy Ta Hekpo3y — B raroreHesi ['T1. He-
3aJIe3KHO BiJl OCHOBHOI'O ME€XaHi3My il — aKTUBallil MiTO-
(barii, anTHOKCHIAHTHOTO eheKTY, iHTIOyBaHHS Kacras abo
MiATpUMaHHS eHEPreTMYHOro MeTabdoIi3My — BCi 11i cTpa-
TeTii CIIpUSIOTh 30epeXXeHHIO KIIITUHHOI XKUTTE3MaTHOCTI,
3HUKEHHIO IHTEHCUBHOCTI 3amaJieHHsT Ta TpodilaKTUIL
CUCTEMHUX YCKJIaJJHEHb, BiIKPUBAIOYN MEPCIIEKTUBU ISt
MiTOXOHpiaJIbHO opieHTOBaHOI Teparii ['T1.

Peryasuis 6ioreHe3y MITOXOHAPIN

bioreHes MiToXoHpiii Biflirpae KJIIOUOBY POJIb Y BiTHOB-
JICHHI KJIITUHHOTO €HEPreTUYHOTO ITOTEHIIiaITy ITiCIsT YIITKO-
IIKEHb, 3yMOBJIEHUX CTPECOBUMU YMHHUKAMU, 30KpeMa B
ymoBax ['Tl. [TopymeHHsT MiTOXOHIpiaJbHOI (DYHKIIIT TTpu
I'TI npusBoguTh 10 Aedinuty AT®, MiABUILIEHOTO OKCU-
IAaTHBHOIO CTPeCy Ta aKTUBallii IporpaMOBaHUX IIISXiB
KJiTUHHOI 3aruberti. LlinboBa akTUBallisl MiTOXOHIpiab-
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Horo OioreHe3y uepe3 curHanbHi mussxu AMPK, SIRT1 i
PGC-la 31aTHa He Jidille BiTHOBUTH €HEPreTUYHUI 0OMiH
B ymkomkeHux ALK 13, a it mocmadbuTu 3ananbHi i1 OKCH-
NMATUBHI KackKau, 110 JIeXaTh B OCHOBI TSIKKOTO Tepeodiry
3aXBOPIOBAHHS.

LleHTpanbHUM perynsiTOpoM OioreHe3y MITOXOHAPIi
€ 5’-afgeHo3uHMOHOMOC(haT-aKTMBOBaHA MPOTEiHKiHA3a
(AMPK — AMP activated protein kinase) — ceHcop KiIi-
TUHHOTO EHEPreTUYHOTO CTATYCY, IKAM iHILII0OE CUTHAJIbHI
KacKaau, 110 CTUMYJIIOIOTh aBTo(dariio, aHTUOKCUIAHTHUM
3axXMCT i MPUTHIYEHHs 3amnajbHOI Bigmosini [44]. ¥ Husmi
ekcriepuMeHTanbHUX Moaeeit I'Tl mokaszaHo, 1110 aKTUBallis
AMPK cnpuuunsie aktuBauio SIRT1, NAD+-3anexHoi
JlealleTuia3u, sika 6epe ydacTb y peryJsiilii MiTOXOHIpiaib-
HOro 0ioreHe3y 4epe3 KOAKTUBALIil0 TPAHCKPUITLIAHOTO
perynstopa PGC-1a. 3acrocyBaHHSI MeTOpMiHY sIK (ap-
MakoJoriunoro aktusaropa AMPK y monenbHux cucremax
I'TI cnipusie minBuineHHto excrpecii p~AMPK ta SIRT1,
HopMaJi3zye aprodariydi Mapkepu (30KpeMa, 3HUKYE piBHi
Beclin-1, LC3-11I/1 Ta p62) i 3MeHIIIy€e 3armaibHy BiIIOBiIb,
1110 BKa3y€ Ha BiTHOBJIEHHS (yHKIi1 MITOXOH/Ipiii Ta aBTO-
dariyHoro moToKy [45].

[HIIIEe HoCHimXeHHs 3aCBiAYMIO, 110 BUKOPUCTAH-
Hsa AICAR — ¢apmakosoriudoro arodHicta AMPK — y
MUIlIel 3 OXUPIHHSAM i 1iepyaeiHinnykoBanum ['T1 pu-
BOAMJIO 0 3MeHIIeHHs HekponTody ALIK 3a paxyHok
crabinizaliii pro-caspase-8 ta aerpanauii RIPK3, o cy-
MPOBOXYBAJIOCS 3HUKEHHSIM IHTEHCUBHOCTI KJIITUHHOT
3arubeli, excrupecii mpo3anaJbHUX MapKepiB Ta ITiABU-
IIEHHSIM BUKMBaHHS TBapuH [44]. Y 1IUX yMOBax Takox
¢ikcyBanzocs 3HUXEHHS PiBHIB amislia3u, Jima3u, 3MeH-
IIEHHS XXMPOBOTO HEKPO3Y Ta ypaKeHHSI iHIIUX OpraHiB,
1110 CBiTYUTD PO BiAHOBIEHHS (PYHKIIIOHATBHOTO KJIITUH-
Horo Metaboi3my BHacaimoK AMPK-omocepenkoBaHoi
nuronpotekiiii. Kpim Toro, AICAR 4MHUTH aHTUOKCU-
JaHTHUN e(deKT IUISIXOM aKTUBAallil TPaHCKPUIILiAHOTO
daxktopa Nrf2, 1110 TPpU3BOAUTH A0 MOCUJICHHS €KCITpe-
cii eHIOreHHUX aHTUOKCUIAHTHUX (DEPMEHTIB (30Kpe-
ma, HO-1 i NQO-1 (NAD(P)H quinone dehydrogenase
1)) Ta nmpurHideHHs1 akTuBauii iHparamacomu NLRP3
(NLR family pyrin domain containing 3) [46]. 3MeHIIeH-
HSI OKCUJIATUBHOTIO CTPECY CTBOPIOE YMOBHU I cTabii-
3allii MiTOXOHIpiaJlbHOI CTPYKTYpH, 30epexkeHHsT A¥Ym
i cripusie iHAYKIii 6ioreHe3y. Y pe3ysbTaTi MOJIITIIYEThCS
(YHKIIIOHATBbHUH CTaH SIK MaHKPEaTUYHOI, TaK i e4iHKOBO1
TKaHWHMU, 1110 6e3MocepeHbO MOB’SI3aHO 3 BiTHOBJICHHSIM
MiTOXOHIpiaJIbHOrO roMeocTasy [46].

OKpiM CUHTETUYHUX CIIOJYK, HU3KA MPUPOIHUX pe-
YOBWH TakKoX 31aTHa aktuByBatu AMPK i ctumynosa-
Tu OioreHe3 MiToxoHapiii. 3okpeMa, 6epOepruH — i30Xi-
HOJIIHOBM aJIKaJIoi, 1110 MICTUTBCSI B POCIMHAX POAUHU
Berberidaceae, BusiBiisie 6araTOKOMIIOHEHTHY OiOJ0OTiUHY
nito. Y MoIeNbHUX JOCTIIKEHHSIX 1IepYIeiHIiHIyKOBaHO-
ro naHkpeatuty 0epoepuH aktuByBaB AMPK, iHgykyBaB
Nrf2-3anexxHy aHTMOKCUAAHTHY BiAIIOBiAb, IPUTHIYYBaB
ekcripecito NOX2 — mxepena AOK — i 3HUXKyBaB piBHi
aminasu, mginasu, MITO, a Takoxx @HII-a, 1JI-6 ta 1JI-1p.
OKpiM 11bOTO, BiH 3MEHIIyBaB OKMCHO-HITPO3aTUBHUIA
CTpec, 1110 CBITYUTD PO BiTHOBIECHHS €HEPreTUYHOIO Io-
MeOocTa3y Ta 30epekeHHS MiTOXOHIpiabHOI LiicHOCTi [47].
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PucyHok 2. Clostridium butyricum snnusae
npu roctpomy naHkpeatuti 4yepe3 AMPK/NF-kB ([49],
BifIKpUTUI BOCTYI)

[HIIMM TTpUKIIamOM IPUPOIHOTO KOMIUIEKCY 3 MOIi0-
HUMMU BiacTUBOCTAMU € Angelica Shaoyaosan — ¢ito-
TepaneBTUYHA KOMITO3MIIisl, 110 TaKoX akTuBye AMPK
pa3owm i3 aeauetusiazoro SIRT1. dopmyBaHHS MO3UTUB-
HOTO 3BOpOoTHOTrO 3B’513Ky Mixk AMPK Ta SIRT1 cnpusie
aKkTuBallii aBTodarii, 30KpemMa ceJeKTUBHOMY BUIAJIEHHIO
VIIKOKEHUX MITOXOHIpiil. Lle miaTBepaKy€eThCcs MiaABU-
mweHHsaM exkcrpecii LC3-11 ta 3HMXeHHSIM p62, 110 BKa-
3y€ Ha MTOCUJICHHST aBTodariyHoro ¢Guitokcy. TakKuM YMHOM,
Angelica Shaoyaosan He Julle 3HIKYE 3aaJlbHy BiIIlOBiIb,
a il CTBOPIOE YMOBH 11 €(DeKTUBHOTO MiTOXOH/IPiaJIbHOTO
oHoBJieHHs B ymoBax ['TI [48].

3HauHMil iHTepec ctaHOBUTH TakoX (R)-TML104 —
CUHTETUYHUI aHAJIOT pecBepaTpoIy, IKWii y MoaeJi 1epy-
JIETHIHAYKOBAHOTO MAaHKPEAaTUTy 3HAYHO 3HIDKYE 3aIlalibHi
ypaxeHHs 13, 3meHIiye HeliTpodinbHY Ta Makpodaraib-
Hy iH(}iIbTpaliio, a TakoxX IpurHiuye excrapecito CCL2
(C-C motif chemokine ligand 2) Ta MIP-2 (macrophage
inflammatory protein 2) [24]. Lli epekTH orocepeaKoByOTh-
cs uyepe3 aktuBanito AMPK, ingykirito excripecii SIRT1 ta
nocuneHHs B3aemoii SIRT1 3i STAT3, o cynpoBomxy-
etbes aeaneTmnoBadHsaM STAT3 ta npurdivenssm 1J1-6-
3aJIe3KHOTO CUTHAJIBHOTO TUISIXY. 3aCTOCYBaHHS ceJlicicTaTy
(EX527) — cneuudiunoro inrioitopy SIRT1 — nosHicTIO
HiBemoe 3axucHy aito TML104, 1o minTBepaxye KIro4oBy
posib SIRT1 gK LIeHTpabHOTO MeaiaTopa LIbOTO MEXaHi3My.

[HIIMM MepCTIEKTUBHUM HAIIPSIMOM € BUKOPHUCTAHHSI
Clostridium butyricum — poGIOTUYHOTO IITaMy 3 MPOTU3a-
MaJJbHUMU BJIACTUBOCTSIMU. Y fociimkeHHi Wen 3i CITiBaBT.
OyJio nokasaHo, 1o Clostridium butyricum aktrusye AMPK,
npurHiuye NF-kB Ta 3HMXYy€e eKcrpeciio npo3anajlbHuxX
uMTOKiHIB y Mozeni I'TI, o Bkasye Ha iOro MmoTeHIian K
peryJsiTopa MiTOXOHAPiaJIbHOTO TOMeOCTa3y Ta 3anaibHol
Bimmosimi (puc. 2) [49].

OTpumaHi maHi cBimyaTh, mo edektu Clostridium
butyricum peanizyloTbCs K 3a paxXyHOK >XKMBOI KyJIbTYPU
Oakrepii, Tak i yepes ii cynmepHaTaHT, 110 BKa3y€e Ha IM0-
TeHIIiaJl TOCTOIOTUKIB SIK TepaneBTUYHUX areHTiB. AKTUBa-
1ist AMPK y 11bOMYy KOHTEKCTi CYITPOBOIKYETHCS HE JIUIIIE
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3MEHIIEHHSIM 3aMajJbHOTO TPOLIECY, aje i MOIMIIeHHSIM
Oap’epHoOi GYHKIIT KMIIEeYHUKA, 1110 MA€ KPUTUYHE 3Ha-
YeHHS [JIs1 3HVXKEHHS CUCTEMHOTIO iH(EeKIiIMHOTO0 PU3UKY
npu TTTI [50].

IHIIMM MepCcreKTUBHUM areHTOM € KOpAuIeIiH (3’-ne-
OKCHUANIEHO3WH), IKU YMHUTH MPOTU3ATIAJIbHY Ji0 IS -
xoM akTtuBalii AMPK, a takox raibmyBaHHs NF-kB Ta
iHdmamacomu NLRP3, mo Oyiao mpoaeMOHCTPOBaHO B
Mozeni 1uepyneininaykoBaHoro I'Tl. Xoda npssmMuil BIUIMB
Ha OioreHe3 MiTOXOHApiii He OyB HJOBeACHMI, KOPAULIETIiH
CTIpUsI€ 30epeXXeHHIO €eHEPreTUYHOTO TOMEOCTa3y KIIITUHN
Ta 3MEHILIEHHIO 3aMaJIbHOTO HABAHTaXEHHS, 1110 T03BOJISIE
PO3IJISI AT OTO SIK HETIPSIMUIA MOIYJISITOP MiTOXOHIpiaJTb-
HoI 1imicHocTi [51].

LleHTpaJlbHUM €JIEMEHTOM CUTHAJbHOT'O KacKamiy
SIRT1/PGC-10/NRF1/TFAM € neauerunasa SIRTI, sika
He JIMIIIe CTUMYJIIOE TPAaHCKPUIIIIil0 TeHiB OioreHe3y MiTo-
XOHJIpiii, a 1 TIPUTHIYYE 3amnaibHi peakilii HIIsSIXoM OJI0KY-
BaHHs NF-«B. ¥ monenbHux cucrtemax TI'TI 6yno rmokasza-
Ho, 110 pecBeparpost aktubye SIRT 1, migBuiilye ekcrpeciio
PGC-1a, NRF1 (Nuclear respiratory factor 1) ta TFAM
(Transcription factor A, mitochondrial), Hopmamnizye A¥m,
nocumoe cuHTe3 AT® i mpurHiuye akTuBalio iHdIama-
comu NLRP3, 1110 ¢BiguuTh Mpo 30aTHICTH pecBepaTpoIy
BimHOBIIIOBaTH OioreHe3 MitoxoHapiit y SIRT1-3anexxumit
cnoci6 [25].

AHAJIOTIUHY {10 IEMOHCTPYE KPOLIETUH — KapOTUHOII,
orpuManuii 3 Crocus sativus. Y 1ocaikeHHi 3 KIITHHHOIO
niniero ALK AR42J, ingykoBaHUX lLiepyJieiHOM, ITOKa3aHo,
110 KPOULETUH MPUTHIUY€E anonTo3 i 3anajbHy BiAMOBiIb
nursixoM aktuBalii SIRT1 Ta inrioyBanus NF-«B. [Ipu
onokyBaHHi ekcripecii SIRT 1 3axucHa z1ist KpolUeTUHY 3HU-
KaJia, 110 CBimuuTh nmpo BupimaibHy posb SIRTI1 y pea-
JTi3airii iioro edekTiB. TaKMM YMHOM, KpPOLETUH BiTHOB-
moe SIRT1-3a5exHy peryssiiito 3anajeHHs i aronTo3y
Ta aKTUBYE OioreHe3 MiTOXOHIPIl OIocepeIKOBaHO Yyepes
rasibmyBaHHsI NF-kB [52].

[Momi6Hi MexaHi3MU OmMCaHi i IIS iHIIMX IIPUPOTHUX
cnoayk. Tak, eMmoauH aktuBye SIRTI1 nuisixom npurHi-
yeHHs1 MikpoPHK miR-217-5p, mo cynpoBomIXy€eThbCs
3HWXKEHHSIM aIloITo3y, OKMCHOTO CTPeCy Ta YIIKOJKEHHS
nereHeBoi TkaHuHu npu TITI [53]. Lle minTBepaXye yHi-
BepcanbHy poJib SIRT1 y 3axucTi IK maHKpeaTUIHUX, Tak i
BiJIaJIEeHUX OpraHiB yepe3 cTadilizallilo MiTOXOHAPiaJbHOTO
(GYHKIIIOHYBaHHS.

[Ile omHUM TIPUKIIAIOM € TTIHOKeMOpUH — (hJIaBOHOI
3 BUPAaKEHUMU aHTUOKCUJAAHTHUMU BJIACTUBOCTSAMU. Y
Mozesi L-apriHiHiHIyKOBaHOTO TTaHKPEaTUTy BiH aKTHUBY-
BaB curHajibHuit uuisix SIRT1/Nrf2/HO-1, npurHiuyBas
MmikpoPHK miR-34a-5p Ta 3MeHIIyBaB eKcrpecito mpo-
3anajbHUX LIMTOKIHIB, 10 BKa3y€ Ha MOro 31aTHICTh He
JIMIIIE TIOJIIIITYBaTH OKMCHO-BITHOBHUI CTaTyC, a i BITHOB-
JIIOBaTU MiTOXOHApianbHuii 6anaHc yepe3 SIRT1-3anexHy
CUTHAJIbHY Bich (puc. 3) [54].

Him6ourin — GioakTuBHA cIIoyKa, BuaiieHa 3 Azadi-
rachta indica, 1110 mpoaeMOHCTpyBajia 31aTHICTh aKTUBYBAaTU
SIRT1, inrioyBatu Tpanckpunuiiinuit ¢pakrtop NF-«kB i
3HUXKYBATHU €KCIIPECilo MpoaronToTUYHUX OiKiB Bax Ta
Kacrasu-3, 1o BKa3ye Ha BiHOBIeHHsS A¥m Ta 3MeHIlIeH-
HSI CTYIT€HSI MiTOXOHIPiaIbHOTO YIIKOMKEeHHS [55]. [Hmmm
MePCHeKTUBHUM IIPUPOIHUM areHTOM € JIOHillepuH — (a-
BOHOITHMI TJ1iK0o3u[ i3 Lonicera japonica, sikuii y Mozeti
LIePYJICTHIHIYKOBAHOIO MTaHKpeaTuTy B KiiTuHax AR42J
TPUTHIYYE arnonTo3, 3anajeHHs Ta (peponTo3 NUISIXOM aK-
TuBaLii curHaabHoro kackany SIRT1/GPX4 [56]. Jlonile-
PUH 3MEHIIYE BMICT Mpo3anajibHUX MeIiaTopiB, 30KpeMa
OHIT-a, I-1B, NO, npocrarnanauny E2, a Takox 3HUXKY€E
MapKepy OKCUIATUBHOTO CTpecy, 30KpeMa piBHi Fe**, MIIA
ta ADK, BomHOYAC BiTHOBITIOIOUM BMICT TyTaTiony. [Tpu
LIbOMY BiI3Haua€eThCs MpUrHiyeHHs akTuBallii NF-xB. 3a-
XUCHMI e)eKT JIOHieprHy 3HMKaE mpu HoKayTi SIRT1, 1o
CBiZIUUTB MPO MOTO KPUTUYHY POJIb Y peastizallii BilMoBiqHOT
OionoriuHoi BigmoBini. KpiM Toro, 0yi0 BcTaHOB/IEHO, 110
migBuieHHs excrnpecii GPX4 — kirroyoBoro iHribiTOpy
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depornTo3y — € HEOOXiTHOI0 YMOBOIO IIPOTEKTOPHOI il
JIOHILIEpUHY.

Bitamin B,, Takox npoaeMoOHCTpyBaB BUPaKEHUA 3a-
xucHMi epexr msixom akrusaiii oci CBS/SIRT1 [57]. ¥V
mopeni I'Tl, ingykoBaHOro HaTpiii-TaypoxoaaToM, BBEICHHS
BitamiHy B,, cipusiio 3mentierHto BMicty @HIT-a, LI-1p,
akTuBHOCTI MITO, a TakoX 3MEHILEeHHI0 HAOpsKY, Ki-
TUHHOI iHDinbTpallii Ta HeKpo3y TKaHMHU ITiIILTyHKOBOI
3a7103u. Kpim Toro, 6yj1o 3aikcoBaHO 3HUKEHHSI PiBHIB
depmeHTeMii, ctabdimizaiito A¥Ym Ta BiTHOBIEHHS piBHS
AT® y kiituHax. BaximBo, mo BiTamiH B,, cipusiB akTH-
Balii Parkin-3anexxHoi miTodarii, 1110 CympoBOIKYBaIOCS
HigBUIIEHHAM ekcrpecii Parkin i 3HIZKeHHSIM piBHIB Map-
KepiB HAaKOIMMWYEHHS YIIKOMKEHUX MITOXOHIpPIiii, 30KpeMa
LC3-1I ta p62. i epextu 6ynu SIRT1-3a1ekHUMHA, 1110
ninkpecnoe GyHKIioHaIbHY 3HauyIIicTh oci CBS/SIRT1
y peryJisiii eaiMiHalii neeKTHUX opraHen. BukopucranHs
cnenudivunoro inrioitopy SIRT1 (EX-527) npusBoauio 10
HiBeJIIOBaHHSI 3aXMCHOI i, 1110 MiATBEPIKYE KJIIOUOBY POJIb
11bOTO (hbepMEHTY Y BiTHOBJIEHHI MiTOXOH/IpiaJTbHOTO TOMe-
octasy [57]. BogHouac nin BrimBoM BiTamiHy B,, criocTepi-
rajiocsi MOCWJIEHHSI aKTUBHOCTI aHTUOKCHUIAHTHOTO LIJISIXY
Nrf2, 1110 101aTKOBO MiABUIIYBaJO KJIITUHHY PE3UCTEHT-
HicTb 10 ADK-iHIyKOBAaHOTO YIIKOIKEHHS. TAKM YMHOM,
BiTaMiH B,, BusiBisie 6araroakTopHuit MiTOXOHAPiaTbHO
OpieHTOBaHUI e(PEeKT, IK1i1 BKJIIOYa€ 3MEHIIIEHHS OKHCHO-
TO cTpecy, crtabinizanito AYm, mintpumanHs cuHTe3y ATD,
aKTHUBaLio MiTodarii Ta iHTiOyBaHHS 3aMaJIeHHs LIISIXOM
peamizanii CBS/SIRT1/Nrf2-3anexxHoro MexaHiamy ii.

PapMAKOAOTiYHE iHFGYBAHHS 3ANAABHOIO
KOCKQOAY, OnocepeAKOBAHOro MiTOXOHAPISIMU
(NLRP3-iHpAramacoma)

IHriOyBaHHS 3amajJbHOTO KacKamy, acollilfoBaHOTO 3
MITOXOHIpiaJIbHOIO AUC(YHKIIiEIO0, 30KpeMa LIJISIXOM MO-
oyl aktuBHOCTi NLRP3-iHdaamacoMu, po3risinaeTb-
csl SIK TIepCIIeKTUBHA CTparerist BIIMBY Ha natoreHes I'T1.
NLRP3-indpramacoma — 11¢ MyJbTUOLIKOBUI IIUTO30JIb-
HUI KOMIJIEKC, SIKUIT aKTUBYETBCS Y BiZIITOBIb Ha YIIIKO-
JIKEHHST MITOXOHpiii, HaaMipHe yTBopeHHs1 ADK, mopy-
IIeHHs IponeciB Mitodarii Ta BuBimbHeHHI MTIHK. 11i
CHUTHAJIM 3aIyCKaloTh aKTUBALIil0 Kacnasu- 1, CHpUYMHSI0YN
No3piBaHHS Mpo3anajibHux UUTOKiHiB IJI-1f ta 1JI-18, a
TaKOX iHiIliaIlifo MiponTo3y — (GOPMHM 3amajbHOI 3aIIpo-
rpaMoOBaHOI KJIITUHHOI CMEPTI, 1110 Billirpa€e KJIIOYOBY POJIb
Y PO3BUTKY CUHIPOMY CMCTEMHOI 3amajibHOI BilIMOBii TTpu
TTTI [58, 59].

OnHUM i3 HAANEPCHEKTUBHIIINX MaJTOMOJICKYISIPHUIX
inriditopiB NLRP3 e cmonyka MCC950, sika mponeMoH-
CTpyBaJia BUCOKY BUOipKOBICTh Ta €(DEeKTUBHICTh y HU3LII
eKcrnepuMeHTaIbHuX Moneneid. Y mumeit i3 TI'TI BBeneHHs
MCC950 cyrreBo 3HMKYyBas0 piBHi IJI-1B, 1J1-6 Ta ®HII-a,
3MEHIIyBaJIo Tutoly Hekpo3y I13 Ta moninmrysano Mmopdo-
JIOTIYHUH CTaH CIM30BOI OOOJIOHKM KUIIIEYHUKA, 1110 Cy-
MPOBOIKYBAJIOCS BiTHOBJICHHSIM €KCIIPeCii OLIKIB IIITbHIX
MIXKJIITUHHUX KOHTaKTiB — ZO-1, OKJTIONMHY Ta KJIOYIU-
Hy-4 [60]. Kpim Toro, MCC950 3axuinaB MiTOXOHAPIT Bix
nerossipy3aliii Ta ooMexxyBaB BuBiibHeHHsI MTIHK, 1110 €
BaKJIMBUM TPUTEPOM BTOPMHHOI aKTHUBallil iH(h1aMacoMu
[60].

dapmakoinoriune 6gokyBaHHsS NLRP3 Takox 3HU-
>KyBaJIo piBeHb IipOITO3y B €HTEPOLIMTAX, CIIPUYMHEHO-
ro aktuBaliero NLRP3-GSDMD-misxy mia BILIMBOM
B-nimdonuTiB Me3eHTepianbHOoTO X1py. MCC950 Bipo-
rigHoO 3MeHIIyBaB ekcrpecito razaepminy D (GSDMD),
00MEXYIOUM TUM CAaMUM YIITKO/DKEHHSI CJTM30BO1 000JIOHKH
KumeyHuka [61]. ¥V iHIIoOMy JOCTiIKeHHI oKa3aHo, 0
TEOHOJT — MPUPOIHA (DeHOJIbHA CITOJTyKa — MPUTHIYYE IT0-
Jisipu3altito Makpodaris y nposananbHuii M 1-deHorur,
3MeHInye npoaykyBaHHsas ADK, 3amobirae MiToxoHapi-
aJbHOMY YIIKOXKEHHIO Ta e(heKTUBHO OJIOKYE aKTHUBALIilO
NLRP3-ingaamacomu. Lleit eexT 3HMKAB IpU OHOYAC-
HoMmy 3actocyBaHHi MCC950, 110 ¢BigunuTh PO y4acThb
caMe LIbOTO CUTHAJIbHOTO KaCKaay B MEXaHi3Mi [lii IEOHOJTy
[62]. BaxkiuBuM € TaKoX 3B’SI30K MiX MOPYIIEHHIMU Mi-
Toarii Ta akTHBali€0 iHdIamacomu. 3a yMOB aediuuty
oinkiB PINK1 ta PARK2 — KJ11040BUX peTyIsITOPiB Mi-
Todarii — criocTepiraaocss HAaKOIMMYEHHS YIITKOIXKEHUX
MiTOXOHAPIii, 3pocTaHHs piBHS ADK Ta HagMmipHa aKkTHBa-
mist NLRP3. Beegenns MCC950 yacTKOBO KOMITEHCYBaJIO
nediuuT aBrodariyHol Aerpaaanii, 3HUXYBaja0 iHTEHCHUB-
HiCTb 3amaJieHHsI Ta CTYIiHb HeKpo3y TKanuuu [13 [59]. Le
BKa3y€ Ha TiCHY B3aEMO/IiI0 MiX TpoliecaMy MiATPUMaHHS
MiTOXOHApiaJIbHOIO romeocTaldy Ta akTupaliero NLRP3-
3aJIEXKHOTO 3arajieHHs, BiIKpUBaIOYX MOXKIUBOCTI JIJIS 1Ti-
JILOBOTO (papMaKoJIOriyHOIO BTpyYaHHS.

I[eneTnuHe HokayTyBaHHS a00 (papMaKOJIOTiYHE iH-
rioyBanHs1 NLRP3, 30kpema i3 3acToCcyBaHHSIM CITOJIYKH
INF-39, B ekcriepumenTasibHuX Mmoaesix TITI acoritoeThb-
csl 31 BMEHIIEHHSIM €KCIpecii mpo3anaibHUX IUTOKIHIB,
3HIKEHHSIM HeUTpodiabHOI iH(pinbTpalii, ocaadaeHHSIM
HaOpsSIKy Ta HEKPOTUYHUX 3MiH Y TKAHWHAX, a TAKOX MOJTIT-
HIEHHSIM MOPGOJIOTIYHOTO CTaHy JIeTeHb MPU CYMyTHbOMY
ypaxkeHHi pecnipatopHoi cucremu [63, 64]. e cBigunTh
npo noteHuian inrioysanHst NLRP3 sik cuctemHoro 3acody
MPOTU il MyIbTHOpTaHHii nucdynkuii mpu I'TI.

3HayHy yBary IpuBepTae Takox posb NLRP3 B akTu-
Ballil maHkpeatnyHux 3ipyactux kiaituH (I3K). MCC950
BipOTiTHO 3HUKYE piBeHb (hiOpoaKTUBAIllil, 3MEHIITYIOUHN
eKCIIpecito T1aJKoM’s130BOro a-akThHY (0-SMA) Ta KoJja-
TeHy, 110 Ma€ KJIF0UOBE 3HAYSHHSI IS 3arobiraHHs (hopmy-
BaHHIO (hi6GPO3y NMpU XpOHi3zallii 3amajabHOro mpoiecy [65].
Bonnouac edexrrBHicTh MCC950 Moxe 6yt 0OMeKEeHOI0
3a ymoB, kot NLRP3 Bxke aktuBoBaHMii i cTabinizoBaHMIA
y CKJ1afi MyJIbTUOJIKOBOTO KOMILIEKCY. Y IIbOMY KOHTEKCTi
MEePCNeKTUBHUM € KOMOiHOBaHE 3aCTOCYBaHHSI IMoJIia-
TUHY — (BJIABOHOIAY, 1110 iHTi0y€e OGi0K TEMJIOBOTO IIOKY
HSP900. Ta cripusie necrabinizaliii akTMBOBaHOI1 iH(bIaMa-
comu (disc-NLRP3), 3a6e3neuyroun MillieHb 15T TOAATb-
woi aii MCC950. Takuii MmexaHi3mM OyJI0 MiATBEPXKEHO B
mogzeni I['TI, ne KoMGiHOBaHe 3aCTOCYBaHHS MOJiNaTUHY Ta
inrioysanHst HSP90a npusBoauio no nectpykuii crabifi-
3oBaHoro komriekcy NLRP3 i 3MeH111eHHST iHTEHCUBHOCTI
3amnajeHHs [66].

JomaTkoBi moka3u Ha KopucThb poxi NLRP3 B mato-
reHesi ['Tl orpuMaHo y Mojeli OXXUpiHHS, 1€ BBEAECHHS
rribeHkKIaMiny — Herpsmoro iHriditopa NLRP3 — cy-
IMPOBOJIXKYBAJOCSI 3HUKEHHSIM TSIXKKOCTi TTaHKpPEaTUTy,
3MeHIIeHHaM piBHiB IJI-6, amina3u Ta iimasu, a TaKox
3HUKEHHSIM aKTUBHOCTI iH(1aMacoMu y mepuTOHeaTbHUX
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Makpo@arax [67]. Lle miakpecioe BaxJIMBICTh MeTa00iu-
Horo ¢oHy B aktuBalii NLRP3-3anexxHoro 3anaieHHs
Ta BiIKPMBAE MEPCHEKTUBA BUKOPUCTAHHS BXE BiTOMHUX
rpenapaTtiB MeTaboJIiYHOTO MPOdITI0 Y MaTOTeHETUYHOMY
nikyBaHHi I'TI.

TakuMm YMHOM, HasIBHi eKCIIepMMEHTaIbHI JaHi ITia-
TBEPIKYIOTh KiItouoBy posib NLRP3-iHndiamacomu y na-
torenesi TI'Tl, a i papmaxosoriude 0J10KyBaHHS — 5K 3a
JIOTIOMOTOIO TIPSIMUX CEJIEKTUBHUX iHTiOITOPiB, TaK i IS~
XOM OITOCEePEIKOBAHOI il yepe3 cTabiIi3alliro MiTOXOHAPIA,
MOYJISILIiIO TIoJIsIpU3aliii MakpodariB abo MiATPUMKY aBTO-
¢ariyHoi aKTUBHOCTI — PO3IJISIIAETHCS SIK MEPCIIeKTUBHA
TeparieBTUYHa CTpaTeTisl AJIsl IPUTHIYEHHSI CUCTeMHOI 3a-
MaJbHOI BiIMOBii, 3arobiraHHs MiponTo3y Ta mpoditak-
TUKY MYJIETUOPTaHHOI TUCQYHKIIII.

BMKOPUCTAHHS ME@3eHXiMAAbHUX
CTOBOYPOBUX KAITUH AAS MIATPUMKU
MITOXOHAPIOABHOT PYHKLIT

3acTocyBaHHSI Me3eHXiMaJIbHUX CTOBOYPOBUX KJIITUH
(MCK) y tepamii I'Tl aeMoHCTpye BUCOKMIA TTOTEHIIiall 3a-
BISIKM 1X 3MaTHOCTI IMiATPUMYBATU Ta BiIHOBIIOBATU Mi-
ToXOHpiabHy GyHKIio ypaxeHux ALLK I13. OngHum i3
KJII0YOBHUX MEeXaHi3MiB Takoi Jiii € mepegaya (yHKIIiOHAIBHO
AKTUBHUX MITOXOHIIPiii 1O MOLIKOIKEHUX KJIITUH 3a 10TI0-
MOTOIO MO3aKJIITUHHUX BE3UKYJ. 30KpeMa, BCTAHOBJIEHO,
110 rinokcuyHo oopoodsieHi MCK 31atHi ehekTUBHO TpaH-
crioptyBatu MitoxoHapii B ALLK, 110 cynmpoBomxyeTbces 30e-
pexeHHsIM A¥Ym, rominineHHsIM cuHTe3y AT®, 3HIKEHHIM
PiBHSI CYIIepOKCU/IIB i cTabiizalielo KIIITUHHOTO MeTabo-
nizmy [68]. Lle acorifoeThest 3i 3MEHIIIEHHIM HEKPOTUYHUX
3MiH, MPUTHIYEHHSIM 3aMaJIbHOTO KacKay Ta MOJIIMIIEHHSIM
MopoJoriuHoro crany I13 B ymoBax TT'TI.

OmHMM i3 HOBITHIX ITiIXOMiB IO MITOXOH/IPiaTbHO OPi€H-
TOBAHOI Teparii € BAKOPUCTAHHS MO3aKJIITUHHUX BE3UKYJI,
orpumanux i3 MCK Bonocsauaux domaikynis (HF-MSC-
sEVs). byno nmokazaHo, 1110 11i Be3UKYJIM aKTUBHO TTPOHM-
kawTh y ALIK Ta iHriOyoTh miponTo3 — ¢opMy 3amporpa-
MOBAaHOI KJIITUHHOI 3aruberti, MoB’s13aHOI 3 pyiHYBaHHSIM
MitoxoHapianbHOI cTpykTypu. HF-MSC-sEVs 3H1KyBanu
€KCIIPECilo KITII0OYOBMX KOMITOHEHTIB iH(IIaMmacoMu, 30Kpe-
Ma NLRP3, ASC (apoptosis-associated speck-like protein
containing CARD) i kacna3u-1, cupusitou BiTHOBJIEHHIO
MiTOXOHIpiaJIbHOI (PYHKIIIT Ta 3MEHIIIEHHIO CUCTEMHOTO
sanaaeHHs [69].

IMoxni6bHi edexTH MPOIEeMOHCTPOBAHO TAKOX IJIsI TT0-
3aKJIiITUHHUX Be3uKyJl MCK KicTKOBOTO MO3KY, 1110 TpaH-
croptytoth MikpoPHK miR-29a-3p. byso BusiieHo, 1o
s MikpoPHK npurhiuye ekcnpecito 6inrka HMGBI1 Ta
ornocepeakoBaHo iHrioye curHanpHuil nursix TLR4/Akt,
SIKUI TOB’sI3aHUIA i3 perysilielo MiTOXOHIpiaJlbHOTO
amnoITo3y i eHepreTuYyHoro Meradosizmy. TakuM 4MHOM,
MCK cnpusiors cTabinizailii MiToxoHapiaabHOI PYyHKITIT
B KapJioMiolluTax mpy CUCTEMHOMY 3amajeHHi, 3yMOBJe-
"Homy TTTI [70].

Y Moneni nepyJieiHiHIyKOBaHOTO MaHKPEaTUTy A0Be-
JIEHO, 110 BHYTPIlTHOBEHHE BBEIEHHS JIIOICHKUX KiCTKO-
Bomo3koBux MCK (hBM-MSCs) cipuunHsie 3HUXKEHHS
piBHiB aMinasu, jginasu, MIIO, xeMoaTpakTaHTHOTO OijiKa
MIP-2 ta omHOYaCHE MMiABUIIIEHHS €KCIIPECii MpoTh3araib-

Horo 1JI-10. He3Baxkatoun Ha Te, IO IIepemada MiTOXOH-
Npiii Ge3nocepeHbO HE BUBYAIacs, iMyHOCYIpeCUBHA Iisl
hBM-MSCs 3MeHIIyBaja CUCTEeMHUI OKCUIATUBHUM
ctpec, 1o B ymoBax ['T1 cripusie 30epeskeHHIO MiTOXOH-
JIpiaJIbHOTO TOMEOCTa3y i 3amodirae eHepreTMYHOMY BH-
cHaxeHHo ALIK [71].

IMinBuineHHs TepaneBTUuHOI epekTBHOCTI MCK Ta-
KOX MOXe IOCSITAaTUCS LLISIXOM MOTepeaHbOI aKTUBallil
iMyHOAKTUBHUMU areHTaMu, 30Kpema iHtepdepoHoMm v,
TamoKcudeHoM abo xsopoxiHoM. Lli peyoBMHM iHAYKYIOTh
ekcripecito iNOS Ta IDO (Indoleamine 2,3-dioxygenase) —
(GepMEHTIB, 1110 € KPUTUYHO BaXXKJIMBUMU JJIsI MITOXOHIPI-
aJIbHOTO MeTaboJ1i3My Ta (hOpMYyBaHHS MPOTU3ANaIbHO-
ro penorunnry MCK. ITicisa takoi monepenHboi 00poOKMu
KJTITUHU JEMOHCTPYBAJIN BUIILY 3AaTHICTb 10 3MEHIIICHHS
3amnajabHol iHdiIbTpalii, cTabimizallii TKAHUHHOTO MiKpO-
OTOUYEHHSI Ta 30epeKeHHs MiTOXOHApiaIbHOI (PYHKII1T y 30Hi
ypaxeHHs [72].

Okpemy yBary npuBepTa€ BUKOPUCTAHHS allbTepHa-
tuBHUX mxkepea1 MCK, 3okpema i3 petanbHUX MeMOpaH
Ta aMHioTMYHOI 0060J0HKKM. MCK 1j1alieHTapHOro Ta aM-
HIOTMYHOTO TIOXO/I)KEHHS 3HUXYIOTh MakpodarajibHy iH-
(dinprpaliito Ta MPUTHIYYIOTh €KCIIPECit0 XeMOoaTpaKTaHT-
Horo MCP-1 y TkKaHMHi ImiaAnIyHKoBOi 3ay103u. Kpim Toro,
KYJIBTypajbHe cepedoBUILe TAKNX KIiThH 3axuinae ALIK Bim
VIIKOMXEHH: Ta iHrioye akrtusauito 13K, 1o BimirpawoTb
KJIIOUOBY POJIb Y PO3BUTKY (hiOpO3Y, YaCTKOBO Yepe3 MOIM -
(ikalito MiTOXOHAPiaIbHOTO CUTHAJTIHTY [73].

V mocnimxeHHi Zhao 3i CcITiBaBT. Ha MOJIeJIi IITypiB BCTa-
HOBJIeHO, 1110 BBeAeHHs1 MCK micis inaykuii TI'TI 3HauHO
MOKpallyBaJlo BUXKMBAHICTh TBAPUH, 3HMKYBAJIO EKCIIPECiio
®HIT-o ta UI-1B y TkanuHax [13 it serens. Cami KJIiTHHA
BUSIBJISLIMCS B 30Hi YpaxkeHHsI Yepe3 KiJibKa JHIB ITiCJIsI BBe-
IIEHHS, 10 CBIMYMTH PO iX 3AaTHICTh JO Mirpaiii Ta Tpu-
BaJIO1 JJoKasti3allii, HeoOXiIHOI IJIs1 epeaadi MiTOXOHAPIiH i
cTabiizalii KIITHHHOTO €eHepreTUYHOTO CTaHy [74].

Takvm 4yuHOM, pi3HOMAaHITHI CTpaTerii 3aCTOCYBaHHS
MCK — Bin npsimoi niepeaadi ¢pyHKILOHATbHUX MITOXOHIPii
IO aKTUBALLil MpOTU3analbHUX | aHTUOKCUIAHTHUX MEXaHi3-
MiB — IMiATBEPIXYIOTh IXHIO BUCOKY €(heKTHUBHICTb SIK KOM-
IOHEHTIB MiTOXOHAPiaJIbHO opieHToBaHOiI Tepamii mpu I'T1.

MiTOXOHAPIOABHO-CNPSIMOBAHA HOHOTEPANis

OnHUM i3 TIepCMeKTUBHUX HATIPSIMiB Cy4aCHOI TapreTHOI
tepamii I'T] € BnpoBamXeHHsT HaHOTIpenapaTiB, 3MaTHUX 10
CeJIEKTUBHOI JOCTaBKH JIIKAPChKUX 3aC00iB O€3110cepeTHbO
IO ypaXkeHMX MiTOXOHIpiit a00 30H 3ananeHHs1. HaHoTepa-
ITisT 3a0e3Ievye MMiIBUILIEeHY 0i0HOCTYITHICTh, KOHTPOJIbOBA-
HE BUBLIbHEHHST aKTUBHUX MOJIEKYJT Y TUISTHKAX 3 BUCOKUM
pPiBHEM OKCUJIATUBHOIO CTPECY Ta 3arajieHHs, a TAKOX J10-
3BOJISIE MiHIMi3yBaTH CUCTEMHI ITO0IuHi epekTr. Pesynbratn
HU3KHU €KCTMIEPUMEHTATbHUX JTOCTi/IKEHb MTPOJEMOHCTPY-
BaJIM €(heKTUBHICTh Pi3HOMAHITHUX HAHOCTPYKTYP — Bill
JIinocoMaibHUX (POPM MPUPOJAHUX AHTUOKCUIAHTIB 10
METaJIOBMiCHMX HAHO3UMIB i 0i0MIMETUYHUX CUCTEM — Y
MPUTHIYEHHI OKMCHOTO YILIKOJKEHHSI, aKTUBALIii MiTo(arii,
crabimizanii AYm i BiTHOBJI€HHI eHEPTeTUYHOTO MeTabo-
nizmy ALLK T13.

3 MeTOol0 MPUTHIYEeHHS OKCHUIaTUBHOTO cTpecy mpu I'T1
3acrocoByBaBcs TadpTcuH (TN) — eHIOreHHUIT TeTparern-
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THU[ 3 IMyHOMOMYJIIOBAJIBHUMU BIacTUBOCTIMU. Yepes iioro
oOMexeHy 0iocTabiIbHICTh, KOPOTKUI TTepioJ HaMiBBU-
BEeIEeHHS Ta HU3bKY 0i0J0CTYIHICTh OYJ10 PO3p0O0JIeHO Ha-
Homatopmy DSPE-Se-Se-MPEG@TN (DSSM@TN),
ska 3abe3neuye ADK-uyrnuBy noctaBky TN y 30HM 3ara-
nenHs [75]. Hanouactunku DSSM@TN, 1110 ck1anaioTbest
3 JIIMOCOMajIbHOI 00O0JIOHKM 3 AUCEIeHITHUX 3B’SI3KiB, B
YMOBaX OKCUJIATUBHOTO CTpecy 3a0e3MevyioTh MpULlijib-
He BUBiIbHEHHS TN y TKaHWHAX 3 MiABULIEHUM PiBHEM
ADK. Y mozeni TaypoxonatinaykoBaHoro TTTI DSSM@TN
3HAYHO 3MEHIITYBaB 3aMaJeHHs Ta YIIKOIKeHHS] TKAHUHU
113, 3HMXKyI0UM KIITUHHY iH(iIbTpallilo, HAOPSIK i HEKPO3.
[Ipenapar nosminiryBaB MOPMOIOTIYHUI CTAaH MITOXOH/PIHA,
BiTHOBJTIOIOUM LIiITiCHICTh 30BHIIITHBOI MEMOpPaHU Ta CTPYK-
Typy MiToXoHApianbHUX KpUCT [75]. BogHouac cmocrtepi-
rajgocsl 3HUXXKEHHSI aKTUBHOCTI CUPOBAaTKOBUX (DEPMEHTIB
(aminasu, inasu) i kKoHueHrpariii IJ1-6 ta IJI-1B y TkanuHi
I13. DSSM@TN TakoxX MpUTrHiYyBaB CUTHAJIbHUI IUISIX
P2X7, smeninytouu reHepaiito MTAD®K ta piBeHb NLRP3,
aKTHBYBaB aHTMOKcuAaHTHU Kackan Nrf2/HO-1, ctumy-
nmoBaB npoaykyBaHHs AT® Ta BinHoBmoBaB A¥Ym. Kpim
TOTO, Tpenapar MpUrHidyBaB MiTOXOHIpiaJIbHUI arnmonTo3
missxoM akTuBauii oci Nrf2/PINKI1, 1o nposisisiiocs y
3HIDKEeHHI eKcrpecii Bax, migBuineHHi piBHiB Bcl-2 Ta akTu-
Ballii 3axucHoi mitodarii (minBuieHHs ekcrpecii PINKI,
Parkin i LC3-11) [75].

IH1IIMM 3aC000M, CTIPSIMOBAaHUM Ha 3MEHIIIEHHSI OKCU-
natuBHoro crpecy npu ['Tl, € HAHOYaCTUHKMU OKCUAY
irpito (NY), sIKi 3aBOSIKM CBOIM aTOMapHUM BJIaCTHUBOC-
TSIM MalOTh BUpaXeHy aHTMOKCHIAHTHY aKTUBHICTh [76].
V mopeni uepyneininagykoBanoro I'lTl NY neMoHcTpyBaB
BUpPaXKeHY MPOTEKTOPHY JIit0, 3MEHIIYIOYM PiBHi aMiiiazu
Ta Jlina3u B I1a3mi, HaOpsk [13, niminHe MepoKUCHEHHS,
HEUTpodiIbHY iH(LIBETPaIlilo Ta €KCIIPECiio Ipo3aIraJlbHIX
urokini (IJI-1B, 1J1-6, 1J1-17, ®HI1-a). Edektn peari-
30BYBaJINCS Yepe3 MPUTHIYEHHS IepHOI TpaHCIIOKaLIii p65-
NF«B ta excrnpecii 3asiexxHux Bin Hporo 6inkiB (COX-2,
PECAMI, ICAM1, MIP1), a takox ctpecy EP (BiP, IREla,
Erol-La) i 6inkiB TerutoBoro moky (Hsp27, Hsp70) [76].
BonHouac ciocTepiraiocs miagBUILEHHS €KCITpecii KOMITO-
HEeHTiB anTrnokcuaaHTtHoro 3axucty (Nrf2, NQO1) ta ¢ep-
meHty CO/L1, sikuii Bifirpae KJI1040BY poJib y HelTpasizanii
MTA®DK. V makpodarax, akruoBanux JITIC, HaHOYaCTUH-

ku NY BimHOBmIOBam A¥Ym, 3HIKYBaJIM TeHEpallilo cyIep-
OKCHJI-paJIMKaJIiB i BHYTPINTHBOKIITHHHI piBHI ADPK [76].

V 11e ogHOMY OOCTIIXKEHHI IJIs LIeCIIPSIMOBAHOI A0~
craBku nipernapatiB 1o TkauuHM [13 mpu I'T1 6yno po3s-
pobjeHo 0ioMiMETMYHY HAHOIOJi(PEeHOIbHY CUCTEMY
FePTX@CM NPs [77]. Bona Bkitouasa moJticheHoIbHY CIo-
JyKy nipoaHTtouiaHiguH (PYD), nentokcudinin (PTX) Ta
HaHOYaCTUHKM, chopMoBaHi KoopauHaiieio PYD 3 ionamm
Fe** (FePYD NPs), moBepxHs SIKMX OyJia BKpHUTa MEMOPaHOIO
Makpodari (CM) 3 MeTOIO YHUKHEHHSI KJTIipeHCY Yepe3 MO-
HOHyKJIeapHY (aroutapHy cuctemy (MPS). FePTX@CM
JIEMOHCTPYBaJIM MPOJOHIOBaHY LIMPKYJISILIIO Ta crierudiv-
He HakomnuueHHs1 y TkaHuHax [13. Y moxpensx uepysein-
inmykoBaHoro I'TI ta repeB’si3ku MaHKpPeaTUYHOI MPOTOKHU
y mumeit C57BL/6J HaHompemnapat BipoTiIHO 3MEHIITyBaB
3anajibHi 3MiHM Ta TKAaHUHHE yIIKomKeHHs. PYD npurHi-
YyBaB BUBIJIbHEHHS MTaHKpPeaTUUYHUX (PEPMEHTIB IIJISIXOM
osmokyBaHHs MTADK -3anexxHoro EP-ctpecy, Tomi sk PTX
MepelKoIKaB PO3BUTKY MaHOMNTO3Y (MOENHAHOI aKTUBALLil
MipOIITO3y, alONTO3y i HEKPO3y) Y Makpodarax IissxoMm
iHribyBaHHSsI CUTHaAJIBHOTO Kackany Zbpl (puc. 4) [77].

V nocaimkenni Wen 3i cmiBaBT. [78] Oy;ia 3acTocoBaHa
MITOXOHJIpiaJIbHO-CIIpSIMOBaHa HaHodopMa KeMIlihepo-
ny y Bunisiai HaHoyactTuHoK DTM@KA NPs (DSPE-TK-
PEG2000-KA). Kemndepos iHKarcyiboBaHO B JIiMOCO-
MaJibHi HAaHOYACTUHKU, MOAMU(DiKOBaHi TiOKeTaIbHUMU
(TK) 3B’s13kamMu, 1110 06a3ylOThCS HA CUCTEMIi CHiJIbHOT 10~
craBku DSPE-PEG2000. TiokeTai, BOy10OBaHi y CTpyKTYpy
HAHOYACTUHOK, € YYTIMBUMU 10 BUCOKUX piBHIB ADK i,
BiIMOBIAHO, MiJ 1i€0 OKCUIATUBHOTO CTPECY PO3LICIIIO-
IOThCS, TMTOPYIIYIOUM LiTiCHICTD JiMOoCcOMaIbHOI MeEMOpaHU
Ta CIIPUYMHSIIOYN BUBIJIbHEHHSI aKTMBHOT PeYOBMHU 0€3-
MocepeaHbO Y 30Hi ypaxkeHHsI. Taka cTpaTerist 3a0e3reuye
NPUILIIBHY JOCTaBKy KeMI(epoay A0 KITHH i TKaHUH,
YpaXeHUX OKUCHIOBAJILHUM CTPECOM, IO CYTTEBO Mi/IBU-
mye epeKTuBHICTh Teparrii. E¢pextuBHicte DTM@KA NPs
oyna pochiimkeHa B Moaei TI'TI y muieit, iHmyKoBaHO-
IO peTpOrpagHo iH’eKui€o 3,5% HaTpiii-TaypoxoaTy B
HaHKpeaTU4IHy IIPoToKy. 3actocyBaHHI DTM@KA NPs
MPU3BOAUIO A0 BipOTiIHOIO MOJIMILIEHHS TicTOMOP(HOJI0-
riv"oro crany I13: 3MeHIIeHHST BUPaXKEHOCTI 3aItajJbHOL
peaxkilii, HabpsIKy Ta HEKPOTUYHUX 3MiH, 3HUKEHHSI CU-
pOBaTKOBUX PiBHIB aMiJla3| Ta JIIla3u, a TAKOX 3aXHUCTY
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PucyHok 4. MexaHisamu gii HaHo4actuHok FePTX@CM y nikyBaHHi Tsxxkoro I'T1 ([77], BigkpuTnii goctyin)
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TKaHWH Bill eHEPIreTUYHOTO BUCHAXXEHHS IIIJISIXOM 30epe-
sxeHHst BMicTy AT®. Kpim Toro, criocrepiraiocst 3SHUXKEHHS
3amajJbHOI iH(IIbTpallil B celie3iHlIi Ta JIeTeHsIX, 110 3a-
nobirajgo po3BUTKY MoJriopraHHoi gucdynkiii [78]. Tepa-
neBTuyHuii epekT DTM@KA NPs peanizoByBaBcs yepe3
HU3KY MiTOXOHIpiaJIbHO OpieHTOBaHMX MexaHi3MiB. [Ipera-
pat akTuBYBaB curHanbHui nuisx TOM20—STAT6—DRPI1,
SIKMI PETYJIIOE MITOXOHApianbHMi moain (fission), a TaKox
crumymoBaB Pink1/Parkin-3anexHy mitodarito, cipusitouun
eniMiHaLii TMcyHKIioHATbHUX opraHes. BonHouac BinOy-
BaJlach aKTHMBallisl aHTMOKCUIAHTHOTO nutsixy Nrf2/HO-1,
1o 3abesneuyBaia HelTpanizaiio APK, ta mpurHiyeHHs
MiTOXOH/IPiaJIbHOTO aroITOo3Y, 1110 TTPOSIBISIOCH Y 3HUKEH-
Hi ekcnpecii Bax i miguienHi pisas Bcel-2 (puc. 5) [78].
DTM@KA NPs edexTuBHO cTabinizyBamm A¥Ym, 3HIXKY-
Basin HakonuueHHss MTADK, nmocumoBanu Drpl-3anexHy
¢parMeHTalli0 MiTOXOHIpIi i iHillifoBaJIX MiTOarito muIsi-
xoMm aktuBalii Pinkl1/Parkin. Kpim Toro, Bingnavanocs mija-
BulieHHs ekcrpecii STAT6 i TOM20 — 6inkiB, 1110 6epyTh
yuyacThb y TpPaHCIIOPTYBaHHI MPEKYPCOPHUX OiJIKiB uepe3 30-
BHIIIHIO MEMOpaHy MiTOXOHAPIii, TUM CAMUM IMiATPUMYIOUN
(GyHKIIOHAJIBHY LUJTiICHICTh opraHen [78].

3 MmeToro edekTuBHOI HeliTpanizaiii ADK Ta npurhi-
yeHHs 3amnaneHHs npu I'Tl 3acTocoByBaiu yasrpaMati Ha-
HOYACTUHKMU ipunito, MoandiKoBaHi MOMiBIHIIITIPOJIiTO0-
HoM (IrNP-PVP) [79]. 3aBasiku BeJquKiii MUTOMIl TIoIIi

TOBEPXHIi Ta BUCOKIH IIIJIBHOCTI KaTAIITUIHO aKTUBHUX
ueHTpiB [ITNP-PVP xapakTepusyoTbCsi BAPAXXEHOIO MYJIb-
THUEH3MMHOIO aKTUBHICTIO, iMiTyr0un (OYHKIIii TaKuX dep-
MEHTIB, SIK KaTaja3a Ta mepokcugasa. Lle 3ab6e3mneuye epex-
TUBHY J€3aKTUBALLiI0 IIMPOKOTO CMEeKTPa OKMCHIOBATbHUX
areHTiB, BKJIOUYHO 3 H,0,, rigipoKCuabHUMU paaukaiamMu
(*OH), cynepokcua-anionamu (*O*) i akTUBHUMU HOP-
mamu Hitporeny (A®H). Kpim Toro, HaHOYaCTUHKM Je-
MOHCTPYBaJIM 3IaTHICTh 10 BUOIPKOBOTO HAKOMIUUEHHS Y
tkaHuHi [13 (o 8,15 % uepe3 3 ronvHM MiCIsT BBEACHHS),
IIBUJIKOTO BUBEICHHSI 3 OPraHi3My Ta HU3bKOi TOKCUYHOCTI.
V nocnimxkeHHsx in vitro I'NP-PVP edexTuBHO 3axuinaniu
MakpodaraabHi KITUHY JiHil RAW264.7 Bin yIIKomKeHHS,
CIPUYUHEHOTO0 OKCUIATUBHUM CTPECOM Ta 3aMaibHUMU
yuHHUKaMU. Lle mposBisiocsa y migBUIIeHHI KJIITUHHOT
>KUTTE3MATHOCTI, 3MEHIIEHHI BHYTPIiIlITHbOKJIITUHHOTO YTBO-
penHss ADOK i 3HMXXEHHI piBHIB Mpo3anajibHUX LIUTOKIHIB.
Kpim Toro, IrNP-PVP 3ano6iranu anontuyHiii 3arudeti
RAW264.7-xmitus [79]. Y DOCTIIKEHHSIX in Vivo CHCTEMHE
BBeneHHs IrNP-PVP Muimam 3 monemmo I'Tl, inmykoBa-
HOI'0 BHYTPIillTHPOOYEPEBUHHUM BBEAEHHSIM L-apriHiny,
BipOTiTHO TOJIIIIIYBaJIO BIKMBAaHICTh TBAPUH, 3MEHIITyBa-
JIO TiCTOIMATOJIOTiYHI YIIKOIXEHHS MiAIUTYHKOBOI 3aJ103H1,
3HMIKYBAJIO PiBHi 3ananbHux MemiaropiB (PHIT-a, JI-1B,
1JI-6) Ta xoHLEHTpallii cCMpOBaTKOBOI aMina3u. BogHouac
CIIOCTEpPiraaocs 3HXKEHHS PiBHiB MapKepiB OKCUAATUBHOTO
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PucyHok 6. MexaHiam gii IrNP-PVP npu roctpomy
navkpeatuti ([79], BigkpuTn goctyn)

crpecy — 3MeHleHHs1 BMicty M/IA y TkanuHax [13, a ta-
KOX TiIBUILNEHHST aKTUBHOCTI aHTMOKCUIAHTHUX CUCTEM,
3okpeMa CO/I i rmytaTiony (puc. 6) [79]. 3MeHIIEHHST Kilb-
KOCTI aloNnTUYHUX KJIiTUH y [13 10AaTKOBO MiATBEpIKyBajIO
MPOTEKTOPHUI eheKT HaHOoIpenapary. 3TiqHO 3 JaHUMU
TPaHCMICIIfHOI €JIEeKTPOHHOI MiKpOCKOTIii, JikyBaHHs IrNP-
PVP cyTrTeBo mominiryBaio yabTpacTpyKTypHUIA CTaH Mi-
toxoHapiit Ta EP ALK nipu I'TI. Takox Oyso 3acdikcoBaHO
BimHOBIeHHsI A¥Ym Ta BiporigHe IMiaABUILEHHS aKTUBHOCTI
komiuiekciB I ta IV MiToxoHapiaabHOTro pecnipaTopHOro
JIAHIIIOTA, 1110 CBiTYMTh PO BiIHOBJIEHHS EHEPreTUYHOTO
MeTabosi3My KiIiTuH [79].

V nocnigxeHHi, npucsiueHomy teparii I'TI, 6yno 3a-
crocoBaHo HaHompenapaT MPBZC — HaHo3uMm, iHKamcy-
JIbOBaHUM y MeMOpaHy Makpodara [80]. Lls 6ararokomro-
HEHTHA CHUCTeMa CKJIamaeTbes: 1) 3 sapa 3 MOPOXXKHUCTOTO
Oeprincbkoro 6imakutHoro (Prussian Blue, PB), sike Bu-
KOHY€E poJib akTuBHOTO norianHaya ADK; 2) o6om0HKM 3
nopuctoro ZIF-8 (Zeolitic Imidazolate Framework-8), sika
iHKAICYyJII0€ MPUPOAHY MPOTU3ANATIbHY CITOJYKY LEeJacTpos
(CEL) ta 3abe3rmeuye ii KOHTPOJbOBAaHY IOCTaBKY; 3) caMO-
ro JIiKapchbKOTo 3ac00y — 1IEJacTpoIly, 1110 aKTUBYE aBTO-
ariuHuit moTik; 4) 30BHIIIIHBOTO MTOKPUTTS 3 MEMOpaHU
Makpodara, sKe 3a0e3reuye crienudiqHe CIpsIMyBaHHS
HAHOYAaCTMHOK 110 3amajieHux TKaHuH [13. MemOpaHHe
MOKPUTTS, OTpUMaHe 3 Makpo@aris, 3a0e31euye aKTUBHUI
XEMOTAKCHC Ta CeJIEKTUBHE 3B s13yBaHHSI 3 KJIITUHAMU B OCe-
penKax 3amajeHHs 3aBASKM B3a€EMOIil MixK XeMOKiHOBUMU
pelienTopaMu Ta MOJIEKYJIaMU aaresii, siki HageKCIpecy-
IOThCS B YPaXKeHUX 30HAX. Y KMCIOMY MiKpOOTOYEHHI 3a-
naneHHs1 ZIF-8 posnagaerscsi, cripusitoun BUBLIBHEHHIO
1IeJTaCTPOITY, IKWi CTUMYJTIOE Ipoliec MiTodarii. BogHovac
orosieHe sapo PB nornunae Hapuimkosi ADK, smen1yio-
YU OKCUAATUBHE YIIKOIXKEHHS. 3aBAsIKU GioMiMETUYHOMY
nokputtio MPBZC xapakTepusyeThcsl OibI0I0 0iocy-
MICHICTIO, IPOJIOHTOBAHOIO LIUPKYJISIIIEI0 B KPOB’ THOMY
pycai Ta BUGIpKOBMM HaKOMUYeHHsIM y TKaHuHi T13 [80].
Y mopeni I'TT BBenennss MPBZC npusBoauio 1o Biporin-

PucyHok 7. Cxema cuHtesy MPBZC i vioro gis
npu roctpomy naHkpearuri ([80], BigKpuTnii gocTyr)

HOTO 3HUXKEHHSI PiBHIB CUPOBATKOBUX aMija3u Ta Jjina-
31, 3MEHIIIEHHS KOHIIEHTpalliil mpo3anajJbHUX IIUTOKIHIiB
(OHIT-a, IJI-6, LJI-1B), 3HmkenHs piBHsI ADK y TkaHu-
Hax I13, a Takox npurHiueHHs1 anonro3y ALIK, minTeep-
mxeHoro meronoM TUNEL i ananizom Annexin V/PI [80].
IIpenapat BimHOBIIOBAB nenoysipu3oBaHuil AYm, cripusiB
aKTHBALlil TIpoliecy MiTodarii yepe3 Mirpaiito TpaHCKpHUII-
uiftHoro daxkropa Nur77 3 siipa 10 MiTOXOHIPild, ¥ IKUX
BiH akTuBye 1uiax Pink1/Parkin, HeoOXigHWMii 115 eximMiHa-
il nuc@yHKIiOHAILHUX MiTOXOHIpiii. Bomnoywac MPBZC
HOpMaJti3yBaB MapKepu aBTO(MariuHOro MoToKy: 3HUXKYBaB
eKcrpecito p62 ta BimHOBIIOBaB criBBimHomeHHs LC3-11/
LC3-I, 110 cBigunTh Mpo aKTUBALLiIO Jerpaaallii aBTodaro-
COM. Y pe3yabTaTi IMX 3MiH CIIOCTepiraaocs MMiaBUILIEHHS
nponykyBaHHsT AT®, 1110 BKa3ye Ha BiTHOBJIEHHS eHepre-
TUYHOIO CTAaTyCy KJIITHH ITiC/IsI KOPeKIlii MiTOXOHIpiaJbHOI
nuchyHkuii (puc. 7) [80].

VY nocnimxenni Khurana Ta cniBaBt. [81] Oyi10 BUKO-
pucTtaHo HaHolepioo (nanoceria, NC) — HaHOYaCTUHKU
niokeuny uepito (CeO,), siki XxapaKTepu3ylThCsl MiMETUY-
Hoto akTuBHicTI0O COJI i Karana3u. [Ipemapar MicTuTh Ha-
HOYACTUHKMU 1IEPit0 3 TIepeBaKaHHSIM TPUBAJIEHTHOTO CTaHY
(Ce** — 59,82 %), 1110 3yMOBJIIOE Or0 BUPaXKeHi aHTUOK-
CHMJIaHTHIi BJIACTUBOCTI. 3aBASIKM HAHOPO3Mipy YaCTUHKU
JNEMOHCTPYIOTh MiABUIIEHY 3AaTHICTb 10 MOTJIMHAHHS Ma-
Kpodaramu, 30epiraroTb CTabOILHICTh Y 0i0JIOTIYHUX cepe-
JIOBUIIAX 1 3/1aTHI MEPEXOAUTU MiXK OKUCHEHUMU CTaHAMU
Ce*" i Ce*. Taka pe1OKC-aKTUBHICTh 3a0e3Ie4ye MOCTiiiHY
pereHeparilo aHTUOKCUIAHTHOI 1Iii 3 e(heKTUBHOIO Heli-
tpanizaiiero AOK i AOH. HaHoyaCTMHKM JIOKaIi3ylOThCs
MepeBaKHO B KIIITUHAX-MillIeHIX — Makpodarax, y siKux
BOHM 3HMXKYIOTh PiBEHb OKCUIATUBHOTO CTPECY Ta iHTEH-
CHBHICTD 3aITaJIbHOTO IIpoLecy. ¥ MOAEIi HepyIeiHiHIyKO-
BaHoro ['TI 3acTocyBaHHSI HAHOLEPii CIPUSIIO 3MEHILIEHHIO
aKTUBHOCTI aMijla3u Ta JIina3u B IJ1a3Mi, 3HUKEHHIO PiBHIB
MA, NO, MIIO, excrpecii rpo3anajibHUX IUTOKIHIB, a
TAaKOX TSIKKOCTI MOPOJIOTiYHMX yIIKOmIKeHb [13, BKIIIO-
yaouu Habpsik, Hekpo3 ALIK i 3ananbHy iHDinpTpalio.
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Kpim Toro, mpemapar 3MeHIITyBaB eMireHeTUIHiI MapKepu
sanaieHHs (ricronn H3K14ac, H3K56ac, H3K79ac), cripu-
sB BimHOBJIeHHIO akTuBHOCTI CO/l, KaTanas3u, IJIyTaTioHy,
ninBuiyBaB piBHi Nrf2 Ta aHTMOKCUAAHTHUX (DEPMEHTIB
y TkaHuHi [13. HaHouepist Takoxx HopMaiizyBania A¥m,
3HUXYBaJla YTBOPEHHSI MiTOXOHAPiaJIbHOTO CYIEPOKCUILY
1 obMexKyBajia JAernosipu3allilo BHYTPilIHbOT MeMOpaHUu
MiTOXOHIpIiH (owiHKa 3a gortomororo JC-1) [81].

Y Mexax iHIIOro eKCrnepuMeHTATbHOTO TOCTiIKEeHHS
I'TI 6yno 3acTocoBaHO iHHOBALIMHMI TIpenapar, OTpruMa-
HUI IUISIXOM 3JIMTTS i30J1b0BaHUX MiToxoHapiit (MITO) 3
MeMmOpaHaMu aKTUBoBaHUX HelTpodiniB (NEM), y pe3yiib-
TaTi 4oro copMyBaIKCs TaK 3BaHi iMyHOMoaudiKoBaHi
mitoxoHapii (nMITO) [82]. Lli HAHOCTPYKTYpU MOETHYIOTh
¢yHKITiOHATBHI BIaCTUBOCTI 000X KOMIIOHEHTIB: MiTOXOH-
npii 3a0e3MevyoTh pereHepallito KIiTHHHOI eHepreTUKU, a
HEUTpOoiibHI MeMOpPaHU CIIPUSIOTh TAPTETHOMY TOCTaB-
JIEHHIO IO YpaxkeHUX JUISTHOK i MOMYJIIOBAaHHIO 3aITaJIbHOL
BinmoBini. nMITO xapakTepu3yloThbCs 3IaTHICTIO A0 TIPU-
LJIbHOTO HAKOTIMYEHHS Y BOTHUILAX YPAXKEHHS 3aBISIKU
B3aemofii B-interpuHis 3 ICAM-1 Ha akTMBOBaHUX €HAO-
TeTiaTbHUX Ta YIIKOMKEHNX TKAHWHHUX KJIITHHAX, 8 TAKOXK
MOXJIUBICTIO TPAHCIIOPTYBaHHSI Yepe3 TyHeJbHi HAaHOTPYO-
k¥ (TNT) nns nocarHeHHSI ITMOOKUX AUTSTHOK MapeHXiMMU.
TMosepxHesi petienrtopu nMITO 103BoJISIIOTE 3B’ 13yBaTh Ta
HeWTpalizyBaTu 3amajbHi MeaiaTopu, 30KpeMa LIMTOKiHI
it xemokinu [82]. Y moneni uepyneininaykosaHoro I'Tl y
muieit 3acrocyBaHHsa nMITO npu3BoanIo 10 3HUKEH-
H4 piBHs Hekpo3y ALIK, HaOpsKky TkaHuHM, iHiIbTpalii
Makpodaramu i HelTpodisamu, a TaKOX J0 3MEHIIEHHS
CUPOBATKOBUX KOHLEHTpAllill Jira3u, amiia3u, TPUIICH-
Hy, ®HIT-a, MITO i xemokiny MCP-1 (puc. 8). Y moxeni
TI'Tl, iHoykoBaHOro TaypoxoJjaToM, Ipenapar e(heKTUBHO
3MEHIITYBaB SIK MiCIIEBe, TaK i CUCTEeMHE 3aItajieHHSI, 3HUXY-
BaB BUPaXKEHICTh ypaxkeHHs [13 Ta jereHeBUX yCKIaIHEHb
[82]. Kpim Toro, nMITO cripusiB BinHOBIEHHIO MiTOXOHIPi-
anbHOI yHKIi: HOpMastizyBaB A¥Ym, CTUMYJIOBaB CUHTE3

AT®, 3meHmyBaB rpoaykyBaHHsa ADK, 3amobiras BimkpuT-
Tio mPTP, innykyBaB MiTodarito Ta akTMByBaB OioreHe3
HOBHUX MITOXOHIPill Yepe3 MexaHi3M, onocepeaKOBaHUMI
PGC-1a [82].

Hns Tepamii I'T1 6ya0 po3po0ieHO KMCIOTOYYTIUBI
TOPOXKHUCTI ME3OTTOPUCTI HAHOYACTUHKU OEpJIiHCHKOTO
onakutHoro (HMPB), monudikoBaHi HeiTpodiabHUMU
MeMOpaHaMM Ta MOBepXHeBO (yHKIlioHami30BaHi N,N-
numetun-1,3-nponangiaminoM (2N) 11st KOMOGiHOBaHO-
T0 TPAHCIIOPTY MEMOPAHONPOHUKHOTO XeJIaTopa KalblIilo
BAPTA-AM (BA) ta iHri6iTopy cepuHOBMX MpoTeas ra-
6ekcary me3unary (Ga) [83]. [TopoxxHUCTa CTPYKTYpa Ta
BUcoOKa 1o11a noBepxHi HMPB 3a6e3neuyiots ehekTuBHE
3aBaHTaXXEeHHST 000X Jikapchkux areHTiB, BA i Ga. O60-
JIOHKA 3 HEUTpodiTbHUX MEMOpaH Ha/la€ HAHOYACTUHKAM
0iOMiMETUYHUX BJIACTUBOCTEN, 30KpeMa MiABUIIEHO1 0io-
CYMICHOCTI, 3MaTHOCTi YHUKATHU (paroluTo3y Ta iMyHHOTO
HarIsiay, MPOJIOHTOBAHOIO LIMPKYJIFOBAaHHS B KPOBOTOLI1
Ta aKTUBHOTO HAIlITIOBaHHS Ha 3amajieHy MiKpOCYAUHHY
eHporenianbHy Mepexy [13. [logaTkoBa Mmonudikairis 3 BU-
kopuctaHHsiM 2N 3abe3neuye crnenudiyHe po3nizHaBaHHS
ymkomkeHnx ALIK. 3aBasgku 4yTanBOCTI 40 C1a00KMCIOTO
cepeIoBulla, XapaKTepHOTO 1151 ypaxkeHux TkaHuH, HMPB
3a0e31evuyioTh KOHTPOJIbOBAaHE BUBLILHEHHS IIperapaTiB
Oe3nocepeHbO Y 30Hi MaTOJOTiUHUX 3MiH, MiABUILYIOYN
JIOKAJIbHY TepamneBTUYHY e(PeKTUBHICTh. E(eKTUBHICTD
mperapary Oyia mociimkeHa y Muleid 3 ingykoBanum I'T1
LLIJISIXOM PEeTPOrpaHOTO BBEJEHHSI TaypoXoJaTy HaTpito
Yy maHKpeaTU4dHy IpoToKy [83]. 3acTocyBaHHS HaHOIpe-
napary Npu3BOJIMIIO 0 HOpMastizallii piBHIB aminasu i
JIinasy B CUPOBATLI BxXe yepe3 24 roAvMHU, BiTHOBJICHHS
KJIITUHHOTO OKMCHO-BiJTHOBHOTO TOMEOCTa3y, 3HUKEHHS
KiJIbKOCTI altONTUYHUX KJIITUH, IPUTHIYeHHS iH(DIbTpaLiil
HelTpodiiB i Makpodaris, 3MeHILIEHHS eKCIpecii mpo3a-
nanbHux HUToKiHiB (DHIT-a, 1JI1-6) Ta akTHBaLIil MTPOTH-
3amnanbHoro uutokiny 1JI-10 [83]. BA edextuBHO XenaTyBaB
BHYTPIITHBOKITITUHHUI Ca’*, ycyBaloun IIMTO30JIbHE TIepe-
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PucyHok 9. Cxematun4Hmvi mexaHriam gif mTWND npu I'T1
Ta xapaktepuctukn mTWND: A) mTWND 6ynu cuHTe-
30BaHi 3a gorniomororo TA Ta goghamiHy B nNyXHOMy ce-
penoBuLLi, Lo [O3BOJISIE BiAHOBUTU ¢hOCCHOPHO-BOJIb-
¢ppamoBy kucnoty; B) mTWND neMOHCTpyoTb BUCOKY
criopigHeHictb go konareHy Il Tuny ta TOM20, wo [o-
3BoJIsie eqheKTUBHO pPo3ni3HaBaTy nowikogxeHui I'Mb
Ta nopasnblle HayintoBaHHsi Ha mitoxoHApii AUK; C)
ynbTpamanuii po3mip HacCTUHOK CrPUSIE MMPOHUKHEH-
Ho mTWND uepe3 nowkogxeHnni I'Mb, gocrasnsioyn
HaHonikun go IN3; D) tepaneBTu4Hi mexaHiamum mTWND
BK/II0YaloTh nornuHaHHs A®K, npurHiyeHHs1 anonTosy,
6nokyBaHHs wnsxy cGAS/STING Ta npurHid4eHHs1 3a-
nasbHUX ¢haKTopiB, LL|O BUBINbHSIIOTLCSI MaKpogharamu
([84], BigkpuTv¥i goctyn)

BaHTaXEHHSI KaJIbIIIEM Ta MePEeNTKOIKAIOYHM TTATOJIOTIUHIi
akTuBallii TpunicuHoreHy. Ga sIK iHriGiTOp aKTUBOBAHOTO
TPUIICUHY 3arobiraB aBToaizy ALK nuisxom nmpurHigeH-
Hs1 cepuHOBUX npoTeas. KpiM Toro, npemnapar iHrioysas
crpec EP, BrummBaroun Ha curHanbHi nuisixu IRE1/XBP1
(Inositol-requiring enzyme 1/X-box binding protein 1) Ta
ATF4/CHOP (Activating transcription factor 4/C/EBP
Homologous Protein), a TakoxX BiTHOBIIOBAB ITOPYIICHY
aBTodarito, akTuByIoun Bich Beclin-1/p62/LC3. 3aBnsku
LIbOMY CITIOCTepiraaocs 30epexKeHHs CTPYKTYPHOI Ta (hyHK-
mionanwpHoi 1iicHocTi ALIK. Ha piBHi MiToXoHIpiii Tipe-
napar CIIpUsIB BiTHOBJIeHHIO AYm, 3HMXYBaB YTBOPEHHSI
MTA®DK Ta 3anobiras Binkputtio mPTP [83].

Y cBoemy pocraimkeHHi Wang ta criBaBT. [84] BUKO-
pUCTaJIM HAHOYACTUHKOBUM aHTUOKCUIAHT Ha OCHOBI
Bosib(ppamy, mosHaueHuit sk mTWNDs (tungsten-based
heteropolyacid nano-antioxidant). /o ckiamy mpenapary
BXOIUTh I€TEPOINOJIKUCIOTA BOIGPAMOBOTO MOXOMKEH-
Hsl, MoardikoBaHa AyOMJIbHOIO KUCIOTOIO (tannic acid,
TA) ta moninodamiHom (MelaHiHOIOAIOHNUM TTOJiMEPOM,
PDA). Moaudikais 3a morromoroto TA 3ab6e3nedye BUCO-
Ky CIIOPiTHEHICTh YaCTMHOK 10 KonareHy 111 Tumy ta 6inka
30BHIITHBOI MeMOpaHu MiToxoHIpiit TOM20, 1110 103BOJIsIE
3[iMiCHIOBATY NIPUIIIbHY JOCTaBKY 10 yikomkeHoro ['TIb,
ne oroJiroeThes kojareH III Ty BHacaigok aecTpykiii
MikpocynuH nipu TI'TI. Yaprpamanuii po3aMip 4acTHHOK
(cepenniit miametp 10,9 HM) 3a6e3reuye ix echeKTUBHE MPO-

HUKHeHHs Kpi3b nopymmenuii ['T1b i cripsamoBaHy mocTaBKy
no tkanuHM [13. ITHKopropaliist mosigodamiHy 10 cKiamsy
mTWNDs 3HauHO migBUIIY€E 3AaTHICTh YaCTUHOK IO I10-
rmuHaHH ADK 3aBOsSIKM 3pOCTaHHIO PeIOKC-aKTUBHOCTI,
30Kkpema criBBigHomeHHss W>/W* .V moneni I'TI, iHayko-
BaHOTO BHYTPIIlITHOOUEPEBUHHUMU iH’ €KIIISIMU LIEpYJIEiHY
y mulei, 3acrocyBanHss mTWNDs npusBonuio 10 3HU-
JKeHHSI aKTUBHOCTI amijia3u B CUPOBATILi, 3MEHILIEHHS Ha-
OpsiKy, HEKpO3y Ta 3arnajeHHsI TKaHuHU [13, npurHiyeHHs
ALK, 3umxeHHs piBHg ADK Ta iHridyBaHHSI Iipo3arnalib-
HUX CUTHaJIbHUX NUISXiB. [IpenapaTt nmpurHiyyBaB aKThBa-
11i10 MakpodariB Ta iX moJsipyU3allito y IpoiHdiaaMaTopHuii
M1-deHoTurmn, BogHOYAC CTUMYJIIOIOUM €KCIIPECito Mpo-
TU3anajibHUX UMTOKIHIB [JI-4 i IJI-10 Ta 3HMXKYyI0UM piBHi
®HIT-a i T-1B [84]. OcobnuBicTio mMTWNDs € akTuBHa
B3a€EMO/IisI 3 MiTOXOHAPiSIMU: YACTUHKU MPUILIIBHO HAKO-
nuuyoTbes B ALLK 3aBasku B3aemonii 3 6inkom TOM20.
[Ipenapar eeKTUBHO HEWTpanidye MUPOKUIA CIIEKTP
A®DK, BriTouaouu cynepokcua-aHion (O%), rigpoKcHib-
Hi panukanu (* OH), nepokcunitput (ONOO™) Ta nepekuc
BoaHio (H,0,), muisgxom ydacTti B peaokc-uukia W/ We
(puc. 9) [84]. 3actocyBannsgs mTWNDs cynpoBoxkyBano-
Csl 3HMDKEHHSIM €KCIpecii MpoarnonToTuYHoro oinka Bax,
MMiIBUILIEHHSIM eKCIIpecii aHTuanontotuuHoro Bel-2, mpu-
THIYEHHSIM BUBUIbHEHHS 1uToxpomy C 3 MiTOXOHIpiii Ta
610kyBaHHSAM akTuBalii nuisaxy STING y makpodarax,
110 iHiniroerbes BuBibHeHOO MTAHK [84]. MexaHizm
MiToxoHapianbHOI Ail mMTWNDs Bkitoyae: npuiliibHe
3B’sI3yBaHHS 3 MITOXOHApiaMu dyepe3 peuentop TOM20,
3HuXkeHHs piBHSI MTADK, crabinizaiiro A¥Ym (ouiHka 3a
noroMmoroio JC-1), miarpumky cunte3y AT®, iHriGyBaHHS
anontoTuyHux kackanis (Bax|, Bcl-21, Cyt c|) i 3anobiran-
Hst BUTOKY MT/ITHK [84].

V nocnimkenni Lu 3i crmiBaBt. [85] Oysio mpencraBiacHO
HOBUII HAHOYACTUHKOBUI aHTMOKCUIAHT Ha OCHOBI TTpU-
POIHUX CIIOJNYK, Mo3HaueHuil IK FA@zein-CS. Lleit Ha-
HoTIperapaT CTBOPEHO ILISIXOM iHKarcysiii ¢hepysioBoi
kuciotu (FA) y HaHOYaCTMHKM Ha OCHOBI 3e€iHy — poc-
JIMHHOTO 0iJIKa 3¢pHOBOTO MOXOKEHHS — 3 MOJAJIBIIIOO Ti-
OpunM3aliiero 3 XoHApoiTUH-cyibdaToM (CS). KoH torartist
3 CS 3a0e3neuye akTUBHE MPULITTbHE HAKOTTMYEHHS HAaHO-
YacTUHOK Y TKaHMHi 13 3aBasikv B3aEMO/Iii 3 pelenTopom
CD44, axuii HameKCIIpecyeThCsI Ha MaKpodarax y 30Hax
3anajeHHs. Kpim Toro, FA@zein-CS xapakrepusyeTbcs
MYJITUCTUMYJIbOBAHOIO CUCTEMOIO BUBIJIBHEHHSI, YYTJIU -
BOIO 110 (hi3i0JOTIYHMX YMOB 3aMajeHOT0 MiKpOCepeI0BU-
11a, 30KpemMa a0 3MiH pH, minBuieHoro piBHs IiyTaTio-
Hy ta ADK. Ile 3a6e3neuye KOHTPOJIbOBAHE BUBIIbHEHHS
(epysT0BOT KMCIOTU Ta MPOMYKTIB merpasallii 3eiHy Bce-
pPeVHI KJIITUH, MOCUJIIOIOUU JIOKATbHY aHTUOKCUIAHTHY
nito [85]. EdpextuBHicTs FA@zein-CS Oyna mocnimkeHa y
mumeit ninii C57BL/6J y moaeni TT'TI, inaykoBaHoro 6a-
raropa3oBUMU iH’eKuissMu 1epyneiny (7 103 mo 50 MKr/KT)
y noenHaHHi 3 ogHoKpaTHUM BBeaeHHsM JITIC (10 Mr/kr)
ITiCJIST OCTaHHBOI m03u 1epyieiny [85]. Taka momenb Bipo-
TiAHO iIMITY€ TSKKMI 3amaJlbHUAK TIPOIEC i3 aKTHUBaIli€l0
MakpodariB Ta CUCTEMHOIO 3allaJbHOIO BiANMOBiAI0. 3a-
crocyBaHHS FA@zein-CS cripusiyio icTOTHOMY 3MEHIIIEHHIO
MopdoJoriuHoro ymkomkeHHs [13: 3HMXKyBaBcst HaOPSIK,
Hekpo3 ALIK, cupoBaTKoBi piBHiI amina3u Ta jiina3u 3MeH-
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myBasnch Ha 61,8 1 82,8 % BimmoBigHO, a TaKOX TTOKpa-
LIIyBaJIMCs TiCTOMATONOTUHI OLIiHKY ypaxeHHs [85]. [Tpu
LIbOMY TIpeIapaT IeMOHCTPYBaB BUCOKY 0iOCYMICHICTb 0e3
03HaK TOKCUYHOCTI IIOA0 XKUTTEBO BAXKJIMBUX OPraHiB i
KPOBi SIK y KOPOTKO-, TaK i B JOBTOCTPOKOBUX JOCiIKEH-
Hsx. FA@zein-CS peanizyBaB CBOIO aHTMOKCUAAHTHY i
NpoTU3analibHy Jil0 Yepe3 KiJibKa MeXaHi3MiB: e(DeKTUB-
HY eliMiHalLliio BHYTPilIHbOKIITUHHNX ADK, BKiIIoUaroun
MITOXOHJpiaIbHUI CyTIepOKCHI; MiABUIIEHHST eKCITpecii
antrnokcuganTHux pepmenTtiB HO-1 ta CO/l; 3HM>XKeHHST
piBHsT MJIA sik Mapkepa JIinonepoKcuaallii; mpurHiyeHHst
ekcrnpecii mpo3anaabHux uToKiHis (OHII-a, IJ1-16, 1J1-6,
MCP-1) Ta 3meH1IeHHs iHdinbTparii MakpodariB CD68+ y
tkanuHy [13 (puc. 10) [85]. BcraHoBIEHO, 1110 TTpenapar Iie
nepeBaxKHO NUISIXOM akTuBalii Nrf2-3aexxHoro aHTHOK-
CHJIAHTHOTO KacKay, 3MEHIITYIOUM OKMCHIOBAJIbHUI CTpeC
Ta iHTEHCHUBHICTb CUCTEMHOI 3amajbHO1 Biamosimi. Kpim
TOro, OYJIO MiATBepIKeHO, 1110 FA@zein-CS 3HauHO 3HIKYE
piBeHb MIiTOXOHAPiaJbHOIO CYNEPOKCUIHOIO aHiOHY, 110
BU3HAYAJIOCS 32 IOTTOMOTOI0 crielinivHOro (h1yopecleHT-
Horo 30112 MitoSOX Red [85].

HaseneHi gociimkeHHs TTepeKOHJIMBO CBiI4aTh PO
BUCOKMI TepaneBTUYHUI MOTEHIiad MiTOXOHApPiaJIbHO-
crnpsiMmoBaHoi HaHoTeparii mpu I'T1. Po3po6ieni HaHomiat-
(opMu eheKTUBHO J10J1al0Th HU3KY OOMEXeHb TPaTULIiHHUX
MinxomdiB, 3a6e3euyouu NPULILIbHY JOCTaBKY (hapMaKoJIo-
TiYHUX areHTiB 0e3MmocepeIHbO A0 ypakeHUX AissHOK [13.
11i HaHOMIpenapaTu peajizyloTh 6araToakTOpHi MeXaHi3Mu
i, 30KpeMa MPUTHIYEHHS OKCUIATUBHOTO CTPECY, 3MEH-
IIEHHSI IHTEHCUBHOCTI 3aMajbHOTO MPOLIECY, BiTHOBJIEHHS
MITOXOHApiaabHUX (PYHKIIN (BKIIOUHO 3 HOpMaJi3alli€o
A¥m, akTuBauiew Mmitodarii, 3HUKEHHSIM YTBOPEHHS
MTADK, 36epekeHHsIM cuHTe3y AT®D), iHriOyBaHHS aror-
TO3Y Ta MOJIMIIIEHHS TiCTOMOP(OJIOTiYHOTO CTaHy TKAHUHU
[13. 3nauHe migBUIlIeHHS e(PEeKTUBHOCTI Ta Oe3MeKu UX
TepareBTUYHUX CTpaTeTiii 3a0e3MevyeThCsl 3aBASIKUA 3aCTO-
CyBaHHIO 0IOMIMETUYHUX MiIXOMIiB, CUCTEM, YYyTJIUBUX J0
napaMmeTpiB MikpooTtoueHHs (3okpema, pH ta piBHsa ADK),
a TaKOX TapreTHOTO TPAHCIIOPTY J0 CIen(piYHUX KITITUH-
MileHel, Takux siKk Makpodaru ta ALIK.

Ilompu mepcneKTUBHI pe3yIbTaTy OOKIIHIYHUX J0-
CJIII’KEHb, MOAANBIII 3YCUJIIS MaloTh OyTH 30CEPEIXKeHi
Ha TPaAHCJIALIL IMX TEXHOJIOTIN y KIiHIYHY IPaKTHUKY, 1110
nependavyae cTaHZAPTHU3ALIII0 METOIIB OLIIHKN e(eKTUB-
HOCTIi, peTeJibHe AOCIiIXeHHs O0e3MeKu Ta BU3HAYEHHS
MOTEHIIMHUX TOBroTpuBaiinx edekTiB HaHOTeparii. [H-
Terpallisi HAHOTEXHOJIOTIH i3 CydyaCHUMM YSIBJIEHHSIMU TIPO
MOJIEKYJISIpHiI MexaHi3Mmu natoreHe3y I'Tl BimkpuBae HOBI
TOPU3OHTU /IS CTBOPEHHS iHHOBAIiMHUX, e(heKTUBHUX i
MepCOHAi30BaHMX ITiAXOIIB M0 JiKyBaHHS 1IOTO CKJIAIHOTO
3aXBOPIOBAHHSI.

MepcnekTBM NOACABLUUX AOCAIAXKEHDb

ITonpu 3Ha4YHi JOCATHEHHS B €KCIIEPUMEHTAIBLHOMY
BUBYCHHI MiTOXOHAPiaJIbHO OPi€EHTOBAHMX TEPAIEBTUUHUX
crparteriit mpu I'T1, iX KJIiHiYHA iMIJIEMeHTallisl 3aJUIIAETh-
cst oomexxeHoto. OCHOBHA Maca HassBHUX IaHUX OTPUMaHa 3
JIOCTiIKeHb Ha TBAPMHHMX MOJEJISIX a00 B YMOBAX in Vitro,
TOJIi SIK BiICYTHICTh MacIITAaOHUX 0araTOLEHTPOBUX KJIi-
HIYHUX BUTIPOOYBaHb YHEMOXJIMBIIIOE 00 EKTUBHY OLIIHKY
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PucyHok 10. 3actocyBaHHs1 FA@zein-CS y nikyBaHHi
roctporo naHkpeatuty ([85], BiakpuTuii goctyn)

e(deKTUBHOCTI Ta 6e3MeKU LUX MiIXOAiB Y JIIOAUHU. Y LIbOMY
KOHTEKCTi aKTyaJIbHUM 3aBOAHHSIM € TPAHCJISILiST HAlO1IbIIn
MEepPCHEeKTUBHUX areHTiB, 30KpeMa MOJYJISITOPIiB CUTHAJIb-
Hux nuisixiB Nrf2/HO-1, PINK1/Parkin, SIRT1/PGC-1a,
a TaKOX HAHOIIPeNnapariB i3 TApreTHO TOCTABKOIO 710 Mi-
TOXOH/APIiN — Yy a3y JOKIIHIYHUX i KIIHIYHUX TOCTiKEeHb.

BaxBumM HampssMoM € po3po0Ka HamgiiHuX OioMapKe-
PiB MITOXOHIpiaJIbHOI AUCGHYHKIIIT, SIKi TO3BOJIMIN O 3/ili-
CHIOBATH CTpaTH(iKallito Mali€HTiB 3a pU3UKOM IIPOrpecy-
BaHH# ['TI, MOHITOPUHT Mepebiry 3aXBOpIOBaHHS Ta OLIIHKY
BiIMOBiNi Ha TepaneBTUYHI BTpyyaHHs. [lepcrieKTUBHUMU €
TaKOX JOCJIIKEHHsI KOMOIHOBaHUX TepareBTUIHUX TTi/IX0-
NliB, 30KpeMa MOoeIHaAHHSI AaHTUOKCUIAHTIB i3 MOIYJISITOpaMu
MiTodarii a00 BUKOpUCTaHHS HAHOCHUCTEM y KOMOIHalIil 3
imyHoakTuBHUMU MCK 111 1OCSITHEHHSI CUHEPTiYHOTO
edexty. Ha ocoba1uBYy yBary 3aciyroBy€ BUBUYEHHSI BILIMBY
TaKMX CTpaTeTiii Ha MpodiTaKTUKy MyJIBTHOPTAaHHOT HE/lO0-
CTaTHOCTi — T'OJIOBHOI MpUYMHMU JieTaabHOoCTi mpu TTTI.

OnHUM i3 KJIIOYOBUX BUKJIUKIB € 3a0€3MeUeHHsT Op-
raHocrenugiyHoi 10cTaBKu HapMaKoJIOTiYHUX areHTiB
oe3mnocepenabo 10 ALK T13 3 ypaxyBaHHSIM MOpPYILIEHHS
MIiKpOUMPKYJISALIiT Ta HASIBHOCTI CUCTEMHOTO 3amajbHOTO
mnpoiecy. Y 1boMy KOHTEKCTi 0COOIMBO MEePCIeKTUBHUM
BUTJISIIAE PO3BUTOK 0iOMIMETUUHUX HAHOCUCTEM, 3MaTHUX
[0 CEJIEKTUBHOTO TAPreTUHTY Ha 3amnajeHy TKaHWHY, 110
BiIKpMBA€ HOBI MOXJIMBOCTI I MiABUIIEHHS e(DeKTUB-
HOCTI JIIKyBaHHS.

OTXe, TOmajbIlli JOCTIIKEHHS MalOTh OyTH CIIPSIMOBaHi
Ha KJIiHIYHY BaJli/Iallito eKCIIepUMEHTATbHUX MiJXO/iB, CTBO-
PEHHSI IPOrHOCTUYHUX i MTPEAMKTUBHUX OioOMapKepiB, ONTUMi-
3allit0 KOMOIHOBAaHMX TEPANIEBTUYHMX CXEM, YIOCKOHAJICHHS
CHCTEM JIOCTABKH JI0 LIJTbOBUX KIIITUH Ta OLIIHKY TOBIOCTPO-
KOBHX HACJTiAKiB MiTOXOHApiaabHOI Tepartii mpu ['T1.

O6MmeXxeHHSs

Kimro4oBrM 00OMeKEHHSIM OUTBIIOCTI HATBHUX JOCIi-
JKEeHb € iX TepeBaXKHO NOKJiHIiYHMI XapakTep. OTpuMaHi
pe3ysbraTi 0a3yloThCs 31e€01IbIIOr0 Ha eKCIIEPUMEHTaX
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in vitro a0 Ha TBApMHHUX MOJEJISIX, 1110 HE TIOBHOIO MipOIo
BinoOpaxae 0i0JOTiYHY CKJIAIHICTh, KJIiHIYHY BapiaOesb-
HiCTb i maTodizionoriuny rereporeHHicTs I'Tl y mogunm.
IcHyBaHHST MiXXBUJIOBUX BiIlMiHHOCTEl y MeTaboi3Mmi,
peryJsiii iMyHHOI BilImoBiAi Ta mepediry 3aXxBoproBaHHSI
CTBOPIOE JIOJATKOBI TPYAHOIIII MPU EKCTPATIOJISILii eKcIie-
PUMEHTaJbHUX JaHUX Ha KJIiHiYHi YMOBHU.

Ille omHMM BaxXIUBUM OOMEXXEHHSIM € (POKyCyBaHHSI
OLTTBIIOCTI POOIT Ha OKPEMUX MITOXOHIpPiaTbHUX CUTHAb-
HUX IUIsSXax ado crneuudivHux hapMaKoIOTiYHUX areHTax
0e3 ypaxyBaHHSI TOTEHIIHHUX CUHEPTIYHUX B3AEMOIiN MiX
Pi3HUMU MeXaHi3MaMM a00 CUCTeMHMX e(heKTiB B OpraHi3mi
B 1iztomy. Kpim Toro, 3HauHa BapiaGeibHiCTh €KCIIEpUMEH-
TaJIbHUX MOJIe/Ield, METO/iB iHAYKILi1 MTaHKPEeaTUTy, peXKUMiB
JIIKyBaHHS Ta ITOKAa3HUKIB OLIHKN ¢(PEKTUBHOCTI YCKIaI-
HIOE TTOPIBHSHHS PE3YIbTaTiB MixXK OKPEMUMU TOCTiIKEH-
HSIMU Ta CTBOpPIOE 0ap’epu Wist hopMyBaHHS yHi(piKOBaHUX
BUCHOBKIB.

CyTTEBUM HEIOJIKOM € TaKOX BiICYyTHICTb JOBIOCTPO-
KOBUX JJAHUX 1110710 O€3IeKH, a TAKOX HEOCTaTHS KiJIbKICTh
JMOCITiIKEeHbD i3 BceOiUHMM aHali3oM (papMaKOKiHETUMHUX i
(hapMaKOIMHAMIYHUX XapaKTepUCTUK OLTBIIIOCTI 3aIIpOITO-
HOBaHUX 3aC00iB Y KJIIHIYHOMY KOHTEKCTi. ¥YCi I1i YAHHUKN
MHiIKPECIIOTh HEOOXiTHICTh 00ePEeXKHOTO MiAXOAy d0 iH-
TepripeTallii TOKJIiHIYHUX JaHUX i CIIOHYKAIOTh 10 TpOBe-
NIeHHsT 100pe CIUIaHOBaHUX HOCHiIKEeHb, SIKi BPaXOBYIOThb
KJIIHIYHY peJIeBaHTHICTb, CUCTEMHIi €(eKTH Ta TOBrOTPU-
Bally O€3I1eKy TeparieBTUYHUX BTPyYaHb.

BucHoBKMU

MirtoxoHapiaibHa TUCOYHKIIIS ITOCiTAaE LIeHTpalbHe
micue B matoreHesi ['Tl, meTepMinyroun nepebir 3axBopio-
BaHHS, iHAYKIIiIO allOINTO3y, HEKPO3Yy, MipONTO3y Ta aKTH-
BaIlif0 CUCTEMHOI 3aIaJIbHOI BilIOBimi. Y 3B’3Ky 3 LIUM
TeparneBTUYHI cTpaTerii, CIpsSIMOBaHi Ha MiATPUMAaHHS Ta
BiTHOBJICHHST MiTOXOHAPiaabHOI (PYHKIIiI, pO3IJISIAAIOThCS
SIK TIEPCIEKTUBHUI HAMPSIMOK JUTst Moavikalii matodisi-
ojoriuHoro nepediry I'Tl i mpoditakTMKu MyJIbTUOPraHHOT
TUChYHKILII.

AHaJi3 cydacHMX €KCIIepUMMEHTaJIbHUX NOC/iIXEHb
CBITUMTH IIPO Te, 10 HM3Ka (PapMaKOJIOTIYHMUX i OioTex-
HOJIOTIYHMX MiIXO/iB, BKJIIOYAIOYH IHTIOITOpY Kacmnas i iH-
¢amMacom, akTUBaTOPU MiTodarii, CTUMYJISITOPU MiTOXOH-
NpiabHOTO OioreHe3y, HaHOMpenapaTu Ta Me3eHXiMalbHI
CTOBOYPOBi KJIITMHU, I€MOHCTPYE 3HAUHMIA MMOTEHIIiaa y
3MeHIIeHHi nomkomkeHb ALIK ta cuctemHoro 3ananeHHs.
OCHOBHUMU CUTHAJIbHUMU HUISIXaMU, Ha sIKi CIIpSIMOBaHa
nist ux 3aco6iB, € AMPK/SIRT1, PINK1/Parkin, Nrf2/
HO-1, NF-xB ta NLRP3, 110 3a6e3mneuye perysiiiito eHep-
TETUYHOTO OOMiHY, YCYHEHHSI TOIIKOIXKEHUX OpraHes Ta
KOHTPOJIb HaJI 3aMTaJIbHUMM MPOLIeCaMu.

Ha oco6iuBy yBary 3aciyroByroTh HaHOTepaneBTUYHI
ru1aTopMH, 31aTHI 10 TApreTHOI TOCTaBKU aKTUBHUX CITO-
JIyK 0e3MmocepeHbo 10 YPAXKEHUX MITOXOHIPIN, OCKITbKU
BOHM TIOEIHYIOTh BUCOKY CIeHM(PIYHICTD mii, MiHiMi3allito
CUCTEMHUX MOOIYHUX e(eKTiB Ta MiABUIIECHY 0i0OI0CTYII-
HicTh. [lepcneKTUBHUM € TaKOXK 3aCTOCYBaHHSI MO3aKJli-
TUHHUX Be3UKyJ i reHeTndHO MCK, 110 BinkpuBae HOBI
TOPU3O0HTH JUISI KJIITUHHO OPi€HTOBAHOI Tepallil TSKKUX
¢dopM maHKpeaTuTy.

[Torpu BUCOKY MepPCTIEKTUBHICTh 3a3HAYEHUX TiIX0-
IiB, 1X KJIIHIYHA peasi3auis noTpeOye BUPILIEHHS HU3KKU
KJIIOUOBMX 3aBIaHb, 30KpeMa CTaHIapTU3allii eKcIepu-
MEHTaJIbHUX MOJeJel, CUCTEMHOI OIliHKN Oe3IeKu, J10-
CIiIKEeHHS BingaieHux e(ekTiB, a TaKOX BIPOBAIKEHHS
HamiiiHNX 6ioMapKepiB MiTOXOHAPiaIbHOI ANCHYHKIIIT I
crpatudikalii MamieHTiB Ta MOHITOPUHTY e(EKTUBHOCTI
teparmii. CyKyIHiCTb HasgsBHUX TaHUX ITiITBEPIKYE HAYKOBY
OOTPYHTOBAHICTb i KJIiHIYHY JOLIJIBHICTD PO3BUTKY MITO-
XOHJpPiaJIbHO OPiEHTOBAHUX CTpATeTrill SIK iHHOBALIITHOTO
HanpsiMmy B stikyBaHHi ['TI.

KondurikT inTepeciB. ABTOpU 3as1BJISIIOTh PO BiZICYTHICTb
KOHDITIKTY iHTepeciB Ta BlacHOI (hiHAHCOBOI 3a1liKaBJIeHOC-
Ti IIpM MiATOTOBLI JAHOI CTATTi.

Buecok aBTopiB. BHECOK aBTOPiB € TOTOXXHUM.
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Pharmacological regulation of mitochondrial homeostasis in acute pancreatitis:
from autophagy to nanotherapy

Abstract. Background. Acute pancreatitis is a severe abdominal
condition with a high rate of complications and mortality. Mito-
chondrial dysfunction has been identified as a central mechanism
contributing to acinar cell apoptosis, necrosis, and systemic inflam-
matory response. Therapeutic strategies targeting mitochondrial
homeostasis are of growing importance. Materials and methods.
A systematic review of experimental studies from PubMed, Sco-
pus, and Google Scholar was performed. The focus was on the
impact of pharmacological and biological agents on mitochondrial
function in the in vivo and in vitro models of acute pancreatitis.
Key topics included modulation of mitochondrial dynamics, mi-
tophagy, mitochondrial biogenesis, NLRP3 inflammasome inhibi-
tion, and the use of stem cells and nanotherapy. Results. Analysis
of experimental studies confirms that mitochondrial homeostasis
in acute pancreatitis can be restored through the modulation of
several key pathways. Antioxidant compounds such as melatonin,
resveratrol, and agomelatine reduce reactive oxygen species, inhibit
acinar cell apoptosis, and stabilize mitochondrial membrane po-
tential (AWm). Pharmacological activation of protective autophagy
and mitophagy with agents like rapamycin, trehalose, urolithin A,
spermidine, and selenium promotes the clearance of dysfunctional
mitochondria and attenuates inflammation. Agents that stimu-

late AMPK/SIRT1/PGC-1a-mediated mitochondrial biogenesis
(e.g., metformin, AICAR, berberine, pinocembrin, nimbolide)
restore energy metabolism, activate antioxidant defense (Nrf2/
HO-1), and suppress caspase and NLRP3 inflammasome activa-
tion. NLRP3 inhibitors (MCC950, INF-39, polydatin, paconol)
significantly reduce proinflammatory cytokine release, caspase-1
activation, and pyroptosis. Additionally, mesenchymal stem cells
and their extracellular vesicles transfer functional mitochondria,
inhibit pyroptosis, and protect distant organs. Nanotherapeutic
platforms — based on kaempferol, pentoxifylline, polyphenols,
nanozymes, yttrium, cerium, and iridium nanoparticles — enable
targeted delivery to injured tissues, decrease oxidative damage, en-
hance mitophagy, maintain AYm, and boost adenosine triphos-
phate synthesis. These integrated approaches modulate fundamental
pathogenic mechanisms of acute pancreatitis and improve outcomes
in experimental settings. Conclusions. Pharmacological regulation of
mitochondrial homeostasis offers a promising approach to targeted
treatment of acute pancreatitis. Mitochondria-directed therapy
may protect acinar cells and reduce the severity of systemic compli-
cations.

Keywords: acute pancreatitis; mitochondrial dysfunction; mito-
chondria-targeted therapy; review
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