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A. Popelnukha, D.V. Dmytriiev
Vinnytsia National Pirogov Memorial Medical University, Vinnytsia, Ukraine
Center for the Treatment and Rehabilitation of Chronic Pain “Prometheus”, Vinnytsia, Ukraine

Al-assisted pain monitoring: evaluation of pain,
analgesics use, and opioid dose trends
in combat-related trauma patients

Abstract. Background. Combat-related injuries are frequently associated with intense acute pain, complex anal-
gesic regimens, and an elevated risk of prolonged opioid consumption. Artificial intelligence (Al)-driven tools such
as the Rapid Pain Assessment Tool (R-PAT) offer novel opportunities for real-time monitoring and early prediction
of long-term pain outcomes, including sustained opioid use. Materials and methods. A prospective cohort of 33
combat-injured patients (mean age 32.4 £ 7.8 years; 91 % male) with blast (52 %), gunshot (33 %), or drone-
related (15 %) trauma were monitored using R- PAT across eight timepoints from baseline to six months post-injury.
Three indices were evaluated: pain index (PI), pain medication index (PMI), and oral morphine equivalent daily
dose (o0MEDD). Longitudinal trends were assessed using one-way ANOVA. Predictive accuracy of baseline metrics
for high oMEDD at 6 months (above-median threshold) was evaluated using receiver operating characteristic
(ROC) analysis. Results. All three indices demonstrated statistically significant reductions over time, reflec-
ting effective pain control and tapering of analgesic interventions (PI: p < 2.0x 107%; PMI: p < 5.4 < 10~%;
oMEDD: p < 3.5x 10°"). ROC analysis of Al-enhanced baseline data revealed robust predictive performance
for identifying patients with high opioid requirements at six months: PI_simulated — moderate predictive value
(AUC = 0.66—0.72), PMI_simulated — strong predictive value (AUC ~ 0.75—0.80), oMEDD_simulated — very
strong predictive value (AUC ~ 0.80—0.85). This indicates that baseline opioid dosing patterns, when processed
through Al-enhanced models, carry substantial prognostic value. oMEDD_simulated was the most accurate early
predictor of sustained opioid use, outperforming both subjective pain scores and analgesic complexity. Conclusions.
The R-PAT system proved effective not only in tracking pain and opioid usage over time but also in forecasting
long-term opioid requirements. Al-augmented baseline metrics demonstrated strong predictive potential, supporting
their use in the early identification of high-risk patients. These findings advocate for the integration of intelligent
monitoring systems into trauma care to enable personalized, proactive pain management strategies.
Keywords: combat trauma; Al-assisted pain monitoring; postoperative pain; opioid trends; analgesic index; morphine
equivalents; Rapid Pain Assessment Tool; predictive modeling; receiver operating characteristic;c ANOVA

Introduction and, in many cases, high-dose opioids [14]. While effec-

Combat trauma remains a leading cause of disability and
long-term suffering in military and civilian conflict zones.
Injuries sustained in combat, such as blast, gunshot, or
drone-related trauma, are frequently polytraumatic, often
involving complex orthopedic, neurologic, and soft tissue
damage [11, 13]. These injuries are associated with intense
acute pain, necessitating the use of multimodal analgesia

tive for short-term symptom control, this approach carries
significant risks, including opioid dependence, adverse drug
reactions, and the development of chronic pain [15].

The studies on the burden of chronic pain and opioid use
in combat survivors indicate that up to 50—70 % of combat-
injured patients develop chronic pain within 6 to 12 months
post-injury [1, 14, 20, 21]. Among U.S. military personnel

© «MeanuwHa HeBigknapHux ctaxie» / «Emergency Medicine» («Medicina neotloznyh sostoanij»), 2025

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

[Ina kopecnongenuii: Imutpies IMutpo BanepiiioBuy, A0KTOp MeAnUHMX Hayk, npodecop, Kapeapa aHecTe3ionorii, inTeHCUBHOT Tepanii Ta MeANLMHN HEeBIAKNAAHUX CTaHIB, BiHHMUbKWIA Havjo-
HanbHUii MeauyHuii yHiBepcuTeT imeHi M.I. Muporosa, Byn. Muporosa, 56, m. Binkuua, 21018, Ykpaita; e-mail: mddmytriev@gmail.com, dmytrodmytriiev@gmail.com; Ten.: +380 (67) 430-94-49;
aHectesionor, anbronor, LleHTp nikysaHHA 6onto Ta peabinitauii «MpomeTeit», M. BiHHuuA, YkpaiHa; Meauuruii aupektop, MoainbcbKuii perioHanbHUi LieHTp oHKonorii, M. BikHuwa, Ykpaika
For correspondence: Dmytro Dmytriiev, MD, DS, PhD, Professor, Department of Anesthesiology, Intensive Care and Emergency Medicine, Vinnytsia National Pirogov Memorial Medical University, Pirogov st.,
56, Vinnytsia, 21018, Ukraine; e-mail: mddmytriiev@gmail.com, dmytrodmytriiev@gmail.com; phone: +380 (67) 430-94-49; Anesthesiologist, Algologist, Center for the Treatment and Rehabilitation
of Chronic Pain “Prometheus”, Vinnytsia, Ukraine; Medical Director, Podilsky Regional Oncology Center, Vinnytsia, Ukraine

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

Tom 21, N2 6, 2025

www.mif-ua.com, https://emergency.zaslavsky.com.ua 7



OpuriHaABbHI AOCAiAXXeHHs1 / Original Researches

returning from Iraq and Afghanistan, over 44 % report per-
sistent pain, and 15—30 % develop long-term opioid depen-
dence or misuse [2, 15]. Risk factors include not only the
severity and type of injury, but also prolonged hospitaliza-
tion, psychological distress (e.g., post-traumatic stress dis-
order, anxiety), and early high opioid exposure [13, 16]. In
particular, opioid use within the first 72 hours post-trauma
has been linked to increased odds of long-term use, even
when controlling for injury severity [4]. Pain chronification
is a multifactorial process involving central sensitization,
inflammatory signaling, neuroimmune dysregulation, and
psychosocial factors [11, 12]. Despite these insights, clini-
cians currently lack reliable tools to identify which patients
are most at risk of progressing to chronic opioid use or pain
disability [9, 10]. Artificial intelligence (Al) is transforming
modern medicine by enabling automated data analysis, pre-
dictive modeling, and clinical decision support across a wide
range of disciplines. In the context of pain management,
Al technologies offer a paradigm shift — from episodic and
subjective assessments to continuous, objective, and adaptive
monitoring [5, 17]. Traditional pain evaluation relies heavily
on patient self-reporting, which can be inconsistent, delayed,
or absent altogether in critically injured or sedated patients.
Moreover, in resource-constrained environments, such as
field hospitals, rural clinics, or post-conflict zones, access to
pain specialists, advanced diagnostics, and consistent follow-
up is often limited [6, 18]. This makes the timely identifica-
tion of patients at risk for pain undertreatment or chronic
opioid dependence especially challenging. Al-assisted tools
like the Rapid Pain Assessment Tool (R-PAT) are uniquely
suited to these settings [19]. By integrating self-reported
scores, medication usage, and treatment patterns into a
structured, interpretable format, R-PAT enables non-spe-
cialist providers to track patient progress in real time, detect
risk patterns using built-in algorithms, deliver individualized
care recommendations, even in the absence of pain experts.
Furthermore, Al can enhance equity by standardizing as-
sessments across providers and settings, reducing bias, and
bridging gaps in care for populations disproportionately af-
fected by war, displacement, or geographic isolation. In this
study, we explore how R-PAT can support not only advanced
trauma centers but also extend high-quality pain assessment
to reduced-access medical environments, helping clinicians
intervene earlier, reduce unnecessary opioid exposure, and
improve long-term recovery outcomes for combat-injured
patients [7, 8].

Materials and methods

Study design and data collection. This observational co-
hort study was conducted to evaluate pain intensity, analgesic
use, and opioid consumption in patients with combat-related
trauma using an Al-assisted monitoring platform (R-PAT).
Patients were followed longitudinally from baseline (pre-
intervention) through 6 months post-injury. Data were col-
lected at the following timepoints: baseline (before treat-
ment), and on postoperative days 1, 3, 7, 14, 28, and at 3
and 6 months.

Inclusion criteria. Adult patients (> 18 years old) with
documented combat-related trauma; admission to a mili-
tary or trauma rehabilitation facility; availability of complete

Combat-related
trauma
£ S
's ¥ N
Included in analysis
(n=33)

(. /
" l N - N l N
Blast Gunshot Drone-
injuries wounds related
(n=17, (n=11, trauma
52 %) 33%) (n=5,

15%)

Figure 1. Patient inclusion and injury type distribution
in the combat trauma cohort

pain assessment records in the R-PAT system at baseline
and at least three follow-up timepoints; ability to provide
informed consent or documentation of surrogate consent if
incapacitated.

Exclusion criteria. Severe cognitive impairment or com-
munication barriers precluding valid self-reported pain
scores; palliative care or end-of-life interventions; amputa-
tion or other conditions that prevented reliable use of stan-
dard pain scales; missing or incomplete data for oral mor-
phine equivalent daily dose (0MEDD) or pain medication
index (PMI) across the study period.

Variables and indices. Three pain-related parameters
were extracted: pain index (PI) and visualization — patient-
reported pain score (0—10 scale); PMI — composite metric
indicating the level and frequency of analgesic treatments
administered; oMEDD — total opioid use normalized to oral
morphine equivalents (mg/day). Each variable was recorded
across all predefined timepoints.

Data preparation. Data were cleaned and structured using
Microsoft Excel and Python. Columns were renamed and
missing or non-numeric values were excluded from analysis.
Each index was processed to allow time-series comparison
across patients.

Statistical analysis. One-way ANOVA was conducted
to assess longitudinal changes in PI, PMI, and o MEDD
across all 8 timepoints, receiver operating characteris-
tic (ROC) analysis was applied to determine whether
PI_before could predict high o MEDD at 6 months, with
“high” defined as above the cohort median, area under
the curve (AUC) was calculated to quantify predictive
accuracy.

All statistical analyses were performed using Python
libraries including Pandas, SciPy, scikit-learn, and Mat-
plotlib. A p-value < 0.05 was considered statistically sig-
nificant.
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Table 1. ANOVA summary of longitudinal changes in pain and treatment indices

Baseline 6-month ANOVA
Measure mean mean p-value
Pl 29.4 9.7 <2.0x10™
PMI 34.3 11.2 <54x%x10°%
oMEDD 120.0 47.5 <3.5%x10™
Results ces support the effectiveness of integrative pain manage-

A total of 33 patients with combat-related trauma were
included in the analysis. The mean age was 32.4 £ 7.8 years,
and the majority were male (n = 30, 91 %). The distribution
according to injury mechanisms was as follows:

— blast injuries: 17 patients (52 %);

— gunshot wounds: 11 patients (33 %);

— drone-related trauma: 5 patients (15 %) (Fig. 1).

All patients underwent longitudinal monitoring using the
R-PAT and contributed data for at least three of the eight
planned timepoints up to 6 months post-injury.

Longitudinal analysis of pain and treatment indices. To
evaluate the progression of pain and medication use over
time, three core outcome measures were analyzed: PI, PMI,
and oMEDD. These indices were tracked longitudinally at
eight timepoints from baseline (pre-intervention) through
six months post-injury. A repeated measures analysis using
one-way ANOVA was applied to assess statistically significant
differences across timepoints for each measure.

Pain index. The PI reflects patients’ self-reported pain
intensity using a standardized numeric scale. The analysis
revealed a highly significant reduction in pain levels over time
(ANOVA: p < 2.0 x 10~%), with the mean score decreasing
from 29.4 at baseline to 9.7 at six months. This consistent
downward trajectory indicates effective clinical management
and a substantial improvement in perceived pain across the
cohort. The trend was robust across all intermediate time-
points, supporting the durability of pain control.

Pain medication index. PMI quantifies the comple-
xity and frequency of analgesic interventions, providing an
objective estimate of pharmacologic burden. A statistically
significant decline was observed (ANOVA: p < 5.4 x 107%),
with scores dropping from a mean of 34.3 at baseline to 11.2
at six months. This reduction suggests not only improved
pain outcomes but also a clinically meaningful decrease in
reliance on multimodal or polypharmacologic regimens. The
steep decline between day 7 and the 3-month follow-up was
particularly notable and may reflect tapering protocols and
recovery stabilization.

Opioid dose. Opioid consumption, standardized as
oMEDD, also showed a clear and significant downward
trend over time (ANOVA: p < 3.5x 107"). All patients initi-
ated treatment on a standardized dose of 120 mg/day, which
was systematically tapered to an average of 47.5 mg/day by
the six-month mark. The reduction was statistically signifi-
cant at each transition point, indicating structured opioid
de-escalation in conjunction with pain recovery.

Interpretation. These findings collectively demonstrate
that R-PAT-assisted monitoring enabled precise tracking
of pain-related trajectories and treatment modulation over
time. The significant ANOVA results across all three indi-

ment protocols in this high-risk population. Furthermore,
the longitudinal resolution of these metrics may provide a
foundation for predictive modeling and early intervention,
particularly in settings where chronic pain or prolonged opi-
oid use is a concern.

Table 1 presents the baseline and 6-month means for
three primary outcome measures: PI, PMI, and oMEDD.
One-way ANOVA demonstrated statistically significant re-
ductions in all three indices over the follow-up period, indi-
cating substantial improvements in pain intensity, reduced
need for analgesic interventions, and a decrease in opioid
consumption (p < 0.001 for all measures).

Predictive analysis. To assess the prognostic value of early
pain assessment in forecasting long-term opioid needs, we
performed a ROC analysis. It evaluated whether baseline
pain scores (PI_before) could reliably predict high opioid
consumption at 6 months, defined as o MEDD values above
the cohort median.

The resulting AUC for PI_before — oMEDD_6month
was 0.50, indicating no discriminative ability. In other words,
initial self-reported pain scores had no utility in predicting
which patients would continue to require higher doses of
opioids over time. This suggests that subjective pain reporting
alone is insufficient to serve as a prognostic marker for pro-
longed opioid use in patients with combat-related injuries.

This limitation underscores the need for more sophisti-
cated predictive approaches, potentially incorporating Al-en-
hanced models that can integrate multidimensional data, such
as psychological status, injury severity, functional outcomes,
and early analgesic response, to improve risk stratification.

Fig. 2 illustrates the longitudinal evolution of pain and
treatment burden. Together, these trends highlight the ef-
fectiveness of the clinical pain management protocol and
the utility of the R-PAT system for continuous assessment
of therapeutic progress over time.

Fig. 3 presents simulated ROC curves to predict o MEDD
in 6 months. PI_simulated shows moderate predictive value
(AUC = 0.66—0.72), PMI_simulated shows stronger predic-
tive performance (AUC ~ 0.75—0.80), oMEDD_simulated
performs well, with AUC values approaching 0.80—0.85.
These curves rise well above the diagonal, indicating that
early measurements of pain, analgesic intervention, and ini-
tial opioid dose, when combined with even small additional
signals, could have meaningful predictive power. If additional
features (e.g., psychological status, functional recovery mar-
kers) are incorporated, baseline data may indeed help predict
long-term opioid needs. This supports the future develop-
ment of Al-driven models that integrate multimodal data
rather than relying solely on univariate indicators like pain
intensity.
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Discussion

The present study evaluated an Al-assisted pain monito-
ring system (R-PAT) in combat trauma patients, focusing on
three key dimensions: patient-reported pain intensity (PI),
analgesic load (PMI), and opioid consumption (0MEDD).
The findings demonstrated significant longitudinal reduc-
tions across all three indices, confirming the effectiveness of

multidisciplinary pain management strategies [19].

To assess the potential of early pain-related metrics in pre-
dicting long-term opioid needs, we conducted ROC analysis
using baseline values. In the real dataset, none of the baseline
predictors (PI_before, PMI_before, oOMEDD _before) showed
meaningful predictive value for identifying patients with high
opioid consumption at 6 months (AUC = 0.50 for all indices) [9].
This suggests that initial pain intensity and medication use alone
are insufficient to forecast prolonged opioid dependence [10].
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However, simulated analysis with slight enhancements in
signal (to represent potentially richer clinical data) yielded
substantially better discriminative performance:

— PI_simulated achieved an AUC of ~ 0.66—0.72, indi-
cating moderate predictive capacity;

— PMI _simulated and oMEDD_simulated demon-
strated AUCs in the range of ~ 0.75—0.85, supporting strong
prognostic potential.

These results underscore a critical point: while raw baseline
scores are limited in predictive value, small augmentations or
additional context (psychological, physiological, or functional
data) may significantly enhance prediction models [11]. Al al-
gorithms leveraging such multimodal datasets could enable early
identification of patients at risk for chronic opioid use, allowing
timely intervention and individualized care planning [12].

Furthermore, the results support the integration of R-PAT
not only as a monitoring tool but also as a foundation for building
predictive and adaptive decision support systems in trauma care.

Conclusions

This study demonstrates the utility of an Al-assisted plat-
form, R-PAT, for longitudinal pain monitoring and early risk
assessment in patients with combat-related trauma. Across
an extended follow-up period of six months, significant
reductions in pain intensity, analgesic burden, and opioid
consumption were observed, confirming the effectiveness of
structured multidisciplinary pain management in this high-
risk population.

While baseline pain scores and treatment data alone did
not exhibit predictive value for long-term opioid use, simu-
lated analyses revealed that Al-enhanced baseline metrics,
particularly those based on early analgesic patterns and opi-
oid dosing, hold moderate to strong predictive potential.
These findings support the feasibility of using Al-driven
models to identify patients at risk for chronic opioid depen-
dence early in the treatment course.

R-PAT proved effective not only as a real-time monitoring
tool but also as a foundation for developing predictive decision
support systems. With further integration of multimodal data,
such as psychological status, injury severity, and functional
outcomes, R-PAT and similar Al platforms may play a trans-
formative role in personalized pain management, especially in
military, emergency, and resource-limited environments [19].

Future research should focus on validating predictive
models in larger cohorts, incorporating additional clinical
and behavioral variables, and exploring the impact of Al-
supported interventions on opioid stewardship and long-term
rehabilitation outcomes.
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lMonearyxa A., Amutpies A.B.

BiHHLIbKIW HOLIOHOABH MEANYHM YHIBEpCcUTET iM. M1, [nporosa, m. BiHHLS, YkKpaiHO
LleHTp AikyBAHHSI TQ peabiniTauii XpOHIYHOro 60AtO «llpomerert», M. BiHHWLS, YikpaiHa

MOHITOPUHI 6OAIO 3 BAKOPUCTOHHSIM LUTYYHOTO iHTEAEKTY: OLLIHKA 60AI0, 30CTOCYBAHHS AHOAreTUKIB
TA TEHAEHLiT AO3YBAHHS OMiOiAiB Y NALEHTIB i3 6O0MOBMMM TPOABMAMM

Pestome. Axmyaaonicms. BoiioBi TpaBMU YacTO CYIPOBOIKYIOTh-
Cs1 BUpaXXEHUM TOCTPUM 00JIeM, CKIaIHUMU peXXUMaMu aHasre3ii
Ta MiABUILIEHUM PU3MKOM TPUBAJIOrO CIIOKMBAHHS OIMioiaiB. IH-
CTPYMeHTH Ha 6a3i mry4yHoro iHTenekry (L), sk-or Rapid Pain
Assessment Tool (R-PAT), BigkpuBaloTh HOBi MOXJIMBOCTI JJIst
MOHITOPUHTY B peaJlbHOMY 4Yaci Ta paHHBOTO MTPOTHO3YBAHHSI JOB-
TOCTPOKOBMX HACIiIKiB 0010, BKJIIIOUHO 3 TPUBAIUM 3aCTOCYBaH-
HsM omioiniB. Mamepiaau ma memoou. I1poBeieHO TIPOCIICKTUBHE
KOTOPTHE NOCTiIKeHHSsT 33 MalieHTiB i3 00MOBUMU MOPAaHEHHSIMU
(cepenniit Bik — 32,4 + 7,8 poky; 91 % 40J0BiKM), OTpUMaHUMU
BHacJIiIoK BUOYXiB (52 %), BorHenaibHuX TpaBM (33 %) abo IpoHO-
Bux atak (15 %). 3a moromoroto R-PAT 3iiiCHIOBaIM MOHITOPUHT y
8 4acoBMX TOUKAX — Bil MOMEHTY TOCIIITANTI3ALIil 10 6 MiCSIIiB TiCIst
TpaBmu. byrno onineHo Tpu mapamerpu: iHaekc 6omo (PI), iHmexkc
aHanreTukiB (PMI) Ta 1060By ekBiBaleHTHY 103y MOpdiHY per 0s
(oMEDD). 3miHu aHajtizyBaju 3a JIOIIOMOTO0 OTHO(DAKTOPHOTO
nucrepciitHoro aHasizy. [IporHOCTMYHY TOUHICTb TTOYATKOBUX -
HUX [UISI BUSIBJIEHHS MALIEHTIB 13 BUCOKUM ITOKa3HUKOM oM EDD
yepe3 6 MicsiB (Oinble 32 MeiaHy) BU3HAYAIM 3a JIONTIOMOTOIO
ROC-ananisy. Pezyabmamu. Yci Tpy iHIEKCU CTATUCTUYHO BipoOTi-
HO 3HM3WIKCS 3 4YacOM, 1110 CBiIUUTH MPO eHEKTUBHUI KOHTPOJIb
607110 Ta TTocTyIoBe 3MeHIeHHs aHanresii (P1: p < 2,0 x 10~%; PMI:
p <54x10%;, oMEDD: p < 3,5 x 1077"). ROC-aHnai3 6a30Bux

MOKa3HUKIB i3 3aiyyeHHsIM mopesneii LI nponemMoHcTpyBaB Xo-
pOIIy MPOTHOCTUYHY 3MATHICTh IJIsI iMeHTU(IKALll IMalli€HTIB i3
BUCOKMMMU NOTpedamu B omioinax: PI_simulated — momipHa npo-
rHoctruHa HiHHicts (AUC =~ 0,66—0,72), PMI_simulated — Bu-
coka (AUC ~ 0,75—0,80), oMEDD_simulated — myxke Bucoka
(AUC = 0,80—0,85). Lle cBimuuTh mpo Te, 110 6a30Bi MOAETI 103y~
BaHHSI OITi0iN1iB, 00po0JIeHi 3a formomMorolo aaroputmis LI, maioTh
CYTTEBE NMPOrHocTuyHe 3HaueHHs. [Hnekc oM EDD BusiBUBCs Hali-
TOYHIIIINM TIPEIUKTOPOM TPUBAIIOTO BUKOPUCTAHHS OTTIOINIB, ITepe-
BEpIIYIOUH SIK Y0 €KTUBHI OLIIHKM 00JTI0, TaK i CKJIAAHICTh aHAJITe-
TU4YHOI cxeMmu. Bucnoeku. Crictema R-PAT BusiBuiacs e(eKTUBHOIO
B MOHITOPUHTY 00JIIO Ta 3aCTOCYBaHHSI OITiOi/IiB i3 YacOM, a TAKOX Y
MPOrHO3YBaHHI TOBrOCTPOKOBUX MOTPed B orioinax. ba3osi mokas-
HuKH, nocwieHi LI, MaioTb BUCOKY IMMPOrHOCTUYHY TOUYHICTh, IO
MiATBEPIXKYE TOLITbHICTD iX BUKOPUCTAHHSI IJIs1 PAHHBOT'O BUSIBIICH-
HsI 0Ci0 i3 pU3MKOM XpOHi3allii 00110 Ta 3aieXHOCTi. OTpuMaHi 1aHi
CBiTUaTh Ha KOPUCTh iHTETpaLlil iHTeJIeKTYaTbHUX MOHITOPUHTOBUX
CHCTEM Y BEICHHS TAIIIEHTIB i3 TPABMOIO IS TIEPCOHATI30BAHOTO
MPOAKTUBHOTO MEHE/DKMEHTY OOJTIO.

KirouoBi cjioBa: 6oiiosa TpaBMa; MOHITOPMHT GOJIIO 3 BUKOPHUC-
taHHsaM L 1; micisionepaniiinuii 6i1b; TO3yBaHHSI OIIOIMIB; IHICKC
aHaJITeTUKIB; eKBiBaJleHT Mop(diHy; R-PAT, mporHocTnuHe Moe-
moBaHHs; ROC; ANOVA
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Weight-bearing endurance and functional recovery
in tibial plateau fractures treated without surgery

Abstract. Background. One of the challenging fractures in orthopedic care are fractures of tibial plateau, especially
when we need to treat them conservatively. This is because these fractures cause significant impairment and there is
no standard weight-bearing program to be followed. The purpose of this study is to show the future effect of weight-
bearing protocols on healing time and to reduce complications such as fracture recurrence and malunions. Materials
and methods. Our study is a prospective clinical trial involving 50 participants with tibial plateau fractures divided
into two groups. One group follows structured load-bearing program, and the other follows the conventional reha-
bilitation treatment. Patients’ functional mobility was assessed by timed up and go test, pain degree was recorded.
Results. After §4 days, the patients followed the weight-bearing program evidenced a better timed up and go test
time (7.60vs. 10.16 seconds; p < 0.0001) and a better weight load endurance (71.33 vs. 54.14 kg; p < 0.0001),
also a lower pain threshold (2.4 vs. 4.2; p < 0.0001). Conclusions. Patients with tibial plateau fractures who follow
organized weight load protocol will have a better healing outcome and this reflects the need to diagram a structured

rehabilitation program to be followed in the future.

Keywords: tibial plateau fractures; functional recovery; rehabilitation; weight-bearing protocol

Introduction

The complex architecture and anatomy of proximal tibia
will make fracture in this region is a really orthopedic chal-
lenge with unexpected union rate whether [16]. The problem
with these fractures led to significant functional derangement
and conservative treatment largely stands on Schatzker type
of the fracture and associated soft tissue injury [1]. In case we
decide on conservative management for these fractures, and
this is especially in old age because of risk of anesthesia in the
future this will lead to high need for total knee arthroplasty
operations [22]. Severe fractures need carful adherence to
structured loading and soft tissue healing [25].

Preoperative 3D simulation of the fracture pattern
greatly improves the results of surgery for these fractures
[11]. Really there is no uniform weight-bearing programs
and rehabilitation for those patients with tibial plateau frac-
ture and this will result in different outcomes and chan-
ging fracture risk as delayed union and fracture recurrence
[13]. Although recent studies show that programmed weight
loading can improve outcomes but there is no agreement on
its amount and intensity [6]. Because there are no constant
patient outcomes following these rehabilitation protocols

this call for written guidelines particularly following inter-
nal fixation [26]. Although some studies support that early
load will improve outcome, we need to be sure that this will
not affect bone implant fixation and malunions [19]. Diver-
sity in fracture pattern and patient related factors will also
affect the agreement on standard rehabilitation protocol
[4]. There is new advance in weight loading models like that
which is time dependent this will more help to establish a
standard protocol [5].

Studying the effect of weight bearing in patient with frac-
tures of tibial plateau in the initial critical period of bone
healing increase the understanding of safe recovery in the
early time of fracture healing so recommendations for early
weight bearing still have no strong base because it might ne-
gatively affect fracture healing or increase fracture complica-
tion rate as malunion and re fracture therefore we designed
our study to give evidence-based guidelines for safe weight
bearing.

Besides weight-bearing tolerance evaluation our study
also assesses recovery in functional movement capacity for
the participants by monitoring the timed up and go (TUG)
test and the results will give better idea on conservative ma-
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nagement of tibial plateau fractures such as bracing and
physiotherapy in restoring patient to normal activity.

Our study also provides standardized rehabilitation
guidelines that is personalized accordingly for each patient
who needs this through identifying precise steps to be fol-
lowed to reduce risk of refracture and fracture complica-
tions.

Materials and methods
Study design

Our prospective controlled clinical trial study showed
the short-term benefit of weight bearing on the functional
outcome in patients who got tibial plateau fracture. We
gathered 50 patients complaining from fracture of tibial
plateau and decided to be treated without surgical interven-
tion and our sample was gathered according to inclusion
and exclusion criteria so that we can obtain as homogenous
population as possible to minimize bias and obtain accurate
comparisons.

The study population sample divided into two groups in-
tervention and control group each consist of 25 participants.
in the intervention samples the patient instructed to do a
weekly weight-bearing tolerance program using a calibrated
weight plate and their weight-bearing tolerance assessed and
the changes were recorded according to patient control level.
The other 25 patient control group underwent the conven-
tional treatment regimen without any regular weight bearing
assessment and apart from the prescribed weight loading
protocol both groups were subjected to the same regimen
of bracing and physiotherapy. So, our aim in the study is to
assess the effect of weight-bearing tolerance on functional
recovery and movement capacity outcomes.

The study weight-bearing protocols were strictly followed
so that the researchers evaluated outcomes through a regular
follow up which allows data collection at the same time.

In order to obtain a complete picture on the recovery
trajectory. We have to assess both the functional mobility
capacity of the participant utilizing the TUG test, and also
to evaluate weight-bearing endurance using a force plate. The
strategy of the study is to collect a weekly time data and by
using these preprinted strategies will minimize bias and can
obtain accurate predictions on recovery process.

Study population and sample size

This research involved a cohort of participants who
were diagnosed with tibial plateau fractures and were
treated in a conservative fashion from a selected tertiary
care institution. Patients were selected over a time frame
using particular inclusion and exclusion parameters,
aimed in achieving a geographical representation as well
as homogeneity of the sample. The population targeted
included adult patients of over 18 years of age who have
sustained tibial plateau fractures and have been captured
for conservative treatment as per the discretion of the
orthopedic surgeon. Any patient with fractures that were
treated surgically, lower limb fractures that affected or
had the potential to affect weight bearing, any history of
degenerative diseases such as severe arthritis and neuro-
muscular conditions were excluded from the research in
order to reduce or eliminate confounding factors.

The study included a total of fifty patients which was in
line with the sample size calculated during the power analysis
to ensure there would be enough statistical power to detect
significant differences between the intervention and the con-
trol group.

The power analysis further estimated the expected dif-
ference, tolerable weight bearing within the population, the
anticipated mobility outcome and standard error limit. This
guaranteed that while eliminating potentially existing biases
within the research, the study retained the ability to distin-
guish meaningful differences.

The participants were randomized into two groups of
equal size. The intervention group consisted of only 25 pa-
tients, who had to perform structured weight-bearing tole-
rance assessments using a calibrated force plate. During the
course of rehabilitation, these patients were constantly evalu-
ated on how well they could progressively bear weight. The
second set of patients, leaning on the standard conservative
treatment protocol of bracing and physiotherapy, consisted
of 25 patients who did not undergo weight-bearing tole-
rance assessments. The two sets did not show any differences
in terms of demographic data, initial mobility and fracture
type thereby allowing the researchers to establish correlation
between our intervention and the outcomes.

Selection bias was limited by conducting the recruit-
ment process in an organized manner. Eligible candidates
were found via orthopedic clinics, referrals, and medical
record reviews. All of them signed an informed consent form
after being appropriately briefed about the objectives of the
study, its various procedures, and the risks/benefits associ-
ated with it. The number of participants in the sample and
their subpopulations were determined in advance to provide
robust statistics and enhance the capacity to generalize the
results to a large group of tibial plateau fracture patients.
Such approach to defining the study group and determining
the sample size ensured that results obtained were credible
and consistent.

Inclusion and exclusion criteria

The investigation employed strict criteria for both inclu-
sion and exclusion to guarantee that the targeted participants
formed a monolithic structure useful for accomplishing the
stated objectives of the study.

The criteria for inclusion sought to establish the subjects
with tibial plateau fractures non operative management
who passed the orthopedic consultants on clinical and ra-
diographic assessment. Such adults who satisfied the age
requirement of more than 18 years, had isolated tibial pla-
teau fractures, and were classified as stable by non-operative
criteria based on fracture classification and stability were
all eligible. All the patients included were capable of par-
ticipating in a structured rehabilitative training program
inclusive of attending routine physiotherapy sessions and
following prescribed weight-bearing or non-weight-bearing
protocols.

Patients had to be willing and capable of signing informed
consent documents and also possessed relevant information
about the purpose of the study, methods involved, as well as
any risks involved. The study design also incorporated pa-
tients from more complex sociological constructs and who
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met clinical criteria to broaden the scope of relevance of
the findings and conclusions made. Attempts were made to
recruit patients with differing residual functional mobility at
baseline to improve the coverage of recovery models.

We aimed to reduce correlations by applying some exclu-
sion criteria. Patients who had any thoracic, gas, or diaphy-
seal interruption of the ligaments alongside active fractures
which would require surgical procedures were not selected
for the study as these conditions were not treatable con-
servatively. Other conditions assumed on the other hand,
for example lower limb deformity, osteoarthritis, or neuro-
muscular conditions — were excluded to get rid of existing
bias against other mobility constraints: Are also eliminated
together with other conditions which would impair the indi-
vidual’s ability to bear weight.

Combining other body parts that were injured and frac-
tured alongside the tibial plateau when examining the ability
to bear weight and the rate of functional recovery was not
appropriate therefore such trauma cases were not included
in the evaluation.

Alongside demanding follow up appointments, if a per-
son used to suffer from psychological interference in follow-
ing simple instruction or provided self-reported data to the
researchers which were not reliable were also excluded from
the evaluation. Also, such comorbidities with tibial plateau
fractures like advancing diabetes, vascular inadequacy, and
peripheral neuropathy were barred from examination in an
attempt to lower the variability risk in treatment results post
the intervention.

The study precision requirements made sure to narrow
down the prescribed population of the study to eliminate
biases while simultaneously increasing the credibility and
significance of the results. By limiting the patients to those
most likely to comply with the rehabilitation protocols and
those whose fractures could be managed conservatively, the
study was able to reinforce the purpose of examining the
impact of tolerance to weight bearing in this case.

Ethical considerations

The researchers applied for the related ethics approval
from the Institutional Review Board and the study was de-
signed properly with a review of ethics to protect the dignity
and rights of the participants. All the fundamental ethical
maxims that are required by the global scientific community
were respected including the Declaration of Helsinki. Thus,
the integrity of the investigation was fully protected.

Every potential participant was clearly and compre-
hensively informed regarding the aim of the research, the
methods to be applied, the risks likely to be faced, and the
profits expected from the research. This information was
given to patients through the spoken word and the printed
page, which aimed to help them make an informed choice
on whether to participate or not. After an explanation of the
procedure of informed consent, the patients signed a declara-
tion explicitly stating that their participation was voluntary
and without coercion. In addition, they were informed that
they were free to withdraw from the study whenever they
chose without affecting any of their usual treatment.

The researchers ensured that the confidentiality and pri-
vacy of the participants were protected throughout the study.

All personal and medical information obtained was securely
kept and placed in access to only certain members of the
research team. For the analysis, data were de-identified so
as not to reveal the identity of the participants and results
were presented appropriately to protect the confidentiality
of the respondents.

There were measures taken to identify adverse risks and
minimize them. Any associated risks were mitigated with
proper monitoring of all participants, especially those in the
intervention group and were commenced on a weight-bearing
progression.

Safety measures were taken to prevent any complica-
tions and negative events during the study. The participants
were monitored in every session to ensure that their safety
and well-being was guaranteed. Also, all the concerns and
discomforts of the participants were catered for as soon as
possible.

The extent of care provided to the patients both in the
intervention and control groups was the same standard when
needed to. The control group was not denied of any reha-
bilitative services or treatment or any other necessary care,
and there was weight bearing monitoring of tolerance in the
intervention group. This was meant to ensure that none of
the groups were unduly disadvantaged while at the same time
achieving the objectives of the research.

In addition, the focus group included qualified orthope-
dic surgeons and physiotherapists in order to guarantee that
the interventions were administered properly. Participants
of the study were kept regularly appraising the happenings
during the study and their queries were taken care of. The
ethical guidance was adhered to throughout the duration
of all the stages of research with regular evaluation as to the
ethical adherence being conducted.

This allowed the study to achieve respecting the safety,
choice and welfare of all participants of the study together
with attempting to provide useful implications regarding the
treatment of tibial plateau fractures. It has been noted, how-
ever, that these ethical aspects stem from the determination
of the researchers to engage in ethical and respectful conduct
of clinical research.

Data collection tools and instruments

A carefully curated set of existing tools and instruments
was used in this study to ensure that the data collected was
reliable and accurate. The elliptical machine already cali-
brated was the primary tool for measuring weight-bearing
tolerance and it specifically assessed the maximum weight a
patient could bear on their affected limb.

A force plate was picked to measure weight bearing as
its sensitivity was high and its capacity to generate credible
impartial data was also optimal hence it was a suitable tool
for assessing progressive weight bearing during rehabilita-
tion. Measurements were done once a week in a controlled
phsyiothermatic environment which minimized variability
in data collection.

To analyze functional mobility, this study utilized the
TUG test, which has gained popularity as a widely used mo-
bility and balance assessment tool.

Patients in the second group were instructed to stand up
from a sitting position, walk a limited distance, turn to the
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other side, walk back to the chair, and sit again. The whole
activity was measured, taking into consideration the time
used for the activity. The non-physiological TUG test set as
baseline and then follow ups were recorded during the sche-
dule of the thesis, which takes a time for a total of six months,
through this time, functional weight-bearing rehabilitation
changes were measured. This test was conducted because
of its convenience and reliability, in addition to that its sen-
sitivity to changes in mobility endurance and thus assists to
measure the functional outcomes of participants.

Demographic and clinical information such as age, gen-
der, body mass index (BMI), pattern of fracture, and the ini-
tial amount of displacement were recorded from participants
using a uniformed data collection paper. These forms were
structured to guarantee wide and systematic documentation
of the non-obvious characteristics of the participants so that
it is possible to examine the factors that could affect the fate
of recovery.

Clinical data was gathered from the medical sheets of
participants and validated by the study team during the first
visit.

In order to ensure that the patient was restricted to the
given instructions each participant provided with a reha-
bilitation information sheet that contained the detailed steps
that the patient should follow throughout the physiotherapy
program and also information sheets on weight-bearing pro-
tocol.

All the required data from the participants regarding
pain, discomfort and overall patient satisfaction following
each rehabilitation session were recorded in a structured
questionnaires that were given to the participants at the be-
ginning of the study and at weekly intervals, these question-
naires include statistical data that can differentiate patient
self-report measures from objective measures.

The instruments were validated during the pilot phase of
the study and all the personnel work on data collection were
instructed about how to operate these tools so that to reduce
bias. This study approach is inelastic because it contains both
parametric and non-parametric tests.

Intervention protocol

In this study we evaluate the difference between conser-
vatively treated patients with tibial plateau fracture with and
without weight-bearing protocols. The patient receives in-
tervention management pass through a programmed weight-
bearing protocol guided by force plate measurement which is
used to maximize the patient tolerance during the rehabilita-
tion period.

Apart from a detailed education on the objectives of the
weight-bearing program, the participants enrolled in the
intervention group were also instructed on its objectives.

The mobility exercise protocol used to assess the upper
limits of endurance to weight bearing which was conducted at
the same time by an orthopedic surgeon and physiotherapist.
Participants asked to sit on a force plate in front, and after
the chosen leg was stabilized, this leg was step by step un-
loaded for an exact weight measurement in kilos, and this was
considered as a patient’s initial weight-bearing endurance.
This data is used as a basis for upcoming a patient specific
progression program.

As part of the participant rehabilitation, the weight-
bearing capacity of each patient was measured on a weekly
time scale. Evaluations were done in a clinical environment
to keep equality and dependability. Patients were asked to
put weight “up to a limit gauge” during those meetings,
assisted with same time feedback from the force plate tool,
which had corrected indications, as a non-risky measure.
By this time the difference of weight-bearing build up but
under supervision decreases the risk of fracture failure or
slow healing.

In the electric stimulator and physiotherapy protocol,
weight bearing was as well evaluated together with the aim
of active recovering with exercises. An exercise program
was devised which targeted patients having progressed from
weight bearing, instructing them on realigning and stabilizing
the injured part. As all features progress every patient would
tolerate differently for their rehabilitation, all exercise forms
were harmonized to be appropriate for their limbs.

Patients in the intervention group were given classes on
how to increase the effectiveness of waiting in the process
of recovering after the program. The significance of proto-
col motivation, overuse of the rehabilitated body part and
scheduled visits follow ups were taught in these sessions. The
delivery of the intervention protocol was carefully monitored
and programming for motivational reinforcement followed
every session.

The orthopedic rehabilitation program took a total of 12
weeks, which is about how long we expect recovery to take
for conservatively treated tibial plateau fractures. Therefore,
the timeframe was just enough to be able to evaluate in detail
both the dynamics of the formation of the weight-bearing
capacity and its effect on FMS and the overall recovery rate.
Considering objective results, individual recommendations
and information for patients, the orthopedic rehabilitation
program was aimed to provide significant information re-
garding the advantages and disadvantages of weight-bearing
tolerance in the treatment of tibial plateau fractures.

Weight-bearing tolerance assessment

This study’s main aim was to evaluate in an objective
fashion how the affected limb would be weight-bearable du-
ring the rehabilitation period. So, this evaluation was made
for the intervention group only where a force plate which
is a precise tool for evaluating distribution of weight and
tolerance was used. It calculated the number of kilograms
the patients could lift without compromising the stability of
their tibial plateau fracture on the force plate. The amount
of weight which the patients were able to bear safely without
compromising the stability of their tibial plateau fracture was
obtained in kilograms. The patients were included in a group
of those able to safely bear weight.

This weight bearing assessment for all of the patients
was undertaken as soon as the rehabilitative program com-
menced. The physiotherapist designated to each participant
took them through the assessment one step at a time. To
help the patient stand on the force plate, a trained physio-
therapist assisted in excess limb weight application to them
while bringing them into a standing position. With the aim of
reaching the most bearable limit while standing, weight was
added to the patient little by little.
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The physiotherapist ensured safety by closely observing
the various parameters such as the angle of the patients’ limbs
to determine stability of the patient and discomfort.

Rehabilitation changes in tolerance over a period of 12
weeks were performed through a weekly weight bearing as-
sessment. While doing each session of rehabilitation, their
weight-bearing tolerance was assessed so as to include it in
their rehabilitation plan. The force plate device on the other
hand recorded the individual patient’s tolerance capacity
allowing the therapists to determine safe and efficient pro-
gression rates.

The weight tolerance recording from the force plate was
assessed and compared with the other recordings to deter-
mine the gradual changes in the tolerance capacity over a
set period of time. This would help in formulating a suitable
rehabilitation plan that matched with the stage of recovery of
that individual such that it did not push their limits. In con-
ditions where a patient was unable to put weight or there was
an intolerance in the patient ability, the data gathered was
assessed beside clinical evaluation to understand the reason
of the stuck and edit the action required.

Weight bearing assessments of the participant were done
in a clinical environment by supervised physiotherapists
using a standardized technique. In addition to that, the force
plate was regularly calibrated, and all measures were regularly
checked in pairs to be sure of reliability. Participants were
instructed to record any pain experienced and measures were
done to be sure about the respect of these participants so as
not to give up from the evaluation protocol.

An American orthopedic surgeon John J. Wilpert, ini-
tialized a bone graft in 1866 which demonstrated some great
success in the treatment of pseudarthrosis, thus resulting
in a paradigm shift in intervention techniques for post soft
tissue injuries. Gradually, this form of intervention became
an accepted standard, hence, developing a need for tools to
measure rehabilitation performance. In this regard, a weight-
bearing tolerance tool was developed to assist patients with
recuperating from injury. However, up until now, its only
function was to enhance the mobility of the muscles. In
this research, the mechanism and the effects of enhancing
weight-bearing tolerances a subsequent goal to improve the
overall quality and outcome of rehabilitation was presented.

Functional mobility assessment

The evaluation of functional mobility cooperation was
a key part of the study where the goal is to establish the ef-
fect of the rehabilitation procedures on the patient’s ability
to make the basic movements. Functional mobility of the
study patients was assessed by using the TUG test, which is
a well-tested and reliable measure of mobility, balance, and
limb function. This policy was adopted because of the ease
of implementation of the policy, its reproducibility and its
sensitivity to time changes in mobility, which is a major factor
for gauging recovery in patients with tibial plateau fractures.

The TUG test was conducted on the first visit and then
after that during the 12 weeks with regular time intervals in
order to determine functional mobility. In each of the clini-
cal assessments, patients were seated in standard chairs with
their feet flat on the floor and forearms resting on the arms
resting on the arms of the chair. At the instructions from

the assessors, the patients were required to stand up from
the chair, walk a distance of 3 meters, rotate, walk back to
the chair and once again sit on the chair. The overall time of
achievement of the task was measured in terms of seconds by
using a digital stop watch.

For the purpose of that we can get consistent results and
minimize variation, the evaluation was done in a standar-
dized setting. All instructions were given to the participants
before each evaluation, and they were given a chance to try
practice first. The assessor was available to watch patients for
safety purposes, especially patients who had weak movement
or unsteady balance. Any indication of being uncomfortable
or instability during the procedure was also observed, and
the test was abolished if pain sensation by the patient was
remarkable or if there was difficulty in doing the task to the
end.

The TUG test, that was directed at testing the functional
performance outcomes, measured the time taken by patients
to complete the task, and as the time being less is an indica-
tion of better mobility. The initial performance served as a
base line reference as an aim for greater performance in the
rehabilitation procedure. Progressive mobility exercises ide-
ally aim to promote faster functional weight-bearing recovery
in the intervention sample of participants than in the control
group.

Beside the TUG test, qualitative evaluation of gait, ba-
lance, and movement patterns were accomplished to get a
holistic perspective of the functional outcomes. The physio-
therapists who to whom the patients were referred to undergo
the evaluations were ordered to record such observations to
be used in addition to the quantitative outcomes obtained by
the TUG test. Using simple timing tasks and easy measure-
ments of subjects lead to more complex view of a partici-
pant’s weight-bearing improvement with time.

Until now, the data which was gained from functional
weight-bearing assessments was statistically analyzed to ob-
serve the dynamics by comparison between both the inter-
vention and the control teams. Improvement in the TUG
test performance and weight bearing being combined, it
was planned to find the effectiveness of increasing weight
bearing in getting a better functional result. The functional
weight-bearing evaluation procedures used in the research
that included a controlled objective ensured that there was
an increased methodological and programmatic tendency,
thereby significantly increasing our knowledge of the reco-
very methods of patients with fractured tibial plateau.

Data collection timeline

The patient’s improvement for fractures of tibial plateau
was assessed in time intervals through the course of 12 weeks
maintaining in consideration the uniform healing process of
the fracture by methodically putting the timeline alongside
scaling the weight tolerance, mobility and other related fac-
tors. This would allow the data needed states to be accurately
collected.

For the certainty of gathering proper information re-
lated to the age, gender, body mass index and mobility range
pre-fracture, a baseline data collection stage was set out and
accomplished. This was achieved before the rehabilitation
protocol itself.
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Moreover, the calibrated force plate was provided to the
intervention group along with capturing functional mobility
and the weight tolerance of growth patents. Also, the TUG
test was performed on each group to check the performance
and mobility on them.

For the intervention group, data collection was carried
out on a weekly basis to reassess the weight-bearing tolerance
of the participants using the calibrated force plate. Other-
wise, the majority of these sessions were highly important
in determining the rehabilitation plan for each participant
because they collected data from the participants and aided
in determining the progress of the weight-bearing capacity
in real time. But it was necessary to be sure that the weekly
evaluations applied on the patients brought declare any perti-
nent plateaus or shifts noticed in the patients’ weight-bearing
capacity which would then allow for refining to be made
considering the rehabilitation regimen that was in use.

Weight bearing as a way of functional evaluation, is as-
sessed at variable times through the course of the research
with these evaluations being applied on both the control
and intervention teams. The TUG test was among other
assessments carried weekly during weeks 4, 8 and 12. The
concentration was more on the longer time intervals between
the assessment dates to help decrease the load placed on the
patient meanwhile remaining sensitive enough to enable
beneficial changes to be recorded. This allows them to be
capable of assessing the pace at which the variable group of
patients were able to restore load-bearing wise, hence corre-
lating the functional outcome results of the group with their
weight endurance.

The detail of such data was obtained by subjective evalu-
ations, which beside the above-mentioned factors, assist to
analyzing the participant’s whole experience through reha-
bilitation: it used as reference to the examined participant
through the study’s initial, middle and final stages, pain levels
and rehabilitation satisfaction metrics were also measured
and registered.

In order that the participant does not become frustrated
and to be compliant to the follow up a predetermined period
of 12 weeks was prepared already, and this will aid in not
losing or compromising the data. The rehabilitation pro-
gram was documented precisely and the progressive changes
and improvement made by weight-bearing tolerance were
measured through preprinted data capture and outcomes
measures.

Statistical analysis

The statistical tests in every table used to analyze data
ensure consistency with the plan.

Independent t-tests were used to compare average chang-
es between the study group of participants for variables like
age, BMI, weight-bearing tolerance, functional mobility (the
TUG test), and pain thresholds. And the average + standard
deviation (SD) was documented, with a statistically signifi-
cant results having a p-value < 0.05.

Chi-square tests were applied to compare variables like sex
distribution, fracture classification and before injury movement
capacity between the two categories. Results were obtained as n
(%) and comparison for statistical significance (p < 0.05).

Independent t-tests used to analyze differences of load-
bearing endurance and functional movement capacity
throughout (weeks 4, 8, and 12). Also, independent t-tests
used to analyze patient pain levels at the end of the study in
average scores.

This protocol of analysis makes certain that both the
statistical ways mentioned in the footnotes were employed
to analyze group differences in a robust and reliable way, and
concomitantly to a consistency of methodological framework
with the thesis.

Results

The statistical tests outlined in the footnotes of each table
were employed to analyze data to ensure consistency with
the analysis plan.

Independent t-tests were used to compare means chan-
ges between intervention and control groups for continuous
variables, i.e., age, BMI, weight-bearing tolerance, func-
tional mobility (the TUG test), and pain levels. The results
were presented as mean =+ standard deviation (SD), p-values
< 0.05 were considered statistically significant.

To compare categorical variables such as gender distri-
bution, fracture classification and preinjury mobility status
between the two groups, chi-square tests were used.

Results were presented as n (%) and compared for statis-
tical significance (p < 0.05).

Independent t-tests were used for group differences of
weight-bearing tolerance and functional mobility across vari-
ous time points (weeks 4, 8, and 12).

Likewise, independent t-tests were done to analyze pa-
tient presented pain levels at the end of the thesis for diffe-
rences between two groups in mean scores.

Table 1. Demographic characteristics of study participants

Characteristic Interv&nii%g)group CO?HZI 295:’ up p-value
Age (years) 42.76 + 9.89 41.96 + 9.57 0.7697
BMI (kg/m2) 24.66 + 2.39 25.37 + 3.39 0.3921
Gender 0.2482
— Male 7 (28 %) 11 (44 %)
— Female 18 (72 %) 14 (56 %)

Notes: data are represented as mean = standard deviations for continuous variables and n (%) for categorical
variables. Age and BMI were compared by use of independent t-tests. Gender distribution was analyzed using
chi-square test. P-values < 0.05 were considered statistically significant.
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This method of analysis makes certain that both the sta-
tistical methods mentioned in the footnotes were employed
to evaluate group differences in a robust and reliable way,
and at the same time to a consistency of methodological
framework with the study. The man to women ratios differs
slightly between the groups, but not enough so that they
can be regarded statistically significant. Demographic cha-
racteristics of both the intervention and control groups are
well matched regarding age, BMI, and the distribution by
gender. These key demographic variables seem to vary much
less statistically significantly between the two compared
groups and therefore the observed differences in outcomes
between the two groups may not be as likely to be attributed
to the baseline characteristics. This comparability enhances
the internal validity of the study and forms a convincing
basis for judging the effect of the intervention on weight-
bearing tolerance and functional mobility of patients with
tibial plateau fractures.

In regard to fracture type, the intervention group consis-
ted of 11 patients (44 %) with Schatzker I-II and 14 patients
(56 %) with Schatzker ITI—IV fractures. 12 patients (92 %)
in the control sample had Schatzker I1I to 1V fractures and
13 (52 %) participants had Schatzker I to II fractures. A less
statistically significant result, p-value, from the chi-square
test proved no significant variability in the distribution of
fracture types between the two participant groups with
p-value of 0.2636.

Because this similarity in fracture classification distribu-
tion indicates that both groups began with similar severity
of tibial plateau fractures, similarity in these distributions is
important to ensure the validity of subsequent comparisons
in treatment outcomes. The pre-injury mobility status analy-
sis in the intervention group revealed that 20 patients (80)
were completely mobile before the injury and 5 patients (20)
had limited mobility. In the control group 23 (92 %) were
fully mobile and 2 (8 %) had at least one limited mobility
category. This characteristic yielded a p-value of 0.3173 in
chi-square test, which did not show it as statistically signifi-
cant difference between the groups. Due to this similarity in
pre-fracture mobility status, it is necessary to consider that
before the fracture both groups were initially comparable
and thus the effects of the intervention on the recovery can
more correctly be determined. Quantitative assessment in

kilograms of the baseline weight-bearing capacity represents
the patients’ initial ability to bear weight on the affected limb.

Mean weight-bearing capacity in the intervention group
was 19.33 kg standard deviation: 5.48 kg. Just like the con-
trol group, the mean capacity of the subjects was 19.29 kg
with a standard deviation of 5.97 kg. These values were com-
pared using an independent t-test with a resulting p-value
of 0.9810. This extremely high p-value implies that there is
no statistically significant difference between the two groups
for the baseline weight-bearing capacity. Additionally, the
comparable mean values and close to identical standard de-
viations show that the groups are quite homogeneous regard-
ing their initial weight-bearing ability. The detailed analysis
of these three characteristics of fracture classification, pre-
injury mobility status and baseline weight-bearing capacity
shows that there was a good match between the intervention
and the control group at the baseline. Any subsequent diffe-
rences between the outcomes may be consequentially due to
intervention, rather than to preexisting differences in these
key variables, given that there were no statistically significant
differences in these key variables. The baseline characteris-
tics among groups are homogenous, further strengthening
the validity of the study design and reliability of conclusions
about the effect of the protocol on the rehabilitation of tibial
plateau fractures. Fracture classifications between the groups
are similar, ensuring both study groups represent a range of
severity tibial plateau fractures across which the efficacy of
the intervention can be evaluated.

Because preinjury mobility status is comparable between
groups, the improvements in functional mobility across reha-
bilitation are well supported. Additionally, the near identical
baseline weight-bearing capacity indicates both groups began
from similar levels of weight-bearing tolerance, and it is a
critical piece to properly measuring the progression and ef-
ficacy of the weight-bearing intervention protocol.

For summarization, the baseline characteristics are statis-
tically assessed and prove no significance between the inter-
vention and control patient groups in the study design. The
equivalence is set at the initial part of the study provides a
firm basis to evaluate the extent to which the weight-bearing
endurance assessment protocol in fact has an effect on the
recovery outcomes of this sample of patient treated non sur-
gically with fractures of tibial plateau.

Table 2. Comparison of fracture classification, pre-injury mobility status, and baseline weight-bearing capacity

between intervention and control groups

Characteristic Interv&niiozr;)group Cor(l:'rgl zgsr)o up p-value
Fracture classification 0.2636
— Schatzker Il 11 (44 %) 13 (52 %)
— Schatzker -V 14 (56 %) 12 (48 %)
Pre-injury mobility status 0.3173
— Fully mobile 20 (80 %) 23 (92 %)
— Limited mobility 5 (20 %) 2 (8 %)
Baseline weight-bearing capacity (kg) 19.33+5.48 19.29 + 5.97 0.9810

Notes: data are represented as n (%) for categorical variables and mean * standard deviation for continuous
variables. Fracture types and pre-fracture movement capacity were compared via chi-square tests. The original
weight-bearing capacity was compared using independent t-test. P-values < 0.05 are statistically significant.
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Every week weight-bearing endurance progression is
analyzed statistically concerning the treatment and control
groups and obvious differences between these two teams are
noticed at all time points. From this study we can conclude
that through sophisticated evaluation protocol there is sig-
nificant improvement in weight-bearing tolerance among pa-
tients with fractured tibial plateau treated non-surgically. At
week 4, intervention patients had an average weight-bearing
capacity of 30.05 kg (SD = 5.18 kg) while control patients
had an average and standard deviation of 26.69 and 3.97 kg
respectively. Statistical disparity between the two teams at
this beginning of the study was significant (p = 0.0113), gi-
ving the idea that at this time intervention had already begun
to provide weight-bearing tolerance benefits. This obvious
difference suggests that there is quicker progression in the
intervention patient group which is related to the use of the
structure weight-bearing endurance protocol. After 8 weeks
this was more clearly obvious. Weight-bearing tolerance for
the intervention group increased significantly, with a mean
of 50.02 kg (SD = 5.48 kg). Instead, the control subgroup
progressed to 39.64 kg mean (SD = 6.08 kg). This midpoint
was a critically significant difference between the groups
(p <0.0001), indicating the increase in influence of the in-
tervention on weight-bearing capacity. The better results
that we obtained in the patient intervention is attributed to
the regular weight-bearing protocol which led to aggressive
but safe loading of the injured limb. The biggest difference
is especially noted in week 12 in the final assessment of the
study period. With a start mean of 65.93 kg (SD = 12.69 kg),
the mean weight-bearing tolerance in the intervention group
approached 71.33 kg (SD = 10.80 kg), a transformation that
is unexpected. While making progress, the control patient
group reached a mean of 54.14 kg (SD = 10.22 kg). Re-
sults showed significant disparities between patient groups
(p < 0.0001) that last to long term. At the end of the study
the structured weight-bearing tolerance protocol indicates
a better functional recovery. With increasing difference
throughout the study period this supports that the higher
weight-bearing tolerance in the intervention patient gives
strong proof of the effectiveness of the protocol. And also, we
noticed that the improvement that obtained in intervention
participants not only immediate but accumulative through-
out the procedure. There is a fact that in both groups we
noticed improvement in weight-bearing tolerance over the
12-week period but the better result obtained in the struc-
tured protocol was superior to the conventional treatment
regimen. Increased variability in the individual responses was
seen in the two groups as the rehabilitation progressed, with
the larger standard deviations in week 12 compared to early

Intervention group
Kg 701 Control group

171 S S — |

Weex 4 Weex 8 Weex 12
Time point

Figure 1. Comparison of weekly weight-bearing
tolerance progression between intervention
and control groups

time points. Variability could be due to differences in fracture
healing rate or difference from patient to patient or level of
adherence to rehabilitation protocols. However, although this
variability was greater, the group difference remained sig-
nificant, indicating the robustness of the intervention effect.
Last, the statistical analysis of weekly weight-bearing tole-
rance progression shows significant and coherent benefit of
the “structured weight bearing” assessment and progression
protocol employed in the intervention group. This finding
implies that such a protocol might be considered not only
for the conservative treatment of tibial plateau fracture, but
might also enhance functional outcomes by facilitating faster
and more considerable reorientation of the injured bone in
weight-bearing capacity. Increased variability in the indi-
vidual responses was seen in the two groups as the rehabilita-
tion progressed, with the larger standard deviations at week
12 compared to early time points. Variability could be due to
differences in fracture healing rate or difference from patient
to patient or level of adherence to rehabilitation protocols.

However, although this variability was greater, the group
difference remained significant, indicating the robustness of
the intervention effect. Last, the statistical analysis of weekly
weight-bearing tolerance progression shows significant and
coherent benefit of the “structured weight bearing” assess-
ment and progression protocol employed in the intervention
group. This finding implies that such a protocol might be
considered not only for the conservative treatment of tibial
plateau fracture but might also enhance functional outcomes
by facilitating faster and more considerable reorientation of
the injured bone in weight-bearing capacity.

Table 3. Comparison of weekly weight-bearing tolerance progression (kg) between intervention
and control groups

Time point Intervg\n;i%r; )group Corztnrgl gsr)oup p-value
Week 4 30.05+5.18 26.69 + 3.97 0.0113
Week 8 50.02 + 5.48 39.64 + 6.08 < 0.0001
Week 12 71.33 +10.80 54.14 £ 10.22 < 0.0001

Notes: data are presented as mean + standard deviation. Comparisons between groups were done employing

independent t-tests. P-values < 0.05 were regarded as statistically significant.
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Figure 2. Comparison of functional mobility
over 12 weeks

Statistical evaluations of functional weight-bearing ca-
pacity TUG test results on a weekly time scale proved in-
creasing improvement of both the intervention and control
teams over the 12-week research period, with the interven-
tion group making a better gain in functional movement
ability. The combined assessment in this study provides sub-
stantial information about the effectiveness of the interven-
tion in improving movement ability and improving functional
capability in the participants with fractured tibial plateau
treated without surgery. In comparison with the intervention
team mean TUG test time was 12.61 seconds (2.43 seconds
standard deviation), the control patients 13.28 seconds (2.69
seconds standard deviation) in week 4. At this initial stage
there was no statistical variance (p = 0.3549) between the
two groups if we compare them for their early functional
movement capacity level. As we start with equal parameters
between the two groups reflect that the later better progress in
the intervention group is attributed to the effect of structured
intervention protocol not to a preexisting difference. An ob-
vious distinction between the two groups becomes clearer
at week 8. Average TUG test time period was 10.01 seconds

(SD = 1.96 seconds), that approach significance, this means
that there is improvement in functional movement toler-
ance for the intervention group. While the progression in
the control participants have a mean of 11.71 seconds (SD =
2.37 seconds). Statistically significant (p = 0.0076) changes
between the two groups at this mid period about improve-
ment in functional capacity is that because the interven-
tion protocol is the reason for that. So that the programmed
weight-bearing endurance evaluation and progression pro-
tocol may allow more speedy gains in movement capacity
and functional performance. While the most obvious change
between the two teams was most noticed in week 12. So, the
average TUG test time in the intervention patient group of
7.60 seconds (SD = 0.84 seconds), that reflects an essential
progress from baseline.

There is also improvement in the average of the control
patient group to 10.16 seconds (SD = 1.44 seconds). Still
the disparity between the two teams is highly significant
(p < 0.001) and proving that the long-term benefits of
the intervention program. However, there is no uniform
improvement at the end of the research time period: The
clear diversity between the intervention and control patient
groups along time is reliable evidence for the effectiveness
of the intervention. The progressive nature of the improve-
ments shows the fact that weight bearing structured evalu-
ation and progression regimen offers initial and cumulative
benefit over rehabilitation period. Noteworthy was that
functional movement capacity of both teams improved over
the 12-week time period, which is expected in the usual
course of healing following fracture of tibial plateau. Ne-
vertheless, the much bigger gains in the intervention team
improved that the structured schedule for weight-bearing
progress may have enhanced the recovery process more per-
fectly, through better delicate and personalized progression
of weight-bearing activities and functional practice. More
constant response to the intervention between participants
is reflected by the lower amounts of standard deviations
seen in the intervention patient group, especially after 12
weeks. Such standardized and ongoing protocol could have

Table 4. Comparison of functional mobility timed up and go test results (seconds) between intervention
and control groups

Time point Interv&nii%g group Cor(n;rgl 2gsl';aup p-value
Week 4 12.61 £2.43 13.28 +2.69 0.3549
Week 8 10.01 +£1.96 11.71 £ 2.37 0.0076
Week 12 7.60 + 0.84 10.16 = 1.44 < 0.0001

Notes: data are presented as mean + standard deviation. Comparisons between groups were performed using
independent t-tests. P-values < 0.05 were considered statistically significant.

Table 5. Comparison of patient-reported pain levels (10-point scale) between intervention and control groups

Group Mean = SD 95% CI p-value
Intervention 2.40 = 1.11 1.95, 2.86 < 0.0001
Control 422 +1.56 3.58, 4.87

Notes: Cl — confidence interval. The comparison between groups was performed using an independent t-test.

P-value < 0.05 was considered statistically significant.
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assisted the intervention to be more personalized to the in-
dividuals’ demands and consequently lower the differences
of outcomes. The statistical evaluations of the functional
movement capacity, the TUG test build on the weekly re-
sults reflects obvious and significant benefits of applying
the structured load-bearing assessment and advancement
protocol used in the intervention patient group. The results
of these findings indicate that this protocol could be used
in the conservative management of tibial plateau fractures
and result in faster and more beneficial improvements in
functional mobility, which may ultimately result in faster
return to normal activities for patients.

Participant-recorded pain amounts also show signifi-
cant statistical disparity between the intervention and con-
trol teams. Average pain threshold in patients in the stimu-
lated team is recorded as 2.40 (SD = 1.11) on a 10-degree
scale. While the pain recorded in the other group partici-
pant average was 2.22, SD 2.56. Statistically significant
difference (p < 0.0001) between the two teams this means
that the intervention group shows better statistical re-
sults on pain management. Reliability of the results are
provided by the 95% confidence intervals. So, we can be
95% confident with the 95% CI (range from 1.95 to 2.86).
Meanwhile 95% CI for the control patient group ranges
from 3.58 to 4.87 and there is no overlap in the two groups
regarding the CI. Clinically valuable difference of 1.82
points on the 10-degree scale is the lower average pain
score in the intervention patient group (2.40) as compared
to the control participant group (4.22). The recorded pain
decrease showed as a percentage of baseline, in this large
cohort, give evidence that the intervention effectively de-
crease pain in participants with fractured tibial plateau.
From the combination of these results it indicates that
participants in the intervention group (1.11) have a lower
standard deviation for pain management which indicates
that the intervention provides more consistent results. See
that while the average pain levels in the control team were
moderate (4.22) the average in the intervention team was
mild (2.40). This would have a large impact on participant
comfort, mobility, recovery.

Discussion

The aim of the research was to fill the critical gap in
knowing safe improvement practice for patients with frac-
tures of tibial plateau treated without surgery. This is a
complex situation in orthopedic care from a load-bearing
perspective, with weight-bearing recommendations for such
participants often have deficient robust quantitative basis.
Without obvious thresholds for the safe load bearing for
rehabilitation, clinical protocols have been inconsistent
with the potential of delays in improvement and refrac-
tures. By other words, the scientific conflict that needed
to be addressed was to provide evidence-based protocols to
lead progression of the patient’s weight-bearing tolerance
to maintain both the efficacy and safety of non-surgical
management protocols.

This study is designed essentially to assess the effect
of programed weight-bearing tolerance on functional
outcome in patients with fracture of tibial plateau ex-
posed to non-surgical treatment. The main goal of our

w

&

w

Mean pain level (10-point scale)
~

-

Intervention group Control group

Figure 3. Comparison of patient-reported
pain levels

study is to establish obvious thresholds for safe load-
bearing protocol during rehabilitation. So, it is clear
that there is relation between progressive weight-bearing
tolerance and functional improvement markers. The exa-
mination. Finally, one of the research goals was to assist
healthcare providers with better rehabilitation protocols
for each patient, while reducing complications and im-
proving outcomes. In our prospective controlled clinical
trial study. It is essential that both group of participants
had the same bracing and physiotherapy treatments that
ensure their overall intervention protocol was standard.
A calibrated force plate is utilized to assess each patient’s
weight-bearing tolerance on a weekly follow-up, with in-
creasing changes tolerance made on a patient-by-patient
basis. Following this protocol, we can accurately assess
the weight-bearing activities practiced, in controlled and
individualized fashion.

The TUG test was utilized to assess functional improve-
ment regarding movement capacity at regular intervals. Other
data was also collected regarding pain values and adherence
to the rehabilitation protocol to have a complete picture
about patient recovery trajectories. The study was designed
to obtain data collection and data analysis to ensure the data
being accurate and tellable. The study aimed to evaluate the
effects of well-designed weight-bearing endurance assess-
ments through comparing results in the intervention and
control teams, and to give evidence for benefits in optimizing
recovery.

The methodology of this study was to deliver to address
a meaningful clinical challenge of orthopedic rehabilita-
tion. We expected the results of this study to tell not only
evidence-based guidelines for clinical practice, but also
the role of well-designed rehabilitation regimens in fa-
cilitating recovery.

Table 3 results in this research prove that the interven-
tion patient group improved better than the control group
in weight-bearing capacity at weeks 4, 8, and 12. Especially,
those provided with a structured weight-bearing progression
regimen during non-surgical fractur management of tibial
plateau is demonstrated by week 12 to average 71.33 kg more
weight-bearing tolerance in comparison to a control patient
group of 54.14 kg, suggesting that this method is effective for
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non-surgical management of tibial plateau fracture. So, with
systematic monitoring and personal adjustments in load-
bearing activities, patients can improve better weight-bearing
activities without harmfully affecting their safety.

The present study relates to and extends existing work. As
an example, Heiman et al. (2023) assess early versus delayed
weight-bearing regimens following surgical treatment of ti-
bial plateau fracture and found no disparity in complication
rates with early regimens in comparison to traditional pro-
tocols [9]. A similar principle of load-bearing improvement
was shown to enhance rehabilitation outcomes in a thesis
by Henkelmann et al. (2020) using anti-gravity treadmill
rehabilitation [10].

This goes with the explanation by Li et al. (2022) of the
benefits of utilizing updated fixation techniques allowing early
weight bearing without exacerbating complications resulting
in improved functional recovery end results [14]. Later, Palke
et al. (2021) expanded on this idea further by showing that
guide rehabilitation with unique devices, such as anti-gravity
treadmills, included increased weight-bearing capacity and
reduced muscle atrophy over one year’s span [18].

On the other side, Callary et al. (2020) discovered that
restricted early load bearing following surgical treatment of
fractures of tibial plateau is possible, though restricted weight
bearing may need careful participant selection and stiff ad-
herence to update fixation strategies [3]. This agrees with the
findings of the present study where structured weight bearing
progression ensured safe and controlled recovery, particularly
important during conservative treatment.

These and the present studies consistently demonstrate
a pattern and therefore the value of early and progressive
weight-bearing protocols to facilitate functional recovery.
Surgical studies are frequently focused on fixation techniques
as a determinant of weight-bearing tolerance, but the present
study demonstrates that even in the absence of operative in-
tervention, substantial improvement can be obtained through
structured intervention. The specificity at the interface be-
tween treatment modalities is illustrated by these compari-
sons, which emphasize the wide applicability of progressive
rehabilitation strategies.

Consequently, in conclusion the findings of this study
are well corroborated by recent literature suggesting that
both systematic and monitored weight bearing progression
improve outcomes for tibial plateau fractures. When tailored
to the treatment needs of an individual patient, this approach
bridges the gap between surgical and conservative manage-
ment strategies, leading to optimal rehabilitation in primary
and secondary research settings.

Results of Table 4 show that statistically, functional mo-
bility, measured by the TUG test, was significantly better in
the intervention group, which showed an average TUG time
of 11.4 seconds at the end of the intervention time, com-
pared to an average TUG time of 14.9 seconds of the control
patient. These results support an organized and progressive
rehabilitation regimen to enhance functional movement ca-
pacity in patients treated for fracture tibial plateau without
surgery. These interventions lead to better physical improve-
ment and neuromuscular coordination.

Gonzalez et al. (2020), as in our study discovered that
sustained functional movement capacity following recovery

one year after tibial plateau fractures. Gonzalez et al. (2020)
found the TUG test is important to assess success of long-
term rehabilitation, it is important to incorporate patient
reported outcomes [7].

Structured, interventions can likely improve mobility as
Ortiz-Pifia et al. (2021) observed that rehabilitation programs
significantly decreased TUG times of hip fracture patients
[17].

Robotic balance exercises of rehabilitation programs en-
hanced improvements in the TUG performance, suggesting
that technology can improve mobility outcomes [24]. Like
Spina et al. (2022), the TUG times provided a reliable pre-
dictive measure of mobility improvements chronic stroke
patients undergoing rehabilitation [23], suggesting broader
generalizability of the TUG test for mobility assessment.

The present study’s finding that pain management is
critical to improve mobility outcome is in agreement with
the results of Phansopkar et al. (2022), who found that add-
ing transcutaneous electrical nerve stimulation at physio-
therapy improved functional mobility and reduced pain in
the patients who are recovering from tibial plateau fractures
[20]. Buvarp et al. (2020) also noted that the maximum mo-
bility gains in stroke patients, as indicated by the TUG test,
occurred during the first three months of the rehabilitation,
coinciding with the time following through which significant
improvements are reflected in the present study [2].

In comparison with this research shows constant evi-
dence that organized, progressive rehabilitation interven-
tions are used to improve functional capacity notably in the
critical initial stages of recovery. The progression in TUG
values reflect these interventions that enhance neuromuscu-
lar adaptation and balance and load-bearing activities and
confidence. The results provide support for evidence-based
rehabilitation protocols to treat fractures of tibial plateau,
and related conditions.

Table 5 shows a reduction in participant recorded pain
values on a 10-degree scale in the intervention patient in
comparison to the control patient. At the end the patients
in the intervention team reported an average pain degree
of 2.4 and the control group of 4.7 this difference empha-
sizes the benefit of structured rehabilitation protocols;
these findings correlate well with. Neidlein et al. (2024)
who reported that management with rehabilitation pro-
tocols resulted in decrease of Visual Analog Scale score
for pain among patients with tibial plateau fractures [15].
On the other hand, Haag et al. (2024) reported similar
findings with the respect to the role of comorbidities and
socioeconomics in pain management after the surgery of
tibial plateau fracture [8].

This report is consistent with the data presented by Sato
et al. (2023), who determined thresholds of pain and func-
tion, which were acceptable for patients symptom state
acceptable states for patients, which means that there are
certain measurable thresholds that should be achieved and
structured therapies are necessary to keep patients more sa-
tisfied with what they consider to be better outcomes from
recovery [21]. Iliopoulos et al. (2020) also found that oral
treatment in fracture physiotherapy of tibial plateau pain
relief is completed with sufficient surgical quality during
operational management.
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Immediately completing active mobilization and specific
rehabilitation physiotherapy increases pain relief and global
functional recovery gain [12].

Support comes from Palke et al. (2021), who showed
that the anti-gravity treadmill exercise as a form of advanced
rehabilitation technique managed to decrease the pain while
protecting the muscle from atrophy for the tibial plateau
patients [18]. TENS application has also been assessed re-
lated to pain control practices, achieving so Phansopkar
et al. (2022) concentrate on including electrotherapeutic
modalities when caring for patients suffering from painful
conditions as TENS reduced pain [20].

Conclusions

Protocols that consist of bearing structured weight ef-
fectively improve patients who have fracture of tibial plateau
addressing functional movement capacity, pain management
and recovery. This evidence-based technique permits safe
and effective management of rehabilitation outcomes and
decreases the complications to arise, concentrating on ef-
fective clinical interventions.
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BUTPUBAAICTb AO HOBAHTOKEHHS TA PYHKLIOHAABHE BiAHOBAEGHHS NPW NepeAOMaXx NAATO
BEAUKOIOMIAKOBOI KiCTKM, WO AIKYBAAU 6€3 XipypPriYHOro BTPYYAHHS

Pe3iome. Axmyaavnicms. Onnumu 3 HAUCKJIATHIIIKMX Y JIIKyBaH-
Hi MepeIoMiB B OPTOIIE/il € TIepeIOMU TIJIaTO BEJTMKOTOMIIKOBOI
KiCTKHM, 0COOJMBO KOJIM iX MOTPiOHO JIIKyBaTH KOHCEPBATUBHO.
Lle 3ymMOBIIEHO TUM, 11O TaKi TpPaBMU CIIPUYMHSIIOTH 3HAYHi ITOPY-
IIEHHST, a CTAaHIAPTU30BaHOI ITPOrpaMy HaBaHTaXKEHHS HE iCHYE.
Mema: TpoieMOHCTPYBATH BIUTMB TTPOTOKOJIiB HABAHTAaXEHHSI HAa
4yac 3arO€HHS i 3MEHILIEHHS YaCTOTHU YCKJIAAHEHb, SIK-OT MOBTOPHI
nepesioMy i HenpaBWbHE 3polleHHs. Mamepiaau ma memoou.
e pocnifkeHHs € MPOCNEKTUBHUM KIIIHIYHUM BUIIPOOYBaHHSIM
3a ygacTio 50 Mali€HTiB i3 TepeloMaMH TIJIATO BEJIUKOTOMIJIKO-
BOI KiCTKHM, SIKUX OYyJI0 PO3MOMiIeHO Ha OBi rpynu. B omHiii Tpy-
i JOTPUMYBAJIUCS CTPYKTYPOBAHOI MPOrpaMy HaBaHTaXEHHS,
B iHIIIf — 3BMYAfHOTO peadiniTaiiitHoro JikyBaHHs. DYHKIIO-
HaJIbHY MOOIIBHICTD MAlli€HTIB OL[IHIOBAJIM 32 JOIIOMOIOI0 TECTY

«BCTaHb i MIK», TaKOX (hiKCyBaIu iHTEHCUBHICTb OOJIBOBOTO CUH-
npomy. Pezyasmamu. Yepe3 84 nHi malieHTH, SIKi JOTPUMYBaJIACS
MporpaMu 3 HaBaHTAXXEHHSIM, MPOAEMOHCTPYBaIU Kpallluil yac
BUKOHAHHS TECTY «BCTaHb i Wan» (7,60 npotu 10,16 cexyHau;
p <0,0001) i GinbITy BUTPpUBAJIICTB 10 HaBaHTaxeHHs (71,33 mpotu
54,14 xt; p < 0,0001), a TakoX HYKYMI piBeHb 600 (2,4 TPOTH
4,2; p <0,0001). Bucnoexu. IlalieHTH 3 IepeIoMaMu IIJ1aTO BEJIU-
KOTOMIJIKOBOI KiCTKH, SIKi JOTPUMYIOTbCSI OPraHi30BaHOIO ITPOTO-
KOJTy HaBaHTaXXEHHsI, MalOTh Kpallli pe3yJIbTaTu BiqHOBIeHHs. Lle
MMIKpecioe HeOOXiTHICTh PO3POOKU CTPYKTYPOBAHOI IIpOrpaMu
peabimiTanii, SKoi CJIiI JOTPUMYBATHUCSI B MaiiOyTHHOMY.
KiouoBi cioBa: nepenomMu miaTo BEIMKOTOMIIKOBOT KiCTKU;
(yHkuioHaTbHE BiTHOBIEHHS; peadisiTallis; MPOTOKOJ HaBaH-
TaKeHHS
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Organisation of anaesthesiology and resuscitation care
in mass disasters: approaches to the training
and deployment of anaesthesiologists
and resuscitators in emergency situations

Abstract. The purpose of this study was to examine the organisation of anaesthesiology and resuscitation care in
mass disasters in the Kyrgyz Republic in the period from January to December 2024, with a focus on the training
and deployment of specialists in emergency situations. The methodology included an analysis of the work of medical
institutions and emergency services, a study of the regulatory framework governing emergency medical care, and a
retrospective study of 412 cases of resuscitation of victims in mass disasters, including military conflicts such as the
Batken events of 2022, for 2019—2023. Key performance indicators of medical teams were examined, including time
to arrival at the scene, patient evacuation times, speed of initiation of intensive care, and survival rates in the first
48 hours after admission to hospital. The results showed that 47.3 % of cases were road traffic accidents, 27.2 %
were technogenic accidents, 17.5 % were natural disasters, and 8.0 % were riots and terrorist attacks. The average
time of arrival of medical teams was 18.4 = 5.2 minutes, while patient evacuation time was 37.8 £ 8.6 minutes. The
rate of initiation of intensive care ranged from 12.3 * 3.1 minutes in road traffic accidents to 18.7 = 4.5 minutes in
technogenic accidents. The analysis revealed discrepancies between national protocols and international standards,
especially in approaches to medical triage, organisation of mobile field hospitals, and intensive care tactics. An
evaluation of the training system for anaesthesiologists and resuscitators showed that specialised courses markedly
improve the speed of decision-making, the quality of patient triage, and the efficiency of medical evacuation, but
practical training in the field is still inadequate. The findings highlighted the need to adapt international standards
to the national healthcare system, improve emergency response logistics, upgrade the technical equipment of medi-
cal teams, and expand simulation training programmes to improve the speed and quality of resuscitation care in
mass disasters.

Keywords: medical triage; mobile hospitals; intensive care; patient evacuations; survival rates

Intfroduction the threat of destructive earthquakes is combined with li-

Mass disasters pose a serious threat to public health, re-
quiring the healthcare system to be highly prepared to pro-
vide emergency medical care. Anaesthesia and resuscitation
care is a crucial element of this system and plays a key role
in saving the lives of victims, stabilising their condition, and
improving chances of survival. However, the effective orga-
nisation of this care in emergency situations presents a series
of challenges, including the need for rapid deployment of
specialists, adherence to intensive care standards, and co-
ordination between different medical and rescue services.
These aspects are of particular significance for the Kyrgyz
Republic, located in a zone of high seismic activity, where

mited resources of the healthcare system, which significantly
complicates the organisation of effective anaesthesiology and
resuscitation care in mass disasters.

One of the major challenges in the provision of anaes-
thesiology and resuscitation care in mass disasters is the or-
ganisation of effective medical triage aimed at optimising
resource allocation and priority care for the most severely
injured [1-3]. A.G. Lim et al. [4] noted that the existing
national triage protocols lack clear algorithms for interaction
between anaesthesiologists and resuscitators and other first
responders, which complicates coordination at the scene.
Meanwhile, international standards, such as START and
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SALT, showed greater efficiency in mass disasters due to fle-
xibility and clear delineation of patient categories.

Another prominent issue is the speed of arrival of medi-
cal teams and initiation of intensive care [5, 6]. S. Niyazova
and B. Niyazov [7] found that the average time to start re-
suscitation measures in road traffic accidents in Kyrgyzstan
is 12.3 minutes, while in countries with a developed system
of emergency medicine this indicator varied within 6—8 mi-
nutes. The key reasons for delays were insufficient equipment
of mobile teams and lack of specialised transport, which re-
quired modernisation of logistics and introduction of modern
notification technologies.

The organisation of mobile field hospitals is also a criti-
cal aspect of emergency care [8]. T. Kudaibergenova et al.
[9] analysed international practices of deployment of such
hospitals in disasters and concluded that in Kyrgyzstan it
took much longer due to insufficient training of personnel
and lack of unified equipment. The introduction of the World
Health Organization (WHO) standards in this area would
reduce the time required to set up operating modules and
increase the effectiveness of resuscitation care in the first
hours after an incident.

One of the key tasks in responding to mass disasters is
evacuation of casualties. G.K. Omukeeva et al. [10] showed
that evacuation time in the Kyrgyz Republic averaged 37.8
minutes, which exceeded the recommended international
norms. The primary reasons for delays were related to the
insufficient number of ambulances and the lack of protocols
for rapid transfer of critical patients to specialised centres.
Improvement of emergency care infrastructure and intro-
duction of algorithms for rapid evacuation could markedly
increase the survival rate of the injured.

The quality of training of anaesthesiologists and resusci-
tators to work in disaster settings continues to be a vital as-
pect of improving the effectiveness of medical care [11—13].
S. Awad et al. [14] found that although specialised courses
increased the level of competence of doctors, the factual
practical training for work in the field was still insufficient.
Specifically, the national medical education system lacked
comprehensive simulation trainings that would allow model-
ling mass disaster scenarios and practicing decision-making
algorithms under time and resource constraints.

The inconsistency of national intensive care standards
with international recommendations also affects resuscita-
tion care outcomes. EE. Kelly et al. [15] analysed the diffe-
rences in protocols for the management of patients in criti-
cal condition and found that the Kyrgyz Republic still used
outdated methods that did not factor in the latest advances
in the field of resuscitation. Specifically, the use of advanced
haemodynamic monitoring and modern technologies to
maintain vital functions would improve the quality of treat-
ment and reduce mortality in the first 48 hours after a disaster
[16—19].

Another major aspect is the technical equipment of
medical teams. K.P. Blaine et al. [20] showed that the lack
of modern equipment, including artificial lung ventilation
machines, portable defibrillators and monitoring systems,
reduced the efficiency of anaesthesiological and resuscita-
tion care. The practices of foreign countries demonstrated
that the introduction of advanced technologies in emergency

medicine significantly reduced the time to stabilise patients
and increased survival rates [21, 22].

Finally, coordination between medical institutions, first
responders, and authorities plays a crucial role in the orga-
nisation of effective anaesthesiological-resuscitation care.
A. Lamberti-Castronuovo et al. [23] analysed the crisis
management system and identified deficiencies in the rapid
exchange of information between services. Improving com-
munication processes and creating a unified database of pa-
tients in emergency situations could substantially improve
the quality of care [24].

Thus, the study highlighted the need for an integrated ap-
proach to the organisation of anaesthesiology and resuscita-
tion care in mass disasters. It aimed to identify key problems
in the training and deployment of anaesthesia resuscitation
specialists in emergency situations, and to develop recom-
mendations to address them.

The purpose of the study included analysing the current
state of the emergency care system, identifying shortcomings
in the training of specialists, assessing the compliance of
national standards with international requirements, and de-
veloping proposals to improve the logistics and technical
equipment of medical teams.

Materials and methods

The study was conducted in the Kyrgyz Republic from
January to December 2024 and included an analysis of the
organisation of anaesthesiology and resuscitation care in
mass disasters with a focus on the training and deployment
of anaesthesiology and resuscitation specialists in emergency
situations. The objects of the study were healthcare facilities
and emergency services involved in the provision of care
during emergencies: the National Hospital of the Minis-
try of Health of the Kyrgyz Republic (Bishkek), Clinical
Emergency Hospital (Bishkek), Osh Interregional United
Hospital, as well as emergency medical teams operating in
Chui, Osh, and Issyk-Kul regions.

The choice of these medical institutions and emergency
services was conditioned by their key role in the system of
emergency medical care in mass disasters in the Kyrgyz Re-
public. The National Hospital of the Ministry of Health and
the Clinical Emergency Hospital in Bishkek are the leading
multidisciplinary institutions in the country, with the neces-
sary resources, specialists, and experience in responding to
emergencies of various scales. The Osh Interregional Uni-
ted Hospital is located the southern region of the republic,
ensuring the representativeness of the study in territorial
terms. The inclusion of ambulance teams from Chui, Osh,
and Issyk-Kul regions helped consider the specific features
of emergency services in diverse climatic, geographic, and
demographic conditions, which increased the reliability and
practical significance of the findings obtained to develop ef-
fective models of anaesthesiology and resuscitation care in
mass disasters.

The regulatory framework was analysed based on the
review of official documents regulating the procedure of
emergency medical care in the Kyrgyz Republic. The study
considered the Law of the Kyrgyz Republic “On Protection
of Citizens’ Health in the Kyrgyz Republic” [25], Regula-
tions on the Disaster Medicine Service [26], Programme
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Figure 1. Practical training of military triage
at the Ministry of Emergency Situations exercise

of State Guarantees to Provide Citizens with Medical and
Sanitary Care [27]. The Health Emergency and Disaster Risk
Management Framework [28] and the Advanced Trauma
Life Support (ATLS) protocol [29] were used as international
sources.

The empirical part of the study included a retrospective
analysis of medical records of patients admitted to the inten-
sive care units of the above-mentioned medical institutions
after major disasters that occurred in the Kyrgyz Republic
in 2019—2023. Medical histories, triage protocols, inten-
sive care sheets, operative reports of mobile anaesthesiology,
and resuscitation teams were analysed. A total of 412 cases
of emergency resuscitation care were reviewed, of which
195 were caused by road traffic accidents, 112 — by tech-
nogenic accidents, 72 — by natural disasters (earthquakes,
avalanches, floods), and 33 — by riots and terrorist attacks.
During data collection and processing, the principles of con-
fidentiality and anonymity were strictly observed: patients’
personal data were not used or disclosed, and analyses were
conducted only in generalised form to ensure the ethical
purity of the study.

The study assessed the readiness of anaesthesiologists-
resuscitators to work in emergency situations. Professional
training programmes were reviewed, including courses and
trainings organised by the Kyrgyz State Medical Institute
of Retraining and Professional Development named after
S.B. Daniyarov (KSMIRPD) and Disaster Medical Service.
Particular attention was paid to the programme “Emergency
anaesthesiology and intensive care”, trainings on medical
triage and life support in the field conducted by the Centre
for Disaster Medicine, and practical exercises on the Prehos-

Figure 2. Triage of emergency
victims

pital Trauma Life Support (PHTLS) [30], organised with the
help of the Ministry of Emergency Situations of the Kyrgyz
Republic (MES KR).

To assess the effectiveness of anaesthesiology and resus-
citation care in emergency conditions, key performance in-
dicators of medical teams were analysed [31]: time of arrival
at the disaster site, patient evacuation time, rate of intensive
care initiation, survival rates in the first 48 hours after admis-
sion (Fig. 1, 2).

Statistical data processing was performed using SPSS
Statistics software (version 27). Calculation of mean values,
medians, and standard deviations was used for quantitative
analysis of emergency medical care indicators. Student’s
t-test and Mann-Whitney U-test were used to identify sig-
nificant differences between various models of medical care
deployment; the level of statistical significance was p < 0.05.

Results

The analysis of the work of medical institutions and
emergency services of the Kyrgyz Republic in the conditions
of mass disasters revealed key indicators of their functioning.
On average, medical teams arrived at the scene 18.4 £ 5.2
minutes after the call, while patient evacuation to hospital
took 37.8 £ 8.6 minutes. The speed of intensive care ini-
tiation depended on the type of disaster and ranged from
12.3 = 3.1 minutes in road traffic accidents to 18.7 £ 4.5
minutes in technogenic accidents (Table 1).

The data presented in Table 1 helped assess the respon-
siveness of emergency medical services depending on the
type of mass disaster. The analysis showed that the lowest ar-
rival time was recorded for road traffic accidents (15.6 = 4.8

Table 1. General indicators of the performance of medical facilities and emergency services
in emergency conditions

Type of disaster Numb?‘r&f))cases, Arrivma!rfime, Evacuell;ii?]n fime, Tg?eoifnii't‘itaet?:ri‘,le
(M = SD) (M = SD) min (M = SD)
Road traffic accidents 195 (47.3) 156 +4.8 342+79 12.3 + 3.1
Technogenic accidents 112 (27.2) 20.1+5.5 40.3+9.2 18.7 +4.5
Natural disasters 72 (17.5) 22.7 £ 6.1 43.8 +10.1 16.5+4.2
Mass riots and terrorist attacks 33 (8.0) 182+53 36.9+8.5 14.8 + 3.7
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minutes), which was explained by their high frequency and
well-established response algorithms. In most cases, crashes
occurred in urban environments or on highways with acces-
sible infrastructure, which helped reduce the time required
for team deployment. However, in rural areas and on moun-
tain roads, especially in winter, arrival times could increase,
complicating the prompt provision of aid to victims.

For natural disasters, the average time of arrival of teams
was 22.7 & 6.1 minutes, which was significantly longer than
for road traffic accidents. This fact was explained by the
complexity of access to the centres of destruction, the need
for alternative routes in case of collapse or flooding, and
dependence on weather conditions. Furthermore, in case of
earthquakes or avalanches, more time was required to assess
the safety of the response area and to ensure the safety of the
rescue teams themselves.

Evacuation of patients from disaster areas also showed
marked differences. The minimum evacuation time was
observed in road traffic accidents (34.2 = 7.9 minutes), as
most of the injured were transported along standard routes
to the nearest medical facilities. However, in technogenic
accidents, this indicator increased to 40.3 = 9.2 minutes,
which was explained by extra precautions — the presence of
toxic emissions, the risk of repeated explosions or structural
collapses. In case of natural disasters, evacuation took even
longer (43.8 £+ 10.1 minutes) due to the need for helicopter
aviation or specialised high-capacity transport.

The speed of intensive care initiation depended both
on the nature of injuries and their severity. On average, in
road traffic accidents, resuscitative measures were initiated
12.3 £ 3.1 minutes after the victim was admitted to the hospi-
tal. This was explained by the high predictability of traumatic
injuries, the availability of standard treatment protocols, and
a well-tested mechanism of interaction between emergency
services. However, in technogenic disasters, this indicator in-
creased to 18.7 £ 4.5 minutes, which was associated with the
need for further diagnosis of chemical and thermal injuries.
Specifically, victims could need specific antidote therapy,
plasmapheresis, or additional ventilation support, which re-
quired more time to stabilise their condition.

Analysis of the legal framework revealed that the organi-
sation of anaesthesiology and resuscitation care in mass
disasters in the Kyrgyz Republic is regulated by a series of
national documents [25—27]. Compared to international
standards [28, 29], the key differences relate to the prin-
ciples of triage, organisation of mobile resuscitation teams
and intensive care tactics. In the Kyrgyz Republic, classi-
cal triage according to clinical condition is predominantly
used, whereas international protocols are focused on tacti-

Figure 3. Sanitary transport in emergency mode

cal methods (START) and the concept of damage control
resuscitation (DCR), which aims to restore vital functions
as quickly as possible while limiting the volume of inter-
vention at an early stage to prevent the development of the
triad of mortality (hypothermia, acidosis, and coagulopathy)
and stabilise the patient for subsequent definitive treatment.
There is limited use of mobile field hospitals and specialised
algorithms for civil-military interaction. These differences
highlighted the need to adapt international standards to the
national healthcare system, considering logistical and re-
source capabilities (Table 2).

Analysis of the implementation of national regulations
governing anaesthesiology and resuscitation care in mass di-
sasters revealed significant problems related to the coordina-
tion of medical services, transportation of victims, availabi-
lity of intensive care at the pre-hospital stage, and interaction
between civilian and military medical structures. Despite the
availability of detailed national protocols, the effectiveness
of their implementation continues to be insufficient, which
manifests itself in high time delays at the stage of first aid and
hospitalisation of patients.

One of the key aspects of statutory regulation is medi-
cal triage. In the Kyrgyz Republic, it is conducted mainly
according to the clinical condition of a patient, which is
effective in localised incidents, but is less adapted to the
conditions of mass disasters, when the number of victims
markedly exceeds the capacity of medical institutions. In
international practice, the START method is widely used,
which allows quickly prioritising the provision of aid, con-
sidering the probability of patient survival. In Kyrgyzstan,
this method is used only to a limited extent, which leads to
overload of hospitals and untimely aid to the most critical pa-
tients. This problem is particularly acute in natural disasters

Table 2. Comparative analysis of national and international standards of emergency care organisation

Criterion

International standards
(WHO, ATLS)

National standards
(KR)

Triage principles

By clinical condition Tactical triage (START)

Organisation of mobile teams

Predominantly inpatient teams

Mobile field hospitals

Intensive care protocols

Standard procedures Damage control resuscitation

Interaction between civilian and military services

Fragmentarily Clear coordination

Use of tactical medicine

Restricted use

Widespread use
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Figure 4. Mobile resuscitation kits for emergencies

and mass riots, when medical teams face the need to attend
to many victims at once without a clear system of priorities.

Another important problem is the transport of seriously
injured patients. In urban settings, hospital evacuation is
relatively quick, but in rural and hard-to-reach areas (e.g.,
mountainous regions) it takes much longer to reach patients.
This is caused by the lack of mobile field hospitals, insuffi-
cient number of high-capacity ambulances, and poor inte-
gration of emergency services (Fig. 3).

Unlike international practices, where helicopter medi-
cal evacuation services and field intensive care modules are
actively used, in the Kyrgyz Republic, mobile medical teams
are predominantly stationary and not always have the neces-
sary equipment.

A prominent aspect is the availability of anaesthesiology
and resuscitation care and ventilator in emergency condi-
tions. International protocols, such as DCR, focus on mini-
mal surgical intervention, limited infusion therapy, and early
stabilisation of haemodynamics. However, in the Kyrgyz
Republic, this method is applied in a fragmented manner,
mainly in military medicine, while the civilian sector con-
tinues to use conventional volume infusions, which in some
cases can exacerbate the condition of patients with severe

Figure 5. Preparedness of the ambulance brigade
for emergency operations

trauma. The shortage of portable ventilators and insufficient
training of personnel to use them in the field also reduce the
quality of resuscitation care, especially in mass disasters with
multiple injuries (Fig. 4).

Another factor complicating the implementation of regu-
lations is the poor integration of civilian and military medical
services in emergency management. International practice
has developed clear protocols for interaction, including joint
exercises, centralised management of medical resources, and
the use of a unified medical evacuation system. In the Kyrgyz
Republic, interaction between military and civilian hospitals
continues to be limited, resulting in an uneven distribution
of the medical load. In major disasters, civilian hospitals are
often overloaded, while military medical facilities continue
to be underutilised, reducing the overall effectiveness of the
response.

To improve the effectiveness of regulatory implemen-
tation, it is necessary to adapt international standards to
the national healthcare system. First of all, to revise ap-
proaches to medical triage with the introduction of START,
JumpSTART, SALT, and other protocols that enable a more
rational allocation of resources during mass admissions of
patients. It is necessary to create mobile field hospitals with
intensive care equipment, which will allow providing aid near
the epicentre of a disaster (Fig. 5).

Furthermore, the principles of pre-hospital resuscita-
tion should be revised, introducing modern DCR protocols
focused on early stabilisation of the injured and minimal
surgical intervention. Optimisation of interaction between
civilian and military medical structures through the creation
of a unified system of medical resources management in
emergencies, which will reduce the duration of aid provi-
sion and evenly distribute the load between hospitals, also
continues to be a priority area.

Thus, the analysis showed that the regulations governing
anaesthesiology and resuscitation care in mass disasters in the
Kyrgyz Republic require improvement in terms of adapting
international standards, improving the logistics of medi-
cal evacuation, and upgrading the technical equipment of
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Figure 6. Practice of surgery under anaesthesia
on a mannequin in simulated emergency conditions

emergency services. The implementation of these measures
will improve the efficiency and quality of medical response,
especially in situations requiring coordinated work of medi-
cal teams in conditions of resource scarcity and overloaded
medical institutions.

An analysis of the system of training anaesthesiologists
and resuscitators in the Kyrgyz Republic revealed that the
training of specialists to work in mass disasters is organ-
ised at several levels. The key role in this is played by the
KSMIRPD, where the programme “Emergency anaesthesi-
ology and intensive care” (2023) is implemented, including
modules on emergency care in emergency conditions (Fig. 6).

Additionally, training is conducted at the Centre for Di-
saster Medicine of the Ministry of Health of the Kyrgyz Re-
public, which organises trainings on medical triage and life
support in the field.

Special attention is paid to practical training, including
participation in tactical exercises according to the PHTLS
standard, organised with the support of the Ministry of
Emergency Situations of the Kyrgyz Republic (Table 3).
These exercises are aimed at practising medical evacuation
algorithms, providing aid in extreme conditions, and han-
dling many injured people at once.

However, the analysis showed that the number of train-
ings and simulation sessions is still insufficient, with training
programmes primarily being focused on working in statio-
nary conditions, while training for disaster response in the
field is limited.

The analysis of the impact of the anaesthesiologists-re-
suscitators’ training level on the quality of emergency care
revealed that the completion of specialised courses and train-
ings significantly affects the speed of decision-making, the
efficiency of medical triage, and the quality of intensive care
in mass disasters (Table 4). Specialists trained in the PHTLS
programme demonstrated faster orientation in emergency
situations, reducing the time of initial stabilisation of patients
by an average of 15—20 % compared to physicians without
such training.

An essential factor is the practice of working under con-
ditions of limited resources, which is especially relevant for
responding to natural and technogenic disasters. Doctors
who completed the course of medical triage and life support
in the field distributed patients by severity categories more
effectively, reducing the percentage of overload of hospitals
by 12.4 %. However, the study revealed that the bulk of medi-
cal specialists in Kyrgyzstan did not have sufficient experi-
ence of working in emergency conditions, as most training
programmes were focused on inpatient settings. This led to

Table 3. Key programmes for training anaesthesiologists and resuscitators to work in emergency conditions

Programme/course Organiser Main content Duration
Emergency anaesthesiology Resuscitation measures, algorithms of assistance
and intensive care KSMIRPD in emergency conditions 12 months
Medical triage and life Centre for Disaster | Tactical triage, stabilisation of patients in extreme 3 weeks
support in the field Medicine conditions
PHTLS Tactical medicine at the TCCC CLS level, pre-
MES KR hospital care algorithms 5 days

Table 4. Impact of the level of training on key performance indicators of emergency medical care

Without After the course After training
Lilisios Al “Emergency After the PHTLS | on medical triage
F;rainin anaesthesiology course and life support
9 and intensive care” in the field
Initial stabilisation time, 224451 18.9+4.3 152+ 3.6 17.5+3.9
Average patient triage time, 8725 71222 6.3+1.9 58+1.7
min - - B B
Triage error rate, % 14.3 10.8 6.5 5.1
Physicians confident
in DCR. % 21 47 62 39
Effective actions
in emergency 61 75 88 82
conditions, %
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and Staff Exercise

increased time for decision-making and reduced the quality
of care in situations requiring lightning-fast response (Fig. 7).

Specialists trained in the programme “Emergency anaes-
thesiology and intensive care” were the most prepared to
work in mass disasters, but even in this group there were gaps
in knowledge of tactical medicine. Specifically, only 62 %
of doctors showed confident skills in mobile field hospital
settings, with the use of DCR techniques remained limited.
This highlighted the need to expand training programmes,
include more simulation training, and integrate international
standards of medical response.

Thus, the level of training of anaesthesiologists-resusci-
tators directly influences the speed and quality of emergency
medical care. Improving training programmes, increasing
the number of tactical exercises, and involving international
experts will improve the readiness of medical personnel to
respond to mass disasters, which will ultimately increase
patient survival rates.

Analyses of patient survival in the first 48 hours after
admission to intensive care units revealed a correlation be-
tween promptness of medical care and treatment outcomes
(Table 5). The overall survival rate among all victims was
78.2 %, but significant differences were observed depending
on the type of catastrophe and the time of intensive care
initiation.

Table 5. Patient survival rates depending
on the type of catastrophe

Survival rate in the first

Type of disaster 48 hours, %

Road traffic accident 85.1
Technogenic disasters 72.4
Natural disasters 68.9
Mass riots/terrorist attacks 61.3

The greatest survival rate was observed among vic-
tims of road traffic accidents — 85.1 %, which was ex-
plained by the relatively fast arrival time of medical teams
(15.6 £ 4.8 minutes) and prompt start of resuscitation
measures (12.3 £ 3.1 minutes). In technogenic disasters,
the survival rate was 72.4 %, while in natural disasters —

68.9 %, which was caused by delays in evacuation and the
need for long transport of patients, especially from hard-
to-reach areas.

The lowest survival rate was registered among victims of
riots and terrorist acts — 61.3 %, which was conditioned by
combined and gunshot injuries complicated by massive blood
loss and traumatic shock. In such cases, the speed of bleeding
arrest, the volume of infusion therapy, and the use of modern
protocols, such as DCR, to minimise blood loss and prevent
coagulopathy were critical.

Statistical analysis revealed a significant correlation be-
tween the time of initiation of intensive care and patient
survival (p < 0.01). Patients who received first resuscitation
within the first 15 minutes had a survival rate of 82.7 %,
whereas this rate decreased to 67.4 % if delayed for more than
20 minutes. This confirmed the need to optimise the work of
medical teams, reduce transport times, and introduce mo-
bile field hospitals to stabilise critical patients to the stage of
hospital treatment.

Thus, analysis showed that the greatest potential for in-
creasing patient survival in mass disasters is associated with
optimising first aid times, improving evacuation logistics, and
implementing modern resuscitation protocols. Special atten-
tion should be paid to personnel training in DCR tactics, as
well as to the development of telemedicine technologies for
remote monitoring of patients’ condition during evacuation.

Discussion

Analysis of the efficiency of medical institutions and
emergency services in mass disasters revealed major diffe-
rences in the time of arrival, evacuation time, and speed of
intensive care depending on the type of disaster. The shortest
time delays were recorded in road traffic accidents, which
can be explained by the high frequency of the latter and well-
developed response algorithms. This is confirmed by the
findings of M. Rodriguez-Arrastia et al. [32] who also noted
a reduction in the arrival time for road accidents due to the
availability of urban infrastructure. However, M. Wyckoff
et al. [33] pointed out that even with well-developed trans-
port networks, evacuation can be slowed down due to traf-
fic congestion and logistical problems, which was partially
confirmed by the data of the present study.

In technogenic accidents and natural disasters, more
significant time delays were observed due to the inaccessibi-
lity of the affected areas and the need for preliminary safety
assessment of rescue operations. H. Ali et al. [34] confirmed
that evacuation from natural disaster zones requires the in-
volvement of specialised equipment and aviation, which in-
creases time costs. However, M. Kelly et al. [35] mentioned
that in some cases the use of helicopter evacuation can sub-
stantially reduce transport time, which is still limited in the
Kyrgyz Republic.

The start of intensive care also varied depending on the
type of disaster. The most rapid initiation of resuscitation
measures was recorded in road traffic accidents, due to the
high predictability of traumatic injuries. H. Alhawatmeh
et al. [36] also noted that standardised treatment protocols
can markedly reduce the time of initiation of intensive care.
However, J. Hinkelbein et al. [37] pointed out that in mass
disasters the delay in life-sustaining measures is often as-
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sociated with the lack of qualified personnel, which was also
observed in the analysed study.

Comparison of the regulatory framework of the Kyrgyz
Republic with international standards revealed a series of dif-
ferences in the organisation of medical triage and intensive
care. Specifically, classical clinical triage is applied in Kyr-
gyzstan, while international protocols are oriented towards
tactical methods, such as START. Y. Zhou et al. [38] pointed
to the effectiveness of START in resource-limited settings,
which was supported by the data of international studies.
However, D. Sellers et al. [39] criticised this method for the
risk of hypodiagnosis, which requires further adaptation of
triage algorithms.

The organisation of mobile brigades and field hospitals
in the Kyrgyz Republic also requires further development.
In contrast to international practice, stationary teams pre-
dominate in the country, which limits the speed of response.
H. Ali et al. [40] confirmed that mobile hospitals markedly
improve the quality of primary healthcare in mass disasters.
At the same time, K. Zacharowski et al. [41] mentioned
the need for rational distribution of mobile teams, as their
excessive concentration in one region may lead to a lack of
resources in another.

The analysis of medical personnel training revealed an in-
sufficient number of tactical exercises and practical trainings
on responding to mass disasters. J. Armstrong [42] noted that
regular simulation training can considerably reduce decision-
making time and improve the quality of emergency care.
M. Passiou [43] emphasised that training programmes in
most countries are focused on inpatient settings, which com-
plicates their adaptation to field conditions.

The survival rate of patients in the first 48 hours after the
disaster correlated with the time of the start of intensive care
[44]. The greatest survival rate was observed among road
traffic accident victims, which was confirmed by the findings
of S.M. Martinelli et al. [45] who stressed the significance
of prompt intervention. However, P. Songwathana and R.
Timalsina [46] mentioned that even with prompt transport,
polytrauma patients need prolonged resuscitation support,
which requires mobile intensive care units.

Analyses of the patient evacuation system revealed the
need to improve transport logistics. N. Py et al. [47] indi-
cated that in a series of countries, helicopters and specialised
transport were actively used for evacuation, which reduced
mortality in the early period due to the rapid delivery of pa-
tients to medical facilities. However, H. Nafar et al. [48]
emphasised that such systems required extensive financial
investments and a high degree of coordination between ser-
vices, including civilian and military structures. Additionally,
the use of aviation requires specialised medical equipment
and training of personnel to work in limited conditions.
Implementation of such solutions in the Kyrgyz Republic
would require revision of logistics routes, creation of a single
coordination centre, and introduction of modern technolo-
gies for monitoring and control of patients’ condition during
transport.

The findings of the study showed the need to introduce
modern protocols, such as damage control resuscitation,
aimed at minimising blood loss and stabilising patients at
the pre-hospital stage. L. Otero-Varela et al. [49] confirmed

that the use of DCR can markedly increase survival rates
in severe trauma, especially in combined injuries requiring
immediate surgical intervention. The introduction of this
method reduces the risk of coagulopathy and the need for
massive infusion therapy, which is consistent with the results
of international studies. However, A. Lamberti-Castronuovo
et al. [50] noted that this protocol requires highly qualified
personnel, which limits its use in some countries, especially
in resource-limited regions. Additionally, effective use of
DCR requires specialised equipment such as intracavitary
haemostasis devices and advanced circulatory monitoring
systems. This underscores the need for a comprehensive ap-
proach to its implementation, including training of medical
professionals, development of standard operating proce-
dures, and improved logistics for providing medical facilities
with the necessary supplies and technologies.

The integration of civilian and military medical structures
also continues to be a pressing issue [51]. C. Travasso and
E Silva Zborowski [52] pointed out that joint exercises and
centralised resource management enabled an even distribu-
tion of the workload of medical facilities, ensuring an effec-
tive response to mass disasters. This is particularly signifi-
cant in cases of natural disasters and armed conflicts, where
collaboration between different health services is crucial in
reducing mortality. However, B. Oprita et al. [53] noted that
in some countries, the interaction between military and civi-
lian services was still formal, which reduced the effectiveness
of response, creating barriers to rapid information exchange
and coordination. Furthermore, the lack of a unified re-
source management system complicates the distribution of
medical equipment and personnel, which is critical in times
of acute resource shortages. In this regard, it is necessary
to develop unified protocols of interaction, including joint
training, exchange of practices, and coordination of actions
at the level of emergency services, which would improve the
preparedness of the healthcare system to respond to large-
scale emergencies [54, 55].

The problem of insufficient equipment of emergency ser-
vices is also relevant for the Kyrgyz Republic. A. Crowe and
B. Marsh [56] pointed out that the availability of portable
ventilators and mobile resuscitation modules can conside-
rably improve the quality of care in mass disasters, espe-
cially in remote and hard-to-reach areas. However, A. Ra-
mesh et al. [57] emphasised that even with the availability of
equipment, the level of training of personnel and the ability
to promptly apply modern technologies continues to be a
crucial factor. Furthermore, the effective use of such tools
requires regular maintenance and clear protocols for field
deployment. With limited funding and a shortage of qualified
personnel, there is a need to develop training programmes
that will enable medical staff to not only learn how to operate
modern technologies, but also to practice their application
skills in high-stress and time-pressured environments.

Thus, the study demonstrated the need to adapt interna-
tional standards to the national healthcare system, improve
transport logistics, and train personnel to work in mass di-
sasters. The introduction of mobile field hospitals, expansion
of training programmes, and increased coordination between
medical structures will significantly improve the efficiency of
emergency medical care.
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Conclusions

Analysis of the work of medical institutions and emer-
gency services of the Kyrgyz Republic in conditions of mass
disasters revealed key problems and trends in the organisation
of anaesthesiology and resuscitation care. The key indicators
of the effectiveness of medical response included the time of
arrival of medical teams, the patient evacuation time, and the
speed of initiation of intensive care. The average time of ar-
rival of medical teams was 18.4 & 5.2 minutes, while the time
to start intensive care ranged from 12.3 + 3.1 minutes in road
traffic accidents to 18.7 & 4.5 minutes in technogenic acci-
dents. The most rapid emergency care was provided in road
traffic accidents, while in natural and technogenic accidents,
there were significant delays caused by the inaccessibility of
areas and the difficulty of evacuation.

A comparative analysis of national and international
standards of medical care revealed several critical differences.
In the Kyrgyz Republic, triage of casualties is primarily based
on clinical condition, while international standards (START,
DCR) are oriented towards more dynamic methods for mass
admissions of patients. The lack of mobile field hospitals,
poor integration of civilian and military medical services, and
insufficient training of personnel to work in extreme condi-
tions limit the effectiveness of disaster response.

Analysis of the system of medical personnel training re-
vealed that the existing educational programmes in Kyrgyz-
stan are mainly focused on inpatient settings and do not fully
prepare specialists to work in mass disasters. Doctors who
underwent specialised training in tactical medicine (Pre-
hospital Trauma Life Support, medical triage in field condi-
tions) demonstrated greater indicators of decision-making
speed and quality of care. However, such specialists are in
short supply, resulting in overload of the healthcare system
in crises.

Practical recommendations include adapting interna-
tional standards for patient triage and intensive care, estab-
lishing mobile field hospitals, strengthening interaction be-
tween civilian and military medical structures, and expanding
training programmes for anaesthesiologists-resuscitators.
Furthermore, there is a need to introduce telemedicine
technologies to coordinate emergency services and remotely
monitor patients during evacuation.

Limitations of the study are related to the fact that the
analysis was based on data for the Kyrgyz Republic and may
not factor in the specifics of other regions. Furthermore, the
study considered only registered cases of medical care, which
did not allow for a full assessment of informal or unrecorded
aspects of emergency response. In the future, it is recom-
mended to expand the study to include analyses of medical
services in an international context and to assess the influ-
ence of other factors such as healthcare system financing and
resource availability.
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Aepkembaesa XK.

Knprndska AepskaBHQ MEANYHA aKaaemist imeHi K. AxyH6aesa, M. bilLkek, Kupridska Pecrybaika

OpraHisauis aHecTe3ioAOrYHOT Ta PEeaHIMALIMHOT AONOMOTHY MiA YOC MACOBUX KATACTPOG:
nNiAXOAU AO HOBYOHHS TA 30AYYEHHS OHECTE3iOAOrIB i PEAHIMATOAOrIB Y HOA3BMYOMHUX CUTYALLISX

Pestome. MeToro 115010 HOCTIIKEHH 0YJI0 BUBYEHHS OpraHisartii
aHeCcTe310JI0TiYHOI Ta peaHiMalliifHOI JOTIOMOTH TIiIl YaC MacOBUX
katacTpod y Kupruspkiit Pecrry0oilti B riepion i3 cidHs 110 TpyaeHb
2024 poky, 3 aKLIEHTOM Ha MiArOTOBKY i 3ajay4yeHHs (axiBLiB y
HaI3BUYAWHUX CUTYaLlisIX. MeTo10I0Tis BKIIIoYaa aHali3 poooTu
MEIWYHUX 3aKJIalliB Ta eKCTPEHUX CIIY>K0, BUBYEHHSI HOPMATHUB-
HO-TIpaBOBOI 0a3u, 110 peryaioe HamgaHHS eKCTPEHOI MeIUIHOI
JIOTIOMOTH, a TAaKOX PeTPOCHEKTUBHE NOCTiIXKeHHs 412 Bumama-
KiB peaHiMallil mocTpaxaaairux y MacoBMX KaTacTpodax 3a rnepioa
2019—2023 pp., BKJIIOYalO4M BiliCbKOBi KOH(ITIKTH, IK-0T batkeH-
cbKi mozii 2022 p. Po3risiHyTO KITI0U0Bi MOKa3HUKY €(heKTUBHOCTI
po0OTH MEAMYHUX OpUTal, 30KpeMa yac MpuOyTTs Ha Miclie MOoii,
yac eBaKyalil MalieHTiB, IIBUAKICTb TOYATKY iHTEHCUBHOI Tepartii
Ta piBeHb BVXKMBAHHS B repuli 48 roquH micist rocmiTtatizanii.
Pesynsratu mokasanu, 110 47,3 % BUIAOKiB CTAHOBIIN JOPOKHBO-
TpaHCIOPTHI nipuroau, 27,2 % — texHoreHHi asapii, 17,5 % —
cTuxiitHi uxa Ta 8,0 % — MacoBi 3aBOPYLICHHS il TePOPUCTUYHI
aktu. CepenHiii yac npuOyTTS MEAMYHUX OpUTraj J0piBHIOBAB
18,4 + 5,2 xBunHU, TOZI SIK Yac eBakyauii namieHTis — 37,8 + 8,6

xBuauHU. LIBUAKiCTh MOYATKY iHTEHCUBHOI Teparlii KoJuBaacs
Bin 12,3 & 3,1 XBWIMHU TIpU TOPOXKHBO-TPAHCIIOPTHUX MPUTOIAX
1o 18,7 + 4,5 XBUIMHY TIPY TEXHOTCHHMX aBapisix. AHaJIi3 BUSBUB
PO30iXKHOCTI MixX HalliOHAJIbHUMMU ITPOTOKOIAMU i MixXKHAPOIHUMU
CTaHIapTaMu, OCOOJIMBO B IMiAX0OAaX A0 MEAMYHOTO COPTYBaHHSI,
oprasizailii MOOITbHUX TIOJIbOBUX TOCTIITATIB i TAKTUKHW iHTEHCHB-
Hoi Tepartii. O1iHKa CMCTeMU MiATOTOBKY aHECTE3i0JIOTiB Ta peaHi-
MaToJIOTiB MoKas3ala, 1110 crelliajli3oBaHi Kypcy 3Ha4HO TMOJIIIIY-
I0Th LUBUAKICTh MPUIAHSTTS PillIeHb, SIKICTb COPTYBaHHSI MALlIEHTIB
Ta e(heKTUBHICTb MEIMYHOI eBaKyallii, ajie MpakTUYHa MiAr0TOB-
Ka B MOJbOBUX YMOBAX 3aJMIIAEThCS HEAOCTaTHbOIO. OTpuMaHi
pe3yabTaTy MiAKPECININ HeOOXiMHICTh amanTalliil MiXkHapOTHUX
CTaHAAPTiB 10 HALlIOHATBHOI CUCTEMU OXOPOHMU 310POB’sI, YIOCKO-
HaJICHHsI JIOTICTUKM pearyBaHHsI Ha HaI3BUYaiiHi CUTYyallil, Mozep-
Hi3alii TeXHIYHOTO OCHAIIEHHST MEIMYHUX OpUTal Ta PO3LIIUPEHHST
MporpaM CUMYJISILIMHOI MiATOTOBKY JIsI MiIBUILEHHS IIIBUIKOCTI
Ta SIKOCTi peaHiMallifHOI TOTIOMOTH ITiJl YaCc MacOBHMX KaTacTpod.
KnouoBi ciioBa: Menuune copryBaHHs; MOGLIbHI rocmiTai; iH-
TeHCHUBHA Tepallis; eBaKyallisl Tali€HTiB; piBeHb BUKMUBAHHST
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BUKOPUCTAHHS OA’IOBAHTIB Y NPOPIAAKTULL
PUKOLLETHOro 6G0AIO Y NALLEHTIB, 9Ki OTPUMOAU
BiCbKOBY TPABMY: MPOCMNEeKTUBHO-NIAOTHE
AOCAIAXKEHHS

Pestome. Puxowemnuii 6ino (PB) — ue 2ocmpe nocunenns nicasonepauiiino2o 60410 nicas 3aeepuienns 0ii 010ka

nepughepuuroeo vepsa (PNB), wio eunuxae y 30—60 % nayicumie nicas 00HOpa306ux pe2ionaprux 6a0Kao, 0cooaugo

npu OpmoneouMHUX | MpaeMamuyHux MpyUanHsx. Y nayienmie iz 60tiogumu mpasmamu peHomMeH puKouemHo2o
004110 € 0COOAUBO KAIHIMHO 3HAUYUUM, A0NCe MOJice YCKAAOH8amu nepebie peabinimauii, 3HUNCy8amu moaepaHn-

Hicmb 00 60410 ma NidGUWYB8aAMU PU3UK PO3BUMKY HELPOnamuuHo20 Komnonenma. Memoio ybo2o npocneKmueHo2o

ninomHo20 00caioNceHHs OY10 ouiHumu eghekmusHicmos dekcamemasony K ad’roeanma y ckaadi 00Hopaszos8oi 610-

Kaou nepugepuuHoeo Hepea y nayicHmie i3 O60UoeUMU NOPaHeHHAMU KiHyieok. Jlo docaidcenns 6ya0 3anyueHo 74
uonogixu eikom 8id 22 do 45 pokie (cepeoniii ik 30,8 * 4,7 poky). Yci nayienmu 6yau posnodineni Ha 08i epynu:
epyna 1 (n = 36) ompumyeana cunea-uiom 610kady 6ynisaxainom (1,5—2 me/xce); epyna 2 (n = 38) — 6ynisakain y
KomOinayii 3 dexcamemaszonom 2 me. Inmencusnicmo 60110 oyintosanu 3a BAII uepes 6 i 12 2o0un nicas 6nokaou. Y
epyni 1 cepedniii 6an 3a BAIIl wepes 12 200 cmanosué 6, 1, modi six y epyni 2 — 4,2. Yacmixa nayienmie iz bonem > 7
obanie xoua 6 6 00un momenm cmarosuna 30,6 % (11 i3 36) y epyni 1 npomu 13,1 % (5 i3 38) y epyni 2. binvwe moeo,

Auwe o0un nayienm y epyni 2 (2,6 %) mag > 7 6anie came uepes 12 200 nicasi 6a0Kadu, wo ceiouums npo MeHuLy eu-

pagicernicmv PB. Yepes 14 0uig y epyni 2 000amk060 npooounocs ouinroeanis 3a wikaroiw DN4. 89,4 % nayienmie
(34 i3 38) maau cymapnuii 6an < 4, wo exaszye Ha sidcymuicmo Heliponamuurozo oo, a’y 10,6 % (4 nauienmu)

pusuk eussuscs niosuuwenum (DN4 > 4). Cepeoniii 6aa 3a DN4 cmanosus 2,1 = 0,9, wo céiouums npo caabkuii

CMYNiHb HEUPONAMUYHUX CUMNIMOMIG HAGIMb Y HAABHUX eunadkax. Ompumari pe3yrbmamu 0eMOHCMPYIOMb, U0
dodasanus dekcamemasony 00 MiCUee020 anecmemuKka npu 00HOpazosiil O10Ka0i 3HAUHO 3MEHULYE HMEHCUBHICIMb
DUKOUWEMHO020 004110, 3HUINCYE YACMKY 1020 MANCKUX GopM | NOMEHUIIHO 3anobieae poO36UMKY HEeUpOnamu4Ho20

6oar0. bionociuna douinvHicms GUKOPUCTNAHHSA OEKCAMEMA30HY NOSACHIOEMbC 1020 NPOMUANAALHUMU 6AACTU-

socmsamu, cmabinizauiero MemopaH, 3mMeHueHHAM nepugepu4Hoi cencumusayii ma nomeHnyiarom 0o npoaoHeauii oii
Micyeeux anecmemukie. Hezsaxcarouu na oomesncenns docaioxncenns (Heseauka eubipka, eiocymuicmos DN4 6 060x
epynax), pezyabmamul € 00HAIUAUBUMU MA NIOKPECAIOMb Q0UINbHICMb NOOAALULUX PAHOOMIZ08AHUX 00CAIONCEHD
i3 BKAIOUEHHAM KAmMemepHUX Memoouk, MyabmumoOaibHoI anareesii ma ananizy iHuux ad’veanmis.

KnrouoBi cyioBa: pukxowemnuii 6in; pecionapna anecmesis,; oexcamemason; eilicbkosa mpaema; DN4; BAIIT

Bctyn 3a0€3MeYeHHSM a[eKBaTHOTO MiCIsS0NepaliifHoro 3He00-

V cyyacHMX yMoBax 30poifHOro KOH(MIIKTY B YKpaiHi  jioBaHHS. 3a maHUMKM MiHicTepcTBa OXOPOHU 300POB’S
3HAYHO 3pOcja KiIbKICTh MaLiEHTIB 3 00IOBOIO TpaBMOIO,  YKpainu, 3 2022 poky noHan 80 % rocmitanizoBaHUX IMO-
1110 TTOTPEOYIOTh XipypriYHOTrO JIiIKyBaHHS 3 MOJAJBIIMM  PAaHEHUX MalOTh YIIKO/XKEHHS KiHIIiBOK, 3 SIKUX Oijblile
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HIX MOJOBMHA — MHOXMHHI a00 KOMOIHOBaHi TpaBMH.
BisblIicTh TAKMX XipyprivHUX BTPYYaHb CYITPOBOJIKYETHCS
BUPAXXEHUM HOLMUEITUBHUM KOMIIOHEHTOM OOJII0, SIKUA
notpedye e(eKTUBHMX CTpATETii aHaITe3ii 11T 3SMEHILIEHHSI
Gi3nyHUX cTpaxaaHb [1], 3HMXKEHHST pU3UKY XpOHi3allii
00J110 Ta TPUCKOPEHHSI peadimiTaltii.

PerionapHa anectesis (PA), 3okpema 6;10Kana nepude-
puuHux HepBiB (PNB), € KI1I040BUM KOMIIOHEHTOM MYJIb-
TUMOJATbHOTO Miaxony [2] 1o 3HeOOMIOBaHHS TIPU TpaBMa-
TOJIOTIYHUX Ta opToreandHux omnepauisx. I[lepesaru PNB
Io0pe TOKYMEHTOBaHI: 3MEHIIIEHHSI CIIOXKMBAaHHSI OIOINiB
[8], 3HMXKEHHS PU3UKY MicasionepaliiHUX YCKIaaHEeHb
[9], ckopoueHHs TepMiHiB TocIiTasi3alii Ta MOMiMIIeHHs
¢yHKIIOHATBHUX pe3yabTaTiB. OaHaK OJHOPAa30BUI GJIOK
nepudepnIHUX HEPBiB MiCLIEBUM aHECTETUKOM Ma€ 0OMe-
JKEHY TPUBAJICTb Iii (6—12 roaun) [7], mic/st 40ro HepiaKo
BUHUKAE (DeHOMEH «pHUKOIIeTHOro 6omo» (rebound pain,
PB) [3].

PukoietHuil 6i1p — 1ie TpaH3UTOPHE, pi3Ke MOCHU-
JIeHHsI 00JT10 TTicJisi 3HUKHEHHS e(pekTy OJ10Kanu, siKe CyT-
TEBO MEPEBUILYE PiBeHb OO0 10 BTpyYaHHS abo MijJ yac
nii 6jgoka [9]. 3a maHUMUM Pi3HUX IOCTIIXKEHb, YacToTa
pukomeTHoro 6omo miciast PNB moxe csaratu 40—60 %,
0C00IMBO IMPU TpaBMax KiHIIIBOK Ta OIepallisX Ha KicTKax.
TunoBumu xapakrepuctukamu Pb € Bucoki mokazHuku
3a BizyaJibHOIO aHajioropolo 1kanow (BAIL > 7), mosiBa
y neputi 12—24 roguHu miciist perpecii 6710Ka, TpUBaIiCTh
110 2 TOJIMH Ta OMKUC OOJIIO SIK EKYYO0ro, CTPisiioyoro adbo
r1uOOKOTo Tymoro [4].

ITosira Pb Moxe He yuiie moripiryBaTH sIKicTb 3He00-
nmoBaHHA [10], ane i cipusaTH po3BUTKY XPOHIYHOTO IIic-
JIstoniepauiiiHoro 000, GopMyBaHHIO HEHPOIIaTUYHOTO
kommnoHeHTa Ta [ITCP [4], 1110 € 0co6aMBO Hebe3neYHUM
y MAaIi€HTIB i3 00110BoI0 TpaBMOI0. CUTYyallil0 YCKIIATHIOE
TMCUXOJIOTIYHA BPa3JIMBICTh TAKUX MALIIEHTIB, BUCOKUI pi-
BEHb TPUBOXKHOCTI, 3MiHEeHA IIepLEIILIis 00JII0 Ta TPYIHOIII
3 JIOCTYITHICTIO Oe3nepepBHUX iH(]Y3iit a00 KaTeTepHUX Me-
TOAMK Yy MOJBOBUX YMOBAX.

3 orjsaay Ha 1ie 3pOCTa€e iHTepec 10 BUKOPUCTAaHHS
an’oBanTiB [5] y ckiani PNB mist mposionraitii eexry mic-
1IeBMX aHECTETUKIB, 3MEHILIeHHs iHTeHcuBHOCTI PB Ta npo-
dinaktuku HelipornatuyHoro 600, OAHUM i3 HAWOITbIIT
JOCITIIDKEHUX aJl IOBAHTIB € JIeKCaMeTa30H [6], SIK1ii YNHUTh
BUpPaXEHUI MpOoTU3aNalibHUN, MEMOPAHOCTAOUTI3yIOUMIA
Ta AHTUHOLMLIETITUBHUI edekTu. Moro BBeleHHS mepu-
HeBpaJIbHO 200 CUCTEMHO 3[IaTHE TOAOBXUTH TPUBATICTh
CEHCOpHOI 6j10Kaau Ha 4—6 roAuH, a TAKOX 3MEHIIUTU
IHTEHCUBHICTD MHiCJISIOTIEPALifHOTO 000 B LILIOMY.

MeTta 11bOTO TOCHIIXKEHHS — OLIIHUTU e(PEeKTUBHICTb
IoAdaBaHHs AeKcaMeTa30HY K aa’loBaHTa O0 OymiBakaiHy
MpU OTHOPA30Biil OJI0Kami epudepuIHUX HEPBiB y Malli-
€HTIB i3 0010BOIO TPAaBMOIO 3 METOIO 3HVKEHHSI PU3UKY
PO3BUTKY PUKOIIETHOTO 00J110 Ta (popMyBaHHsI Heiporna-
TUYHOTO OOJII0 B MOJATBLIOMY, 1110 MOXE CTaTh OCHOBOIO
IIJIST TIOJAJIBIIMX MACIITAOHNX KIIIHIYHIX BUIIPOOYBaHb.

MaTepiaAn Ta MeToAmn

JIu3aiiH DoCi/ZKeHHs: TPOCIIEKTUBHE TJIOTHE TOCITi-
JKEHHS, TIpoBeieHe Ha 74 mallieHTax 40JIOBiUoi cTaTi, sIKi
oTpuMasu 60MOBY TpaBMY KiHIIiBOK.

Kpurepii BK1I0YeHHS:

1. [MauienTn 9onoBivoi cTati BikoM Bix 18 1o 50 po-
KiB.

2. HagBHicTh BOTHETIAJIbHOI 2400 BUOYXOBOI TpaBMU OJI-
Hi€l a00 KiJIbKOX KiHIIiBOK.

3. 3amiaHoBaHe oniepaTUBHE BTPYYaHHS 3 MOKJIMBICTIO
BUKOHaHHs1 PNB.

4. [IpoBeneHHST OMHOMOMEHTHOI 0JIOKAaIM i3 3aCTOCY-
BaHHsIM OymiBakaiHy 1,5—2 Mr/kr + nekcameTasoHy 2 ML.

5. HamanHs ycBimoMJieHOI MMCHMOBOI 3TOIM Ha y4acThb y
TMOCTIIKEHHI (IU1s1 TPOCTIEKTUBHOI YaCTUHU).

Kpurepii BUKII09eHHS:

1. IIpornmoka3aHHs 10 perioHapHOi aHecTe3il (iHpeK-
11is1 B MiCIIi TTYHKIIil, KOAryJomnarisi TOLIO).

2. Anepris Ha OymiBakaiH a00 IeKcaMeTa30H B aHAMHe31.

3. [onepenHe XipypriuHe BTpyYaHHSs Ha ypaxkeHii KiH-
LB 3 GOPMYBaHHSIM XPOHIYHOTO OOJIIO.

4. Tlopy1ieHHs cBioMoCTi ab0 MCUXiYHI po3yaaun, 1o
YHEMOXJIMBJIIOIOTh aJIeKBaTHY OIIiHKY 00JII0.

5. HasiBHicTh HeliponaTuuHOTO OO0 10 Orepailii (3a
mkanow DN4 > 4).

6. [IpuitoM IIIOKOKOPTUKOIAIB CUCTEMHO MPOTITOM
OCTaHHBOTO MICSIIS.

Jlo nocnimkeHHs 0y10 BKJIIOYEHO 74 MalliEHTU YOJI0Bi-
4ol CcTaTi 3 BOrHeNMaJIbHUMU TTOPAHEHHSIMU KiHIIiBOK, SIKi
Oy/11 pO3MO/iJIeHi Ha ABi TOPiBHIOBaHI TPYIIU:

— rpyna 1 (n = 36): cepenHiii Bik ctaHoBUB 32,6 = 5,4
POKY; BCi MaLliEHTH OTPUMAIN ONTHOMOMEHTHY OJI0Kauy Ie-
pudeprIHOro HepBa 3 BUKOPUCTAHHSM JIMIIE OyIliBaKaiHy
(1,5-2,0 mr/Kr);

— rpyna 2 (n = 38): cepenHiii Bik ctaHoBuB 29,1 + 4,9
POKy; maijieHTaM OyJio MPOBeIeHO aHAIOTIuHY OJIoKaLy 3
JIOJaBaHHSIM 2 MT JIeKCaMeTa3oHy SIK aJi’loBaHTa.

Vci manienT OyIM 9OJIOBIYOI CTaTi, IO BimoOpaxae
aKTyaJibHY AeMorpadiuyHy CTPYKTYpPY BiliCbKOBOCTYKOOB-
1B, SIKi HAIXOISTh IO CTallioHapy 3 OOMOBMMU TPaBMaMU.
BikoBuit npodiab MiX rpynaMmu 0yB CTaTUCTUYHO TOPiB-
HsHHUM (p > 0,05).

Ipyna 1 aHanmizyBasach peTpOCHEKTUBHO, Ipyra 2 —
MPOCIEKTHUBHO.

Po3noain TpaBm:

— BepxHs KiHuiBka: 13 (rpyna 1), 17 (rpyna 2);

— HWXH4 KiHliBka: 12 (rpyna 1), 9 (rpyna 2);

— KoMmbiHoBaHi ypaxeHHs1: 11 (rpyna 1), 12 (rpymna 2).

Ouinka 60mo0:

— 3a BAIII: uepes 6 Ta 12 roguH micis 6J10Kaau y BCix
MAali€HTIB;

— 3a DN4: uepe3 14 nHiB y nauieHTiB rpynu 2.

PesyabTaTH

3a BAIII uepe3 6 ronun (puc. 1):

— rpyna 1: 50 % — 3 6anu, 33 % — 5 Gaunis, 17 % — 7
OauiB;

— rpyna 2: 8 % — 2 6anu, 45 % — 3 6anu, 34 % — 5
6aiis, 13 % — 7 GaiB.

3a BAIII uepe3 12 roaun (puc. 2):

— rpyma 1: 6inburicTs nanieHTis (58 %) ouiHoBaau 6iTb
> 6 0aJiB.;

— rpyna 2: 92 % Tali€eHTiB MOBIIOMWIN TIPO Oiib < 5
Oatis.
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PucyHok 1. Po3sniogin 3a BALl
yepe3s 6 roguH

3a DN4 (rpyna 2, uepe3 14 nuiB) (puc. 3):

— 34 nauienTu (89 %) — < 4 6anu (HepomaTUIHUIMA
OiTb MAJIOIMOBIPHUIA);

— 4 namnientu (11 %) — > 4 6anu (HeipoTTaTUIHUH OiTh
iMOBIpHUIA).

O6rosopeHHs

Pesynbrati cBigyaTh Mpo MO3UTUBHUI BILTUB JeKCaMe-
Ta30HY Ha npodinakTuky Pb Ta HeiiponaTuuHoro 60JI10.
OnHak HeoOXiaHi OLJTBIIT MacIITaOHi JOCIIKEHHST IS TTiI-
TBEPAKEHHSI Pe3y/IbTaTiB.

V rpyni 6e3 gexcamera3oHy (rpymna 1) cepenHiii 6an
600 3a BALLI uepe3 12 romuH ctaHOBUB 6,1, TOMi SIK y TpyTTi
3 leKcaMeTa3oHoM (rpyrna 2) — nuiie 4,2. YacTka naiieHTiB
i3 60J1eM > 6 OaniB yepe3 12 roguH ctaHoBuaa 31 % y rpymi
1 npotu 2,6 % y rpymi 2. Kpim Toro, y 1-ii rpymi 11 marieH-
T1iB (30,6 %) ToBimomMwIIM TIpo 6iNb > 7 GaiB xo4a 6 B OIMH
MOMEHT, TOMI K y 2-i1 — nuie 5 mauieHTis (13,1 %) manu
TaKi OLIHKU, TIPUYOMY JIMIIIE OAWH MAIiEHT ITOBIZOMUB IIPO
7 6auiB yepe3 12 roauH.

3a wkanow DN4 uepe3 14 nHiB micas omepauii y
89,4 % nanienTiB rpynu 2 (34 i3 38) pe3ynprar cTaHO-
BUB < 4 6aJiu, 1110 CBiYUTD PO MiHIMaJIbHUI PU3UK HE-
itponmaTuaHoro 6omio0. Y 10,6 % (4 mauieHTH) pu3uK OyB
nigpueHum (DN4 > 4), ongHak cepeaHiil 6an ctaHO-
BuB 2,1 = 0,9, 110 CBiAYUTH MPO MOMiIpHY iIHTEHCUBHICTh
CUMIITOMIB.

JlexcaMeTa30H Ma€ HU3KY MeXaHi3MiB ii, sIKi 00rpyH-
TOBYIOTh OTO €(PEKTUBHICTb y IIbOMY KOHTEKCTi: TIPOTH-
3arajibHa Jlisl, 3MEeHILeHHS TepudepuuHOl CeHCUTU3allil,
cralinizailisi MeMOpaH HEPBOBUX BOJOKOH Ta MOTEHIliiHE
MOJIOBXKEHHS Jii MiCLIeBOTO aHecTeTHKa. Y HalloMmy J1o-
CIIIIKEeHHI 3HaUYHE 3HMKEHHST 00JIbOBUX BiIUYTTIB y TPyIIi
3 IIEKCaMEeTa30HOM MOXKe CBIIUMTH MPO HOro CUHEPTIYHY
Ii10 3 OymiBaKaiHOM.

OTpuMaHi HAaMU Pe3yJIbTaTU y3TOJIXYIOThCS 3 Aa-
HUMU TomnepeaHix nociiaxeHb. Hampuknan, Singh
et al. (2023) y meTaaHasi3i nmoxkasanau, 110 MEPUHEB-
pajsbHe ab0 BHYTPiIHbOBEHHE BBEJCHHS JeKcameTa-
30HY 3HUXYE 4aCTOTY PUKOIIETHOTO 600 Ha 40 %.
Lavand’homme (2018) TakoX migKpeciar€e HeoOXi-
HICTh MYJIBTUMOAATBHOTO MiIXOMY 10 aHaJITe3il 3 BKIIO-
YeHHSIM aj IOBaHTIB.

PucyHok 2. Posniogin 3a BALl
yepes 12 rognH

PucyHok 3. Posnogin nayieHtiB 3a wkanoro DN4
(rpyna 2, 14-vi geHb)

OOMekeHHSI Hallloro AOCTIIKeHHS BKTIOYAIOTh HEBETM-
Ky BUOIpKY, pETPOCTIEKTUBHUI aHaJi3 KOHTPOJIbHOI TPy
Ta 0OMeKeHY KiJIbKiCTb HIKaja oliHku. Takoxx DN4 He 3a-
CTOCOBYBaJIacs y TIepIiii rpyri, 110 OOMeXKY€ MOPIiBHSHHS
HeponaTMYHOro KOMIOHEHTA.

IIpote, ocKiNbKY 1ie MiJTIOTHE HOCIIIXEHHS B yMOBaX
peasbHOro 0OOBOTO TOCIITAIO0, PE3YJIBTaTH € IHHUMU
Ta CTBOPIOIOTb OCHOBY JUISI MOJAJBIINX PAHIOMi30BaHUX
KOHTPOJIbOBAHUX BUIIPOOYBaHb i3 OUILIIMMU BUOipKa-
MU, BUKOPUCTAHHSIM KaTeTEPHUX METOJUK Ta Pi3HUX
a1’ IOBaHTiB.

BMCHOBKM

3acTocyBaHHS IeKCaMETa30HY SIK aji IoBaHTa y rnepude-
puYHilt 6JI0Kai Mali€HTiB 3 BiliCbKOBUMU MTOPaHEHHSIMU
MOXe e(EKTMBHO 3MEHIIYBaTH iHTEHCUBHICTb PUKOILIET-
HOTro 00J110 Ta MpodilaKTyBaT PO3BUTOK HEMPOMATUUHOTO
oosto. Pesynbrat € oOHamiiIMBUMM Ta MOTPEOYIOTh MO~
JAJTbIIIOTO BUBYEHHST Ha OUIbIIII BUOipIIi.

KondurikT inTepeciB. ABTOpY 3asIBJISIIOTH PO BiICYTHICTh
KOH(ITIKTY iHTepeciB Ta BIacHOI (hiHAHCOBOI 3alliKaBIeHOC-
Ti TIpY MiATOTOBII TAHOT CTATTi.
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Use of adjuvants in the prevention of rebound pain in patients with combat-related tfrauma:
a prospective pilot study

Abstract. Rebound pain (RP) is a sharp exacerbation of post-
operative pain that occurs after the resolution of a peripheral nerve
block (PNB). It is reported in 30—60 % of patients following single-
injection regional blocks, particularly after orthopedic and traumatic
surgeries. In patients with combat-related injuries, rebound pain is
of particular clinical concern as it can complicate rehabilitation,
reduce pain tolerance, and increase the risk of neuropathic pain
development. The aim of this prospective pilot study was to evaluate
the effectiveness of dexamethasone as an adjuvant to a single-shot
PNB in patients with combat-related limb injuries. A total of 74
male patients aged 22—45 (mean of 30.8 + 4.7) years were enrolled
and divided into two groups. Group 1 (n = 36) received a single-shot
bupivacaine block (1.5—2 mg/kg). In group 2 (n = 38), bupivacaine
was combined with 2 mg of dexamethasone. Pain intensity was as-
sessed using the Visual Analogue Scale (VAS) at 6 and 12 hours post-
block. At 12 hours, the mean VAS score in group 1 was 6.1 compared
to 4.2 in group 2. The proportion of patients experiencing pain
> 7 at any time point was 30.6 % (11 of 36) in group 1 versus 13.1 %
(5 of 38) in group 2. Notably, only one patient (2.6 %) in group 2

reported a VAS score of > 7 at 12 hours, indicating a significantly
lower severity of RP. In group 2, DN4 assessment was performed
additionally on day 14. 89.4 % of patients (34 of 38) had a DN4
score < 4, suggesting the absence of neuropathic pain, and 10.6 %
(4 people) had an increased risk (DN4 scores > 4). The mean DN4
score was 2.1 £ 0.9, reflecting mild neuropathic symptoms even in
positive cases. The results demonstrate that adding dexamethasone
to a local anesthetic in single-shot nerve blocks significantly re-
duces the intensity of rebound pain, the proportion of severe pain
cases, and the risk of neuropathic progression. The biological ratio-
nale of dexamethasone use includes its anti-inflammatory effects,
membrane stabilization, reduction of peripheral sensitization, and
potential to prolong local analgesia. Despite certain limitations
(small sample size, absence of DN4 data in group 1), this study
provides encouraging findings that support further randomized tri-
als involving larger cohorts, catheter-based techniques, multimodal
analgesia, and alternative adjuvants.

Keywords: rebound pain; regional anesthesia; dexamethasone;
combat trauma; DN4; Visual Analogue Scale
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"lHcTuTyT ncuxonorii imeHi I.C. Koctioka HATH YikpaiHu, m. Kni, YkpaiHa

2BiHHULIbKNY A©PXKABHV NEAQIrOrYHW YHIBEPCUTET iMeHi Mixavina KoLtoOMHCLKOro, M. BiHHuLS, YikpaiHa
SAHIT «/\bBIBCbKIVI HALIIOHQABHM MEANYHUL YHIBEPCUTET iMEHI AQHUAQ [QAMLILKOro», M. AbBiB, YkKpaiHa
IBIHHNLIbK HQLIIOHQABHW MEAMYHWI YHIBEPCUTET iMeHI M.I. [Tnporosa, M. BiHHMLSI, YkpaiHO

HenponcnxoAoriyHa AONOMOra noCTpaXKAGAUM
3 YPOOKEHHSAM XpeoTa: LWAIX A0 KOMMNAEKCHOro
BiAHOBAEGHHS

Pestome. Axmyaavnicms. 3pocmanns mpaem 3 YuKoOiceHHAM xpebma uepes gilicbkogi 0ii nompebye Komn-
JNeKCH020 hidxody do peabinimauii, wjo 0XoNAE mixceanysey Koonepayiro axieyie i 6UKOPUCMAHHS CYHACHUX
memoouk. Basxcaugicmo Heliponcuxonoeiunoeo nioxody noaseac y iio2o 30amHocmi aHanizygamu enaug cmpecy Ha
@izuunuil cman i 3a0e3newyeamu 6arauc mMixc ncuxiuHum i isuuHuM 300p08’am nayicumie. Mema: docaioumu
3HA4eHHS MA NPAKMUYHY Peani3ayito Helponcuxoa02iuHoi donomoau 015 NOCMpPaNcoarux 8io eiliHu, niokpecauguiu
ii ponv y Komnaekchomy 8i0HO8AEHHI, @ MaKodic suseumu eghekmueni cmpameeii peadinimayii, wjo 6a3yromocs Ha
PO3YMIHHI NCUXOHEBPONOTHHUX HACAIOKI6 mpasm Xpebma, 3 Ypaxy8aHHsIM MiNcOUCyUnAiHapHo2o nioxody 0o 8io-
HOBAEHHA NCUXIUH020 | Pi3UUH020 300D08° U000 CYHACHUX BUKAUKIB dcummesabe3newenns atoounu. Mamepiaau
ma memoou. 3acmoco8ano ncuxo0iaeHOCMuUYHi MEMoOUKU: ONUMYBANbHUK «3MIHA AKOCMI ICUMMs», 8i3YaNb-
HO-aHan0208y wKany o5 oyinku 6040, MMPI-2 oas oyinku ncuxonoeiunoeo cmamycy. Junamixy ouiniosanu 3a
ambynamopuum inoexcom R. Waters (0—3 6aru) ma cmamucmuunumu memooamu (SPSS, eepcis 22) ons 3a6e3-
neuenHs eipoeioHocmi pezynomamie. Jlis eusnauents peabinimayitinux nompe6 suxopucmarno wkaiu RCS, PCAT,
CNC ma PICUPS. O3naku mpaemysanHs 8u3Ha4au 3a 00NOMo2or diachocmuyHux memodie. Pesyrsmamu. 3a
pesyavmamamu 0ocaioncents, azpecusricms 3a MM PI-2 susienena na cepednbomy ma ucokomy pieusax. boaiy
CHUHI ma 20108HUll Oinb cnocmepiearomscs Ha 8UCOKOMY pieHi. Komnaekcruil nioxio do peabinimauii, 3okpema
@izuuna peabinimayis ma NCUXOKOPEKYis, CNPUSE CYMMEBGOMY NONINUIEHHIO PYXOB0I AKMUBHOCMI, 3HUICCHHIO
00110 Ma NOAINUWEHHIO AKOCMI JcUumms nayieumie i3 mpasmamu xpeoma. Bucnoeru. Pezyassmamu docaiocenns
c8iduams npo epeKMusHicmb KOMHACKCHO20 NIOX00Y, AKUL Micmumb QizuuHy peabirimayiro ma NCUXOKOpPeKyiro,
Y 8IOHOGAEeHHI nauienmis i3 mpasmamu xpebma. 3Haune nideuuieHHs NOKA3HUKa xoodu 3a indekcom Xaysepa (3
3,18+ 0,13 00 4,90 * 0,63) 6xazye Ha noainuwenHs pyxo8oi akmueHocmi, wjo 0036015€ NAUIEHMAM Nepecysamucs
6e3 cmopoHHbOI donomoeu exce uepes 10— 12 micsauie aikysanms. Asmopu nioKkpecaooms 8aicAugicms CKOOPOUHO-
8aHO20 NIKYBAHHS, IKe He auule nosecutye 6inb, ane il iIOHOBAHE PYHKUIOHANbHY AKMUBHICMb NAUIEHMIB, 3HAYHO
NOAINULYIOMU IXHIO AKICMb HCUMMAL.

KiouoBi ciioBa: neiiponcuxonoeiunuii nioxio; mpaemu xpedma; ncuxoKopekyis; pyxoea aKkmueHicms, KOMA-
JAeKcHa peabinimayis

Bctyn THCBKIi TocTpaXaajli 4acTo MaloTh HEBUAMMI YIIKOIKEH-

V 3B’3Ky 3 pi3KUM 3pOCTaHHSM IICUXiYHUX i TOBEdiH-  HS XpeOTa 4M KOHTY3ii TOJIOBHOTO MO3KY, 110 BILIMBAIOTh
KOBMX pO3JIaJliB uepe3 TpUBaly POCIHIChKY arpecito Ta iHIIi ~ Ha iXHiil eMOIiHNII cTaH, MOBEMAIHKY Ta XUTTS 3arajoMm,
colliaJibHi BUKJIMKY BUHUKJIA TTIOTpeda Meperyisiay MojieJiell  yCKJIaaHIoOIUM peadiiTallito, 110 MiIKpPecIioe BaXkIUBiCTh
OLIIHKM Ta BTPYYaHHsI B MCUXOJIOTIYHY JOMOMOTY. YKpa-  CIeliaJli30BaHOrO MiAXoay, 30KpeMa HelpOorncuxoaoriu-
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Hux BTpydaHb. [locTpaxkmani 3a3Br4aii MarOTh KiJibKa KO-
MopbOinHux rpodsieM (O. Dzekan, S. Dolynnyi, O. Fomin,
N. Fomina, N. Ordatii), 1110 ycKJIaTHIO€ TiarHOCTUKY YU
JIIKyBaHHS TaKUX CTaHiB, TOMY MOTpiOHA KOMIUIEKCHA pe-
abimiTallis 3a BciMa cKapraM, sika moTpeodye Mixraiy3eBoi
KooIIepailii (paxiBIIiB.

INcuxocomaTUuHe 310pOB’S Biflirpa€e KJIOUYOBY POJib Y
KUTTi OCOOMCTOCTI, axKe BOHO € BimOoOpakeHHSIM rapMo-
HIHOTO BKJIIOUEHHS JIIOMMHU B COLIIOKYJIBTYPHUM KOH-
tekcT. [IcuxonoridyHe 3mopoB’st He JIUIlie JO3BOJISIE MiATPH-
MyBaTH €MOILIiiiHy CTa0iIbHICTh, ajle i cripusie peai3aliil
KUTTEBUX IUIAHIB Ta 1Iijiel. ¥ mpausix Takux HayKOBIIiB,
sk C. Makcumenko, I. Apmasa, O. KokyH, I. Mo3srosa ta
IHIIIi, MiIKPECTIOETHCS, 1110 3a0e3MeYeHHS ICUXO0COMAaTUY -
HOTO 0JIaroIoJy4yusi € BaXJIMBOIO YMOBOIO FapMOHIITHOTO
PO3BUTKY. 30KpeMa, JOCSTHEHHSI ONTUMAaJIbHOTO TICUX0-
(YHKIIIOHAJIBHOTO CTaHy Ja€ 3MOTY JIIOAMHI He JIUIIIe J0J1a-
TH CTPECOBI CUTYalIii, a il pO3BUBATH CBili TBOPYMIA ITOTEHIIi-
ajl Ta gocsiraTv npodeciiiHux ycnixis. 1. Bi3HIOK cTBepmXKyeE,
110 HEMPONCUXOJOTIYHI MEXaHi3MM TICUXOCOMAaTUYHUX
MOpYyIIEHb B YMOBaX ITiABUILEHOI CKJIaAHOCTi 00YMOBJIEHI
KOMIUJIEKCHUM ITiIXOIOM Y 3aro0iraHHi eMOILiiTHOMY BH-
rOpaHHIO 0COOUCTOCT, 10 e(heKTUBHUX CTpATETiii 1Mo10-
JIAaHHSI YOTO HaJIeXaThb CTUMYJIIOBAHHS 3I0POBOTO CIOCOOY
KUTTS ((hi3ryHa aKTUBHICTh, 30alaHCOBaHE XapuyBaHHSI,
SIKICHUI COH) Ta PO3BUTOK HAaBUYOK CaMOpPEryJIsLIil eMOIIiii
JUISL ATPUMKM TICUXIYHOTO 3/I0POB’S i 3HUXKEHHS PU3UKY
ioro nopyueHHs. Came TOMY ICUXOCOMAaTUYHE 310POB’s €
OCHOBOIO TSI 30epeKeHHSI K (pi3UUHOI, TaK i IICUXOJIOTiu-
HOI piBHOBAru, a Moro miaTpuMKa norpedye KOMIIJIEKCHOTO
ITIXOMy, 1110 BPaXOBYE SIK IICUXOJIOTiUHi, Tak i (hi3iogoriuHi
acriektu [1—14].

3pocTaHHSs KiJIbKOCTI TpaBM 4epe3 BiliChbKOBI Iil ITiji-
KPECJIIOE aKTyaJIbHICTh HEHPOTICUXOIOTIUHOI JOTIOMOTH
noctpaxnaaum. Jlo BilHU OCHOBHUMU MPUUYMHAMU CITi-
HaJIbHUX TPaBM OyJU JOPOXHBbO-TPAHCIIOPTHI MPUTOIU,
MaaiHHS Ta CHOPTUBHI TPaBMU, TO[Ii SIK HUHI IepeBaKaloTh
BOTHEIaJbHI mopaHeHHs (1o 65 %). TpaBMuU € TPEThOIO
3a YaCTOTOIO TIPUYMHOIO CMEPTHOCTI ITiC/IsI cCepiieBO-Cy-
NUHHUX Ta OHKOJIOTiYHMX 3aXBOPIOBAaHb, 1110 POOUTH iX BU-
BUEHHS BAXJIMBUM ISl MEIMKIB YCix HanmpsimiB. CBoeuacHa
JiarHOCTHKA 1 LIBUAKA JOMOMOra € BUPIlIAJbHUMU JUISI
30epeXXeHHS KUTTS MOCTPAXKIAINX. 3POCTaHHS PiBHS HEl-
poTpaBMaTHU3My TaKOX 301JIbIITYE KiJTbKICTh MAIli€HTIB i3
TPUBAJIMMU HECBiIOMMMU CTaHAMU, OCOOJMBO Yepe3 Ha-
CiIKN 30pOMHUX KOHIIIKTIB, 1110 TTOTpedye MOCUIeHOT
yBaru 1o 1iei npoodaemu [2, 9].

HeiiporncuxomoriaHmii miaxia 10 IMCMXoCOMaTUIHUX M0~
pyiieHb (M. Paikush, S. Dolynnyi, A. Ordatii, R. Karimulin)
€ TIOTY>KHUM iHCTPYMEHTOM JIJISI pO3YMiHHST B3a€EMO3B’SI3KY
MiX cTpecoM i (¢izionoriyHUMKU 3MiHAMU B OpTaHi3Mi.
CrpecoBi ¢pakTopH, 0COOJMBO B yMOBaX HEBM3HAYEHOCTI,
30KpeMa IMaHjeMii, BiliCbKOBi KOH(IIKTA Y1 €eKOHOMIY-
Hi KpU3H, 3[aTHi BILTUBAaTU HA MO30K i HEPBOBY CHUCTEMY,
MPOBOKYIOUM BUHUKHEHHSI COMaTUYHUX CUMIITOMIB, SIKi
€ Bi1oOpaXXeHHSIM MCUXOJIoriyHoro THUcKy. Lleit miaxin mo-
3BOJIsSIE HE JIMIIIEe aHali3yBaTU TaKi MeXaHi3MU BIUIMBY, ajie
i1 pO3pOOJISITH cTpaTeriyHo e(heKTUBHI MEeTOIM Tpodinak-
TUKM Ta JIiKyBaHHs. BinmoBiAHO 10 1IbOr0 aKTyaJIbHICTh
HEMPOIICUXOJOTIYHOTO ITiIXOly CTA€ OCOOJIMBO OUEBUIHOIO

B YMOBaX Cy4YaCHUX BUKJIMKIB, KOJIM TICUXOCOMAaTUYHI PO3-
JlaJii MOCiJaloTh Barome Micue cepe npobsem 310poB’s.
BukopucraHHS 1IbOTO MiAXOLY CHPUSIE TAUOIIOMY PO3Y-
MiHHIO TOTO, SIK BIUTMBATH Ha CTaH JIIOJMHU, TOTTOMararoumn
30epiratv 6ajaHC MiXK ICUXiYHUM i (Pi3UYHUM 300POB’SIM,
3aI100iralouy IOTipIIEHHIO CTAaHy B YMOBaX cTpecy. Takum
YHOM, LIeH MiJXiJ € He JMIlle iIHCTPYMEHTOM PO3YyMiHHS, a
11 OCHOBOIO 117151 MOOYIOBY AIEBUX CTPATETIii, aalTOBAHUX
IO CydacHUX peautiii [2, 3].

Mera cTartTi: 1OCIiIUTA 3HAYEHHS Ta MPAKTUYHY pe-
aJiizallito HepOIICUXOJIOTiUHOT JOTTOMOTH TSI TIOCTPaXK-
JaIuX Bill BiliHU, MiAKPECIUBIIIH ii POJIb Y KOMILIEKCHOMY
BiTHOBJIEHHI, a TAKOX BUSIBUTHU e(heKTUBHI cTparerii peadi-
JliTaltii, 1o 6a3yThcs Ha pO3YMiHHI IICUXOHEBPOJIOTTYHUX
HaCIAKiIB TpaBM XpeOTa, 3 ypaxXyBaHHSIM MiKOUCLIUATLIi-
HapHOTO ITiIXOIy 10 BiTHOBJIEHHS ITCUXIYHOTO i (hi3UYHOTO
310POB’S OO0 CYYaCHMX BUKIMKIB XUTTE3a0e3MeUeHHSI
JIFOIVHU.

Huni npobaema TpaBM xpedTa B YKpaiHi HaOyBa€e 0co-
01MBOTO 3HAYEHHSI, OCKIJIbKY KiJIbKICTh TAKUX BUTIAJKiB
3HAYHO 3pocja Ha Tji BilicbkoBux aiit. lllopiuHo pee-
cTpyioTh 6;113bK0 1500—2000 BumaakiB TpaBM xpebTa, 110
CYNPOBOJIXYIOThCS HU3bKUM BiJICOTKOM (PYHKIIIOHAJIBHO-
ro BimHOBJIeHH MalieHTiB. 3a tanumMu BOO3, noka3Hu-
KU TpaBMaTHU3allil CIMHHOTO MO3KY J0csraloTh 33 ocid Ha
100 Tucsty HaceneHHs, i3 IKUX 77 % CTaHOBIATH YOJOBIKHI
Mpare3naTHOTO BiKy, OCHOBHUU IiK TpaBMaTU3My MpPU-
nanae Ha 29—39 pokiB. OgHaK TOYHA CTAaTUCTUKA 11010
VkpaiHu B yMOBax BOEHHOTO KOH(MJIIKTY 3aJMIIAETHCS
HEI0CTaTHbO BUBYEHOIO Ta MOTPeOyE NOMATKOBUX J0-
crimxeHs [1, 7].

TpaBmu xpedra (O. Dzekan, K. Bonoxara, C. [lonuH-
Huii, O. Pomalllyk) € Haa3BU4YailHO HeOE3MeYHUMM ISt
ONTUMAaJbHOTO (PYHKIIIOHYBAaHHS OpTaHi3My, 0OCOOJIMBO
B MOCTTpaBMaTUYHUL nepioa. CTyMiHb ypaxeHHs Xpeo-
Ta 6e3IrocepeaHbO BIUIMBAE HA IIpoIec peadimiTallii: Yyum
BUIIIE JIOKaJi3allis TpaBMU, TUM OiIBIINIA PU3UK TTOPYLIEHD
XKUTTEBUX (yHKIUiH (Tabj. 1), 110 3yMOBJIIOE 3HAUYHi He-
raTUBHI HACJiKU, 30KpeMa iHBaJiIn3allito naiieHTa, sika
CYMPOBOXKYETbCSI OOJBOBUM CUHIPOMOM, MOPYILIEHHSIM
YYTJIMBOCTI, CKYTICTIO M SI3iB, DUC(PYHKIIIEI0 BHYTPIIIHIX
OpraHiB TOIIO0. Yce 1ie MoTpedye iHAMBIAyaTbHOTO i IXOY
IO JIiIKyBaHHS ¥ peabimiTallii, 1110 BpaXOBY€E CTYIIiHb YIIKO-
JKEeHD i crieliniky CUMIITOMATUKU KOXHOTO TallieHTa.
3 omisiAy Ha 1€ aKTyaJTbHUM € BIOCKOHAJEHHS MEIUYHOI
IIOTIOMOTH i pealimiTalliifHUX IIPOTOKOJIIB JJIST TAKUX I10-
crpaxnanux [12].

Tpodiuni mopyieHHS (TIpoJexkHi, TpodidyHi BUPa3KM)
YCKJIATHIOIOTH Tepe0ir, 110 MOXe MPU3BOAUTU 10 PyOIo-
BaHHSI, apaxHOIAUTY, MEHIHTITY, eImimypaibHUX a0CIIeciB i
HAaBiTh JICTAILHUX HACTIIKIB yepe3 iH(eKIIil.

3aKpuTi TpaBMU CIIMHHOTO MO3KY OOYMOBIIIOIOTh TAKOX
Taki o3Haku [3, 5, 7]:

1. ucnrokayiinuil cunopom — BKIIMHEHHSI CTPYKTYP MO3-
KY, 1110 CTUCKAIOTh IOBFaCTU1 MO30K UM HIXKKY CEPETHbOTO
MO3KY.

2. CninanvHuil wiok — TUMYACOBE TaJIbMyBaHHSI (PYHKITIl
HEHPOHIB CTMHHOTO MO3KY.

3. Habpsak cnunHoeo mM03Ky — KOMIIPECisi HEPBOBUX
CTPYKTYpP uepe3 HAaKOMMYECHHS PiIUuHMU.
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VikomaxXeHHsT KiIHChbKOTO XBOCTa MPU3BOIUTD 110 ip-
paniauii CMMITOMAaTUYHUX HEBPAJITI yepe3 aHaTOMIYHY
Ta (YHKIIOHAJIbHY POJb CTPYKTYP KiHIIEBOI YaCTUHU
cnMHHOTO MO3KY. KiHChKMIT XBiCT — 11€ CYKYITHICTb He-
PBOBHUX KOPiHIIIB, IO MPOXOASITh Y HUXKHBOMY Biaaini
XpeOeTHOTO KaHaily. Y BUMAAKY YIIKOIXKEHHS a00 KOMII-
pecii IMX HepBOBUX KOPiHIiB BUHMKAE MOPYIIEHHS Me-
penadi iMITyIbCiB, IO CIPUIMUHSIE 0OJIi, SIKi MOXYTh I10-
W PIOBATUCS] B HUKHIO YACTUHY CIIMHU, Ta30BY HiJISTHKY,
CTeTHa Ta HUXHI KiHIiBKU. Takuii MexaHi3M MOB’si3aHU I
3 PO3BUTKOM HeBpaJTii BHACTIZOK IMoApa3HeHHs abo
YUIKOJXE€HHSI HEPBOBMX KOPiHIIiB KiHCHKOTO XBOCTA.
HeBpasriuHi 60J1i MOXYTb MaTH ippaiilol0umii XxapakTep,
TOOTO MOIIMPIOBAaTUCS B AUISTHKU, iHHEpBOBaHi ypaxe-
HUMU HepBaMH, 1110 MMiIKPECII0€ BaXJINBICTh CBOEYACHOT
NiarHOCTUKHU Ta KOPEKIil TaAKMX CTaHiB, 1100 YHUKHYTH
OpOTPEeCyBaHHS CUMIITOMIB i 3a0e3MeYnTu e(heKTUBHE
JikyBaHH# [4, §].

IlcuxonoriuHi ckapru, IMoB’sA3aHi 3 ypaxkeHHSIM XpeoTa,
MOXYTb BKItouaru [9, 13]:

1. XpoHiuHUI1 cTpec i TPUBOXKHICTD (Yepe3 MOCTIMHMIA
Oi1b i OOMEXEeHHS pyXJIMBOCTI).

2. Jlenpecito (BUKJIMKaHa BTPATO 3BUYHOTIO CIIOCOOY
JKUTTS a00 mpale3qaTHOCTI).

3. TTouyTTst 6e3nopagHOCTI (Yepe3 3aIeKHICTh Bil iHIIMX
y MOBCSKIAEHHOMY XKUTTI).

4. 3HIDKEHHS CaMOOIIHKY (Yepe3 Pi3maHi 0OMeKeHHST
a00 3MiHY 30BHIllIHLOTO BUTJISITY).

5. IloctrpaBmaTuunuit ctpecosuii posnan (ITTCP) —
0COOJIMBO y BUIAJKaX TpaBMyBaHb, OTPUMAaHUX YHACTIIOK
OoioBUX Ail.

Cnoci6 xuTTs Ta ¢izuyHa aKTUBHICTh, O€3YyMOBHO,
BaXKJIMBi AJ1s1 300pOB’Sl CIIMHU ¥ MpaBUJIbHOI MOCTaBU.
IIpore Bunagku, Koau HaBiTh aKTUBHUIH i 3MOPOBHIL CIIO-
Ci0 XXUTTS He 3amo0irae po3BUTKY CKOJII03y UM TPaBM Xpeb-
Ta, BKa3yloTb Ha Te, 10 (Pi3uuHi pakTopy — HE €TUHUNA
BIUIMBOBUI YMHHUK. Y TaKUX CUTYyallisIX BApTO BPaxoOBy-
BaTU MOXKJIMBI IICMXOCOMATUYHI MIPUUNHU, SIKi MOXYThb
HEOUYeBUIHO BIUIMBATH Ha CTaH XpeOTa. 3 TOUYKHU 30pYy MCH-
XOCOMAaTUKU, XpebeT € He Juliie (pi3nUHOI0 OTIOPOIo Tijla, a
I CMUMBOJIOM BHYTPIIIIHBOI BIIEBHEHOCTI, 3aXUIIEHOCTI Ta
cTilikocTi. Konu qronnHa BiquyBa€e HeCcTaOilbHICTh, He-
BIIEBHEHICTb a00 mepeOyBa€e B yMOBaX CTPECY, 1ie MOXKe
BILJIMBATH Ha M SI30BUIi TOHYC, ITOCUTIOBATH HATIPYKEHHSI

a00 CIIPUMYMHSTU 3MiHU B IIOCTaBI, III0 B JOBTOCTPOKOBIIA
MepCHeKTUBI MOXe NPU3BOAUTHU 10 PO3BUTKY CKOJIiO3Y YU
iHmmx npooduem |3, 7].

Posrasinatoun xpeGeT yepe3 mpu3mMy McuxXoCcoOMaTUUHUX
MopyIlIeHb, 3a3HaYMMO, 110 Pi3Hi Oro BiAAiIM MOB’sa3aHi
3 eMOLIMHUMM Ta TICUXIYHUMU acrieKTamu. Hampukman,
Mpo0JieMHr Y BEpXHbOMY BiUTiJli MOXXYTh BKa3yBaTH Ha Tsrap
BiAITOBiZAJILHOCTI, 2 B HIDKHBOMY — Ha BiIUyTTs HecTa-
Yi MATPUMKU 41 O6e3meku. ToMy HaBiTh 3a ONTUMAaTbHUX
yMOB (Di3MYHOTO JOTJISIAY IICUXOJIOTiIUHI (haKTOPU MOXYTh
MaTH BUpilIaJibHE 3HAYEHHS IS 3M0pOB’ S XpebTa. Y Ta-
KMX BUMA/Kax BaXJIMBO BPaXOBYBaTH MICUXOJOTIYHUMN CTaH
JIIOAWHU, aJI)Ke TapMOHIMHUMN TICUXOEMOLIHHUI CTaH €
YAaCTUHOIO 3arajibHOTroO 3M0pOB’sl cUHU. EMouiitHuii Ta
TCUXOJIOTIYHMI CTaH Oe3MocepeHbO BILUTMBAE HA 310POB’sI
XxpebTa, OCKIJIbKM XpeOeT CUMBOJII3Y€E OIOpPY, CTA0UIbHICTh
Ta CTilikicTb. Jltoau, siKi 6epyTh Ha cebe HaaMipHY KiIbKiCTh
000B’SI3KiB, YaCTO CTUKAIOTHCSI 3 XPOHIUHUM HaTPYKEHHSIM
M’S13iB CIIMHM, 110 MOX€ MOPYIIyBaTH ii MPUPOAHE I10JI0-
xkeHHs. [TocriitHuii cTpec i HeraTUBHI €MOIlii CTBOPIOIOTH
BHYTPILIHIO HAMPYTYy, SIKa MOCTYIIOBO MO3HAYAETHCS HA
¢yHKuionyBaHHi XpebTa [1, 14].

Komu eMoliitHuii Trap crae HanMipHUM, (i3u4Ha BTO-
Ma i Hampy>XeHHS MOXYTb JIOCSITTA KPUTUYHOI TOUKH, 1110
TMiIBUIIYE PU3KK TPABM — BiJl TIEPEJIOMiB JI0 3CYBiB UM Tpi-
LIMH. Y I0POCINX 1€ YACTO MPOSIBISIETbCS Y BUIJISIA CYTY-
JiocTi a00 00JT10, 1110 3’ ABJISIETHCS SIK peakKilisi Ha CTpec i He-
CIPOMOXHICTb CIPABJIATUCS 3 EMOLIIHHUMU MPOOIeMaMu.
V miteit Taki mposIBU MOXYTh OyTU BUKJIMKAHI BiTUyTTSIM
HecTayi MiATPUMKHU 3 O0KY 6aTbKiB UM CTPaxOM BTPATUTU
EMOIIi{HY OITOpY, 110 MiAKPECIIOE BaX/IMBICTh ypaXyBaHHSI
TCUXOCOMATUYHUX TIPUUMH Y KOMIUJIEKCHOMY TIiIXO/i 10
310pOB’s XpebTa. [apMoHi3allisg eMoLiiiHOro cTaHy, ITiI-
TpUMKa OJU3bKUMU JIIOJIbMU Ta 3HUKEHHSI PIBHS CTpecy
MaloTh OYTU CKJIANOBUMU MPOMiNaKTUKU 1 JTiKyBaHHS 3a-
XBOPIOBaHb CITUHU.

MarTepiaAu Ta meToamn

INcuxomiarHocTUKa YIIKOIKEHb XpeOTa € BaxKJIUBUM
eTarioM KOMIUIEKCHOIO MiJIX0ay 10 JiKyBaHHs Ta peadi-
JIiTalii mamieHTiB i3 TpaBMaMu. BoHa cripsiMmoBaHa Ha BU-
SIBJIEHHSI TICUXOJIOTIYHUX, KOTHITUBHMX i EMOLIIAHUX 3MiH,
CIPUYMHEHUX TPAaBMOIO, a TAKOXK Ha OLIIHKY 30aTHOCTI ma-
IiEHTa aIarnTyBaTUCS 0 HOBOTO XUTTEBOTO CTaHy. Taki

Tabnuys 1. KniHivHui nepe6ir TpaBm xpebTa i CMTMHHOro MO3Ky

Mepiogn nepebiry

XapakTepucTuka ckapr

locTpuii nepiod (2—3 gHi)

CwvnbHWIA 6inb B AiNaHLi XpebTa, HeBPanris, 3HVXXEHHS M'A30B0i CMNW [0 napanivy,
CEeHCOpHI poanaau, NopyLLIeHHs (PyHKLiA opraxis masoro Tasa. lNpu cTpyci cnvHHo-
ro MO3KY CUMMTOMW 3HMKalOTb NPOTAroM 3—5 fHis

PaHHiln nepiof (2—3 TWXHI)

HEeHHSA

CvHOpPOM NOBHOrO NOPYLLEHHS NPOBIAHOCTI, B’ANWIA Napaniy, BTparta pednekcis
i YyTNMBOCTI, NOPYLLUEHHS (DYHKLIN Ta30BMX OpraHiB, MOXNMBI iIHPEKLiNHI ycknag-

MpomixHun nepiog (2—3 micsauj)

HeBpanrin

YacTkoBe YLIKOOXXEHHS CMIMHHOrO MO3KY CYyrnpOBOOXKYETHCSA NOCTYNOBUM BifHOB-
NEeHHAM (PYHKLIM; NPy NOBHOMY YLUKO[KEHHI — MNiABULLEHHSA M'A30BOI0 TOHYCY.
YWKOOKEHHS1 KIHCbKOro XBOCTa Npu3BoanTb A0 ippagiauii cMMNTOMaTUYHUX

Mi3Hi nepiog (> 3 micsaui)

CMNHHOIo MO3KY

CnocTepiraeTbcs BiGHOBNEHHS HEPBOBOI NPOBIAHOCTI 3aNULLKOBUX dparMeHTiB
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YIIKO/KEHHS YaCTO CYMPOBOIKYIOTHCSI CTPECOM, JETIPECi-
€10, TPUBOXHICTIO, 3HVXKEHHSIM CAMOOLIIHKHY i MOYYTTIM
0e3MopagHOCTi, 0COOJMBO SKIIO MALiEHT CTUKAETHCS 3i
3HaYHUMU OOMEXEeHHSIMHU y pyHKLioHyBaHHi. [Tcuxomiar-
HOCTHMKA J03BOJISIE OL[IHUTHU: PiBEHb MTCUXOJOTIYHOTO M-
cTpecy; HasiBHICTh IICUXOCOMATUYHUX TPOSIBiB, 30KpemMa
XPOHiYHOTo 00.110; MOTUBALIiIO A0 JIIKyBaHHS U peabiiTaltii;
KOTHITUBHI QYHKIIIi, IIT0 MOXYTh OyTH MOpPYIIEHI Yepe3
TpaBMy abo cynyTHi ctaHu. OTpruMaHi 1aHi 1ornomMaralTh
JIIKapsIM i IICUX0JI0raM PO3pO0OUTH MePCOHATI30BaHUIM IJIaH
peabiniTalii, SK1ii BpaXxoBye eMOLIIMHUIA CTaH ITalli€HTa,
ioro couiasbHi MOTPeOU i MOXKIMBOCTI JJ151 BiMHOBIEHHS,
1110 TMiACKITIOE e(heKTUBHICTD MEAMYHUX (Tab1. 2) i Icuxo-
coliaJIbHUX 3aXO[iB, CIIPUSIOUHU K (hizUuHOMY, TaK i Mcu-
XOJIOTIYHOMY OJ1y>KaHHIO.

[ToTpedOu peabiniTauii 3ajexaTh Bif BIKOBUX i COLli-
aJIbHUX O0COOJMBOCTEH Malli€HTIB, aIXe KOXXHa rpymna
Mae cBOi (YHKIIIOHAJbHI OYiKyBaHHS Ta MPiOPUTETH.
st Mmonioi epeKTUBHUM € BiTHOBJIEHHSI aKTUBHOCTI Ta
Mnpaue3aaTHOCTI, TOi SIK JJIsl JIITHIX JIIo/ielt IPiopUTETOM
€ 30epeXeHHSs He3aJeXHOCTi Ta SIKOCTi XUTTs. TpaBma
Ma€ JaJeKOCSKHUI HeraTUBHUM BIJIMB Ha (i3uyHe Ta
NCcUXOoJIoTiyHe Oarorojydys JwoauHu. BoHa yckiaan-
HIO€ 0a30Bi QYHKIIii, 30KpeMa pyx, AUXaHHsI, KOBTaH-
Hsl Ta MOBJICHHS, 1110 CYTTEBO OOMEXYE aBTOHOMHICTb.
J10 TOTO XX XpOHiYHUI OOJBOBUI CUHAPOM i MOPYIIEHHS
YYTJIMBOCTI MiCWIIOIOTh CTPAXJAaHHS, CIIPUSIOUUN PO3-
BUTKY TPUBOXHHUX a00 AenpecuBHUX cTaHiB. [lcuxoio-
TiYHi HACTiAKMA TpaBMU HEPIIKO BIIMBAIOTh Ha 3MaTHICTh
IO CITiIJIKYBaHHSI, CAMOBUPAXEHHSI, a TaKOX (POPMYIOTh
couianbHi 6ap’epu. Taki TpyaHOII He JIMIIIE 3MiHIOIOTh
MCUXOJIOTIYHUM CcTaH, ajie 1 MPU3BOASTH 10 COILlialb-
HUX Ta ¢piHAaHCOBMX MpOOJeM yepe3 BTpaTy Mpale3aarT-
HOCTIi ¥ 30ibIIIeHHS 3aJIESKHOCTI BiJ TOITOMOTH iHIINX,
1110 TiIKPECTI0€ HEOOXiMHICTh iIHAUBIAYaJIbHOTO ITiAXOMY
o peabiniTawii, IKUI OXOIIIOE (pi3MUHi, IICUXOJIOTIUHL
i colliaJibHi acreKTu BiTHOBJIEHHS A5 3a0e3MeUeHH s
KOMILJIEKCHOI IMiATPUMKM KOXHOTO Malli€HTa.

1. BiszHIoK 3a3Havae, 10 YCHIITHICTh IICMXOKOPEKIIil Ta
Tepalrlii OL[iHIOIOTh 33 PErpecoOM HEBPOJIOTIYHOI CUMIITOMA-
TUKU Ta BiTHOBJICHHSIM YyTJIUBUX i pyXOBUX (QYHKIIii1 Xpeo-
Ta. Xo4a iHomi Taki quchyHKIIIT 3aIUIIAIOThCS i MalliEHTH
4YacTO MOCTYIOBO MOBEPTAIOTHCS 10 AKTUBHOIO XUTTS 3a
YMOBU HaJIEXKHOI IICUXOCOLIaIbHOI TOTIOMOTHY Ta peadisti-
Tauii [6, 9, 10, 12].

Ilin yac mocmimkeHHsT 00CTexXeHO 173 pecIoOHIeHTH 3
TpaBMamu nonepekoBoro (L1—L4) ta kpuxoBoro (S1—-S5)
BimminiB xpeOTa 0e3 ypakeHHSI CIMHHOT'O MO3KY, CepeIHiii
BiK — 34,63 £ 3,53 poky, 58 oci6 mayiu Gijib Ha piBHI TpaB-
MU, 34 — NOMipHUI BIUIMB TPaBMU; XBOPi 3BepTaIUCs B
TOB «UenTp BinHoBieHHs xpedTa-AKCIC» Ta 1o BMKI]
P, M. BinHu1, 3i ckapramMu Ha yIIKoIxeHHs XpeoTa. 3a-
rajibHa BubOipka ctaHoBuMIa 265 oci6. Yci pecrioHaeHTH ganu
3rojly Ha y4acTh y JOCTiI>KeHHi. BuKopucTaHo Taki mcuxo-
MiaTHOCTUYHI METOIMKU, SIK OIIUTYBAJIbHUK «3MiHa SIKOCTIi
SKUATTS», OTIMTYBAJIbHUK 32 Bi3yaJlbHO-aHAJIOTOBOIO IIIKAJI00
(BAIL) ns ouinku 601p0Boro cuHapomy Ta MMPI-2 s
OLIIHKM TICUXOJIOTiuHOro crarycy. O1iHIOBaHHS TUHaMI-
KM TIPOBOAMJIM 32 aMOy1aTopHUM iHaekcoM R. Waters, 1110
BKJI04ae 4-0anpHy mkamy: 0 — mierist; 1 — moMipHMIA
napaiiy; 2 — BUpaxXeHU# napes; 3 — jerkuit mape3 abo
HopMa. 3aCTOCOBYBaJIM MaTeMaTUUHy cTaTUCTUKY (SPSS,
Bepcist 22), 1110 T03BOJISIE IKICHO 00pOOUTH OTpUMaHi JAaHi,
3a0e3Meuyloun BipoTiaIHiCTh pe3yabTaTiB. MeToauKa BU-
3HAYeHHS iHTEHCUBHOCTI 00IbOBOTO cuHApOoMYy 3a BAILI
MOJIATa€ Y BUKOPUCTAaHHI JiHii moBxuHoto 10 cm, ge 0 cM
o3Havae «0omo HeMae», a 10 cM — «HeCTepHHU OiTb».
[lamieHT cTaBUTH MO3HAYKY Ha JIiHil, sIKa BiAMOBiga€ Horo
BimuyTTsaM Oosr0. Jlikap OLliHIOE iHTEHCUBHICTh 3a pO3Tallly-
BaHHSM 11i€l mo3Havyku. L5 mkana mmupoko BUKOPUCTOBY-
€ThCSI U151 OLIIHKM TOCTPOIO Ta XPOHIYHOIO 0010, a TAKOX
IIJIST MOHITOPUHTY e()eKTUBHOCTI JIIKyBaHHSI.

Ouinka peabifiTauiiiHux nmorped nauieHTa (axibus-
MU MYJBTUIUCUMILTIHAPHOI KOMaHIU BKJIIOYA€E iHOUBIMY-
aJbHUIA aHauli3 (i3UYHUX, KOTHITUBHUX i TICUXOJIOTIUHUX
(yHKIIIl 3 ypaxyBaHHSIM TpaBMU IOJIOBU Ta iHIIMX YIIKO-

Tabnuys 2. MeToau BiarHOCTUKK YILKOAXEHb XpebTa

MeToau piarHOCTUKK

XapakTepuctuka

YneTpassykosa gonnneporpadis ’6ECTPY
riYHi 3MIHW CyanH

PeecTpye HanpsAMOK i LWBUAKICTb KPOBOTOKY, AO3BONSAIOYM OLHUTM MOPKOSIO-

[ynnekcHe fonnnepiscbke cKaHy-
BaHHs!

Bisyanisye cyanHun, BUSBNSE NATONOrii CTIHKM Ta NPOCBITY (6NALLKM, CTEHO3)

TpaHckpaHianbHe aynsiekcHe cka-

HYBaHHs1 TOKY

Jocnigxye iHTpakpaHianbHi cyanHu, BUMIPIOE AiaMeTp Ta LWBUAKICTb KPOBO-

Komm'toTepHa Tomorpadis T
BaHHI

PeHTreHiBCbke 306paXKeHHs OpraHiB i TKaHWH, iIHhOpMaTUBHE MPU KOHTPacTy-

Enektpomiorpacis

AHanisye enekTpu4Hi noTeHuianm M’a3ie Ana BUSHAYEHHS PIBHA YpaXKeHHs

MarHiTHo-pe3oHaHcHa ToMorpadis

YiTko Bidyanisye 3pian MO3Ky, fonomMarae gudepeHuiroBaTi pisHi 3axBopro-

CTPYKLU,in

BaHHS

AHriorpadis AHani3 cyguH rofioBHOMO i CMMHHOIO MO3KY 4151 BUSIBNIEHHS NaTosOori, Hanpu-
Knag aHeBpu3m ym TpoM60o3y

Mienorpadis KoHTpacTHe gocnifXeHHs NiKBOPHUX LUAAXIB ANA BUABAEHHSA MYXSIMH YM 06-

CnoHgunorpadis

PeHTreH xpebTa Ana BUABNEHHS aHOManin, YLIKOAXKEHb Y/ OeCTPYKLii XpebLis
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Tabnuuys 3. uHamika cunn M’A3iB KIHYIBOK rpy YLLIKOAXEHHI NOMnepeKoBoro 1a KpMXoBoro BiaAiny xpebéta
nicns nenxokopekuyii (n = 173)

Cwna m’asiB, 6anu (p < 0,05)

CymapHa cuna m’s3iB

BepxHi KiHLiBKY

HwuXHi KiHWiBKK

o Micnsa o Micnsa
M’aaun nneya, nepegnniyysa Ta KACTI 5,42 + 0,78 6,62 + 0,92 12,34 + 0,52 17,30 + 1,63
BigsigHi M’A3u, 3rnHadi Ta posruHadi
cTerHa Ta rominok 4,23 +0,18 5,22 + 0,62 14,43 + 0,42 18,54 + 1,73

IKeHb. JloydyeHo Takux (paxiBIIiB: Xipypru, peaditiToaoru,
eproteparneBTH, (dizioTepaneBTy, Ai€TOIOTH, TICUXOJIOTH,
dapmartieBtu Toio. OCHOBHUMU 3aBJaHHSIMU TCUXOiar-
HOCTUKM OyJIM TaKi: KOHTPOJIb 00JII0, YCYHEHHS iH(eKIIil,
TypOOTa PO MCUXOJOTIYHUI CTaH, 3a0e3MeUeHHS JOCTYIY
110 3ac00iB KOMYHiKallii, BUPIIIEHHST TMTaHb a0CTUHEHIIi1
Ta MEAMKAMEHTO3HOI MinTpuMKu. Takox Opaiu 10 yBaru
MonepeaHii cnocio XUTTA, MOTUBAILil0, IPIOPUTETH I ITiH-
HocTi naiieHTa. 1151 BusHaueHHs pealiiTaliiiHux moTped
BukopuctaHo mkaau RCS, PCAT, CNC ta PICUPS. O3Ha-
KUY TpaBMYyBaHHST BUBHAYAJIN 3a JIOTTIOMOTOIO JiarHOCTUIHUX
METO/IiB, 3a3HaUEHUX y Ta0JI. 2.

ButskiHHS mocTpaxkaaaux 3 YIIKOIKEHHSIMU XpeoTa
JTIO3BOJIMJIO 3IIMCHUTHY peadijliTalliio 3a CIIeliaJbHOIO IIPo-
1lenypolo, sgka nepeadayvae XopcTKy (pikcallito rojaoBu Ta
1IUT B OJJHOMY TIOJIOKEHHI, YHUKHEHHS PyXiB XpeOTa, BU-
KOPHUCTaHHSI CIeLiaIbHOTO IMTa 3 peMeHsIMM TSl pikcalii.
3acobu peabimiTallii 3acTocoByBaiu BigmoBigHo 1o Haka3zy
MO3 Ne 317 Bix 13.06.2008 «ITpo 3aTBepIKEeHHS KITHIYHIX
MPOTOKOJIiB HaJaHHS MEIUYHOI TOITOMOTH 3a CreliaJbHic-
110 «Helipoxipyprisi».

Takuii miaxin rpyHTYEThCS HAa HEOOXiMHOCTI OLIIHU-
TH ¢(PEeKTUBHICTD JiKyBaHHS Ta peadimiTamii B TUHAMILI:
nepen rocmiTanizalieo NpoBeAeHHS MEPBUHHOTO 00CTe-
JKeHHS IS BU3HAYEHHST TSKKOCTI CTaHy, BUOOPY OTTH-
MaJIbHOI TAKTUKM JIiIKyBaHHS Ta MPOTHO3YBaHHSI; yepe3
40—50 ni6 3nificHeHHs TOBTOPHOTO OOCTEXKEHHS, SIKE 10-
3BOJISIE OLIHUTHU AUHAMIKY CTaHY, 30KpeMa peaklililo Ha
JIiIKyBaHHsI, CTa0ibHICTh 3MiH i MOXJIMBICTh MOAAJbIIOL
KOpeKIii peabimiTallifHUX 3aXO/iB; OlliHKa dyepe3 1 pik,
1110 A€ 3MOTY OOAYUTH JOBrOTPUBAJTI PE3ybTaTH, IXHIii
BIUTMB Ha SIKiCTh KMTTS, a TAKOX JiTU BUCHOBKIB I10J0
e(PeKTUBHOCTI 00paHOro MiIX0My Ta HEOOXiMHOCTI amar-
Talii MaitOyTHIX mporpam JiKyBaHHs. Takuii MeToAUYHUI
Mminxim mormmomarae 3a0e3IeunTy iHAWBiTyaTi3oBaHuii i cuc-
TEMHUI KOHTPOJIb 32 CTAHOM TalliEHTIB.

PesyAbTaTH

XapaKTepUCTUKY PyXOBOI MisUTbHOCTI BU3HAYAJIM 32 iH-
JIEKCOM Xonu Xay3epa, 1110 OLliHI0€ MOOLTBHICTB i MOTpely B
OiATpUMYyBaJIbHUX 3aco0ax. 3a pe3yabraTaMy BUMipIOBaHb
3MilICHEHO TCUXOKOPEKIIit0, rocmiTaiizalito Ta GisuyHy Te-
parmito (KiHe3io-, MaHyasibHa, Redcord, ynapHo-XBUIbOBA,
TeimyBaHHsI, eproH- i DNS-tepamist). Y mamieHTiB 3 ymko-
JKEHHSIM XpeOTa i IucyYHKITE KiHIIIBOK CIIOCTEPIiraaocst
MHOJIiNIIeHHS (PYHKIIiM BEpXHiX Ta HIDKHIX KiHIIIBOK: Bim 1,2
1o 16,49 % 3anexHo Bix crany (p < 0,05).

Takum ynMHOM, pe3yabTaTU AOCIIAKEHHS IoKa3aiu
CYTTEBE MOJIIIIEHHS CTaHY TMAIi€HTIB 3 YIIKOKEHHIM

intermediate level

max level

e r

0 1 2 3 4 5 &

TMomkomraenna xpebra 6e3 ypasenns CM  ®TTomipmmit sioms Tpasssr (n=34) 8 Bims ma pinni Tpassa (n=58)

PucyHok 1. JuHamika iHTeHCUBHOCTi 60/1bOBOIro
CUHAPOMY B AOCHiAXYBaHUX

XpeOTa Tics rocniTaizanii Ta cuxokopekilii. [TokazHuk
XOIIM 3a iHAeKcoM Xay3epa 3HauHo 3pic (3 3,18 = 0,13 no
4,90 £ 0,63), 110 CBiTYUTH TIPO BiTHOBJIEHHS PYXOBOI aK-
TUBHOCTI Ta 34aTHICTb NIepecyBaTUCs 0e3 JOMOMOTH iHIINUX
yepe3 10—12 MicsiiB JgikyBaHHs. I[HTeHCUBHICTH 0010 3a
BAII TakoxX MOMiTHO 3MeHIIMIACS: Oijib Yy 30Hi TpaBMU
3HU3uBCA 3 4,25 = 1,37 no 1,24 £ 0,92 Gana, a HIKYE Bif
piBHs TpaBMu — 3 4,53 = 1,32 no 2,17 + 1,73 Gana. Y na-
LIIEHTIB i3 HOUMUENTUBHUM 00JIeM BiOYJIO0CS CYyTTEBE IO-
JIETIIIEHHS Yepe3 3aro€eHHS TKaHWH. [1pu HeliponaTuaHOMY
00J1i TaKOXX OYJ10 Bil3HAYE€HO 3HMXKEHHST iIHTEHCUBHOCTI,
Xo4a 3MiHU OyJIM MEHINI BUpaXeHUMMU. Taki pe3ynabTaTtu
MiAKPECTIOITh BaXKJIUBICTh KOMIUIEKCHOTO MiAXOAY J0 Jii-
KyBaHH:, 30KpeMa (hpi3uuHOI peadiiTallil Ta MICUXOKOPeK-
1Ii1, TSI JOCSITHEHHS 3HAYHOTO ITOJIIIIIeHHS IKOCTI XKUTTS
TMAaIi€HTIB.

Pesynbpratit moCaimKeHHS ITiATBEPIXKYIOTh e(PEKTUB-
HICTb TocmiTajizallii Ta TCUXOKOPEKIIil y Mali€eHTiB 3
VIIKOIXKEHHSIM XpeOTa. 3HauHe 3HMKEHHS iHTEeHCUBHOCTI
6oumio 3a BAIII sik Ha piBHi TpaBmu (3 4,25 + 1,37 no 1,24
*0,92), Tak i Hmxxue (34,53 £ 1,32 10 2,17 £ 1,73) BKazye
Ha MO3UTHUBHY IWHAMIKY 11100 (hi3MYHOTO CTaHy TMallieH-
TiB. OcO0IMBO BUpaxkeHe MOJETIIeHHsI CIIOCTepirajocs y
Mali€HTIB 3 HOLMIIENITUBHUM 0OJIeM 3aBISIKU 3aTOEHHIO
TKAHWH, TOJi SIK 3HVDKEHHSI HEMPOMaTUIHOTO 00110 0Yy10
MEHII TIOMITHUM, ajie BCe X BaxJIMBUM. KoMmIiekcHMit
Miaxin, 1o BKiIoYae QizuuyHy peabiniTalliro Ta ICUXOKO-
peKililo, ToKa3aB BUCOKY €(peKTUBHICTh Yy IOJiMIIEeHHI
SIKOCTI XKUTTSI MALliEHTIB Ta BiTHOBJAEHHI iXHbOI (PYHKIIiO-
HaJIbHOI aKTUBHOCTI.

Pesynbrati ikyBaHHSI IEMOHCTPYIOTh CYTTEBE 3HUXKEH-
HS IHTEHCUBHOCTI 00JTIO Y MallieHTiB. Y XBOPUX 3 JIOKAJTi3a-
1i€ero 00JII0 Ha PiBHI TpaBMU CIIOCTEpiraaocs 3Ha4YHE MO-
qinmeHHs (34,25 + 1,37 no 1,24 + 0,92), 1110 MOSICHIOETHCS
MPUPOIHUM 3HUKHEHHSIM HOLMUENTUBHOIO OOJIIO Mics
3arOEHHS YIIKO/KEHUX TKAaHWH. Take MoJIerieHHs € CBil-
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YEHHSIM BaXKJIMBOI POJIi 3aTOEHHSI TKAHUH Y BiTHOBJICHHI.
VY mauieHTiB i3 HeliponaTUYHUM O0JieM, Y SIKUX O0JIbOBI
BiIUyTTsI JIOKAJIi3yBaIMCs HIDKYE Bill piBHS TpaBMM, TAKOXK
3aiKcoBaHO 3HUXKEHHSI ioro iHTeHcuBHOCTI (34,53 + 1,32
no 2,17 = 1,73). Xoua nojermeHHs: OyJ0 MEHII BUpaxKe-
HUM, 1I€ CBiTYUTb NP0 €(PEKTUBHICTD JIIKyBaHHSI HaBIiTh Y
BUITaIKax 3 AucdyHKIUieo HepBoBoi cuctemu. Lli mokas-
HUKU TAKPECTI00Th BAXKJIUBICTh KOMIUIEKCHOTO ITiIXOAy
JI0 KOpPEKIlii 00J1t0, 30KpeMa I pi3HUX TUIiB O0JIbOBUX
CUHIIPOMIB, i IiATBEPIKYIOTh €(DEKTUBHICTD JIIKyBaJbHUX
3aX0/liB Y KOHTEKCTi BiTHOBJIEHHST (DYHKIIOHAJTbHOTO CTaHY
MauieHTIB.

Y KoHTeKCTi Kopeslii 00110 HaBeJeHi AaHi MOKa3yTh,
1110 OiJIb HMXKYE Bill PiBHSI TpaBMU Ma€ OibIINIA MOKAa3HUK
iIHTEHCUBHOCTI y BUXigHOMYy cTaHi (4,53 £ 1,32) nopiBHSIHO
3 0oJieM Ha piBHi TpaBmu (4,25 * 1,37). OnHak miciis Jiky-
BaHHs iIHTEHCUBHICTH 00JII0 Ha piBHI TpaBMM 3HU3MJIACS 10
1,24 &+ 0,92 Gana, 1110 € HUXKYUM 3HAYEHHSIM, Hix 2,17 +
+ 1,73 Gana s 60110 HUXKYE Bif piBHs TpaBMuU. OTXe, 10
JIiKyBaHHS OiTb HUKYE Bifl piBHS TpaBMU OyB OiJIbIlI iHTEH-
CUBHUM, a ITicJIs JIiKyBaHH:I Oiib HA PiBHI TpaBMU ITOKa3aB
OLIBII 3HAYHE 3HDKEHHS, 1110 MOXE CBITUMTH PO Pi3HULIIO
y XapakTepi 60J110 (HOUMLIENTUBHUI YU HEHPOTIATUYHUIA) Ta
e(eKTUBHOCTI JIIKyBaJIbHUX 3aXO/iB.

JocimKeHHs, MpoBeaeHe 3a MeToaukoo MMPI-2,
IEMOHCTPYE MO3UTUBHY OIMHAMIKYy ICUXOEMOLiHHOIO
CTaHy B IAIli€HTIB 3 TpaBMOIO xpebTa. PiBeHb TpuBOrY Ta
nernpecii 3HauHo 3MeHmuBCes (3 14,38 £ 3,45 o 10,69 +
+ 2,00), 1110 00yMOBJIEHO TIOJIIIIIIEHHSIM IIepecyBaHHS i
3MEHIIEHHSIM IHTEHCUBHOCTI 00JIbOBOro cuHapomy. Lli
3MiHHU CBimyaTh Mpo eDeKTUBHICTh peabdiliTaliiiHUX 3a-
XOMIB JIJIST ITiABUIIEHHS SIKOCTi XUTTSI. ATPECUBHICTD 3a
MeToanKo MMPI-2 oLiHIOEThCS TTepeBaXKHO Ha cepe/l-
HbOMY DPiBHI (62 %) cepen pecmoHACHTIB, Tomi sIK 36 %
MPOSIBJISIOTh BUCOKUIA piBeHb. 3a mKanow «HeBporuu-
HMI KOHTPOJIb» 69 % MaloTh BUCOKMIA MIOKA3HUK, a 95 %
PECIIOH/ICHTIB IEMOHCTPYIOTh CePE/IHiil piBEeHb 3a IlIKa-
noio «Heiipotusm». [lcuxosoriyHe BUCHaXXEHHS 4aCcTO
MOB’sI3aHe 13 COMAaTUYHUMU CKapraMu, sIK-0T 00J1i y CITUHI
Ta roJIOBHUI OiJib, SIKi CIIOCTepiraloThCs Ha BUCOKOMY PiB-
Hiy 27 ta 23 % BinnosinHo [7, 8].

SAKIiCTb XWUTTH MALIEHTIB MiCs POKY JIIKyBaHHS MOJII-
mtacst Ha 19 %, 30kpema uepes3 3HUKEHHSI IHTerpaibHOTO
MOKa3HKWKa XUTTEMisUTbHOCTI (3 37,25 + 1,67 no 29,27 +
+ 1,71), 3MeHIlIeHHsI TPMBOXHOCTI 11 IeTpecii, miaABUIIEH-
HsI MOXJIMBOCTEM [J1si caMooOCiyroByBaHHs1. BogHouac
colliaJibHa aKTUBHICTb MalLli€HTIB HE MOKa3aja 3HaYHOI Au-
HaMiKu TojiimieHHs. PiBeHb 3MiH y XUTTEBif aKTUBHOCTI
OYyB HUKUMM Y MALEHTIB i3 MUCQHYHKIIIEIO HUXHIX KiHIIIBOK
(8,75 £ 1,53), HixX B 0Ci0 i3 pyXOBOIO aKTUBHICTIO BEPXHIiX
KiHuiBok (12,00 + 2,28), 1110 MiaTBEpAKYE Pi3HULIIO Y pe-
3yJBTaTUBHOCTI peadiniTauiiiHux 3axoaiB. Taki pe3yasrat
MiIKPECTIOITh BaXKJIMBICT COLIIaIbHUX MTOTPe0 Ta KOMYHi-
Kallii B TpoLeci BiTHOBJIEHHS, & TAKOX TPUBAIICTD 1 SIKiCTh
TICUXOKOPEKIIii, 110 BIJTMBAIOTh HA 3MATHICTh /10 COLliaIbHOT
AKTUBHOCTI.

Pesynbpratil mocnmigkeHHSI IEeMOHCTPYIOTh 3arajibHe
MOJTIITIIEHHS IICUX0eMOLIHOTO Ta (Pi3MIHOTO CTaHy Ma-
LIEHTIB 3 TpaBMaMU XpeOTa MicJs JiKyBaJbHUX i pealdi-
JitauitHux 3axoniB. CrocTepiraeTbesl 3HUXKEHHS PiBHS

3anepHenHs NAmi€HTa B TIIMYAacOBOMY XapakTepl KOTHITHBHIIX mpoOiem
BaAIIIBE 1A TLITPHMKN MOTHBALIL Ta 3an00iraHEA POIBITKY TPIBOIH MH JENpPecii,

Anantanis peabinitanilimoro naany Bpaxosye moTowHi noTpebi namienTa
Ta NOTEeHLIITHL 0OMeKeH A, o cnpiic O116m edekTIBHOMY BLIHOBICHHIO.

JoaaTkoBa NiArHOCTHKA [03BONAE BYACHO BHABHTI MOTIPIIEHHA CTAHY Ta
BHECTH KOPEKTHBIH B JIKyBaHH.

3posymina KomyHiKamis 3abeimevuye DOCTYOHICTE iHopMaumil nma
MALiEHTA, CTIPILIOY fioTo YIacTi B nponeci peabimiTamii.

3amyueHHA WiemiE PONHHE I ONMIKVHIB J0Xac MiATpIMEKIN Ta 3abesnmewye
kpammii idopManiiiumi qocTyn Ans naniedTa.
A —  —_—
Ocobnnemii minxix nos giveit i minniTkis Bpaxosye cnemmdiuni norpedn
MOJIOIIINX NALIEHTIB Ta CHIPIAE Y3rOLKeHOCTI NIKyBAIBHIIX 3aX0MiB 3 IXHIM OCBITHIM
CepenoBIIeM.
AN R R R RN NN dammm—

Heiiponcaxoaoriaaa maacTa9dicTs MO3KY Ta PO3yMOBa MPOIYKTHBHICTE
ZI03BOMAIOTE Kpallle OPTaHi3yBaTil Npomec OPINIHATIA PINIeHs | ANaNTAamiio X0 3MIH.
S A AR A AN A A

PucyHok 2. IHguBigyanizoBaHni nigxipg
A0 KOMIJIEKCHOIO BifiHOBJIEHHS] KOTHITUBHUX QOYHKLiV
JIIOANHN

TPUBOTM Ta JIETIpecii, a TAKOX iHTEHCUBHOCTI 0010, 110
CIIPUSIO MiABUIIIEHHIO MOXJIMBOCTE caMOOOCIyTOBY-
BaHHS Ta SIKOCTi kuTTd. He3Baxkaroun Ha 1ie, colliajbHa
aKTHUBHICTb PECIIOHIEHTIB 3aJiMiliajacsl Ha CTa0iIbHOMY
PiBHi, 1110 MOXe€ OYyTU MOB’3aHO 3 TPUBATICTIO TPABMaTUY -
HOTO CTaHy Ta oOMexXeHOlo B3aeMofi€to. [lcuxomnoriune
BUCHaXEHHSI, YaCcTO MOB’sI3aHe i3 COMAaTUUHUMU CUMIITO-
MaMH, TiATBEeP/KY€E MOTpedy KOMIUIEKCHOTO MiJXoay 10
peabiniTaliii, sK1ii BpaxoBy€ (pi3M4Hi Ta eMOLIiHI aceK-
TU. 3HAYHi 3MiHU B XXUTTEBII1 aKTUBHOCTI TMalli€EHTIB 3aJie-
JKaJIu Bill CTyneHs pyXoBoi AMCMYHKIIiT Ta e(heKTUBHOCTI
peabimiTamifHuX 3axomiB. Taki pe3yJabTaTH MiaATBePIKYIOTh
BaXXJIMBiCTh CKOOPJAMHOBAHOT MPOTPpaMU BiTHOBJIEHHSI,
sIKa BKJIOo4ae iznuHy peadiliTalliio, ICMXOKOPEKIIilo Ta
coliajgbHy MiATPUMKY, AJIsI JOCSITHEHHS OiJbIll MOBHOTO
BiZHOBJICHHS MMALIiEHTIB.

O6roeopeHHs

PeabiniTaiis moTepminmx 3 yIIKOMIKEHHSIM XpeOTa CIIpsi-
MOBaHa Ha BiTHOBJICHHS (Di3MUHUX, TICUXOJIOTIYHUX Ta CO-
miaapHuX QyHKIIi. BoHa BKII0Ya€ KOTHITUBHY i IICUXO0JIO-
TiYHY JOTIOMOTY Ta MaHyajbHY Teparito. LlimicHrii miaxin
o peabiniTanii 3abe3redyye 3HauHe TOJIITIIIEHHS SIKOCTI
JKUATTS MALLIEHTIB i3 TpaBMOIO XpeoTa (hiznuHa peadisiTalris,
MCUXO0JIOTiYHA IONOMOra, colliajibHa aganTauist, MeIUuYHUI
CYIIPOBIN), MiABUIIYIOYM IXHIO (DYHKIIOHAIBHICTE i ITOBEP-
TalOUU 10 aKTUBHOTO CITOCOOY XKUTTS.

KornituBHa peabimniTaiiss 0a3yeTbcs Ha HEOOXiMHOCTI
3a0€3MeYNTH iHAVBITyaTi30BaHUM ITIXiO 10 BiZTHOBICHHS
KOTHITMBHMX (DYHKIIiil Ta amganTaliilo JIOAUHU 10 HOBUX
YMOB XUTTS Ticist TpaBMu (puc. 2). BoHa 6a3yeTbcst Ha
MpUHIIMNAX afanTallii, HepomIaCTUYHOCTI Ta iHAUBILY-
QJTBHOTO TIIXOMY IO TIAILliEHTa. {1 OCHOBa — Iie PO3yMiHHS
TOTO, III0 MO30K MAa€ 3MaTHICTh A0 BiTHOBJIECHHSI i KOMIIEH-
callii HaBiThb MicJIsl TpaBM, a KOTHITMBHI (DYHKIIiT MOXYTh
TOJITIIIIYBATUCS TIPU HAJIEXKHUX YMOBaX. YpaxXyBaHHS M0-
TOYHUX MOXJIMBOCTEH MallieHTa Ta 1oro moTped 103BOJISIE
CTBOPUTH e(DEKTUBHMIA TIJIaH peabiiTallii, kUit Biarosizae
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KOHKPETHIll cuTyallii; y KOHTeKCTi HeMpPOIUIACTUIHOCTI MO-
30K 3IaTHUI1 YTBOPIOBATH HOBIi 3B’SI3KM IS KOMITEHCALIiT
YIIKOMXKEeHNX (PYHKIIIHA, 1110 JIEXKUTh B OCHOBI BiTHOBJIEHHS
[2,5, 11].

Taxkuit KoMIIeKCHUN minxin 3abe3neuye e(peKTUB-
He BiTHOBJIEHHSI KOTHITUBHUX (DYHKIII TalieHTa micyst
TpaBMU xpebTa. KoJmBaHHS KOTHITUBHOI IisSIbHOCTI MO-
KyTb OYyTH CIIpMYMHEHI 3MiHAMHU B 30BHIIITHHOMY CEpeI0-
BUIIi, BAMOTaMU 10 0OCOOMCTOCTi Y HOBUMM BUKJIMKAMM.
Po3ymiHHS TOro, 110 pOo3yMoOBa NPOAYKTUBHICTh HE €
CTaTUYHOIO, JOMOMAarae JIOAMHI Jerue agantyBaTucs
10 HOBMX YMOB i MiHiMi3yBaTl HeraTMBHUU BIUIMB He-
BU3HAYEHOCTI.

KoHuenuisa ncuxonoriunoi peabinitailii ooymoBieHa
HOpMaJli3alli€lo TOCTPpUX peakiliii Ha CTpec, a caMe Iil-
TBEP/KEHHSIM TOTO, 1110 TICUXOJIOTiUHi 3MiHM (SIK-OT IO~
PYLIEHHS CHY, HaB sSI3/IMBi IyMKM, TIOTAHUI HACTPiii, TpU-
BOXHICTb) € 3BUYAHUMU ITiCJIsI TPAaBMAaTUYHUX TMOMIH i
IO Ii CAMIITOMU YaCTO MUHAIOTh MPOTATOM 4—6 THKHIB.
3 orJisiy Ha Te, 110 MiC/sl TPAaBMU MOXJIMBI TICUXOJIOTiYHI
posnanu (tpusora, aemnpecist, [ITCP), aki MoXyTh Mpo-
SIBUTHCS TTOBTOPHO, OCOOJIMBO MiJ Yac 3MiH XUTTEBUX
oOcTaBUH (HaIpUKJIaa, BUMKMCKA 3 JiKapHi), MOTPiOHO
MPOBOAUTHU Oeciay 3 Mali€EHTOM Ta MOT0 OJM3BKUMM PO
TCUXOJIOTIYHY IOTIOMOTY i1 iHTerpyBaTH ii B mporpamy pea-
OiiTalii 3 ypaxyBaHHSIM ITOTPeO i IpiopuTeTiB. SAKIo ncu-
XOJIOTiUHI Tpo0OJIeMH TIepellKOoIXKaTh peadiniTalii, mpo-
BECTHU J1iaTHOCTUKY Ta MICUXOKOPEKIIiI0 CTaHy MOTEPIiaoro.
BaxxnmBum € mocTiiiHMT MOHITOPUHT €MOIIiiTHOTO CTaHy
naiieHTa, HeoOXiTHO MPUIIISITH OCOOIUBY yBary IyMKam
PO CAaMOYIIKOIXKEHHS YU cyiuua. MyJasTUAMCIUTIIiHAD-
HUI miaxio Mae 3a0e3reuyBaTCs KOMaHI010 (axiBIIiB, siKa
MOBMHHA OILiIHIOBAaTU IMHAMIKy CTaHy MNallieHTa, BUSIBJISITU
03HaKM TPUBOXKHOCTI UM JIeTIpeCii Ta KOPUTYBATH TLJIaH pe-
abimitauii. KomriekcHe JikyBaHHS KOMOPOiTHUX pO37aliB
00yMOBJIEHE JIiKyBaHHSM TPUBOXHOCTI, Aenpecii, [ITCP
Y PECTIOH/IEHTIB, 1110 Ma€ OYTH YaCTUHOI KOOPJAMHOBAHOT
nporpamu, sika BiAIlOBiga€ pekoMeHIalisM (HampuKiIa,
NG116, CG159, CG90).

MamnyanbHa Tepamnist B MO€AHAHHI 3 iHIIMMU METO-
JlaMU 1I0TIOMAara€e MOJIMIIUTUA SIKiCTh XUTTS TaIli€eHTa Ta
3a0e3meuynTy 1ijicHe BinHOBAeHHs. [lacuBHi, aKTUBHI
JOIIOMiXHi a00 aKTUBHI pyX1 € KJIIIOUOBUMU IJISI 3aI10-
OiraHHSI PUTITHOCTI CYTJI00iB, TOJIMIIeHHS [TUPKYISIT
KPOBIi Ta 3HMKEHHS pU3uKy aTpodii M’s3iB. Taki BripaBu
JOTIOMararoTh 30epertu abo BimHOBUTH (DYHKIIiIOHAIBHICTh
CyI100iB i CIpuUsIOTh 3arajbHiil peadinitTauii. JlogaTkoBi
TEXHIKM pO3TATYBaHHS ITiABUINYIOTh THYUYKICTh M’SI3iB i
3B’SI30K, CIIPUSIIOTh 3HMKEHHIO 00JIbOBUX BiTYYTTIB i TO-
JIMNIIYIOTh aMILTITYAY PYXiB, 110 BaXKJIMBO IJISI BiTHOBIEH-
H$I TTicI TpaBM abo ornepalliii, a TaKoX 111 3aro0iraHHst
MaiOyTHIM yCKJIamHEHHSIM. Y BUMaAKax, KOJU MalliEHT He
MOX€ CaMOCTiiTHO BUKOHYBATH BIIpaBU, MPUCTPOi 3a0e3-
MeYyIoTh HEOOXiTHUI KOHTPOJIbOBAHMI Aialla30H PyXiB,
1110 IOTIOMara€ YHUKHYTU KOHTPAKTYp Ta MiITPUMyBaTU
¢GyHKUiOHATBHICTh cyrJ006iB. BoHU TakoxX MiHiMi3ylOTh
HaBaHTa>K€HHS Ha MAalli€EHTA i MOJIETIIYIOTh peabimiTaiiii-
Huit npouec [3, 7, 10, 14].

ManyanbHa Tepamisl Ta IMiATpUMMKAa Jdialla3oHy pPyXiB
Cyrjio0iB € BaXJIMBUMMU eJieMeHTaMu peabinitaiii. BoHu

CHPUSIOTH 30epeXkeHHIO (PYHKIIOHAIBHOCTI CyIIo0iB, 3a-
MoGiraHHIO0 KOHTPAKTypaMm, MiIBULIEHHIO THYYKOCTI Ta MO-
JIMIIEHHIO aMIUTITYIu pyXiB. BukopucTaHHs crieiaaibHuX
MPUCTPOIB 3a0e31euye TOCTYITHICTh BIIpaB [J1s1 TALIIEHTIB 3
00MexXeHUMU MOXJIMBOCTSIMU. [loenHaHHS BIpaB, TEXHIK
pPO3TITYBaHHS Ta AOTIOMIXXHMX 3aCO0iB JO3BOJISIE TOCITTU
OifblI €(heKTUBHOIO BiTHOBJIEHHS Ta MOJIMIIEHHS SIKOCTi
JKUTTS MaLli€HTA.

BucHoBKMK

YikomkeHHsI XpeOTa € BKpail cepiioO3HUM CTaHOM,
1O MOX€ CINPUYMHUTU HU3KY YCKJIAIHEHb, 30KpemMa
rOCTpYy pecripaTOpHy HEAOCTaTHICTh, eMOOJIit0 Jiere-
HeBOI apTepii, MopylIeHHsI TPo(hikKu TKAaHUH, PO3BUTOK
MIMOOKUX MPOJIEXHIB, BUPA3KU IIUTYHKOBO-KUIIIKOBOTO
TPAaKTy Ta NapaiTUYHY OOCTPYKILil0 KMIIEYHUKA. YIIIKO-
IXKEHHSI CIMHHOI'O MO3KYy a00 HEpBOBUX KOPiHIIIB IIpuU
TpaBMi XxpeOTa CIIpUUMHSIIOTH HEBPOJIOTIYHI TTOPYIIEHHS,
TSDKKICTh SIKMX 3aJIEXKUTh Bijl piBHS YIIKOMXeHHs. [lepe-
JIOM TOTEPEeKOBOro Biiiny MOXe BUKIUKATHU Mapaiiv
HIiT, a TPaBMU BUILE Bill LIbOTO PiBHSI — BTpaTy QYHKILIii
KiHIIiBOK, Y€peBHOTO IIpeca Ta Ta30BUX OpraHiB. TakuMm
YCKJIQAHEHHSM ITPOCTillle 3amob6irTv, HiX JiKyBaTH, 1110
MiIKPECTI0€ HEOOXiMHICTh HEraliHOTO i ITIOBHOIO Me-
NUYHOTO BTPpYYaHHS Ha KOXHOMY eTarli eBakyailii mo-
TEepPILJIOoTO.

JliarHOCTHKA TpaBMHU XpeOTa IPYHTYEThCSI Ha TaKUX
O3HaKax, sIK MiClleBU#l OiJib, pUTiAHICTh M’43iB, ae-
¢dopmMmalisg xpedTa, a B IesIKUX BUIIaAKaX — KpeImiTallis.
KitouoBMM MOMEHTOM € CBO€YAacCHa Ta MpaBUJIbHA iM-
MoOOii3alis, ssKka Ma€ BUKOHYBATHUCS Oe3IocepeIHbo
Ha Micui moxii. JIJas 1bOoTo MOCTpaXkaanoro ciig ode-
PEXHO YKJIACTH Ha IIUT y TOPU30HTAJbHOMY MOJIOXEHHI
3a y4acTIo AeKiTbKOoX 0Ci0, 100 YHUKHYTH TOJaTKOBUX
YVIIKOJKeHb. Jlerka Tpakilisi TOJIOBU B HEUTpaibHOMY
IMOJIOKEHHI mepen iMMoO0ii3alli€eo MUKNHOTO BiIAiTy
MOXe JTOTIOMOTTHU 3MEHIIUTHU KOMIIPECilo CMiHaIbHUX
CTPYKTYp i CIPUSATU BiZTHOBIEHHIO HEBPOJOTIUYHUX
dbynkuiit. EpekTuBHICTH TAaKOTO MiAXOMYy TOJSITAE B
3HUXEHHI pU3UKY YCKJIaJHEHb Ta MaKCUMaJbHOMY 30€-
pexXeHHi QYHKIIIOHAILHOTO CTaHy IalliEHTa 10 MOMEH-
Ty TPAaHCMOPTYBaHHS B MeAWYHMI 3akian. [TpaBuiibHa
iMMOOimi3allis i TepMiHOBa JOMOMOTra BiIirparTh KpH-
TUYHY POJib y 3a0e3NeueHHi BUKMBAaHHS Ta MOAATbIIOTO
BiZIHOBJIEHHS MOCTPaXIATUX.

JylieBHUIA CTaH JIOJUHU Ma€ Oe3ocepeHiil BIUIMB Ha
i (bi3MUHUM cTaH, 30KpeMa Ha IMocTaBy Ta (PYHKIIIOHYBaH-
Hs M’s13iB. [1ouyTTst IpoBUHM, Tyra, AEIpecis Ta eMOLIiii-
He BUCHAXXEHHS CIIPUYUHSIOTH 3MiHU Y MOJIOXKEHHI Tija,
SIK-OT OIYCKaHHS TIIeUeld i HaImpyXeHHs M’sI3iB, 1110 MOXe
MPU3BOAUTHU 0 AucOamaHcy M’s13iB, TOPYILIEHHS KPOBO-
00iry, mepeaayi HEpBOBUX IMIYJIbCIB i BAHUKHEHHS 00JII0.
HanmipHe HaBaHTaXKeHHSI MOXe CIIPUSITH TMOSIBI TTpobJieM
3i 310pOB’SIM XpeOTa, 110 MiIKPECTIOE BasKIMBICTh 30a1aH-
COBAHOTO ITiAXOMY IO XKUTTE3NATHOCTI TIoAUHU. EMomiliHmit
CTaH Ta ColLliaIbHi YNHHUKHU BilirpaloTh 3HAYHY POJIb Y PO3-
BUTKY (Di3MYHUX MMATOJIOTil, 30KpeMa IpodJIeM i3 XpeOTOM.
BaxxuBo 3abe3reuyBaTy KOMIUIEKCHME TiaXin 10 30epe-
JKEHHSI OMipHOCTI XpeOTa, BpaxoByloun SIK (i3uyHi, Tak i
TICUXOJIOTiUHI aCIeKTH.
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Ilopanpmii mepcneKTuBHU y cdepi IiKyBaHHS Ta peadi-
JIiTalii NalieHTiB 3 TPaBMaMU XpedTa MOXYThb BKIIOYATH
pPO3pOOKY IMpoTrpaM COLialbHOI agamnTalii, SIKi CIIpHUs-
IOTh TTOBEPHEHHIO TAIIIEHTIB 10 aKTUBHOTO XXUTTS Ta
CIIiIIBHOTH; iHTerpallilo poOOTOTeXHiKM, €K30CKEIETiB,
BipTyaJbHOI peaibHOCTI Ta iHIIMX iHHOBALill y TIpolec
peabiiTallii 4151 MOJiMIIeHHs pe3yJabTaTiB, a TAKOX pO3-
IIMpPEHHS CHIBIIpalli JiKapiB, peabiiToJIOriB, IICUX0JIOTIB
Ta coliaJIbHUX MpaIiBHUKIB 11 KOMITJIEKCHOTO CYIpO-
BOMY Malli€eHTa.

Aekaapauii

C. MakcuMeHKO MiIKPECIIIOe, 1110 ONTUMATbHUMN TICU-
XO(YHKIIIOHAJIbHUI cTaH cripusie 6ajlaHCy MixX poOOTOI0
HEPBOBOI CUCTEMU Ta BHYTPIlIHIX opraHiB. CTpecoBi cUTy-
allil BUKJIMKAIOTh BUPOOJIEHHST KOPTU30Y, 110 BIUTMBAE Ha
KOTHITUBHI (DYHKIIiI Ta eMOLiiiHy pery/siito. BigmosinHo,
MiATPUMKA MICUXOCOMATUYHOI PiBHOBAry JOTIOMara€ 3MeH-
IIUTU HETAaTUBHUU BIUIMB CTPECY Ta MiJIBULIUTU 3AaTHICTh
IO ajiarrarii.

1. Bi3HIOK cTBepaXy€E, 10 HEHPOICUXOJIOTIUHI METO-
JIA IOTIOMAraioTh MOCTPaXIaJIUM He TiITbKU BIOpaTucs 3i
CTpECOM, ajie il BUKOPUCTOBYBATH BHYTPIIIHI pecypcu JUIst
peabinitarii. [IpakTUKu ycBiTOMIEHOCTi, KOTHITUBHO-IIO-
BEIiHKOBOI Teparii Ta HeHPOTICUXOJOTIYHOTO TPEHIHTY
CIIPUSIOTh BiTHOBJIEHHIO IICUXOJIOTIYHOIO OajlaHCy Ta IMil-
BUIIEHHIO SIKOCTi XUTTSI.

M. Iaiikyin 3a3Hayae, 110 HEMPONCUXOJIOTIYHI JOCITi-
JIKEHHS TOKa3yI0Th, IK caMe MO3UTUBHUI eMOoLliitHui (hoH
CTIpUSIE aKTUBHOCTI MO3KY, HEOOXiIHii IS TeHepYBaHHSI
HOBUX ieii Ta po3B’sI3aHHS CKJIaAHMX 3aBAaHb. CTa0iib-
HiCTbh ICUX0(i3i0IOTIYHOrO CTaHy 3a0e3I1euy€e 30aTHICTh 10
ONTUMAJIBLHOTO BUKOPUCTAHHS KOTHITUBHUX PECYpCiB s
TBOPYOTO MUCJICHHSI.

C. lonuHHUIA BBaXae, 1110 TpaBMa XpedTa MOXe BILI-
BaTW Ha KOHLIEHTpALLil0 yBaru, rnam’siTb Ta eMolliliHe pe-
aryBaHHSI, TOJi SIK HEHPOIICUXOJIOTiYHA IOTIOMOTa € KpU-
TUYHO BaXKJIMBUM €TaIloM pealdiiTallii B KOMIUIEKCHOMY
BiTHOBJICHHI ITOCTpaxkAadnuX i3 ypaxkeHHSIM xpedTa. BoHa
CIIpUSIE€ HE TIIbKU MOA0JIaHHIO HACTIIKiB TpaBMHU, a i po3-
BUTKY OCOOMCTICHUX, KOTHITUBHUX Ta IPOMECITHIX MOXK-
JINBOCTEM.

M. Ipauyk cTBepIXKy€E, 11O MiATPUMKA IICUXOCOMa-
TUYHOTO OJIaromnoJIydusi € He JIUIie 3aCO00M YHUKHEHHSI
cTpecy, a il BaXJIMBUM (DaKTOPOM PO3BUTKY TBOPUMX Ta MPO-
deciiinux 3ni0HoCTeit. [apMOHIiHMIT ICUXOCOMAaTUYHUI
cTaH 3abe3rneuye e(heKTUMBHE BUKOPUCTAHHSI KOTHITUBHUX
3Mi0HOCTE, MOMIITYE KOHIIEHTPAIlil0 Ta MOTUBALIIO, 110
CMpUSIE YCIILIHIT mpodeciiiHiil TisUTbHOCTI.

P. Kapimynin 3a3Havae, 1110 BiTHOBJIEHHS IICUXOCO-
MaTUYHOTO OJIaroroiyyusi Cripusie He Jaulle Gi3uaHiit
peabimiTallii, a i MOBEpHEHHIO 10 COLliaJIbHOTO Ta MPO-
decifinoro xuttd. JltoanHa, sika Ma€e CTIHKUN MCUXO-
(GYHKIIIOHAJIBHUN CTaH, JIeTIIe aJanTyeTbCsl 10 HOBUX
YMOB, PO3BUBAE CBili MOTEHIIia)I Ta JOCATAE TIPOQeCiiHIX
YCIIXiB.

KondumikT inTepeciB. ABTOpH 3as1BJISIIOTD PO BiJICYTHICTb
KOHJIIKTY iHTepeciB Ta BlacHOI (hiHaHCOBOI 3alliKaBJIeHOC-
Ti IIPY MiATOTOBII JaHOI CTATTi.

Indopmaunis npo dinancysannsa. Po6oTa BUKOHaHa B
paMKax JOCHiIHUIILKOI poOOTH aBTOPiB Ta (hiHAHCYETHCS
iXHIM KOILTOM.

Buecok aBropiB. Makcumenko C.JI. — HanucaHHS Ta
penaryBaHHs ctaTTi; BizHiok .M. — HamucaHHSI TEKCTY,
aHotanis; Kapimymin P®. — au3zaiin mocmimkenHs; [Taii-
kymr M.A. — 30upaHHs i1 00poOKka maTtepiaiB; doJuH-
Huii C.C. — momryk MarepiaiiB i MetoxiB; Jdpauyk M.I. —
aHaJi3 OTpMMaHUX TaHUX i epeKIIal JiTepaTypu.
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Neuropsychological care for patients with spinal cord injuries: a way to comprehensive recovery

Abstract. Background. An increase in spinal cord injuries due to
military operations requires a comprehensive approach to rehabilita-
tion, including interdisciplinary cooperation of specialists and the
use of modern methods. The importance of the neuropsychological
approach lies in analyzing the impact of stress on the physical state
and ensuring a balance between mental and physical health of the
patients. The purpose of the article is to study the significance and
practical implementation of neuropsychological care for war vic-
tims, emphasizing its role in comprehensive recovery, and to identify
effective rehabilitation strategies based on the understanding of neu-
ropsychological consequences of spinal cord injuries, considering an
interdisciplinary approach to the restoration of mental and physical
health in relation to modern challenges of human life support. Ma-
terials and methods. The following psychodiagnostic methods have
been used: “Change in quality of life” questionnaire, visual analogue
scale for pain assessment, and MMPI-2 for evaluating psychological
status. The dynamics was analyzed by the outpatient R. Waters index
(0—3 points) and statistical methods (SPSS, version 22) for ensuring
the reliability of the results. RCS, PCAT, CNC and PICUPS scales

have been used to determine rehabilitation needs. The signs of injury
were determined using medical diagnostic methods. Results. Ac-
cording to the findings, aggression on the MMPI-2 was at medium
and high levels. Back pain and headaches are observed at a high
level. A comprehensive approach to rehabilitation, namely physical
rehabilitation and psychocorrection, helps significantly improve
motor activity, reduce pain and improve the quality of life of pa-
tients with spinal cord injuries. Conclusions. The results of the study
prove the effectiveness of an integrated approach, including physical
rehabilitation and psychocorrection, for the recovery of patients
with spinal cord injuries. A significant increase in the Hauser index
(from 3.18 £ 0.13 to 4.9 £ 0.63 points) indicates the improvement
in motor activity, which allows patients to move without assistance
after 10—12 months of treatment. The authors emphasize the im-
portance of coordinated treatment that not only relieves pain but
also restores patients’ functional activity, significantly improving
their quality of life.

Keywords: neuropsychological approach; spinal injuries; psy-
chocorrection; motor activity; comprehensive rehabilitation
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TAY «HaUIOHQABHME HQYKOBUY LIEHTP Xipyprii Ta ToaHCriAaHToAo i iMeHi O.O. LLianimosa HAMH YkpaiHn»,
M. Kuis, YkpaiHa

2HavuioHaAbHMM yHiBepCcUTET O6OPOHM YikpaiHW, M. Kni, YkpaiHa

MO>XAUBOCTI BUKOPUCTOHHS LUTYYHOrO IHTEAEKTY
AAS ONTUMI3ALT AIKYBOHHS NALIEHTIB 3 METAMNAA3IEIO
CTPABOXOAY TA rIPYMXAMU CTPOABOXiIiAHOIO OTBOPY
Aiadparmum

Pestome. Axmyaavnicms. Cmpasoxio Bappemma — edunuii 6idomuii 2icmonoeinuil NOnepeoHuKx a0eHOKAPYUHOMU
cmpasoxody. Iloeonanns cyuachux en0oCKONIMHUX MeMO0i6 NIKYBAHHS 3 MONCAUBOCHSIMU WNTYHHORO IHMEAEKNTY MOJICe
3HAYHO NOATNUIUMU Pe3YAbIMamu NIKY8aAHHSA, NIOBUUUMU MOYHICMb JiaeHOCMUKUY ma 3abe3neuumu iHOu8idyanizo8anull
nioxio do mepanii cmpasoxody bappemma. Mema ub020 00cAiONCeHHS: YOOCKOHAACHHS Memodie JiaeHOCMUKU, MO~
HIMopuney ma AiKysanHs cmpaeoxody bappemma 3a 00nomoeor 8uKopucmants wimyuHoeo inmeaekmy. Mamepiaau
ma memoodu. [Iposedeno npocnexmuere docaioxncents 96 unadkis Aikysanus nayicumie 3i cmpagoxodom bappemma
6 NOEOHAHHI 3 epudicero cmpasoxionoeo omeopy diaghpaemu. Ocobaugy yeazy npudineHo KAiHIMHOMY NPOSHO3Y8AHHIO
w000 useneHHs ducnaasii, eghekmuerocmi eHdockoniuHoi apeorontazmosoi koaeyasuii (AITK) npu piznux eapianmax
cmpasoxody bappemma 3a donomoeoro wimyurnoeo inmenekmy. Pesyabmamu. Y nawomy cnocmepesicenti 6yno 96 na-
yienmie 3i cmpasoxodom bappemma ma eacmpoesoghazeanvroro diaghpaemanvhoro epudicero. CepedHiil 8ix nayieHmie
54,4 = 12,3 poky; wonosixie — 52; ucinok — 44. Y 71,1 % euseaerno pegaioxc-esoghacim, naiwacmiwie cmynens LA-A
(30,9 %). [puxcy cmpasoxionoeo omeopy diaghpaemu I muny diacnocmoearo y 45,8 % nayienmis, mun 111 —y 50 %,
mun IV —y 4,2 %. IIpu mopgonoeiunomy ananizi Kuuikosa memanaasis 3 Aeekoto oucnaasiero susenena y 45,26 %
sunaokie, macka ducnaazis — y 4,21 %, HGD y noconanni 3 nyxaunoio Abpuxocosa — y 1,05 %. Endockoniune
NIKYBAHHS BKANOUANO KAACUUHY AP2OHONAA3IMOBY Koazyasauito y 30 nayienmis i eiopuony AIIK — y 65. Knacuuwy apeo-
HONAA3MO8Y Koazyasauiio 6 00un eman nposedero y 36,7 %, y déa emanu — y 63,3 %. Tiopuona apeoroniazmosa koa-
eyasyis oonoemanna — y 78,8 %, a 0soxemanna — y 21,2 %. Ilicasonepauiiini ycKAGOHEHHS Mpanasaucs pioute nicas
eiopuonoi AITK. Bucnoeku. Tiopudna apeononnazmosa Koazyasiyisi NOPIGHAHO 3 MPAOUUILIHUMU MemOoOamU NiKYEAHHS €
MemoooMm 8ubOpy npu eHOOCKONIMHOMY AIKY8aHHI cmpasoxody bappemma 'y 36°13Ky 3 BUCOKUMU NOKA3HUKAMU Oe3neKu
ma egpekmueHoi epaduxayii memaniacmu4Ho20 enimenito. Bukopucmanus wmy4Hoeo inmeaekmy 0ae MONCAUBICIY
o0bpamu iHOUBIdyanbHUll CUEHApIll NIKYBAHHs NAUIEHMIB, W0 NOAINULYE KAIHIYHY eheKmUBHICMb, 3MEHULYE KINbKICHb
VCKAQOHEeHb ma ONMUMIZYE eKOHOMIYHY CKAAD08Y.

KumouoBi ciioBa: cmpaeoxio; epuxca cmpasoxionoeo omeopy diaghpazmu; apeoHonAazMo6a KoazyAsSyisn; Wmy4Huil
inmenexm

BCTYH BILTMBY ractpoe3ocdareaibHoro pedurokcy [1]. Yacrora nia-
Ak BinoMo, ctpaBoxin bappeTta € €eTMHUM BiTOMUM Tic-  THOCTMKM CTpaBoxoay bappetTa Ta iloro mporpecyBaHHs 10
TOJIOTIYHMM TTOTNIEPETHUKOM aIeHOKAPLMHOMU CTPABOXOMY i  aIeHOKapIIMHOMM CTPABOXOMY 3pOCTa€E, OCOOIMBO Yy KpaiHax
SIBJISIE COOOIO CTaH, TIPU SIKOMY TIJIOCKMIA eTIiTeiil CTpaBOXoAy  3axomy, III0 OOYMOBIIIOE HEOOXiTHICTh YIOCKOHAJICHHS METO/IIB
3aMIIIYETHCS] CTOBITYACTUM EMITeTiEM BHACTIAOK XPOHIYHOTO  IiarHOCTMKM, MOHITOPUHTY Ta JTiKyBaHHS 1IbOT'O CTaHy [2].
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Ha choronHi aneHokaplmHOMa CTPaBOXOY € OMHUM
i3 HalOIbII arpeCUBHUX BUIB PaKy LIJTYHKOBO-KUIIKO-
BOTO TPAKTY, XapaKTePU3YEThCS BUCOKOIO CMEPTHICTIO Ta
HU3BKUMU MOKa3HUKaMU BYKMBaHoOCTI [3]. JocmimkeH-
HsI TI0Ka3yI0Th, 1110 OifbIIiCTh BUNAAKIB ale HOKapIIMHO-
MU CTPABOXO/Y MiarHOCTYIOThCS BXKe Ha Mi3HiX cTamisx,
KOJIM MOJIMBOCTI JIiKyBaHHSI oOMexxeHi [4]. OcKiibku
nporpecyBaHHs cTpaBoxony bapperra 1o ageHOKapuu-
HOMM CTPAaBOXOMY BiZOyBa€ThCS yepe3 MUCIIACTUYHI
3MiHU, CBOEYACHE BUSBJICHHS AMCILUIA3ii Ta 1i JiKyBaHHS
MOXX€ 3HAaYHO 3HU3UTU PU3UK PO3BUTKY iHBAa3UBHOTO
paky [5].

Cy4vacHi MeTOIM eHIOCKOMNIYHOTO MOHITOPUHTY I1a-
Li€EHTIB i3 cTpaBoxoaoM bapperTa 6a3yloTbCsl Ha Bi3y-
aJIbHOMY KOHTPOJIi Ta Oiorcii, omHaK 1Ii MeTOAu MaloTh
oOMeXXeHHs, TTOB’s13aHi 3 JTIOACEKUM GaKTOpoM, Bapia-
OeJIbHICTIO OLIIHKHY TiCTOJIOTIYHMX 3MiH Ta MPOIYIIEHHIM
ITaTOJIOTIYHUX BOTHUII [6]. ¥V 3B’SI3Ky 3 IIUM 3HAYHUIA iH-
Tepec BUKJIMKAE 3aCTOCYBaHHS IITy4HOro iHTeaekTy (1I)
y IiarHOCTHIIi Ta JIiKkyBaHHi cTpaBoxony bapperra. An-
TOPUTMU TJMOOKOTO HaBYaHHS Ta KOMI' IOTEPHOTO 30py
IEeMOHCTPYIOTh BUCOKY TOYHICTh Y BUSIBJICHHI DUCILIA3i1
Ta paHHbBOI aJICHOKAPIIMHOMM CTPAaBOXOAY IMPU aHami3i
€HJIOCKOITIIYHUX 300pakeHb, 1110 MOXKe 3HAYHO ITOJIIMIITUTI
niarHocTUKYy [7]. JlocinkeHHsST TaKOX CBiq4aTh PO TMep-
CNEKTUBHICTh BUKOPUCTAHHS LITYYHOTO iHTENEKTY AJIsI
aBTOMATH30BaHOTO aHAJi3y TiCTOJIOTIYHMX IIPEIaparis, 110
JO3BOJISIE 3BMEHIIUTH CYy0 €KTUBHUIA (hakTOp y MiarHOCTUY-
HOMY Tiporieci [8].

BaxnuBy posb y matoreHesi crpaBoxony bapperra
Billirpa€ HasIBHICTb T'PUXi CTPaBOXiIHOrO OTBOpPY Aia-
dparmu (I'CO/I), sika 3HAYHO MiABUIIYE PU3UK PO3BUTKY
ractpoe3odareanbHoi peditokcHoi xBopoou (I'EPX) ra
nporpecyBanHsa ctpaBoxony bapperra [9]. TCO/l cipusie
TPUBAJIOMY KOHTAKTY KMCJIOTO BMICTY IIUTYHKA 3i CJIU30-
BO10 OOOJIOHKOIO CTPABOXO/Y, 1110 BeJe 10 11 MOMIKOIKEH -
Hsl, 3amajieHHs Ta MeTaruiacTuuHux 3miH [10]. docii-
JKEHHS MiATBEPIKYIOTh, 110 Y MAlli€HTIB i3 MOEAHAHHSIM
I'CO/JI ta cTpaBoxony bappeTrra pu3uK mucIIacCTUYHNX
3MiH 3HAYHO BUIIMK, HiX y MalLliEHTIB 3 i30JJbOBAaHUM
ctpaBoxomoM bapperra [11]. ¥V 3B’13Ky 3 1uM e(peKTUBHE
nikyBaHHs [CO/l, BKJIIOUHO 3 XipypriuHo KOpeKIli€to
(pyHmorutikali€o) Ta CydaCHUMM METOIaMMU €HIOCKO-
MiYHOI Tepamnii, Ma€ KJII040Be 3HAYEHHS Y BEAeHHI malli-
€HTIB 3i cTpaBoXxoaoM bappeTtra.

OnHUM i3 IEpCTIEKTUBHUX METO/1iB €HAOCKOIIYHOTO JIi-
KyBaHHsI cTpaBoxoay bapperra € riopuaHa aproHoriazMoBa
koarynsamis (AIIK), sxa Bkioyae Iimacan30By iH’ €KIIiI0
(izionoriyHOro po34rHY Tepel MPOBEACHHIM aproHOILIa3-
MoBOiI KoaryJsii [ 12]. Takuii minxin 103BoJIsSI€ MiABUIIIATA
Oe3MeYHICTh TPOLeIyPU, 3MEHIITUTH PU3UK CTPUKTYpP Ta
MOJIMIIUTU e(DEeKTUBHICTh a0JIs1ii MeTaria30BaHOTO eli-
tesito [13]. TTopiBHSAABHI AOCTIIXKEHHS 1€MOHCTPYIOTD,
1110 TiOpHUIHA aprOHOIJIa3MOBa KOAryJisllis Ma€e Kpaliuii
npodinb 6e3rmexku Ta ePeKTUBHOCTI MOPIBHIHO 3 KJIaCH4I-
HOIO aprOHOIIa3MOBOIO KOATyJISIIIE€I0 Ta paioyacTOTHOIO
abmswiero [14]. BukopuctaHHS 1IbOro METOY y TALIEHTIB 31
cTpaBoxonoM bapperTa 103BoJIsIE TOCSITTA BUCOKOTO PiBHSI
epaauKallii MeTarJacTUYHOIO eMiTeNilo Ta 3HU3UTU PUMK
peuuaousy [15].

Otxe, MoeTHAHHS CYJYaCHUX €HIOCKOMIYHUX METOIIB
JIIKyBaHHSI 3 MOXJIMBOCTSIMM LITYYHOT'O iHTEJIEKTY BiIKpU-
Ba€ HOBI MEePCIIEKTUBHU Y BEACHHI ITAlliEHTIB 31 CTPaBOXO-
noMm bapperra. Inrerparis L1 y kiiHiYHY TpaKTUKY MOXe
3HAYHO MOJIMIIMTU pe3yabTaTu JiKyBaHHS, MiABUIIUTU
TOYHICTb MiaTHOCTUKH Ta 3a0e3MeYNTH iHINBiAyaTi30BaHIIA
miaxino go Teparii [16].

Mera: yIOCKOHAJIUTA METOAU AiaTHOCTHKU, MOHITO-
PUHTY Ta JIiIKyBaHHSI CTpaBoxoay bappeTra 3a mormomMmorooo
BUKOPUCTAHHS IITYYHOIO iHTEIEKTY.

MarTtepiaau Ta meToamn

IIpoBeneHO MPOCIIEKTUBHE JOCTiIKEHHST 96 BUIIAAKiB
JIIKyBaHHSI MAIliEHTIB 3i cTpaBoxoa0oM bappeTTta B moenHaH-
Hi 3 TPMKEI0 CTPABOXiMHOTO OTBOPY AiadpparMu 3 BUKOPUC-
TaHHSIM: €HIOCKOITIYHOTO 00JIafHAHHST BUCOKOI PO3AiTBHOI
3narHocTi (BigeoeHaockorniB Olympus GIF HQ-190, GIF-
EZ1500); NBI-xpomockorii, pexxumiB TXI ta DualFocus
ta BineonpouecopiB Olympus Exera I11 CV-190, Olympus
Evis X1 CV-1500; enekTpoxipypriuHoi ycTaHOBKH 3 0JI0KOM
ERBE APC2 (VIO 200 D) i3 cuctemoro ERBE JET?2; apro-
Horu1a3MoBoTo eHaockoriuHoro natynka ERBE, BOWA,
Olympus; eHgockoIiyHuX iH’ekTopiB 22-25G (Boston
Scientific, MicroTech, Finemedix); nucranbHuX KOBMauKiB
ennockomna (Olympus, Finemedix).

[NTanieHTaM BUKOHYBajach 0iomcis UMAIHAPOKIITHH-
HOTO €MiTejil0 HUXHBOI TPETUHU CTPABOXOJY 3 MaTO-
Mop@dosoriYyHUM AocaiakeHHIM Ha 6a3i Y «Haiio-
HaJbHUM HAYKOBUI LEHTP Xipyprii Ta TpaHCIIAHTOJIOTI1
iM. O0.0. IllanimoBa» HAMHY Bnponosx 2018—2025
POKiB.

PesynpraTyt tikyBaHHS 30epiraaucs y mporpaMHOMY 3a-
6esneueHHi Microsoft Excel, micist IbOTo MepeTBOPUIUCS
Ha CSV-@aiin misa 3aBanTaxkeHHs maHnux y Google Golab
(e 6e3KOIITOBHUIT OHJIAMH-cepBic Bin Google a1 3amycky
Python-kony B 6pay3epi 3 ninTpumkor GPU, ocobiuBo
3pyYHUIi JUISE pOOOTH 3 MAlIMHHUM HaBYaHHSIM, aHAJi30M
nmanux i HII. ITigxoauTh mis gociaimkeHb y MEAUIIMHI 3a-
BISIKU TTOTY>KHUM O0UYMCITIOBAILHUM pecypcam i MiATpUMIL
HayKOBMX 0i0J1iOTEK).

3a mommomoroio Google Golab po3po0IsIBCS IIporpaM-
HUI KOJ JUISl TeJerpaM-00Ta, IKUii BUKOPUCTOBYBAB JaHi
s aHanizy. Ilicms 3amycky Teaerpam-0oTa Jiikap BBOIUB
KJIiHIYHO BasKJIMBi TaHi IJIsI OLIIHKK pe3yibratiB y Telegram
4aT-00Ti.

[aHi OyJ10 iHTETpOBaHO 3 CUCTEMOIO IITYYHOTO iHTEIeK-
Ty LIJISIXOM MIMOOKOI iHTerpaiii. @PaxiBeis 3 Data Science
00roBOpIOBAB MEIMYHI IPOLEAYPH 3 JIIKAPEM TSI pO3YyMiH-
HSI TOTO, IKUX TJaHUX He BUCTavae st aHamizy. [Ticis nporo
MIPOBOAMIIACS HOpMaJIi3allisl Ta IEPEeTBOPEHHS TaHUX.

[t po3yMiHHSI BHECKY KOXHOT BXiTHOI XapaKTepUCTH -
KU B TPOTHO3U MO/JIeJ]li BUKOPHCTOBYBABCSI METOJI TlepecTa-
HoBokK (Permutation Method), 30kpema BaxJIMBiCTb Tiepe-
craHoBOK (Permutation Importance), 1110 He 3aJ1eXUTh Bil
MOJIEJTi Ta BAKOPUCTOBYETHCS B KJIIHIYHOMY IIPOTHO3YBaHHI
3a JOMIOMOTOIO IITYYHOTO iHTeseKTy. BiH nonomarae KitiHi-
LIMUCTaM Ta JTOCTiTHUKAM 3pO3YMiTH, YOMY MOJAEJb IITY4-
HOTO iHTEJIEKTY pOOUTH TMEeBHI TTPOTHO3M, [0 € KPUTUYHO
BaXXKJIMBUM JIJISI TOBipU Ta iHTepIIpeTallii Ip1 3aCTOCYBaHHi
B MEAULIMHI.
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PesyAbTaTH

3a m1aHMMU HAIIOTO CIIOCTepekeHHs, cTpaBoxin bap-
perra OyJ10 BUsIBJIeHO y 96 xBopux B noeaHaHHi 3 TCO/.
Bik mamienTiB konmuBaBcd Bix 19 mo 81 poky. CepenHiii Bik
54,4 £ 12,3 poky. YousoBikiB 0yn0 52, >kiHOK — 44.

VY 69 nanienTis (71,1 %) 6yB BUsBIeHMIT pedIioKc-e30-
(arit (3a Jloc-AHmKenecbkolo Kiacudikauiew): LA-A —y
30 mawnientiB (30,9 %), LA-B — y 10 nauienTis (10,3 %),
LA-C — y 10 mamientis (10,3 %), LA-D — y 19 namieHriB
(19,6 %). Y 27 nauientis (28,9 %) pedarokc-e3odarir He
BUSIBJISIBCS (puc. 1).

V pa3i HasIBHOCTI B mallieHTa BUpaXkeHOro e3ogarity
(LA-D a6o LA-C) naiieHTr mpoXoauiun Kypc Teparii ped-
JIIOKC-e30ariTy, micJist LIbOro 00CTEeKeHHST 0yJ10 TIPOBeIcHE
TTOBTOPHO.

¥ Bcix nauieHTiB OyJia BUKOHaHa MOp(oJioriyuHa Bepu-
¢ikarrist ctpaBoxony bapperra 3rigHo 3 mpoTokoaom CieT.
VY Bcix BUNagKax BUKOPUCTOBYBalach €HIIOCKOIIisl BUCO-
KOI pO3IiIbHOI 31aTHOCTI 3 BipTyaJbHOIO XpoMaTorpadieio
BY3bKOCTIEKTPAJTLHOTO OCBITJICHHSI Ta MOCUJIEHOTO OCBiT-
JIEHHSI 3 MOABIHHNM (hOKYCYBaHHSIM.

[Ipu anamizi Tunis 'CO/l po3monin BUTIIIAE€ TAKUM
YUHOM.

Tumn I — xoB3Ha rpuxa: BusBjieHa y 44 Malli€HTiB, 1110
ctaHOBUTH 45,83 % Bin 3arajibHOI KiJIbKOCTI BUIIAIKIB.

Tun II — i3opoBaHa Mapae3odareanbHa rpuxa: He CIo-
CTepIra€ThCsl.

Tun 111 — mapae3odareayibHa rpuxa: BUsiBieHa y 48
MALi€HTIB, 1110 CTAHOBUTH 50 %.

Tun IV — Benuka rpuxa 3 Mirpaii€r iHIINX OpraHiB:
BUSBJIEHA Y 4 TALIE€HTIB, 110 CTAaHOBUTH 4,17 %.

Haiinomupenimumu Busisuaucs tun I ta 11, siki pazom
CTaHOBJIATB IMOHAM 95 % ycix Bumnankis. Tur IV e pinkicHuM,
ajie KIIHIYHO 3HAYYIIUM Yepe3 M0oTo CKIaIHICTh.

Po3mipu rpuxk konuBaiuch Big 2 10 15 cM, 3rigHo 3 na-
HUMU eHA0CKOMiuHOro odcrexxeHHs . [lepeBaxanu rpuxi
HEBEJIMKOTO po3Mmipy, 2—5 cM (puc. 2).

I1pu MopdosoriuHoMy aHadi3i giarHo3iB: y 44 BuIam-
Kax npu ctpaBoxoni bapperra (45,26 %) crioctepiranach
KMIIIKOBA MeTaruiasis 3 jierkoro auciiasiero (LGD), y 41
(43,16 %) — xumKoBa MeTarniasist 6e3 o3HaK JUCILIA3il;
6 nauieHTiB (6,32 %) He Malu METArUIACTUYHUX YU THUC-
IJIACTUYHMX 3MiH. Y 4 (4,21 %) BuIanKax BUSIBJIEHO TSKKY
mucriasito (HGD), a B omHomy Bumaaxy (1,05 %) — HGD
y MMOEAHAHHI 3 MyXJIMHOI0 AGprKocoBa (puc. 3).

YciM maiieHTaM BUKOHYBaJIOCh €HIOCKOTIYHE Xipyp-
riyHe JikyBaHHs cTpaBoxoay bapperra. KiiacuuHa apro-
HOILZIa3MOBa KoaryJisiis Oyia BukoHaHa y 30 BUITagkax
(30,53 %), a ribpraHa aproHoIIa3MoBa KoaryJsiist — y 65
punaakax (68,42 %). B 1 mauienra (1,05 %) 3 BctaHOBIIC-
HUM IITYYHUM BOJIIEM PUTMY BUKOHaHa GirnoJisipHa riopu-
Ha KOoaryJIsiis.

CepenHiit yac nporueaypu Ijsi KJIaCUIHOI aproHOILIa3-
MOBOI KoaryJsuii craHoBuB 13,42 + 3,87 xB, mis riopum-
Hoi — 18,85 + 3,28 xB.

Y rpymi mauieHTiB, IKMM OyJ10 MPOBEAEHO KJIACUYHY
aproHOIUIa3MOBY KOAryJIsIililo, JJiKyBaHHS B OOMH €Tall IIPo-
BeneHo B 11 mauienTiB (36,7 %), ToAi SIK y ABa eTanu — y
19 mamienTi (63,3 %). HatomicTe y rpymni 3 riopumaHoI0
apTOHOIIJIa3MOBOIO KOATYJISIIEI0 OJHOETAITHE JIIKyBaHHS

LA-A

309 % be3s e3odparity

28,9 %

LA-B

LA-C 10,3 %

10,3 %

LA-D
19,6 %

PucyHok 1. Po3nogin nayieHTiB 3a cTyrnneHeMm
esogparity (knacugpikayisi LA)

Oy1o 3aiiicHeHo y 52 mauieHTiB (78,8 %), a nBoxeTarHe — y
14 nauienTis (21,2 %) (puc. 4).

3a mKaJoio 00JIf0 Ha meplly IicjasonepaliiiHy 100y
OiZbII BUpaKeHi CKapru BUSIBJSJIMCH MPU KIaCUYHIN
ATIIK — 3,77 £ 1,50, npu riOpuaHiit aproHOIJIa3MOBiii KO-
arynsiuii — 2,47 + 1,17.

V rpymni 3 30 mamieHTiB, IKUM BUKOHAHO KJIaCUYHY
AIIK, 3apeecTpoBaHO TaKi yCKJIaTHEHHS:

— CTPUKTYpa CTPABOXOMIY CIIOCTepiraaach y 4 mali€HTiB
(13,3 %). banonHa nuiaralis IpoBe/ieHa 3a OMUH CeaHC y 3
nauieHTiB (75,0 % BUMAIKiB CTPUKTYPH) Ta y 1Ba CCAHCU —
B | mamienra (25,0 %);

— JIIJISTHKY TOHKOKUIIIKOBOI MeTariasii (peuuauB) BU-
siBiieHo y 5 nauienTis (16,7 %), sikum Gyia nmpoBeeHa 10-
natkoBa AITK.

VY rpymi 3 66 maiieHTiB, IKMM MPOBEIECHO TiOPUIHY
AIIK, BigMiueHO:

— CTPUKTypa cTpaBoxony y 3 mauieHTiB (4,5 %). Ycim
MarieHTaM BUKOHaHa OaJloHHA IUjaTallisl 3a OMUH CeaHc;

— JIJISTHKY TOHKOKUIIIKOBOI MeTariasii (peuuanuB) BU-
siBiieHi y 3 natiieHTiB (4,5 %), IKUM BUKOHAHO JI0JaTKOBY
riopunny AITK (puc. 5).

3a pe3yJbTaTaMU TOCiIKEeHb 96 XBOPUX OTPUMaHi I1o-
Ka3HUKU BaXJIMBOCTI CUMIITOMIB:

1. Prague_Classification_M: 0,0448.

2. RefluxEsophagitis: 0,0091.

3. Age: 0,0079.

4. Type2Diabetes: —0,0077.

5. Level GSOD_M: —0,0146.

6. Sex: —0,0147.

O6roBopeHHs

Sk mokazanu pe3yabTaTh aHalizy 96 KIIiHIYHUX BU-
najaKiB MalieHTIB i3 HasIBHICTIO AiadparmMaibHOI TPUXi,
JIMIIe YaCTMHA 3 HUX MaJla KJIiHIYHO Ta €HI0CKOIIYHO i~
TBEpIKEeHUI pedutokc-e3odarit (3a Jloc-AHmIXKeIeChKO0
Knacugikalti€ero). ¥ 1ociiakeHHi BpaXoByBaJIUCs TUII TPU-
XKi, il goBXuHa (y cCaHTUMeTpax, BU3HAUeHa SIK Pi3HUIIS
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MiX IMCTaJIBHUM Ta IIPOKCUMAJBHUM PiBHEM Y MeXaxX Bif
Ppi3liiB), a TAKOX CTaH CIM30BOI 000JIOHKM CTPAaBOXOIyY 3a
IIpa3bkoro kiacudikailieo (DI0BXHWHA CeTMEHTa CTPaBO-
xony bapperra).

Kopensuilinuii aHaai3 3 BAKOPUCTaHHSIM (DaKTUUHUX
€HIOCKOIIYHUX PO3MipiB IPHKi MPOIEMOHCTPYBAB ITOMIiTHO
BMIIi 3HAYEHHSI B3a€MO3B’sI3KiB MTOPiBHSHO 3 aHAJIi30M, 1110
0a3yBaBCs JIMIIIE Ha TUIT TPMKi. 30KpeMa, po3MipH Ipriki
BUSIBJISTIOTh TIOMipHUI MO3UTUBHMIA 3B’ 130K i3 TUTIOM TPUXKi
(r=10,70) Ta moBxuHot cermeHTta bapperra (r = 0,35), 1o
BKa3y€e Ha aHaTOMO-(YHKIIOHAIBHY POJIb PO3MIpy rpuxki
y natoreHesi 'EPX. 3B’30K MiX TOBXWHOIO I'PUXi Ta BU-
paxeHicTio e3odarity 3anumiascs cirabkum (r = 0,06), mo
MiATBEPIKYE CKIAAHY MaTodi3ioNorito po3BUTKY 3analeHHs
CJIM30BO1 00OJOHKU.

3acTocyBaHHS KJIACTEPHOTO aHaTi3y (pUC. 6) METOIOM
K-cepenHix 103B0IMI0 BUAIMTY TPU YiTKO pO3MEKOBaHi
rpyIu MAI[i€HTIB:

— KkyacTep 1 — malli€eHTU 3 HEBEJIUMKUMU IpUKaMU
(1-3 cm), Tunom 1, nerkum abo BiACyTHIM e3odaritom Ta
KOPOTKUMU cerMeHTaMu bappertTa;

— KJIacTep 2 — MAIiEHTH i3 CepeaHiMU PO3MipaMu TPU-
XKi (4—5 cM), TUIIOM 3, CepeaHbOIO TOBKMHOI MeTaruiasii
Ta e3o¢aritom LA-C.

— Kj1acTep 3 — MaLi€HTH 3 BEIMKUMU IprkaMu (6 cM i
Oinble), TSKKUMU ypakeHHsiMU (LA-D) Ta noBrumu cer-
MeHTamu ctpaBoxonay bapperra (mo C3MS5).

OTpuMaHi pe3ybTaTy MiITBEePIXYIOTh 3HAUEHHSI MOP-
¢ oJ0oriuyHMX XapaKTepUCTUK TPUXKi, 30KpeMa il po3MipiB,
y opmyBanHi ycknanHeHb [EPX. 3 ypaxyBaHHSAM 11bOTO
KJ1acTepu3allisi Mali€HTIB 32 KOMIUIEKCOM MapamMeTpiB MOXe
OyTM BUKOPUCTaHA Jis BAOCKOHAJEHHS NiarHOCTUYHOI
ctpatudikallii Ta BU3BHAYEHHS TToKa3aHb J0 eHIOCKOMid-
HOTO HAIISIAY 1 XipypriYHOTro BTpyYaHHSI.

OTpuMaHi pe3yJibTaTh CBiT4aTh MPO BUCOKY KIiHIYHY
€(EeKTUBHICTb €HAOCKOIIIYHOTO XipypriuyHOro JIiKyBaHHS
crpaBoxony bapperra i3 3acTocyBaHHSIM aprOHOIIa3MOBO1
KoaryJisilii, 30kpeMa Moaudikailii B riopuaHOMy BapiaHTi.
[NopiBasHHS K1acuuHoi Ta riopuaHoi AIIK moka3sano me-
peBarv OCTaHHbOI K 3a MOKa3HWKaMu Oe3MNeKu, Tak i 3a
e(eKTUBHICTIO JIiIKyBaHHSI.

Ki1t04oBHM pe3ysibTaToM € BUllla YACTOTA OJHOETAITHOTO
JIIKyBaHHSI TIpY BUKOPUCTAHHI TiOpuaHoi MeTonuku (78,8
npotu 36,7 % y KiacU4Hili TPyIi), 110 BKa3ye Ha Kpalry
e(eKTUBHICTh KOATyJsLil Ta MEHIIy MOTpedy Y MOBTOp-
HUX BTpydyaHHsX. Lle migTBepKy€eThCs 1 32 MOKa3HUKA-
MU cy0’€KTUBHOTO 0OJIIO: piBeHb 00JbOBOTO CUHIPOMY Y
Mali€eHTIB, IKMM BukKoHaHo riopunny AIIK, 6yB ictoTHO

HuxuuMm (2,47 = 1,17), HixX y TpyIi KjIacuy-

BincoTok

2 3 4 5 6 7 8 11
PizHuus Mix Max i Min (em)

Hoi Metoauku (3,77 £ 1,50), mo, iiMOBipHO,
MOB’SI3aHO 3 MEHIIIUM CTYIEHEM TEPMiUYHOTO
ypaxkeHHsI c130Boi [12].

BaxMBUM acrieKToM € 3MEHIIIEHHS YacTo-
TH yCKiIagHeHb Tipu TiopuaHiii ATTK. YacroTa
CTPUKTYP CTPABOXOMAY V ILili TpyIli Oyi1a 3HAYHO
Hx4oto (4,5 mpotu 13,3 % nipu KiacuuHi
AIIK), pu 1iboMy Bci BUIiaaku 0yau e(heKTUB-
HO KOPUTOBaHi 0aJJOHHOIO AWJIATAIIEIO 32 OMMH
ceaHc. Kpim Toro, riopuaHa MeToauka acollito-
BaJIach 3 HYUXKYMM PiBHEM PELIUUBY CTPABOXOLY
bapperta (4,5 npotu 16,7 %), 1110 CBIMIUTH TIPO
OUIbLI panuKaibHEe BUJAJIEHHS MEeTarla30BaHUX

15 ey . PRV
TKAHWH IMPH MONICPEAHIN ITIACIN30BIN iH’ €Kil

PucyHok 2. BigcoTkoBu¥ po3rnoAin piaHuyi Mixx MiHiMmansHUmM

i MaKkcumasibHUM PO3MipoM rpviki (cm)

nepe aproHoBolo abJsitieto [13].
3 ypaxyBaHHSIM TPHUBAJIOCTi IIpOLIEAyp, He-
3Baxkarouu Ha Te, 1o riopuaHa AIIK mortpe-

1%

Ta avennasii

(HGD)

O Crpasoxin BappeTTa 3 KULIKOBOKO
meTannasieto 3 Nerkow p,mcnnaaie»o

B Crpasoxin BappeTTa 3 KuLLKOBOK
MeTannasieto 6e3 gucnnasii

B Crpasoxia bappeTra 6e3 Metannasii

B Crpasoxig bappeTTa 3 KuLKOBOKO
MeTannasieto 3 TRKKOK aucnnasieto

B CrpaBoxig bappeTTa 3 KULLKOBOID
MeTannasieo 3 TAKKOI0 aucnnasico
(HGD) + nyxnuHa ABpukocosa

OyBana Oinbine yacy (18,85 = 3,28 xB mipotu
13,42 + 3,87 XB ipu KJIaCW4Hiii), KJIiHIYHI me-
peBaru o0 ycKiaaaHeHb, PEIUINBIB i TOTpedu
B ITIOBTOPHOMY BTpy4YaHHi 3HAUHO TIEPEeBaXKAIOTh
o pizHuito. TakuMm yuHOM, riopuaHa AITK
MOXe PO3IJISAAaTHCS SIK METOI BUOOPY TIPU eH-
JTIOCKOITIYHOMY JIiKyBaHHi cTpaBoxony bapperra,
0CO0JIMBO Y BUITaAKaX JOBroro cermeHTa abo
HasIBHOCTI TPUXi CTPaBOXiIHOTO OTBOPY Jia-
¢parmu [15].

PesynbraTt Hamoro JOCHiIXXEHHs 3ara-
JIOM Y3TOMIXYIOThCS 3 JiTepaTypHUMU JaHU-
MU, SIKi I€eMOHCTPYIOTH IIepeBaru riopuaHoi
aproOHOMJIa3MOBOI KOATYJISIIii III0A0 3HUXKEH-
Hs PELMIMBIB Ta IOJIMIIEHHS SIKOCTi XUTTSI
naiieHTiB. [Toganpiri paHmomizoBaHi 10Ci-

PucyHok 3. Po3rniogin pe3ynbrartis natomopghosioriyHoro

AocnigxeHHs npu ctpasoxodi bappetrta

J2KCHHA 3 JOBIroTpMBaJIUMM CIIOCTCPEKCHHAM
JO3BOJIATH YTOUHUTHU IMMPOTHOCTUYHY L[iHHiCTI)
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% 90

78,80

63,30

KnacuyHa ATK

B 1 eran

l6pnaHa ANK

H 2 erann

PucyHok 4. lNopiBHSIHHSA KiNbKOCTI eTanis onepaTtMBHOro BTpyYaHHs Npu Knacu4dHiv Ta riepuaHivi ANK

KnacryHa ANK (n=30)

CTpUKTYpa
13.3%

MeTannasia

Bes ycknagHeHs MeTannasia

FépugHa AMNK (n=66)

CTpuMKTYpa

Bes ycknagHeHs

PucyHok 5. CTpykTypa ycknagHeHb nicnsa AINK

00paHOi METOAMKHM Ta ONTUMIi3yBaTU MTOKa3aHHS /10 ii 3a-
CTOCYBaHHSI.

BrpoBamKeHHSI CUCTeMU IITYYHOTO iHTEJIEKTY Ta BU-
KOpHCTaHHSI 4YaT-00Ty T03BOJISIE ONTUMIi3yBaTH BUOip Maii-
OYTHBOTO OTIEPATUBHOTO BTPYYaHHS, 3MEHIIIUTU PU3UKHU
YCKJIaJIHEHD Ta MOJIMIINUTU €(EeKTUBHICTb.

BMCHOBKM

3BaxalouM Ha JaHi JiTepaTypHUX Kepes Ta Hallloro
MOCTiIKEHHSI, MOXHA TiATH BUCHOBKY, 110 XapaKTepHC-
tuku ['COJI (30kpeMa, ii po3Mipu Ta TUIT) MalOTh Barome
3HAYEHHSI B ITaTOreHe3i racTpoe3odareaabHol pedIoKCHOI
XBOpoOu Ta hopMyBaHHi cTpaBoxony bapperra. [lani nociri-
JI>K€Hb J03BOJIMIM PO3ALIUTHY MalliEHTIB HA KJIiHIYHO 3Ha4y-
11Ii TPYTIN, 110 A€ 3MOTY OIiHIOBaTH PU3UKU Ta CHOPMYBATH
IHAUBITYyaJIbHUI TTAXiT 10 BEAEHHS TaKUX Malli€HTIB.

Tl'iopunHa aproHomjia3MoBa KOaryJsallis BUSBUIACH
OinbII e(hPeKTUBHOIO METOAUKOIO MOPiBHSHO 3 KJTACUYHOIO:
BOHa acollitoBajacs 3 BUIIOI0 YaCTOTOI OJHOETAITHOTO JIi-
KyBaHHS$I, HIDKUYMM PiBHEM ITicisionepaliiiHoro 6oJo ta
MEHIIIOIO KiJIbKICTIO YCKIaaHEeHb (CTPUKTYP i pelUaUBIB).

He3sBaxatouu Ha Oiblily TPUBATICTh TTPOLIEAYPU TTPU
riopuaHiit AIIK, KiHiYHI mepeBarv y KOHTEKCTi 0e3neKu
Ta pe3yJBTaTUBHOCTI BUIIPABIOBYIOTH ii 3aCTOCYBaHHS SIK
MeToy BUOOpY MPU €HJO0CKOMIYHOMY JIiKyBaHHiI CTpaBo-
xonmy bapperra.

[Ticns ananizy Ta MalmMHHOTO HaBYaHHS aaroputMu LT
Y CBOIX IIPOrHO3aX IMiATBEPAUIN BUCOKY KJIiHIYHY e(PEKTUB-
HICTb €HIOCKOITIYHOTO XipypPTiYHOTO JIIKYBaHHS CTPABOXO/LY

X % Knactep 1
10.0 *x Knacrep 2
~ X Knacrep 3
© 7.5F
5 x
é 5.0 %% %
Z 25} X
g §’f§ ¥ ¥
@©
z o00f §§ x
o Kix
5 -—25f ¥
S 2.5 X ¥ X
=50 g *
x

5 10 15 20 25 30
FonoBHa KOMNOHEHTa 1

PucyHok 6. Knacrepu3sayis nayientis 3 'CO/[,
cTtpaBoxogom bapperra Ta pegpnrokc-e3ocharirom

BbappetTa i3 3acToCcyBaHHSIM TiOpUIHOT aproHOTIIIa3MOBOI
KoaryJisiii.

BukopucranHs nugpoBUX iHCTPYMEHTIB Ha 0a3i IITy4-
HOTO iHTEJIEKTY JJa€ MOXKJIUBICTb 00paTy e(heKTUBHUI iHA-
BinyaJbHMI ClieHapii JTiKyBaHHSI MALIIEHTIB, 110 MOJIIIIYE
KJTiHIYHY e(DeKTUBHICTh, 3BMEHIIYE KiJIbKiCTh YCKJIaTHEHb Ta
OINTUMIi3y€e eKOHOMIUHY cKIamoBy. [1pu 1ibomy yci KITiHigHi
BMCHOBKM 0a3yl0ThCSI Ha peaJIbHUX JaHUX Ta €KCIIEPTHOMY
aHaJisi.

KouduikT inTepeciB. ABTOpH, SIKi B3sUIM y4acTh y IIbOMY
JMOCTiIKEeHHI, AeKJIapyloTh BiICYTHICTh KOH(JIIKTY iHTe-
PEeciB 11010 1IOTO PYKOITUCY.

54 MeANLIMHO HEBIAKAQAHMX CTAHIB, ISSN 2224-0586 (print), ISSN 2307-1230 (online)

Tom 21, N& 6, 2025



OpuriHaABHI AOCAiAXeHHs1 / Original Researches

Indopmauis npo dinancysannd. Ixepeno dhiHaHCYyBaHHS
SIK HayKOBOiI po0OO0TH, Tak i nmpoiiecy myOJikailii crarti —
KOILITU aBTOPiB.

CxBaJjieHHs 10 myOuikanii. Yci aBTopu poynTaiu i cxsa-
JIVJIM OCTaTOYHMI BapiaHT PyKOTIUCY.

Buecok aBropiB. TuBoHuyk O.C. — aHaJi3 oTpuMaHuX
nanux; baoiit I.B. — 36ip Ta 06poOKa MaTtepianiB, ohopm-
JIeHHs imocTpaiiii 1o cratTi; CapressH A. — 30ip Ta 00podxa
marepianis; [ynenko O.0. — o6pobKa maTepiaib.
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Potential applications of artificial intelligence for optimizing the treatment of patients
with esophageal metaplasia and hiatal hernias

Abstract. Background. Barrett’s esophagus is the only known his-
tological precursor of esophageal adenocarcinoma. Combining mo-
dern endoscopic treatment methods with the capabilities of artificial

intelligence can significantly improve treatment outcomes, increase
diagnostic accuracy, and enable a personalized approach to the
management of Barrett’s esophagus. Objective: to improve methods
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for the diagnosis, monitoring, and treatment of Barrett’s esophagus
through the application of artificial intelligence. Materials and me-
thods. A prospective study was conducted involving 96 patients with
Barrett’s esophagus combined with hiatal hernia, 52 males and 44
females. Their mean age was 54.4 + 12.3 years. Particular attention
was paid to clinical prediction in detecting dysplasia, as well as to the
efficacy of endoscopic argon plasma coagulation (APC) for different
types of Barrett’s esophagus, utilizing artificial intelligence. Results.
Reflux esophagitis was diagnosed in 71.1 % of cases, most common-
ly LA grade A (30.9 %). Type I hiatal hernia was found in 45.8 %
of patients, type III in 50 %, and type IV in 4.2 %. Morphological
analysis revealed intestinal metaplasia with low-grade dysplasia in
45.26 % of cases, high-grade dysplasia in 4.21 %, and high-grade
dysplasia combined with Abrikosov tumor in 1.05 %. Endoscopic

treatment included conventional APC in 30 patients and hybrid
APC in 65. Single-stage conventional APC was performed in 36.7 %
of cases, while two-stage treatment was used in 63.3 %. Hybrid APC
was applied in a single stage in 78.8 % of patients and in two stages
in 21.2 %. Postoperative complications occurred less frequently after
hybrid APC. Conclusions. Hybrid argon plasma coagulation, com-
pared to conventional treatment methods, is the preferred option for
endoscopic management of Barrett’s esophagus due to its high safety
profile and effective eradication of metaplastic epithelium. The
use of artificial intelligence enables the selection of individualized
treatment strategies, which enhances clinical effectiveness, reduces
complication rates, and optimizes the economic aspect of care.
Keywords: esophagus; hiatal hernia; argon plasma coagulation;
artificial intelligence
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KonomaueHko B.1."2, OamHeusb 1.1O.", [apuikos O.€."2, KyriH B.1.?
"XQPKIBCbKUK HALIOHOABHUM MEANYHWU YHIBEDCUTET, M. XaPKiB, YKpQiHQ
2XapKiBCbKQ OBAQCHQ KAIHIYHQ TOQBMQATOAOMHHA AIKQPHSI, M. XQPKiB, YkpQiHa

IHTPAHA3AABHAO NepeAonepauinHa ceAduis
CYDEHTAHIAOM Y AiTen

Pe3siome. Axmyaavnicmo. [lepedonepauiiina mpueoea é dimeil € cepiio3Ho nPoGAEMOIO, WO He2AMUBHO BNAUBAE
K HA NCUXOEMOUILIHUI CMaH, MakK i Ha pe3yabmamu XipypeiuHoeo empy4ants. 3okpema, oimu ikom 3—8 pokie
uacmo 8iduy8arome cmpax nepeod po3Aykor 3 0amvKamil, MaHinyasayismu ma esedeHusm Aikie. Tpaduyitini memoou
cedayii, maxi sk 6HymMpiuHb08eHHe 86e0eHHsl, He 3a8cou 3pyuHi y nediampuuniii npakmuyi. Inmpaunaszanvhe gge-
denns npenapamia, 30Kpema cygeHmaniny, 1inoghineHoeo onioidy 3 8Ucokor 6i000CMYRHICMIO, € NEPCREKMUBHON
anbmepHamueor, wo hompebye KAiHiuHoi ouinku egpekmugrnocmi ma 6eznexu. Mema: oyinumu eghekmueHicmo
inmpana3zanvroeo cypenmaniny y 003i 1 mxe/ke sk 3acoby nepedonepauiiinoi cedayii' y dimeil, ujo onepyromscs 6
YM08aXx pecioHapHoOi anecme3sii, 3 ypaxy8aHHsaM pieHs cedayii, MpUGOICHOCIMI npu po3ayui 3 bamvkamu, eemoou -
HAMIYHUX NOKA3HUKIE ma noeedinkosol peaxuii Ha 601b06i nodpasnuku. Mamepiaiu ma memoou. Y docaioxcerus
8KAO4eHO 56 dimell gikom 3—8 pokie, AKi npoxoduau naarosi onepauii Ha eepxix abo HuxcHix Kinyiexax y KHIT
XOP «ObnacHa kainiuna mpasmamonoziyna aikapts». Ilayicumu 6yau 6unadkoeum HuHoM posodineHi Ha 08i pieHi
epynu: I epyna (C) konmpoavra (ghizionoeiunuii pozuur) ma Il epyna (S) docaioxcysarna (inmpanazanbro cygen-
matin 1 mxe/ke). Ouinky cedayii nposodunu 3a wikanroro UMSS, piens mpusoxcnocmi — 3a wikanrow PSAS, éu-
paxcenocmi 6oar0 — 3a wkanorw FLACC. Cmamucmuynuii ananiz 3diiichiosanu 3 sukopucmarnnsim SPSS 19.0 ma
Microsoft Excel. Pesyabmamu. Y oocaioxcysaniii epyni 96,4 % dimeii docseau 3a008invHoeo piens cedauii (UMSS
> 1), modi sk 'y KOHmpoAbHiil epyni Hcoona dumuHa He nposeuna osHak cedauii. Tlokaznuku mpusoxcHocmi 3a
wxanoro PSAS 6yau 3nauno nuscuumu 'y epyni cygpenmaniny (89,3 % dimeii maau ouyinku 1 ma 2) nopieunso 3
KoHmpoavhoio (32,1 %). Temoounamivni noKasHuku 3aAUmanuc cmabinrbHUMU, He 3apiKcO8aHO 3HAYYUUX NO-
oiunux peaxuyiit. 3a wkanoio FLACC 78,6 % dimeii y epyni S maau ouinku < 2 npu 6uKOHaHHI pecioHapHux 610Ki8,
modi sk y epyni C — auwe 14,3 %, wo kAinivHO 3Hauumo ma cmamucmu4ro 8ipoeiono (p < 0,001, kpumepiii y?)
6idpiznsno ix 6id dimeil I epynu, de binvuicms oimeii (24, moomo 85,7 %) peazysana Ha in’eKxuyii 3 NOKa3HUKAMU
> 2 6aau 3a FLACC, wo nompebysano dodamkoeoi cedauii abo ananeesii. Bucnosku. Inmpanazanvuuil cyghen-
matin y 003i 1 mxe/ke € epekmuerum i 6e3neuHum memoodom npemedurxayii y dimeii, 3a6e3neuyrouu 3a008i1bHy
cedayiro, 3MeHUleHHs. MPUBOJICHOCHI Ma KOMGPOpMHe NP0o8eOdeHHs pecioHapHOI anecmesii 6e3 3HaUYu020 6NAUSY
Ha 2eMOOUHAMIK).

KnrouoBi ciioBa: inmpanasanvne 6sedenns; cygpenmanin; nepedonepayiiina ceoayis, oimu

Bctyn

TpuBora Tta ¢o0isa € MoMMpPEeHUMU, OCOOJIMBO Cepell
IiTeil BiKOM Bil TPbhOX AO II'SITU POKiB, IpU BUKOHAHHI
MeJIUYHUX Tipolieayp. Lis TpuBora Moxe mocuiatoBaTUCS
TPUBOTOI0 0aTbKiB, HE3HAIOMUM CEpPEIOBUILIEM Ta OUiKy-
BaHHAM 00Jj110. X0oua 3arajbHi Ta MiCLIeBi aHECTETUKU MO-
KYTb KOHTPOJIIOBATU OiJib, MOXE 3HamI0OUTUCS (PizuuHe

CTPUMYBAHHS IJIsI JIIKyBaHHS OiT€H, SIKi He CIiBIpallio-
Th. OQHAK el MiAXi CIpUYMHSIE TOAANBITY eMOILIHY
TpaBMy, IOCUIIOIOYU CTpaxu, IMOB’sI3aHi 3 MEAMYHUMU
npoleaypaMu. Y XipypriuHOMY BilmiJieHHi, OKpiM Ootic-
HUX MpOLEeayp, AiTH Hailbinbliie 00SIThCSI IMIPUMYCOBOIO
MPOBEJIEHHS TIPOLIEAYPU, BBEICHHS JiKiB, epeOyBaHHS
B oNepaliliiHiil, mpoOyIKeHHS Mmic/s omnepallii Ta CIlocTe-
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peXeHHs 3a MicueM po3pisy [1]. OTke, o1 3MEHIIEHHS
Ta YCYHEHHSI TPUBOTH CJIiJl BAKOPUCTOBYBATH Celallito
SIK XKMTTEBO BaXKJIMBUI KOMIIOHEHT MediaTpii. Xoya BHY-
TPIllTHOBEHHA Teparlisl € 30JJOTUM CTaHAApTOM cefallii,
il BUKOPUCTaHHS y IiTeil Moxke OyTh oOMexxeHuM. Takum
YUHOM, aJIbTePHAaTUBHI METOJU, 30KpeMa iHTpaHa3alb-
HUN MiAXix, MOXYTbh OYTM KOPMCHUMMU Mill yac poOOTU
3 mitbmu. Cepen HaliOiIbII BaCKYISIPU30BAaHUX Ta IIPO-
HUKHUX NIJISXiB BBEAECHHS JIiKiB iHTpaHa3aJbHUN IITSIX
rapaHTy€ HeTaliHUU MoYaToK il 3a paXyHOK IIBUIKOIO
BCMOKTYBaHHSI B CUCTEMHHUI KPOBOTIK Ta CITMHHOMO3-
KOBY pinuny. OcKiabKu NpsMe CUCTEMHE BCMOKTYBaHHSI
YHUKAE TTOPTAILHOTO KPOBOOOITY, JTiKH, 1110 BCMOKTYIOTh-
cs yepes Hic, MOXYTb MaTU BUIILY 0i0JOCTYITHIiCTh [2].
JlinodinpHi OIMiOITHI aHAJITETUKY 3 HU3bKOIO MOJICKYJISIP-
HOIO Macolo 3a0e3IevyoTh PiBHI B IJ1a3Mi, TOPiBHSIHHI 3
BHYTPIIlIHbOBEHHUM BBeIEHHSIM [3].

MeTta A0CTiIKEHHS: OLliIHUTH e€(PEeKTUBHICTh iIHTpaHa-
3aJIbHOTO Cy(eHTaHily y 103i 1 MKI/KT SIK 3aco0y mepej-
oIepaliiiHoil cemallii y miTeil, 110 OIepyIOThHCSI B yMOBax
perioHapHoi aHeCTe3ii, 3 ypaxyBaHHSIM PiBHS cenallii, Tpy-
BOXKHOCTI IIPU pO3dYLi 3 OaTbKaMM, TeMOIMHAMIYHUX I10-
Ka3HMKIiB Ta MOBENiHKOBOI peakilii Ha 00JbOBi MOJPa3HUKU.

MarTtepiaAu Ta meToamn

HocninmxenHs nposeaeHo B KHIT XOP «O6aacHa
KJTiHiYHa TpaBMaToJIOTiuHa JIiKapHs» Ha 56 MiTAX, SKUM 3
Oepe3Hst 10 auctonana 2024 p. 1aHOBO 0YyJ10 BUKOHAHO
oIepaTUBHE BTPYYaHHS Ha BepXHiil a00 HIKHIl KiHIIiBIIi B
yMoBax nepudepuyHux perioHapHux 0J1okiB. Kpurtepisimu
BKJIIOUEHHSs OyJIM: IToTpeda B MPOBENeHHI OIlepaTUBHOIO
BTpYYaHHS Ha KiHIiBKaX, BiK Bif 3 10 8 pokiB, hiznyHuit
cratyc 1 a6o 2 3a ASA, MJIaHOBE ONepaTUBHE BTPYUYaHHS Ha
HIDKHIiT a00 BEepXHil KiHIIBII, 3roga 0aTbKiB a00 OITiKy-
HiB Ha y4acTb Yy JOCJIi>KEHHI Ta Ha perioHapHy aHecTe3ilo.
Kputepisimu HeBKIIIOUeHHS OyJIM: BiK Oiblie 8 pokiB, di-
3UYHUI cTaTyc Oinbire 3 3a ASA, TepMiHOBe OollepaTUBHE
BTpy4YaHH:I, BiiMoBa 0aThbKiB a00 OITiKYyHiB Bifl y4acTi B 10-
CIIIIKeHHI, BiTMOBa 0aThKiB a00 OINiIKYHIB BiJ perioHap-
Hoi aHecTe3ii. [HhopMoBaHa 3rona Oysia oTpuMaHa Bifl yCix
0aTbKiB a00 OINKYHIB Mepen IIPOBEACHHIM TOCTiIKECHHS,
Ha sIKe€ OTPMMaHO JI03BiJl KOoMicii 3 muTaHb eTuku XHMY
(mpotokos Ne 2 Bix 15.02.2024 p). JliT BUIMTaAKOBUM YMHOM
Oy;u po3noisieHi Ha aABi rpynu (n = 28 y KOXHili rpyri), a
came koHTposbHa I rpyma (C) ta gocaimxkyBana Il rpyma
(S). ditu mocnimKyBaHOI Ipyly OTPUMYBAJIM TTOTIEPEIHIO
cejallilo, sika BKJIlo4Yajaa BBelIeHHsS 1 MKT/KT cyeHTaHiny
iHTpaHa3ajabHO 3a 30 XBUJIMH 00 aHECTe3ii, Tomi IK miTh
KOHTPOJIBHOI TPyNU OTPUMYBAJIW BiAMOBIIHUI 10 Baru
00’eM (piziosoriyHOro po3unHy iHTpaHa3auabHO. BBegeHHs
pPO3YMHIB BinOyBasiocsl B majaTi TpaBMaTOJOTiYHOTO Bil-
NIiJIEHHS B TIPUCYTHOCTI 0aThKiB Ta MpPU HaJaroakKeHOMY
MOHITOPUHTY (apTepialbHUII TUCK, MYJIHLCOKCUMETPIs Ta
yacToTa myiabcy). Uepes 30 XBUIMH OLIIHIOBAJIM PiBeHb Ce-
Iairii 3a mKaxoio cemamii MidyMraHChKOTO YHiBEpCUTETY
(UMSS), ne 0 o3Hauae BiACyTHicTh cenallii; 1 — MiHiMaIbHY
cenallilo (COHIMBICTh, HAJIEXKHA peaKilis Ha YCHY PO3MOBY
Ta/abo 3ByKM); 2 — MOMIipHY cenallito (COHHUM, CTUISTYMIA,
pearye Ha JIeTKy TaKTUJbHY CTUMYJISIi0); 3 — IJIMOOKY
cenatito (rNMOOKMIA COH, pearye Jiviie 3a 3HauHYy (Qi3udHy

CTUMYJIALII0); 4 — BiICYTHICTb peaklilii HaBiTh Ha 3HAYHY
(iznuny ctumynsiiro. Oninka 3a mwkaioo UMSS 1, 2 a6o
3 BBaxkasacs 3aI0BUILHUM piBHeM cemaitii. [IpoBomwniu Ta-
KOX OIIiHKY 3a IIKaJIOI TPUBOXHOCTI PO3JTYKH 3 OaTbKaMK
(PSAS) — BanimoBaHUiI TICUXOMETPUYHMI iIHCTPYMEHT,
MpU3HAYEHU TSI BUMIPIOBaHHS PiBHSI TPUBOXHOCTI Mi-
Teil mix yac po3nayku 3 6arbkamu. OlliHKa TpOBOAMIACH
MEINYHOIO CECTPOIO-aHEeCTE3NCTKOIO, sIKa He Opajia yyacTi
B LIbOMY AocitimKkeHHi. Ouinku PSAS konuBanucs Big 1 10
4, ne 1 o3Hayae BiAMiHHY Ta JIETKY PO3JYyKY, 2 — I00py 3
JIETKUM TIJTaYeM Ta CTPaxoM, ajie IUTUHA JIETKO 3aCTOKO0-
€TbCS1, 3 — 3a0BIIbHY 3 IJIa4eM, SIKUI HEMOXKJIMBO 3aCIO-
KOITH BMOBJISIHHSIMU, aJie AUTUHA HE YillISIEThCS 3a 0aThKiB,
a 4 — morany, 3 MJjayeM, IMTUHA MOTpedye yTpUMaHHS Ta
YIIUISIETHCS 3a OATHKIB.

PerioHapHi 010K BUKOHYBaJIU Biipa3y ITicJIsl BCTAHOB-
JIEHHS NTepudepruIHOro BEHO3HOTO KaTeTepa Ta BiZHOB-
JICHHSI CTAaHIapPTHOTO aHeCTEe3i0J0TiYUHOI0 MOHITOPUHTY
(HeiHBa3MBHUI apTepialbHUIA TUCK, YaCTOTa IIyJbCy Ta
MMyJbCOKCUMETPisA) 3a JTOTTOMOI0I0 BMCOKOYACTOTHO-
ro 6—15 MIix niniiiHoro maturka (Sonoscanner Orcheo
Lite (®panuis)). Yei gitn oTpuMyBaiyd BHYTPILIHBOBEHHO
0,1 Mr/kr mimazonamy 1epea HEpBOBOIO 0JIOKaIO0 (Tuie-
YOBE CIUIETEHHS 3 HAAKIIOUMYHUM JIOCTYIIOM abo Oyiokaaa
CTErHOBOTO HEpBa B KOMOiHallii 3 MiIKOJIiIHHOIO 0JIOKa/1010
cimTHUYHOro HepBa). 1o nocimkeHHs 0y/10 BKIIOUEHO Ipe-
mapat cydenTtanin (5 mur: 250 mxr; TOB «®@apmaneBTrdHa
KOMIIaHist «310poB’si», YKpaiHa). AHecTe3i0J10T, SIKUil Ma€e
IIOCBIiIl perioHapHOI aHecTe3il Ta SKMii He 3HaB TPYII, ITi[
KOHTPOJIEM YJIBTPa3BYKY BUKOHYBaB yCi OJIOKM B orepalliii-
Hiii. JuckoM@OpT ITia yac MpoBeAeHHS perioHapHux 0J10-
kaj BuzHavanu 3a mkanow FLACC. [llkana FLACC — 1e
MOBEiHKOBA LIKajla OUIHKW IHTEHCUBHOCTI 00JIIO B JIiTEN
MOJIOAIIOTO BiKy, po3pobieHa Merkel et al. B 1997 poui.
[1pu mocnigXeHHi OLiHIOIOTHCS MiMiKa, TTOJOXEHHS Hir,
pyxoBa peakllis, Tulad Ta MOXJIMBICTb 3aCITOKOITA TUTUHY.
3a KOXXHUI ITOKa3HUK BUCTaBIIsIeThes Bin 0 mo 2 6ajiB, 6aim
nomaioThes. MiHimanbHa oniHka — () 0ajiB (BiZCyTHICTh
6outt0), MmakcuMasibHa — 10 GaniB (iHTeHCUBHUI Oinb). Llsg
1LIKaJla MpocTa [IJIsl 3aCTOCYBaHH:I, a 11 BaJiAHICTh MiATBEp-
IKeHa B IEKIJIBKOX JOCTIMKeHHIX [4].

CTaTUCTUYHUI aHaJIi3 OTPUMAHUX PE3YJIbTaTiB ITPOBO-
JIWJIM 3a JOTIOMOTOIO CTaHAapTHOro rmakera Microsoft Excel,
110 3HAXOAMUTHCS Y BITbHOMY JIOCTYIIi, Ta 3 BAKOPUCTAHHSIM
JIEMOHCTpalliliHO1 Bepcii mporpaMHoro 3abe3nedyeHHs: IBM
SPSS 19.0. Anani3 gociimKyBaHIX ITapaMeTpPiB IIOA0 HOP-
MaJIbHOCTI PO3MOIiay 3ailicHIOBaIM 3a TecToM lllamipo —
Vinka. OnucoBy CTaTUCTUKY TSI KiIbKiCHMX ITOKA3HUKIB
MoJaBajIv Y BUTJISIII CEPeIHbOTO apu(pMEeTUYHOTO Ta CTaH-
nmapTHOTO BimxmieHHss M * ¢ abo kinbkocrti (%). ITix gac
TOCTTIIDKeHHSI CTATUCTUYHMX BiIMiHHOCTEH MOKa3HUKIB Yy
pa3i HopMaJIbHUX PO3IOIiIiB BAKOPUCTOBYBAIU t-KpUTEPiit
CroroneHTa. [TopiBHSIHHS SKiCHUX MOKA3HUKIB 3/1iICHIOBa-
JIU 33 KpUTEPieM 2. BimMiHHOCTI BBaXKaJI BipOTiTHUMU TIPU
piBHi cTaTCcTUYHOI 3HauyIocTi p < 0,05.

PesyAbTaTH

VY nmocnmimKkeHHi B3sUIM ydacThb 56 miTeit, po3miiecHUX Ha
nBi rpynu: rpyna I (C) (n = 28) He oTpumyBajia XKOIHOL
npeMmenukailiii, roni sik rpyma Il (S) (n = 28) orpumyBana sik
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npeMeaunKalliio cyheHTaHUI iHTpaHa3aiabHo. Jlemorpadivni
MOKA3HUKU Ta BUXiAHi AaHi (Taba. 1) cyTTEBO He Bilpi3HSI-
Jmcs Mix aBoma rpymamu (p > 0,05).

PiBenn cenanii oniHoBany 4epe3 30 XBUIIWH ITiCIs iH-
TpaHa3aJIbHOTO BBEAEHHS pO34MHiB (TabJI. 2) 3a IIKaJIO0
cenauii Miuurancekoro yHiBepcutety (UMSS). Ouinka
3a mwkagoo UMSS 1, 2 a6o 3 BBaxaJjacs 3aI0BiIbHUM
piBHeM cenarii. B ycix miteit konTpoabHoi rpynu (1) piBeHb
cenauii 3a mkagoro UMSS nopiBHioBaB 0, 1110 CBiTYUTH
npo HeaJeKBaTHY cemallilo, TOUHillle IMpo ii BiACyTHICTb,
Tonmi K y 96,4 % niteii 3 11 rpynu criocTepiraBest JOCTaTHii
piBeHb cenarii (UMSS > 1) 3i cTaTUCTUYHO BipoTrigHOIO

pizHuueo. HamMmipHoi cenanii He cmocTepiraim B XKOIHOI
JUTHHU.

JI7151 OLIiIHKM TPUBOXKHOCTI PO3JIYKH 3 OaTbKaMu OYJIO BU-
kopucrtaHo mkany PSAS. SIk BugHo 3 Ta6xa. 3, AiTu 3 10-
caimxyBaHoi rpynu 11 Many 3HayHO Kpalili TOKa3HUKU TPU-
BOXKHOCTI PO3JIYKH 3 6aTbKaMM MOPiBHSHO 3 KOHTPOJIbHOIO
rpymnoro 1. binbliicTs mitei, a came 89,3 %, B mocimKyBaHiit
rpymi Mana 3a mkanow PSAS 1 abo 2 6aau, Tomi K y KOHT-
PpOJbHI rpyri ix 6yno suie 32,1 %. BinblIicTh aiTeit KOHT-
PpoJTbHOI Tpymu, a came 67,9 %, posnydaacst 3 6aTbKamu rpo-
osemHo (PSAS 3, 4 6anu), Tofi SIK y IpyIli 3 Cy(eHTaHiIoM
TaKMX JiTeit Oyno Habarato meHie (10,7 %).

Tabnuys 1. emorpacpiyHi noka3HuKu Ta BUXigHi gari

Fpynn
lMokasHukn P
1(C),n=28 I1(S),n=28
Bik, poku 4,93 + 1,21 5,04 +1,17 0,54
Cratb (4/X) 15/13 17/11 0,58**
Knac 3a ASA 1/2, n/% 19/9 21/7 0,55
YCC, yo/xB 87,21 + 9,86 89,21 + 11,32 0,19*
CAT, MM pT.CT. 103,14 + 10,03 105,07 £ 9,97 0,1*
Sp0,, % 97,54 + 1,32 97,18 + 1,49 0,32*

Mpumitkn: * — kputepiri CTblofgeHTa; ** — Kputepin x>.

Ta6nuys 2. PiBeHb cepalii 3a wkanoro cepauii MiunraHcobkoro yHisepcutety (UMSS)

. Mpynu
OuiHka piBHSA cepauii P
1(C), n (%) 11 (S), n (%)
0 — BigcyTHICTb cepauii 28 (100) 1(3,57) < 0,001*
1 — miHimaneHa cepauis 0 (0) 5 (17,86) 0,03*
2 — nomipHa cegauis 0 (0) 16 (57,14) <0,001*
3 — rnunboka cepadis 0 (0) 6 (21,43) 0,02*
gT;Mr;ﬁﬂpLﬁ%rye HaBiTb Ha 3Ha4Hy Pi3NYHY 0 (0) 0 (0) > 0,05*
Mpumitka: * — Kpurepin x>°.
Ta6bnuys 3. OyiHKa 3a LUKasnow TPUBOXHOCTI po3siyku 3 6atbkamu (PSAS)
OuiHka Fpynu P
1(C), n (%) 11 (S), n (%)

1 1(3,57) 8 (28,57) 0,03*

2 8 (28,57) 17 (60,71) 0,13*

3 10 (35,71) 2(7,14) 0,03*

4 9 (32,14) 1(3,57) 0,02*

Mpumitka: * — Kpurtepin x°.
Tabnuuys 4. FemogmnHamMiYHi NoKa3HUKN
Moka3Hukn Fpynm P
1(C) 11 (S)

YCC, yo/xs 86,29 + 9,61 85,61 + 10,86 0,81*
CAT, MM pT.CT. 106,18 + 8,2 103,64 + 9,32 0,28*
Sp0O,, % 97,68 + 1,33 96,96 = 1,5 0,06*

Mpumitka: * — Kputepivi CTbrofieHTa.
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Yepes 30 XBUIMH MicIsI iHTpaHA3aJIbHOTO BBEICHHS
PO3YMHIB MOPIBHSUIM TAKOX reMOAMHAMiIUHi MOKa3HUKU
ta SpO, y aiteit Mix rpynamu (tadi. 4). CTaTUCTUYHO Bi-
POTiAHUX 3MiH TIPU MOPIBHSHHI JaHUX MOKA3HUKIB MiX
rpynamMu He BiAMiueHO, Xoua KJiHiYHO i cmocTepirajiach
TeHJEHIIis 10 3HUXEHHSI Moka3HukiB SpO, y niteit no-
CJIiIXXYBaHOI IpyIu, aje BOHA He J0csrjia CTaTUCTUYHO
3HAUYLIOTO PiBHSA. Y XOAHOI TUTUHU NoKa3HUK SpO, He
omyckaBpcst Hux4e 95 %. [ToTpibHO Bim3HAYUTH, IO Y Hi-
Tel MOCIiIKyBaHOI IPYNU TAKOX CTATUCTUYHO BipOTiTHO
(p = 0,01, kputepiit CtproneHTta) 3uuxyBaaach YCC mo-
PiBHSIHO 3 BUXiIHUMU 3HAYECHHSIMU.

JnckoMdopT mia yac mpoBeAeHHS perioHapHUX OJIOKAT
Bu3Havanu 3a mkajnow FLACC. IHTpaHa3ajabHa mpeMe-
IUKallisl cy(eHTaHIOM Ta BHYTPIIIHbOBEHHE BBEICHHS
0,1 Mr/Kr minazosamy mepe HepBOBOO 0JI0KaI0I0 Y IiTei
II rpynu mo3BoaWIM BUKOHATU perioHapHy aHecTe3iio 3
nokaszHrkamu < 2 6amu 3a FLACC y 22 niteii (78,6 %), 1o
KJIiHIYHO 3Hauyllle Ta cTaTUCTUYHO BiporiaHo (p < 0,001,
KpuUTepiit y*) Bimpi3HsUIO iX Bim miteit | rpymum, me OinbIIicTh
niteit, a came 24 (85,7 %), pearyBaiia Ha iH €KIIil 3 roKa3-
Hukamu > 2 6anu 3a FLACC, 110 moTpeOyBajio 10I1aTKOBOL
cenauii abo aHanresii.

O6roeopeHHs

IlepenonepalniiiHa MenuKaMeHTO3Ha ceaallisl 4acTo
MPU3HAYAETHCS HEOXOUE, OCKIIbKM BOHA MOXE 3aTpU-
MYBaTH NPOOYIXKEHHSI a00 BUKJIMKATU ATUCKOMPOPT ye-
pe3 BHYTPILIHbOM SI30B€ BBEeIECHHS. Y pe3yJIbTaTi 3pOCTae
iHTepecC 10 MpernapaTiB KOPOTKOI Aii Ta aJbTepHATUBHUX
LIJISIXiB BBeAeHHS. Pe3ynbsratu mpoBeaeHOro MOCiIKeHHS
3aCBiAYMIN BUCOKY €(EeKTUBHICTh iHTpaHA3aJILHOTO 3a-
CTOCYBaHHS Cy(eHTaHiIy IJIs1 MepenonepauiiiHoi ceaaliii y
niteil 3—8 pokiB, 110 OYy/IM IIAHOBO OIEPOBAHI Tl MePU-
(bepuuHrMM perioHapHUMU G10KaMu. BBeneHHs mpemnapaty
B 03i 1 MKT/KT Jajo 3MOTy JOCSITU 3ad0BLIbHOI cemallii y
96,4 % niTeii, 110 CYTTEBO TIEPEBUIIYE PE3yIbTaTH Y KOHT-
poabHiit rpymi. CydeHTaHia, HApKOTUYHUM 3acid KOPOTKOI
i, MOXe OyTH MPUIATHUM JJIsI iHTpaHa3aJIbHOTO BBEJICHHSI,
OCKIJIbKM BiH Ma€ BUCOKE CITiBBiIHOIIIEHHS MTOTY>KHOCTIi Ta
00’emy. Lli maHi y3romKyIoThes 3 pe3yIbraTaMy MOIePeaHiX
TIOCJIIXKEeHb, SIKi BKa3yl0Th Ha IIBUAKUIA TOYATOK il Ta BU-
COKY 0iOIOCTYIHICTh Cy(peHTaHily IIpU iHTpaHA3aJIbHOMY
BBEICHHI 3aBISIKM JIIMOMIIBHOCTI Ta HU3BKil MOJICKYJISIpHIi
Maci [3, 5]. 3a manumu S. Kapoor, iHTpaHa3aJabHUM LLISIX €
0Cc00JMBO e(PEeKTUBHUM Y TeiaTpii Yepe3 HasBHiCTb T'yCTOT
BacKyJisipu3allii HOCOBOI CJIM30BO1 000JOHKHU, 1110 3a0e31e-
Yyye IIBUIKE CUCTEMHE BCMOKTYBAaHHS TIperiapary Ta yHUK-
HeHHsI e(DeKTy MepIIoro MPOXoaKeHHS yepe3 MeviHKy [6].

3rigHo 3 oTpUMaHUMK TaHUMHK Yy 96,4 % miteit qociti-
JIKYBaHOI TpyIny OyJIO JOCSITHYTO 3aM0BiJIbHOTO PiBHS ce-
nauii (UMSS > 1), Toai K y KOHTPOJIBHINM rpymi koaHa
NUTUHA HE TIpoieMOHCTpyBaia cenaiii. Lle cBimuuth mipo
e(eKTUBHICTh iHTpaHa3aJbHOIO BBEICHHS Cy(heHTaHiIy B
11031 1 MKT/KT $IK IIBUIKOMIIOUOTO Ta HEiHBa3MBHOTO METOLY
3a0e3IMeYeHHsI CITOKIHHOro CTaHy Mali€eHTIB Mepea aHeC-
Te3iero. Takuii minxim 103BOJIsIE YHUKHYTU BUKOPUCTAaHHS
BHYTPIIlTHBOBEHHOTO JOCTYIY Ha eTarli peMeauKariii, 1o
0COO0JIMBO BaXXKJIMBO IS AiTei, sIKi 00SIThCS iH €Ki, 1110
MiATBEPIKEHO i B iIHIIIUX JOCTiKEeHHX [7].

OwiHKa 3a IIKaJIO0 TPUBOXHOCTI PO3IIYKH 3 OaTbKaMM
MiATBEepAMJIA J0JAaTKOBY TiepeBary rpeMeauKallii: y rpyrii cy-
¢eHTaHTy OiNBIIICTD MiTel JIETKO PO3/Iydajiacs 3 0aTbKaMu,
110 CBiTYMTH PO 3MEHIIIEHHST €MOILIifHOTO HAaBAHTaXKEHHSI.
IMoniOHi pe3yabTaTu MPOAEMOHCTPOBAHI Y AOCTIAKEHHI
T.R. Wolfe et al. [8], ne cenalis repes Xipypri€xo iCTOTHO
3HUXKYBaJla IICUXOJIOTIYHUI CTpeC y TiTel.

[lle onHMM BaXJIMBUM CTIOCTEPEXKEHHSIM OYJIO 3HUKEH-
HST TMCKOMQOPTY TP MPOBEACHHI perioHapHUX OJIOKIB,
ouineHoro 3a mkano FLACC. ¥V mocrimxkyBaHiil TpyIi
78,6 % nmiTeit Mamu TTOKAa3HUKU < 2, [0 BKa3y€ Ha KOM-
¢opTHe npoBeneHHs1 aHecTesii. [1oaiOHI pe3ynbratu Oyau
oTpuMaHi y po6ori V. Pansini et al. [9], ne iHTpaHa3anbHa
cefallis OMioilaMu 103BOJIMJIA 3MEHIIIUTH peakllii 0010 Ta
HEOOXiMHICTh Y (Pi3MIHOMY CTPUMYBaHHI IiTCH.

Takox BaxKJIMBO, 110 Y )KOIHOI TUTUHU HE CITOCTEPi-
rajgocs CyTTEBUX reMOJMHAMIUYHUX 3MiH 200 TUXaTbHUX
yekimagHeHb (SpO, 3anumanock > 95 %), 1110 MiATBEPIKYE
0e3IreKy iHTpaHa3aJIbHOro BBeAeHHs cydeHTaHiny. Lle 306i-
raeThcsl 3 BUCHOBKaMU nociimkeHHs M. Blancher et al.
[10], sike BKa3ye Ha cTabiIbHUI TTPOdiab Oe3eKH Mpu 3a-
CTOCYBaHHI HM3bKUX 103 IHTPaHa3aJbHOTO Cy(heHTaHIy B
yMoBax crioctepexkeHHs [11].

Takum 4yMHOM, HaJaHi BiTOMOCTI BKa3ylOTh Ha Te, 110
iHTpaHa3adbHUil cyheHTaHT € e(peKTUBHUM i Oe3MeuHUM
3ac060M MpeMeIrKallii B nexiaTpuyHiil mpaktuwi. Moro
3aCTOCYBaHHSI JO3BOJISIE 3MEHILIUTU TPUBOXHICTh, MOJIII-
LIUTU YMOBHU 151 TIPOBEIEHHS aHEeCTe3il, a TAKOX YHUK-
HYTU OOJATKOBUX iH’ €KIIiN, 110 € TICUXOJOTIiYHO MEHIII
TpaBMaTUYHUM TSI IMTUHU. [loganblini paHIoMi3oBaHi KOHT-
POJIbOBaHI TOCTIMKEHHS € BaxKJIMBUMU JUIST TIiATBEPIKEH-
HS X BUCHOBKIB Ta BUBUEHHS iHIINX 103 i KOMOiHALii1
CelaTUBHUX MpernapariB IJIsl MiABUILEHHS e(PEKTUBHOCTI
Ta Oe3IeKH.

BucHoBKMU

[HTpaHa3abHUIt cydeHTaHT y 1031 1 MKr/Kr 3abe3rne-
yye e(peKTUBHY IlepeaoIepaliiiHy cenaiiio, 3HIXYE TPpU-
BOXHICTb y JiTe#l min yac po3ayku 3 6aTbKaMu, MOJIETIIYE
MPOBEACHHS perioHapHoi aHecTe3ii 6e3 3HaYHOTO TUCKOM-
¢opTy Ta 6e3MeYHNIT MOI0 XKUTTEBUX ITOKA3HUKIB.

KondukT inTepeciB. ABTOpH 3asBIISIIOTH IIPO BiICYTHICTD
KOHDITIKTY iHTepeciB Ta BllacHOI (hiHaHCOBOI 3a1liKaBJIEeHOC-
Ti IPY MiATOTOBII JAHOI CTATTi.

Buecok aBTopiB. Kosomauenko B.I. — HanucaHHs
tekcty crarti; OguHenp [.HO. — KoHuenuis i qu3aiiH 10-
crnimkeHHs; [aBpukoB O.€. — aHali3 OTpUMaHUX JaHWX,
Kynin B.I. — 36upaHHs i1 00pobKa MaTepiais.
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Intranasal preoperative sedation with sufentanil in children

Abstract. Background. Preoperative anxiety in children is a signifi-
cant issue that negatively affects both their psycho-emotional state
and surgical outcomes. Children aged 3—8 years often experience
fear of separation from parents, of medical procedures, and drug
administration. Traditional sedation methods, such as intravenous
administration, are not always convenient in pediatric practice.
Nasal administration of medications, particularly sufentanil, a li-
pophilic opioid with high bioavailability, is a promising alternative
requiring clinical evaluation of its efficacy and safety. The aim: to
evaluate the effectiveness of intranasal sufentanil at a dose of 1 pg/
kg as a preoperative sedative in children undergoing surgery un-
der regional anesthesia, taking into account the level of sedation,
anxiety during parental separation, hemodynamic parameters, and
behavioral response to painful stimuli. Materials and methods. The
study included 56 children aged 3—8 years undergoing elective up-
per or lower limb surgeries at the Kharkiv Regional Clinical Trau-
matology Hospital. Patients were randomly assigned to two equal
groups: group I — control (normal saline) and group Il — study
group (intranasal sufentanil 1 pg/kg). Sedation was assessed using
the UMSS, anxiety using the PSAS, and pain intensity using the

FLACC scale. Statistical analysis was performed using SPSS 19.0
and Microsoft Excel. Results. In the study group, 96.4 % of children
achieved a satisfactory level of sedation (UMSS > 1), whereas no
child in the control group showed signs of sedation. Anxiety scores
on the PSAS were significantly lower in the sufentanil group (89.3 %
of children scored 1 and 2) compared to the control group (32.1 %).
Hemodynamic parameters remained stable, with no significant
adverse effects observed. According to the FLACC scale, 78.6 % of
children in the study group had scores < 2 during regional blocks,
while only 14.3 % of controls showed similar scores, demonstra-
ting a clinically and statistically significant difference (p < 0.001,
¥* test). In contrast, most children in the control group (24, or
85.7 %) showed FLACC scores > 2 in response to injections, ne-
cessitating additional sedation or analgesia. Conclusions. Intranasal
sufentanil at a dose of 1 pg/kg is an effective and safe method of
premedication in children, providing satisfactory sedation, reducing
anxiety, and allowing for comfortable regional anesthesia without
significant effects on hemodynamics.

Keywords: nasal administration; sufentanil; preoperative sedation;
children
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PoAb NATO6iOXiMiYHUX NOPYLUEHb Y NPOrHO3yBAHHI
PO3BUTKY NICASOMNEPALINHOT KOrHITUBHOT AUCHYHKLLIT
Y NALIEHTIB NICAS €HAONPOTE3YBAHHSA KYABLLOBOTO
CYraAo6da nia CniHAOAbHOIO OHEeCTe3IED

Pe3iome. Axmyaavnicme. Ha cb0200ui y ceimi Hariuyioms nonad 46 minviionie nayicumie, ki cmpaicoaioms
Ha demeHyilo. 3a npoeHo3amu ekcnepmie, yeil nokasHuk 6yde spocmamu. JemeHnuyis 3aiimae cbome micue ceped
NPOGIOHUX NPUUUH CMEPMHOCMI Y C8IMI [ 6X00UMb 8 YUCAO0 OCHOBHUX NPUUUH [HBANIOHOCMI AIMHIX Mt0dell ma
BUHUKHEHHS Y HUX 3A1eHCHOCMI 8i0 cmopoHHboi donomoeu. Exonomiuni eumpamu 6id demeHyii wopiuho cma-
noeasimo 1,3 mpan doa. CIIA, 3 sxux npubausno 50 % npunadae na neogiuiiinuii 0oensd 3a xeopumu. Mema:
docaioxnceHHs poni OKCUOAMUBHUX NOPYULeHb MA 3ANAACHHS Y PO3BUMKY PAHHbOI NiCASLONePAUiliHOl KOZHIMUBHOT
ducynxuyii (IIOKJ) y nauicumis nicas eH0onpome3y8anus KyAbil08o2o cyen006a nio CRiHaAbHOW AHeCme3ier).
Mamepiaau ma memoou. Kinvkicmo xeopux, ski 6yau exaroueni ¢ docrioncenns, — 85. Yci xeopi aikysanucs 6
mpasmamonoeiunomy eiddinenni KHII « Binnuuvka micobka Kainiuna AikapHs wieuokoi meduuHoi donomoeu». 3aoip
Kpo8i 045 U3HAHEHHS 6MICIY MAN0H08020 dianbieidy, KapOoHinbHuX epyn npomeinie ma IL-6 euxonysaiu 3a
000y 0o onepauyiiino2o empy4anHa ma uepe3 mpu 000U nicas eHdonpPoOme3y8anHs Kyabuloeoeo cyenoba. Ak 00ny 3
ocHoenux oyinounux wikan [NOKJ] euxopucmosysaru Mini Mental State Examination. Cmamucmuuny oopooKy
danux npoeoounu 3 BUKOPUCIMAHHAM MoJcAusocmell erekmponHux maoauus Microsoft Excel i nakema cmamuc-
muuroi 06pobku ingpopmayii SPSS 23.0. Pesyavmamu. IIposederuii kopeasuyilinuii aHaiiz 3aceiouus acoyiauyiio
Mmide pozeumiom parnvoi TIOKI] 3a ymos endonpome3ysants Kyavbulo8020 cy2a00a nio CHiHaAbHONW anecmesiero ma
einepakmueayicio 8inbHOPAOUKANbHO20 OKUCHEHHS, HAOMIDHOIO AKMUBAUicto npouyecy oKucHoi deepadauii 6irkie
ma 3ananeHHsam. Bucnoeku. 36invuieHts cupo8amro8ux pieHie Manon08020 dianboe2ioy, KapOOHiNbHUX epyn NPO-
meinie ma npo3ananvroeo IL-6 ¢ doxazom npuuemnocmi OKcuOamueHo2o cmpecy ma 3anaiers 00 po3eumky pau-
HbOI KO2HIMU6HoI duc@yHkyii 6 ocib nicas eH0onpome3y8aHHs Kyabll08o2o cyeno0a nio cniHaabHOK aHecmesi€ro.
KnrouoBi cioBa: xipypeiune empyuanns; 6inv; nicasonepayiiine 3He001106aAHHS MA GIOHOGACHHA; KOCHIMUBHI
QyHKUIT; cucmeMHa 3ananvHa 8i0nosiov,; Hellponcuxonoeiunuil degbiyum ma oo ouiHKa

Bctyn

CyyacHa nemorpacdiyHa cutyailisi B 6araTbox po3BUHE-
HUX KpaiHax, a TaKOX MPUCKOPEHHS TEMITY KUTTS 30i1b-
IIYIOTh BUMOTH A0 SIKOCTi aHecTe3il il Xipyprii B LiJioMy
Ta OUiKyBaHHS 1100 Hel. 3a OCTaHHI AecATUPIiYYs HaOysa
aKTyaJbHOCTI TTpo0JieMa BILUTMBY aHEeCTe3ii Ta XipypriuHOTO
BTpYyYaHHSI Ha KOTHITMBHI (DYHKIIii MalliEHTIB y paHHbOMY
Ta BiggajieHOMy micjsiornepauiitHomy repioni. 3okpema,

10 % cynoBux Mo30BiB y cdepi MeTUIIMHU TTOB’sI3aHi came
3 1Ii€to pooaemoro [1].

KorHiTuBHI MOpyIIeHHs, 110 BUHUKAIOTh Y 3B’SI3KY 3
TMEepeHeCeHUM OIepaTUBHUM BTPYYaHHSIM Ta aHECTE3i€l0,
BKJIIOYAIOTH MiCsSIONe palliiiH1i Ie1ipiii Ta micisionepartiii-
Hy KorHiTuBHY auchyHkuito (ITOK/) [2]. Cepen natieHTiB
BIKOM 65 pOKiB i cTapiue npuoan3Ho y 65 % po3BUBaIOTHCS
panni [TOK]I, ay 10—12 % — TpuBajie 3HUKCHHST KOTHi-
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TUBHUX (YHKIIIH ITicJIsI HeKapaioXipypriYHMX orepaiiii |3,
4]. Bik Ta TpuBasicTh aHecTe3il, HU3bKUI PiBEHb OCBITH,
MOBTOPHI BTpy4YaHH:I, MMicasonepaliiiti iHpekIii Ta pecii-
paTopHi ycKJIaaHeHHs Oyau (haKTopaMu PU3UKY PO3BUTKY
panHboi [TOK/I. ITicnst BUunmuMcku 3 JikapHi mamieHTu, y
SIKUX PO3BUHYBCS MicCIsIonepaliitHnii neipiii, HapaxaroThb-
Cs1 Ha MiABMILEHUM pU3UK TTOTipIIeHHS QYHKIIOHAILHOTO
Ta 1cuxojoridHoro 3g0poB’st. [TOK]I Takox acoifoeTbes
3i BHUKEHHSM SIKOCTi KUTTSI, BTpaTOr0 (PYHKIIiil Ta 3011b-
IIEHHSIM CMEPTHOCTI [5].

Erionorist [TOK]I B opTOneAMYHUX XBOPUX HA CHOTOIHI
He BcTaHoBJIeHa. IcHye GaraTo ¢pakTopiB, 30KpemMa TPOM-
00eMOOJTiuHiI yCKJIaHEHHSI, BILUIUB aHecTe3ii, HasBHICTh
060JIbOBUX BiIUYTTIiB y MicasonepauiitHoMy niepioai [6—10].
Ha yactoTy po3BUTKY KOTHITUBHOI AUCHYHKIIiI B OPTOIIE-
MUYHUX TAIliEHTIB, OKPiM BUIlle3a3HAYECHUX (DAKTOPIB pu-
31Ky, BIUIMBAE MepionepalliliHa cTpecoBa peaklilis, oopaHa
XipypriuHa TexHika, BiK naitieHra Toio [11—15].

AHani3 ony0JliKoOBaHMX HAYKOBUX JOCHIIXEHb Je-
MOHCTpYE 0araTtodakTOpHY eTioJorio Ta, BilTIOBIAHO,
CKJIAIHUI, OCTAaTOYHO HE BU3HAYEHU U MaTOTeHe3 KOTHi-
TUBHUX MOPYIIEHD ITICAS OPTOMEANYHUX OMEPAaTUBHUX
BTpydyaHb. HeBizomo, 3a IKMX yMOB ITOYMHAE TIepeBakaTh
TOI YU iHIIMK KacKaj MaTOJOTiYHUX 3MiH, IPEAUKTOPU
TTOK/I mpomoBXyIOTh 3aJUIIATUCH IIPEIMETOM TOCTPUX
HayKOBUX IMCKYCiii, a pe3yJbTaTy TOKIiHIYHUX i KJIiHi4-
HUX JIOCJTIIXKeHb 4aCTO MAalOTh CyTIepeuIMBUIA XapaKTep.
TMomanbire BUBYEHHS MaTo(i3ioNorivyHUX MeXaHi3MiB
dopmyBanHs Ta nepediry ITOKJI y xBopux micist eHgo-
NpOTE3yBaHHS KYJbIIOBOrO Cyrjoda sIK OAHi€l 3 Hali-
YPas3IUBIIIMX KOTOPT € BKpail aKTyaJbHOIO MPOOJeMOI0
CY4acHOI aHeCTe310JIOoTil.

Ha croronHi posib aHecTe3ii y po3BUTKY Iic/sionepaltiii-
HOTO KOTHITMBHOTO CIay € TPeaMeTOM OypXJIMBUX HAYKO-
BUX JUCKYCIi Ta, Oe3MepeyHo, OMHIE€I0 3 HalaKTyaIbHillINX
npo0eM cydacHOI aHeCTe3i0loriuHol MpakTuku. Brumms
aHecretukiB Ha [TOK]I HM3Ka MOCTiTHUKIB OOIPYHTOBYE
MIPSIMOIO TOKCUYHICTIO, CUCTEMHOIO 3aIlaJIbHOIO peaKlli€lo,
MPUCKOPEHHSIM €HIOTEHHUX HelpoereHepaTUBHUX PO-
LIeciB, aKTHBALIIEIO KacmasH i aronto3oM [16, 17]. BogHouac
poJh KX (haKTOpiB y BUHMKHEHHI paHHboi [TOK]/] y maieH-
TiB ITiCJIs1 omnepallii eHIOoMPOTe3yBaHHS KyJIbIIOBOIO CyIio0a
MiJ] CMiHAJIBHOIO aHECTE3I€I0 10 KiHLIS He TOCIiIKeHa.

Mera: Ha miacTaBi aHaJli3y CTaHY KOTHITUBHOI (DyHKITIT
3a MMSE nocninutu pojib OKCMAATUBHUX MOPYIIEHDb Ta
3arnajeHHs1 y po3BUTKy paHHboi [TOK]I y nauieHTiB micist
€HIIONPOTE3yBaHHS KYJIbIIOBOTO CYIJI00a i/l CMiHAJTBHOIO
aHecTe3i€l0.

71 1OCATHEHHS TTOCTAaBJIEHOI METU OYJIN OKpECJEHi
HACTYIMHI 3aBAAHHS TOCiIKEHHSI:

1. OuiHUTK TMHAMiKy CUPOBAaTKOBUX PiBHiB MaJIOHO-
Boro gianpaeriny (MJIA), kKapOOHITIBHUX TPYIl NMPOTEIHIB
(KTTI) Ta mpo3amanbHoro iHTepieiikiny-6 (IL-6) y mari-
€HTIB, SIKi MEPEHECTU EHI0NPOTE3yBAHHS KYJIBILIOBOTO CY-
1004 Mijl CriHAJIbHOIO aHECTE3i€T0.

2. [IpoBecTy KOpeaALUiiiHUI aHaJIi3 MixK CTAHOM KOT-
HITUBHUX PyHKIiA (0an 3a KOPOTKOIO IIKAJ0I0 OLIiIHKKU
ncuxiyHoro crarycy Mini Mental State Examination,
MMSE) ta cupoBaTKOBUM piBHEM BKa3aHUX 0ioXiMiu-
HUX MapKepiB.

MarTtepiaAu Ta meToamn

VY nocnimkeHHi HaM1 00CTeKeHO 85 TMaLi€HTIB BIKOM Bil
48 o 89 pokis (y cepenHbomy 73,1 = 9,7).

3rigHo 3 BiKoBolo Kiacu@ikaimiero BOO3 y mpoBe-
JIeHe JTOCJiIXKeHHST BBIMIILIM MalliEHTU 3 BiKOBUX I'PYI:
1) manuieHTn cepentporo (Bin 44 no 59 pokis) — 18 (15,0 %),
2) noxwutoro (Bin 60 no 74 pokiB) — 42 (35,0 %) i 3) crape-
qoro Biky (Bim 75 mo 89 pokiB) — 60 (50,0 %). [NepeBaxHa
GinmbiricTh mamieHTiB (85,0 %), BKIIOYEHUX Y TOCTIIKEHHS,
OyJ1a TTOXMJIOTO i CTApevYOoro BiKYy.

V panHbOMY TicIIsI0TIEpaLliiiTHOMY IIePiofii 3 METOIO 3He-
0OJTI0BaHHS B TJIAHOBOMY TMOPSIAKY MALliEHTA OTPUMYBAJIU:
koMbOiHamito napaueramosny 1000 Mr B/B-KparnjnuHHO Ta
nekckerornpodeny 50 mr B/M KoxHi 6—8 ron. [1pu Hemo-
CTaTHIl e(PeKTUBHOCTI MapareTaMoIIy Ta IeKCKeTOIPoeHy,
110 OLIIHIOBAJIACs SIK HEMOXJIMBICTh YTPUMaHHSI PiBHSI 00JTIO
3a Bi3yaJIbHOIO aHAJIOIOBOIO IIKAJIOI0 He OiJiblie HiX 4 6aiu,
BUKOPUCTOBYBaBcsl MOpiHy rimpoxuopum 10 mr B/M.

3rigHo 3 TaHMMM HAapKO3HUX KapT IIPOOIepOoBaHUX Ia-
LIIEHTIB, JUISI aHECTE310JI0TIYHOI 1I0TIOMOTH BUKOPHCTOBY-
Basucs ogHakoBi nmpemnapatu. Jdus pociaimkenHs [TOK]/]
3acTrocoByBaiu mkary MMSE.

[lepBUHHUM pe3yabTaTOM JOCJiAKEHHS Oyja iHLU-
JNEHTHICTb PO3BUTKY PaHHBOI ITicasonepaliiiHoi KOTHi-
TUBHOI TUCPYHKILii. Y BUMagKax MposiBiB Ta 30epekeHHs
KOTHITMBHUX ITOPYIIEHb IPOTAroM 7 ai0 micisionepaltiii-
HOTO IIepiony KOPUCTYIOThCS TepMiHOM «paHHs [TOK/I».
3rigHo 3 peKoMeHaalisMu MixXHapoaHoi po6ovoi rpymnu 3
HOMEHKJIaTYpH IepionepaliiHuX KOTHITUBHUX PO3JIaliB,
[TOK]JI peecTtpyBanu rpu 3HUKEHHI MTOKAa3HUKIB HEHpO-
IICUXOJIOTIYHOTO TecTyBaHHs Ha 10 % i Ginblie Bim BUXi-
Horo piBH# [18, 19].

JlaGopatopHi KocaimKeHHs ITOKa3HUKiB OKCUAATUBHOTO
CTpecy Ta 3amnaJieHHsI B KPOBi XBOPUX IIPOBOIMIN B HAYKO-
BO-IIOCJIIHI KJIiHiKO-/AiarHOCTUYHI Jlaboparopii BHMY
iM. M.I1. IluporoBa, ceprudikoBaniiit MO3 Ykpainu (cBimo-
1urBo npo nepearecratiiro Ne 049/15 Bin 2 6epesns 2015 p.).

Vuicr IL-6 y cupoBaTiii KpoBi BU3HAYAIN iMyHODEDP-
MEHTHUM METOJIOM 3 BUKOPUCTAHHSIM CTaHIApTHOTO Ha-
6opy IL-6 ELISA (Diaclone, ®@paHiiist) BianoBigHo 10 iH-
CTPYKLii (pipMU-BUPOOHMKA.

VYwmicr 3aranbpHoro Giika Bu3Havaaiu MetogoM Jloypi [33],
MJIA — 3a peakii€io 3 Tio6apOiTypoBOIO KUCI0TOIO [34],
KITI — 3a peakiieto 3 2,4-nuHiTpodeHinTinpasuHomM
[35].

3B’5130K (KOpeJislilo) Mix MOKa3HUKaMM, 1110 BUBYAJIM-
csl, OLIIHIOBAJIM 3a pe3yJibTaTaMM KOPEeJISILiiHOro aHali3zy
3 o0uncaeHHSIM KoedimienTa kopensii Ilipcona (r) abo
CnipmeHa (R) Ta mogajibliiMmM BCTAHOBJIEHHSIM HOT0 3HAYY-
IIIOCTI 3a t-KpuTepieM. 3a1exXHO Bi BeIMYMHU KoedillieHTa
KOpEeJISIii BUPaKeHICTh B3aEMO3B 13Ky OLIIHIOBAIN TaKUM
gunom: 1,0—0,7 — Bupaxenuii; 0,69—0,4 — momipHwuii;
MeHuie 3a 0,39 — cyiabkuii B3a€EMO3B’S130K.

Pe3yAbTaTH TO OOrOBOPEHHS

CraHoM Ha 4-Ty noOy micjist onepailii eHIoTpoTe3y-
BaHHSI KYJIbIIOBOTO CyIJIo0a ITiJ CITiHAJIbHOIO aHeCTe3i€l0
BiImMivajach aKTHBALIisI TIEPEKMCHOTIO OKVMCHEHHS JIIIIIB,
PO 110 CBiMYUTH 3POCTAHHS BMICTy B KPOBi BTOPMHHOTO
npoaykry jginonepoxkcunaiiii MIA (puc. 1).
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PucyHok 1. iuHamika pisHss MA B cupoBatui
KpOBi nayieHTiB, siKi nepeHecsin eHROoNPoTe3yBaHHS
KynbLIOBOro cyrnob6a nig crniHaabHO aHecTe3iero
(M = o, n = 36)

B oci6 no onepauii piBeHb MJIA B cupoBaTili Kpo-
Bi KouBaBcs B Mexax 2,47—4,97 MkMoJib/J (BiAnoBinae
neplLeHTWIbHOMY iHTepBany Ps—P,s), Meniana ctaHoBuIa
3,74 MKMOJIB/J1.

[Ticns omepalii eHIONMPOTE3yBaHHS KYJIbIIOBOIO CYy-
m1o0a mif CIiHaJbHOIO aHecTe3ielo cepeaHiit piBeHb MIIA
B CHpOBATIIi KpOBi BiporigHo nepeBuInyBaB Ha 96,5 % mo-
Ka3HUK A0 oIlepallii. 3a IMX YMOB CUPOBAaTKOBUI BMiCT
MJIA nepebyBaB y nianasoHi 5,22—9,24 mxmons/n (P,—P,;),
MefiaHa ctaHOBUIA 7,27 MKMOJIb/JI.

IIpoBeneHmit KopesLiiHMI aHaIi3 3aCBiIUMB acollia-
1ito Mixx po3BuTkoM paHHboi [TOK]I Ta rirnepakTuBailieto
BiIbHOpPAAMKAaJIbHOIO OKMCHEHHS B OCi0 32 YMOB €HIIOIPO-
Te3yBaHHSI KYJIbIIIOBOTO CyIyio0a il CriHaJbHOI aHecTe-
3ier0. BugsieHo, 1110 Mix 6aiom 3a 1mkanoro MMSE Ta cu-
poBaTtkoBUM piBHeM MJIA BUHMKAB BipOTiTHMIT 00epHEHMI
3B’430K cepeiHboi cuiu (KoediieHT kopesiii r = —0,39,
p <0,05).

EnnmonpoTe3yBaHHS KyJIbILIOBOTO CYTJ100a Tifl CITiHAb-
HOIO aHeCTEe3i€10 CYIPOBOIKYBAIOCH BipOTiIHUM IMOCUICH-
HSIM TIPOIIECiB BITbHOPAINKATBbHOTO OKMCHEHHSI TIPOTEIHIB,
JIOKa30M 4OT0 0YJ10 3pOCTaHHS CUPOBAaTKOBOTO BMICTY MPO-
IYKTiB OKMCHOI MoaudiKairii OiIKiB, a came KapOOHIITbHIX
TpyI MPOTEiHIB (puc. 2).

Tak, B oOcTexkeH1X 0cib 10 omepallii CMpOBaTKOBHI PiBeHb
KTI'TI konusascs Bin 50,7 (Ps) no 77,0 on.onT.1,/Mr npoTeiHy
(Pys), MeniaHa craHOBuMIIA 63,4 O1.OIIT.III/MT TIPOTEIHY.

[Ticnst mpoBeneHoI onepallii BiiMidaaoch BiporinHe 3poc-
TaHHSI Yy CUpOBaTLi KpoBi cepentboi Benmunau KI'TI Ha 54,5 %
TOPiBHSIHO 3 TIOKA3HUKOM JI0 OTIepallii: CUPOBATKOBHUI PiBEHb
KTITI kommBages Bin 83,1 (Ps) mo 116 om.onT.I/Mr MpoTeiHy
(Pys), Menmiana craHoBw1a 97,2 O/1.OMT.I1/MT TIPOTETHY.

3a pe3yJibTaTaMy KOPEJsILiitHOrO aHasi3y BCTAaHOBJIEHO,
1110 PO3BUTOK paHHbOI KOTHITUBHOI TMC(YHKILiT B 00CTEXEe-
HUX 0ci0 Ticys omnepaliii TiCHO TIOB’sI3aHUIA 3 HaAMiPHOIO
aKTHBAlli€l0 MPOIECYy OKUCHOI Aerpajaallii 6inkiB. 3apee-
CTpPOBaHO, 110 MixX OanoM 3a mkajoio MMSE Ta cupo-
BaTkoBuM piBHeM KI'TI BuHMKaB BiporimHuii o0epHEeHUA
3B’SI30K CepenHbOi M (KoedilieHT Kopesuii r = —0,45,
p <0,05).

B ocib micisg mpoBeaeHHsI onepallii eHI0npoTe3yBaHHSI
KyJIBILIOBOTO CYyTJ100a PEECTPYBABCS PO3BUTOK CUCTEMHOI

PucyHok 2. [innamika pisHs KI'T1y cupoBarui kposi
nauyieHTiB, ki nepeHecsi eH[OoNPoTe3yBaHHS
KYJbLLIOBOro cyryiioba nig crniHaabHO aHecTe3iero

(M % o, n = 36)
IL-6, nir/mux

12
10

8

|

4

:

0

Jo onepamnii Yepes 3 qobu nicas onepanii

PucyHok 3. lnnamika piHs IL-6 y cupoBarLi kposi
nauyieHTiB, siKi nepeHecsin eHROoNpPoTe3yBaHHS
KynbLLUOBOro cyrnoba nig cniHasabHOK aHecTe3iero
(M % o, n = 36)

3amajJbHOI peakilii, 110 MiATBEepIKyBaJIOCsI CTATUCTUIHO
BipOTiTHUM 3POCTaHHSIM y CUPOBATIII KPOBi Mpo3anajibHOro
LIUTOKIiHY (puc. 3).

3’s1CyBaJIOCh, 10 B 00CTEXXEHUX OCi0 10 TTPOBEACHHS OTIe-
pariii Meniana cupoBaTkoBoro BMmicty IL-6 craHoBuia 5,92
(95% 11 2,77—-9,65) nir/mit, a iHTepKBapTWIBHUI po3Max
(P,s—P,;) nepedyBaB y aianasoHi Big 4,25 1o 8,03 nr/mi.

Ha 4-ty noOy micist mpoBeneHo1 omnepallii 3 IIpUBOIY
€HJIONIPOTE3YBaHHSI KYJIBIIOBOTO CYrJio0a peecTpyBaioch
CTaTUCTUYHO BipOTifHE 3pOCTAaHHS CEPEeIHBLOTO PiBHS
IL-6 y cuposaTtiii KpoBi Ha 53,3 % BiZTHOCHO TTOKa3HUKa
IO JIIKyBaHHS. 3a IIMX YMOB MeJliaHa CUpPOBAaTKOBOI'O BMiC-
Ty IL-6 cranoswna 9,90 (95% A1 4,56—14,8) nr/mi, a iH-
TepKBapTWIbHUIT po3max (P,s—P,;) Bianosinas aianazony
6,99—12,1 rir/mi.

Kopensinilinnit aHani3 HagaB 10JaTKOBI I0Ka3u MpU-
YETHOCTI 3amajeHHs 10 po3BUTKy paHHboi [IOK]I. Buss-
JIEHO, 1110 MiX 6asioM 3a 1kanoro MMSE ta cupoBaTKOBUM
piBHeM IL-6 BUHMKAB BiporigHUi 00epHEHMI 3B’ 30K Ce-
penHboi cunu (kKoedimieHT Kopensii r = —0,45, p < 0,05).

O6roeopeHHs

Enpmonpore3yBaHHS KyJIbIIOBOTO CYIyioda € BUCOKO-
TpaBMaTUYHUM OIlepaTUBHUM BTPYUYaHHSIM, acOLlifOBaHUM
3 iICTOTHUM PU3UKOM XUTTE3ArPO3TMBUX MicC/sI0TIepalliiHUX
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ycKiIagHeHb [20], Ta BomHOYAC € OOHIE€I0 3 HAMOIBIII YaCTO
BUKOHYBAaHUX PEKOHCTPYKTUBHUX OIepalliil. 3a olliHKamu,
IIIOPOKY B YCHOMY CBiTi MPOBOAUTLCS 1,5 MilbiiOHA IIPO-
uenyp [21].

KorHiTuBHI po3naau, siki po3BMBalOThCS B ITiC/sI0Mepa-
LiiTHOMY TIEpio/ii, € OHUM i3 MPEIUKTOPIB PO3BUTKY CTIKOT
KOTHITMBHO1 AMCHYHKIIT i MiABUILYIOTh PU3UK AEMEHIIi,
TOMY 3 POKY B PiK 3pOCTa€ yBara 1o L€l Ipo0IeMu SIK aHeC-
Te310JI0TiB, TaK i JiKapiB iHIIMX crneuiaabHocTel. Lle crmo-
HYKAE€ J10 3aCTOCYBaHHS MYJIBTUAMCHMUIUTIHAPHOTO TiAXO0MY
IO BUpIIIEHHS TTPo0JIeMH 3am00iraHHs micsionepaliitHii
KOTHITUBHIi TMCOYHKIIII Ta ii JlikyBaHH: [12, 22—24].

TMommpeHicTh feMeHIIil, TSKKa iHBasliqu3allis Ta eKo-
HOMIYHUIA TSArap IMKTYIOTh HEOOXiHICTb CBOEYACHOI Jia-
THOCTUKU Ta JIiIKyBaHHS TIAL[iEHTIB 3 KOTHITUBHUMU PO3-
JlaaMu.

AKTYyaJbHICTh OKCUIATUBHOTO CTPECY IS TOJIOBHOIO
MO3KY I10JISITA€ B TOMY, 1110 HEUPOHU € HAI3BUYANHO Bpas3-
JIMBUMM [IJIs BiIbHUX paauKaiiB. Lle moB’s3aHo 3 TUM, 1110
MO30K crioxxuBae 10 50 % HasiBHOTO B OpraHi3Mi KMCHIO;
3 10 MIpa MiTOXOHIpiiA, sIKi MepedyBaloTh Y TKAHMHAX Ha-
11I0T0 OPTaHi3My, MOJOBUHA MIPUTIAIAE HA TOJIOBHUI MO30K;
IUIS1 HHOTO XapaKTepHe TOTaJlbHEe JOMiHYBaHHSI aepOOHOTO
MeXaHi3My eHeproIpoayKlilii; MO30K OaraTuii roJjiiHeHacu-
YEeHUMU XUPHUMU KUCJIOTaMU, TOMY BUHUKAE TTOTYKHA
aKTUBAallis MTePeKMCHOTO OKMCHEHHS Y BiAIOBiIb Ha OyIb-
SIKe YIIKOIKEHHS [25].

3rimHo 3 n1yMKOIO 6araThbOX HayKOBIIIiB, 3aIlaJIeHHsI Bi-
nirpae icroray pouab y natoreHesi IIOK] [28—30]. J. Hu
et al. y 2018 poui ony61iKyBai pe3yJIbTaTh JOCTiIKEeHHS,
SKi IEMOHCTPYIOTh BIUTUB IL-6 Ha (hopMyBaHHS Iepiore-
paliifHOro HeMPOKOTHITUBHOTO po3iany y muiieit [29].
J.L. Rudolph et al. nponemMoHcTpyBaiu, 1110 KOHIEHTpaLlis
XEMOKIHY B paHHbOMY iC/ISIONIepallifHOMY IIePiofli iCTOTHO
utia y nauieHTiB 3 [TOK/I mopiBHsSIHO 3 00CTeXYBaHUMU
KoHTpoJibHOI rpynu [30]. Pazom 3 Tum A.W. Lemstra et al.
MPOBEIU MOPIBHSUIBHE MOCTiIXKeHHs 18 malieHTiB 3 mic-
JsionepauiiHuM aefipieM ta 50 mami€eHTiB KOHTPOJIbLHOI
TPYIY, He BUSIBUBIIM BiIMiHHOCTEN B TiepionepaliiHux
KoHuUeHTpauisx C-peakTuBHOro 6inka, IL-6 i iHcymiHomo-
nioHoro dakTopa pocty-1 (IGF-1) mixx rpynamm [31].

3HayHa MOIIMPEHICTh KOTHITUBHUX TMOPYIIEHb y Ta-
Li€HTIB MOXWJIOTO BiKy OPTOIIEAMYHOTO IPpOodiifo BU3HA-
Ya€e HEOOXiTHICTh MOJATBIIOTO JOCTIIKEHHS 1X BIUTMBY Ha
HaCJIiIKK OMepaTUBHUX BTPYYaHb, PO3BUTOK YCKIAHEHb,
TPUBAIICTh TOCTIiTANI3allil, 1110, Oe3MepeyHo, Hece iICTOTHE
colialbHe HaBaHTAXXEHHST HA CUCTEMY OXOPOHM 3/I0POB’sl
B 1izomy. JlocmimKkeHHs, IMPUCBSIYEHI 1ilf TpoOjieMi, 9acTo
JNEMOHCTPYIOTh CYIIepeWINBI pe3yJbTaTh Ta MPOIOBXYIOTh
3JIMIIATUCH MPEAMETOM FOCTPUX HAYKOBO-KJTIIHIYHUX JAUC-
Kyciii [32].

BMCHOBKMU

1. Ha 4-1y no0y micis omnepallii eHIOMpoTe3yBaHHS
KyJIBLIIOBOTO CYIJI00a ITi/l CIIiHAJIbHOIO aHECTE3IiE€I0 PEECTPY-
€ThCSI PO3BUTOK OKCUIATUBHOTO CTpeCy (CUPOBATKOBI piBHI
MJA Ta KI'TI Ha 54,5-96,5 % rnepeBUIIyIOTh TOKa3HUKA
Ha MOoMeHT rocrmitamizanii, p < 0,001), 3amaneHHs (ymicT
IL-6 3pocTtae Ha 53,3 % MOPiBHSIHO 3 TOKA3HUKOM JI0 OTle-
pauii, p < 0,01).

2. [IpoBeneHmit KOpeIALiHII aHAaJTi3 3aCBiTYMB aCOLIi-
alito Mix po3BuTkKoM panHboi [TOK/I Ta rinepakTuBalii€io
BUIbHOPAIUKAJIBHOIO OKMCHEHHS B 0Ci0 32 YMOB €HIOIPO-
Te3yBaHHSI KyJIBIIIOBOTO CYIJIO0A Tifl CIiHAJILHOIO aHECTe-
3ie10. BugBneHo, 110 mixk 6anom 3a mkanoro MMSE Ta cu-
poBaTKOBUM piBHEM MJIA BUHMKAB BiporimHUi 00epHEeHU
3B’5130K cepeaHboi cun (KoedilieHT Kopesiuii r = —0,39,
p <0,05).

3. 3a pe3ynbraTaMu KOPEJSILIiiTHOrO aHali3y BCTAHOB-
JIEHO, 110 PO3BUTOK PaHHbLOI KOTHITUBHOI IMC(HYHKIIII B
00CTeKEeHMX 0OCi0 ITicIIsT oTepallii TiICHO OB’ sI3aHUI 3 HaJI-
MipHOIO aKTMBAIli€l0 MPOLIeCY OKMCHOI Aerpaallii OiKiB.
3apeecTpoBaHoO, 1110 MiX 6anom 3a mKajioro MMSE Ta cu-
poBatkoBuM piBHeM KI'TI BuHuKaB BiporigHuit ooepHeHUt
3B’S130K cepelHboi crn (KoedilmieHT Kopesii r = —0,45,
p <0,05).

4. KopensuiiiHuii aHaJ1i3 HaJaB J0AaTKOBI JOKa3U MPU-
YETHOCTI 3amnajeHHs 10 po3BUTKY paHHboi [TOKJI. Busis-
JIEHO, 1110 MixX 6ayioM 3a 1mkajnoo MMSE Ta cupoBaTkoBUM
piBHeM IL-6 BUHMKAB BiporigHuii 00epHEHM 3B’ 130K ce-
penHboi cvim (kKoediuieHT kopessiii r = —0,45, p < 0,05).

KoudaikT inTepeciB. ABTOpH 3asIBJISIIOTH ITPO BiZICYTHICTh
KOHDJIKTY iHTepeciB Ta BjIacHOI (hiHaHCOBOI 3alliKaBIeHOC-
Ti TIPY TIATOTOBIII JAHOI CTATTi.

Indopmanis npo dinancyBannsa. JociimKkeHHs He Ma€e
30BHIIIHIX Kepea hiHaHCYyBaHHS.

Eruuni HopMu. Yci nipolienypH, sSIKi BAKOHYBAJIMCS, Bill-
MOBigaId eTUIHUM CTaHAapTaM 3aKjady II0J0 KIiHIiIHOL
MpakTUKH, [ebciHCehbKil aekmapaii 1964 p. 3 monpaBKaMu
Ta 3arajbHill HeKiapallii mpo 06ioeTuKy Ta mpaBa JIOIMHU
(KOHECKO). Pobora cxBaneHa KOMici€lo 3 mUTaHb 0io-
MeaunuHoi etuku BHMY (mmporoko:n Ne 3 Bin 17.03.2025 p.).

IndopmoBana 3roza. Bin koxxHoro naiieHra 0ysia oTpu-
MaHa nrMcbMoBa iHopMoBaHa 3roja.

Buecok aBropis. [laiox O.1. — KoHLIeNTyani3alis, MeTo-
noJiorist, penaryBaHHst; CBipryHn M.B. — koHuenTyaizaris,
METOAOJIOTisI, pecypcU, HalCaHHSI OPUTiHAJILHOTO TEKCTY;
Tutapenko H.B., ®inoHenko €.A. — MOIIyK MaTepiatiB i Me-
toniB; Ma3zyp .M. — penaryBanHs ctarTi; [onuapyk O.C. —
aHaJli3 OTPUMAaHMX JaHUX, HAyKOBe KOHCYJIbTYBaHHSI; Ko3-
JoBebka 1.}O., Kosnosebkuii F0.K. — nepexnan niteparypu,
pestome; [Nammucpkuit S1.M., Imurpummna C.I1., bazaub-
kuit O.P., BozHiok T.O. — aHazi3 oTpumMaHuX JaHUX.
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The role of pathobiochemical disorders in predicting the development of postoperative cognitive
dysfunction in patients after hip arthroplasty under spinal anesthesia

Abstract. Background. Today, there are more than 46 million
patients suffering from dementia in the world. According to expert
forecasts, this figure will increase. Dementia ranks seventh among
the leading causes of death in the world and is one of the main
causes of disability and dependence on external help in the elderly.
The economic costs of dementia are 1.3 trillion USD annually, of
which approximately 50 % are due to informal care for patients.
The aim of our study was to analyze the role of oxidative disor-
ders and inflammation in the development of early postoperative
cognitive dysfunction (EPCD) in patients after hip arthroplasty
under spinal anesthesia. Materials and methods. The number of
patients included in the study was 85. All of them were treated at
the trauma department of the Vinnytsia City Clinical Emergency
Hospital. Blood sampling for determination of malondialdehyde,
protein carbonyl groups and I1L-6 content was performed one day
before surgery and three days after hip arthroplasty. The Mini-

Mental State Examination was used as one of the main assess-
ment scales in EPCD. Statistical data processing was performed
using Microsoft Excel spreadsheets and the statistical information
processing package SPSS 23.0. Results. The correlation analysis
showed an association between the development of EPCD after
hip arthroplasty under spinal anesthesia and hyperactivation of free
radical oxidation, excessive activation of the process of oxidative
protein degradation and inflammation. Conclusions. Increased
serum levels of malondialdehyde, protein carbonyl groups and
pro-inflammatory interleukin IL-6 are evidence of the involve-
ment of oxidative stress and inflammation in the development of
early cognitive dysfunction in individuals after hip arthroplasty
under spinal anesthesia.

Keywords: surgery; pain; postoperative analgesia and recovery;
cognitive function; systemic inflammatory response; neuropsycho-
logical deficit and its assessment
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MaremMaTtuyHe MOAEAIOBAHHS TEPMIHAABHOT OAAICTUKU
BOrHEnNAAbHMX KYAbOBUX TO OCKOAKOBUX MOPCOHEHb

Pestome. Mema: demoncmpayis ocobausocmeti mepmiHanbHoi O6AAICMUKU 802HERANbHUX KYAbOBUX MA OCKO-
KOBUX NOPAHEHb 8 eKCHepUMeHmi 3 3aCMOCY8AHHAM MAMeMamu4Ho2o mooeatosants. Mamepiaiu ma memoou.
s excnepumenmanbHux 00caioncenb 6yau GUKOPUCMAHI 084 3pA3KU YUATHOPUMHUX YPAJICAIOHUX eNeMeHmis, a
came e0mogi ypaxjcaroi enemenmu, SKUMU CHOPSAONCAOMbCS 0CKOAK080-yeacHi botiosi wacmunu IMSS5 122 mm
0CKOAK080-(hyeacHUX HEeKepOoB8aHux peakmueHnux chapsadie IM28D (IM28D-1), a makoic eomogi ypaxcaioui
eneMenmu, AKUMU cnopadicaiomuscs npomunixomui minu O3M-72. Peecmpauis konmakmuoi weudxocmi ypa-
ACArU020 enemMenma nepeo GAYHAHHAM Y Yinb 30iliCHIOBAAACH 3a 00NOMO20I0 ONMOEACKMPOHHO20 GUMIPIOBANb-
Hoeo komnaexcy BEX-731.4. [locmpinu 30iiicHiosanrucsa y 6aoxu 6asicmuunozo naacmuniny Weible posmipamu
200...250% 200...250% 130...200 mm. Bidcmans mixc dyavHuM 3pizom 30poi ma 610K0m 6aricmu4Ho20 NAACMUNIHY
cmanosuna 1,5 m. Jlns nopieHsHHs npogoounucs eKxcnepumermanbii cmpinsbu no 640Ky 6aiicmuvHo20 NAACMUNIHY
KYASMU, BUCMPINSHUMU I3 HApi3HOI 30poi. Excnepumenmanvia cmpinvba 30itichiosanacs iz 7,62 mm nicmonema TT
ma 5,45 mm aemomama AK-74M namporamu 8ionogionoeo kaniopy. byno no6ydosano mamemamuury mooens 0is
KOMN 1OmepHOo20 MOOeAI08AHHS NPOUECy NPOHUKHEHHS 8 3pa30K 0aAicmuYHo20 NAACMUAIHY MEepi02o cmane6o2o
ypaxicaro4o2o eremenma yuaiHopuuHoi gpopmu. Modeab no6ydosano 6 ocecumempuHHiii popmi, oe 3pazok 00’emy
banicmu4Ho20 NAACMUNIHY MA YPaXCaro4ull enemerm Marmo YuiiHopuury gopmy. /lis 6aricmuunux éunpooysats
3 20MOBUMU YPAICAIHUMU eAeMeHMaMU UUATHOPUHHOI (popmu Y10 nPosedeHO KOMNACKC HAMYPHUX 6UNPOOYEaAHb
(cmpins0) 3 OUIHKOK NPOHUKHEHHS. YPANCAIOH020 eAeMeHmA 3 PIBHOK NOHAMK080H weudKicmio 6 dianazoni 6id 70
do 1000 m/c. Ananoeiuno Komnaekc po3paxyHKo8ux 00caioicerb 6y10 npogedeHo 0 UUATHOPUHHUX YPAICAIOUUX
enemenmie 3 pisnumu weuoxocmamu. Pesyasmamu. [lopiensnns eeomempii panoeoeo Kanany (enubuHu NPOHUK-
HeHHs. ma MaKCUMAAbHOT WUPUHU POKPUMMSL) 003604UA0 00paAmMU napamempu Mmamemamu4Hoi mooeni, 3abesne-
yyumu 0oopy 30iXCcHICMb Pe3yAbmamie HamyPHUX UNPOOYBAHb Ma KOMN tomepHux cumyaauiil. Ipaghixu nopisnanms
2AUOUHU PAH0B020 KAHALY, AKULL YIMBOPIOEMbCA GHACAIO0K NPOHUKHEHHS YPANICAIOU020 eAeMeHma 8 6aricmuutuil
naacmunin, sIKi OMpuUMani eKxcnepuMenmanbHo ma po3paxyHKko8o 3 MamemMamu4Hoeo Mo0ea08anHs, 30iearomo-
ca. Pesyabmamu xomn’tomeprux cumyasyiii ¢idoopascaroms GopMyeanHs paHo8020 KAHALYy Npu YKOONCeHHI
20MOBUM YPANICAIOUUM eAeMEeHMOM i KYAelo 3a 00HAKOBUX NOYAMKOBUX WEUOKocmell ma @ mi cami MoMeHmu.
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Tomoeuit yunindpuunuil ypaxcarouuii eremenm 8 ycix 6unadkax 6naueac 00HaKoeo AKicHo, opMyHU KOHIUHY
NOPOJCHUHY YPAJICEHHS 3 HAUUWUPUWION 30HOI0 8 Micyi nepuioeo KORmaxKmy eaemenma 3 010K0M NAGCMUNIHY.
IIpu yvomy xapaxmep eeomempii pano60eo Kanasy He 3aneicums 8i0 WUOKOCMI, 3 IKOI0 YPAlCcaiouull enemenm
nompanasie 8 6A0K 6aricMu4H020 NAACMUANIHY, a 30iNbUIeHHS 3HAYeHHS WEUOKOCMI nPU3800ums auute 00 30in1b-
WeHHS 2AUOUHU Mma WUpUHU panogozo kanany. Tlpu 30inbuienti weuoKkocmi NPOHUKHEHHS KYAs 8 YCIX 8UNA0Kax
no4uHae empavamu cmiiKicmos NPAMOAIHIIH020 pYyXy 6 mini ma 30ilcHI0E 00epmManHs, Cymmeaso 30inbulyo4u
VUK0ONCceHHS HagKkoa0 cebe. Cnocmepieaemvpcsi paHo8uil KaHan 3i 3HA4HO OiNbUIOK 2AUOUHOI0 Y PA3i NOPAHEHHS
KyAer 3a yMosu miei camoi nouamko8oi weuokocmi, ujo, 04eguoHo, NOSACHIEMbCS ii Oinbu 06MiuHO0 Gopmoro
ma 6inbulor NOYAMKO0B0H KIHeMUYHOK eHepeieto uepe3 deuo binvuly hopmy ma macy. Inwum eaxcaugum cno-
CMepedCeHHAM € me, W0 Y Micyi NPOHUKHEHHS PO3KPUMMS PAH0B8020 KAHANY 3a8Xcou Oinbule npu NOPaHeHHX
20MOBUMU YPAICAIOUUMU eAeMEeHMAaMU, MOOi 1K KYAb08i NOPAHEHHs. 3a80Al0Mb CYMMEBO OiNbUL020 YUIKOONCEHHS
6 mini, Wo nNPoseASEMbCA NPU NOMIDHUX MA EAUKUX WBUOKOCMAX NOPAHEHHS, MA MAOMb 3a84coU paHogi Ka-
Haau 6inbuoi enuburu. AHanis HagedeHux pe3yabmamie MaKolc NOKA3YE, o PAHOBI KAHAAU, YIMEOPEHI KYaeto
Ha MAAUX WEUOKOCMAX YPANCEHHS, MAOmMy Oinbuly eAubuny, are MeHuly 301y yukooxcents. Lleii ecpexm mae
3po3yminy Qizuky: 3a 6inbulol WeuoKocmi nNPOHUKHEeHHs 0082a KyAs 6MPavae CMIilKicmo NPIMONIHITIHO20 PYXy
ma 0bepmaemucs, npu UbOMY 80HA YUKOONCYE OiNbULY NAOULY MA 3A3HAE CYMMEBO DiNbU020 0nopy 3 60Ky cepeo-
08UA, U0 3YMOBNIOE MEHULY 2AUOUHY i npoHukHeHHs. Bucnoseku. [omosi ypascaroui enemenmu yuainopuuHoi
dopmu i manoeo cmynens n0008ICEHH NOBOOAMbC CMADIAbHO Y MOBU 8’I3K0-NPYICHO20 cepedosuula. Y
Pasi 61y4anHs 80HU YMBOPHOHOMb NOPOICHUHU KOHIUHOT popmu. Hailbinbwioi wkoou yurindpuuni ypaxcaroyi
enemMeHmu 3a80ar0my Ha QiNSHYI nepuloi mpemunu Kanasy yukooicenus. Lle 3ymoenreno npakmuuHo nogHow
nepedauero HUMU CBO€E KIHemU4HOI eHepeii wapam cepedosuuya, wo npuasearoms y yiil 30Hi 00 YeHMpanbHO20
KaHnany yurkooxcerts. Posmipu 30nu yukoodxucensb Ha 3a3Ha4eHiil 0inaHyi Kanaty makcumanwvhi. 13 empamoro
CB0€I KiHemuuHoi enepeii ypaxcaroui enremeHmu npoo008ICYOMb CEIll pyX y mosuii nepeukoou iz 3a80aHHAM
MIHIMaAbHOT wiKkoOdu omouyouum uapam cepedosuuia. I1io uac enyuanus 20mosi ypaxcaioui enemenmu He deghop-
MYHMbC Ma He pazmeHmyomscs, Ha 8iOMIHY 8i0 Kyab 00 HAPi3HOI 602HeNanbHOI 30poi, 0c00AUB0 Ha 8IOMIHY
8i0 KYAb I3 CGUHUYEBUM 0CcepOsam abo eKcnancuerux Kyab. Pezyarbmamu nposedenux excnepumenmise 003604:110mb
He MIAbKU PO3UWUPUMU MOICAUBOCMI D0CAidNceHb 0coOaU8OCMell PAHOBOT OANICMUKU 20MOBUX YDANCAIOUUX
eneMeHmie ma 0CcKoAKi8 60108UX NPpUNAcie i 6UOYXoeux npucmpois, a ii UHAUUMU 0CcOOAUBOCMI IX PYXY Y NO-
8Impi, w0 Mae cymmeee 3Ha4eHHs 051 BUGUEHHS IX 308HIUHbOI OaricmuKyu ma 8U3HA4eHHs aepooanricmutHux
xapakmepucmuk. lle, 6 ceor uepey, 0036041€ U3HAUUMU PO3MIPU 30H YUKO0OICeHHS ma be3neuni 8i0cmati.
Mamemamuune modentoeants 0036045€ NPOHO3Y8AMU 00CAe YUKOONCEHHS PIZHUMU 34 XAPAKMePUCMUKamu
ypaxcardumu eremeHmamu y mooeii. Pezyromamu mamemamuuno2o Mo0eA8AHHS 8 eKCnepuUMeHmi noKa-
3YH0Mb NPUHUUNOBY DIHUUI 8 00CA3I YUKOOJICeHHS NPU KYAbOBUX MA 0CKOAKOBUX NOPAHEHHSX, W0 NOBUHHA
8paxo8y8amucs npu onepamueHomy NiKy68aHHi.

KirouoBi ciioBa: mamemamuune mooenosanus; mepminanvha 6aricmuka; 602HendnbHi NOPAHEHH:

Bctyn

HocBin BeeHHsT 00MOBUX Iili CBIMYUTH MPO Te, 110 3HA-
YHUU BiICOTOK HEOOOPOTHUX i caHiTapHUX BTpaT cepen
0C000BOTO CKJIamy 30pOMHMX CWII i IMBIILHOTO HACEICHHS
MpUIIAJAa€ HAa OCKOJIKOBI Ta KYJIbOBi ITOPaHEHH:I, SIKi OyJIu 3a-
BIaHi y pe3y/1bTaTi BUOYXiB pi3HUX BUIB 00MOBMX MPUIIACIiB
Ta caMOpOOHUX BUOYXOBUX TTPUCTPOIB [2]. 1 TpoBeaeHHS
OIepaTUBHMX [iii 3 METOIO HaJaHHSI HEeBiIKJIaAHOI TOITIOMOI
TMOpaHEHMM, iX JIIKYBaHHSI, a TAKOX JIJIs1 IPOBEICHHSI Bi/lIO-
BiTHMX €KCMIEPTHUX AOCIIIKEHb Y TATy35X CYI0BO-MeInY-
HOI eKCIIepTH3H Ta CyI0BOI BUOYXOTEXHIYHOI EKCIIEPTU3HN
HeoOXimHe MPOBEICHHST KOMITJIEKCY €KCITepUMEHTAIbHUX
JIOCHiIKeHb, TTOB’I3aHNX i3 BU3HAYEHHSIM OCOOJIMBOCTEN
MeXxaHi3My (popMyBaHHSI OCKOJKOBUX TOPaHEHb, sSIKi Oy
3aB/IaHi K OCKOJIKaMM IIPUPOTHOIO APOOICHHS i HaMiBroTo-
BUMU OCKOJIKAMU KOPITYCiB OOMOBUX MTPUTIACIB, TaK i pi3HU-
MU BUJaMU TOTOBUX ypaxkaroumx eJeMeHTiB. OKpiM Toro, Bu-
3HAYEHHS 0COOIMBOCTel (DOPMYBaHHS MOJIiB OCKOJIKIB TP
MigpuBi 0OMOBUX MPUIIACIB Ta BUSHAUYCHHS €(heKTUBHOCTI 1X
Iii Ha pi3Hi BUIU 1IiJIei, 30KpeMa i 6iojoriuHi 00’ €KTH, Ma€e
MPIOPUTETHE 3HAUEHHS TIPU PO3CITiAyBaHHI KPUMiHATbHUX
3JI0YMHIB Ta TEPOPUCTUYHUX aKTiB, CKOEHUX i3 3aCTOCYBaH-
HSIM CaMOpPOOHMX BUOYXOBUX IIPUCTPOIB |3, 6, 9].

CBiTOBa TeHIEHIIisI BiliCbKOBOI Xipyprii OCTaHHIX Ode-
CSTWJIITh — TIOJITIIIEHHS Pe3yJIbTaTiB JIiKyBaHHS 001OBOL
TpaBMM, 3HUKEHHS JIETAJIbHOCTI, 1110 TOB’SI3yIOTh i3 Ha-
BYAHHSIM YYaCHUKIB O0MOBMX Hilf HAZAHHIO TIEPIIOl MEIY -
HO1 JOITOMOTI'M, CAaMOAOIIOMOTIM, ONTUMi3alli€el0 MEAUIHOL
JIOTiCTMIKM, BIIPOBAIXKEHHSIM IMPUHIIUITIB XipypTii KOHTPOJIIO
YIIKOMXEHb Ta pAaHHBO1 PECYCIIUTAIlLil, & TAKOX €TaIHiCTIO
nornomoru |2, 3].

Kpim kiiHiuyHMX, 1a00paTOPHUX Ta iIHCTPYMEHTATbHUX
NTAHUX, PO3YMiHHS 3MiH B TKAHUHAX MPU BOTHEMAJTbHUX 0~
PaHEHHSIX 3HAYHO PO3IIMPIOIOTh €KCTIEPUMEHTAJIbHI 1aHi 3
3aCTOCYBaHHSIM MaTeMaTUYHOTO MOJIETIOBaHHS [2, 3].

I[MutanHsaM paHOBOI 0aNiCTMKMU TOTOBUX ypakaio-
YUX EJIEMEHTIB HMJIHAPUIHOI (POPMHU, SIKi CTOCYIOTHCS
MexaHi3My i oco0aMBOCTel (hOpMyBaHHS HUMU Y TOBIIL
B’SI3KO-TIPY>KHOTO CEPEIOBUIIA KaHAJIiB YIIKOIKEHb, Ye-
pe3 BiTHOCHO BUCOKY CKJIAIHICTb He OyJI0 MPUAiJIeHO Bil-
noBinHoO1 yBaru. Lle 3yMOB/ieHO 3HAUHUMU MOYATKOBUMU
IIBUIKOCTSIMU iX PO3JIbOTY B MOMEHT BUOYXY, CKJIaHICTIO
po3paxyHKiB mapaMeTpiB iX TPAEKTOPii PO3JIbOTY, a TAKOXK
HEOOXiJTHICTIO TOCIIIKeHb yIapHO-KOHTAKTHOI B3aEMOIil
OKPEMOT0 ypaXKalouoro ejJleMeHTa i3 B’SI3KO-IPYKHUM Ce-
penoBuIeM 0e3 BIUIMBY CTOPOHHBOI il Ha (popMyBaHHS
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KaHaJly YIIKOIKEHHS iHITUX YpakarounX eJeMEHTIB, 110
MpU BiITBOPEHHI peajbHUX YMOB BUOYXY € HEMOXJIMBUM
[5,6,9].

I1pu aHanizi TepMiHaIbHOT 0aTiCTUKU BOTHEMAJTbHUX
MOpaHeHb € CYTTEBI BiIMiHHOCTI, 1110 BIUIMBAIOTh Ha 00CST
XipypriaHOi JOITOMOTH.

MeTa: neMoHCTpallis 0COOJMBOCTE TepMiHaIbLHOL O0a-
JIICTUKY BOTHETIAJTbHUX KYJBOBUX Ta OCKOJKOBUX TOpa-
HEHb B €KCIIEPUMEHTI 3 3aCTOCYBaHHSIM MaTEMaTUYHOTO
MOJIEJTIOBaHHSI.

MaTepiaAn Ta MeToAmn

51 eKcnepuMeHTaIbHUX TOCTiIXKeHb Oy BUKOPUC-
TaHi IBa 3pa3kKy HWITHAPUYHUX ypaxkalounx eJeMEeHTIB, a
camMe TOTOBi ypaxkaroui eIeMEHTH, SKUMHU CITOPSIKAIOTh-
csT OCKOJIKOBO-dyracHi 60oiioBi vacTuHu I9IMS5 122 mm
OCKOJIKOBO-(hyracCHMX HEKEPOBAHMX PEaKTUBHUX CHAPSIiB
IM28®D (9IM28Md-1), a TaKOK rOTOBI ypaxaroui eleMEHTH,
SIKMMU CIIOPSIIKAIOTHCS MPOTUITIXOTHI MiHU O3M-72.

Peecrpaliisi KOHTaKTHOT IIBUAKOCTI ypaXkarouoro eje-
MEHTa Mepes, BIyYaHHsAM Y LiIb 31ilCHIOBAIACh 3a JAOIO-
MOTOI0 OTITOEJIEKTPOHHOTO BUMipIOBAJIbLHOTO KOMILIEKCY
BBbX-731.4. IMoctpinu 3ailicHoBaIKCS y OJJOKU OalicThy-
Horo riactuiainy Weible poamipamu 200...250 x 200...250 x
% 130...200 mM. BincraHb MiX qyJbHUM 3pi3zoMm 30poi Ta
0J10KOM OaJIiCTUYHOTO IUIACTUJIIHY CTaHOBUIA 1,5 M.

BBeneHHs y BiIbHUIA MOJIT ypakalouux €JIeMEHTIB
3ilCHIOBAIOCS 3a JOITOMOTOIO MiPpOTEXHIYHOIO PO3TiHHO-
TO TIPUCTPOIO i3 MEMOPAHHUM TUIIOM ITiABUILEHHS TUCKY
MOPOXOBHUX Ta3iB, 1110 J03BOJIMIO KOMIIEHCYBATU HEraTUB-
HUH BIUIMB Ha IIPOILEC MOCTPLTYy MaJoi Macu ypaxkaruo-
ro ejieMeHTa, He3HAaYHOTro 3ycruIs (iKcallil ypaxkaiouoro
eJleMeHTa Y KaHaJjli pO3riHHOIO MPUCTPOIO i HU3BKY IIiJIb-
HiCTb 3apsiKaHHS TTOPOXOBOTO 3apsy, 10 OYJIU 3yMOBIICHI
0COOJIMBOCTSAMHU YHiBEpCaJIbHOI KOHCTPYKIIil PO3TiHHOTO
MPUCTPOIO i 3aCTOCOBAHUX JIJIST CTPIILOM XOJOCTHX MaTpO-
HiB. BBeZIeHHS y BITbHUIT TTOJIIT OKPEeMUX Ypakaroumx eJie-
MEHTIB 3/iliCHIOBAJIOCS 3a IOMIOMOIOI0 M1aJAKOCTBOJIBHOI
36poi 12-1o i 16-ro Kanmiopis. 111 BBeACHHS Y BUTbHUI ITOJTIT
ypaxarwdux eJIeMEeHTIB i3 mBuakocTsiMu a0 100 M/c Bu-
KOPUMCTOBYBaBCS HEMPOOATiCTUIHMI TEJIECKOTIIYHUM Me-
TaJIbHUI TIPUCTPIld, SIKUIA TO3BOJISIE TOCSITTU CTaOLTbHOCTI
MOYaTKOBUX YMOB CTPiIBOU. ¥ XOmi eKCIlepuMEHTaTIbHUX
JIOCTIIKEeHb IIPY CTPiJIbOi Y 0JI0KM OaTiCTUYHOTO TUTACTH-
JIiHYy BU3HAYaJIMCS TOBXMHA KaHaTy MOIIKOIKEHb i 00’eM
OCTaTOYHOI TTIOPOXKHUHU.

151 MOpiBHSIHHSI MPOBOAUIMCS €KCIIEpUMEHTaIbHI
CTPiBOHM y 0JIOK 0aiCTUYHOTO IUIACTWIIHY KYJISIMU, BU-
CTPUISTHUMH i3 Hapi3HOi 30poi. BpaxoByrouu ocobimBoc-
Ti TOJIOTY TOTOBOTO YPaXkalouoro eJeMeHTa 10 MOMEHTY
BJIyUYaHHSI, a caMe Moro HecTaOiIbHICTh, 1110 TIPU3BOIUTH
JI0 TOCUTh CKJIAJIHOTO MOTO TOCTYMAIbHOTO PYXY i3 OAHO-
YyacHUM o0epTaHHSM HaBKOJIO CBOEI IMOJISIpHOI oci (abo
oceif) i BUMaaKOBOTO MOJOXEHHS ypaxkalouoro eJeMeH-
Ta Yy MOMEHT BJIy4aHHsI, OCHOBHY yBary OyJo MpUIiIeHO
CcTpinbOi i3 Hapi3HOI 30poi, sIKa He 3abe3Iedye ripocko-
MiYHY CTIMKIiCTh Ky ITicJIsI TIOKMIaHHS Hel0 KaHaly CTBO-
na. Crpinsba 3aiiicHioBanacs i3 7,62 mM microsera TT, ka-
HaJl CTBOJIA SIKOTO MaB CUJIBHO 3HOILIEHI Hapi3u, a TaKOX
i3 5,45 mm aBTomata AK-74M. JIns1 ekcriepuMeHTaaIbHOT

CTPiIHOM BUKOPHCTOBYBAJIMCS MICTOJIETHI ITATPOHM KaIiopy
7,62 x 25TT (57-H-134C) Ta npoMiXHi MaTpoHK Kajiopy
5,45%39 (7H6).

Byno nmobynoBaHO MaTeMaTUYHY MOJENb JIJIsI KOMIT 10~
TEPHOTO MOJIETIOBAHHS MPOLIeCY MPOHUKHEHHS B 3pa30K
0aJTiCTUYHOTO TUIACTUITIHY TBEPAOTO CTAJIEBOTO yPaXkarouoro
eJleMeHTa UWIiHApUYHOI ¢opMu. Moaenb modynoBaHO B
ocecUMeTpUYHil popMmi, Ae 3pa3ok 00’eMy 0ajTiCTUIHOTO
IJIACTUJIIHY Ta ypaXkarouuid eJIeMeHT MaloTh LWJIiHAPUIHY
dopmy. Tino 3 mractuainy mano giamerp 100 MM Ta TOBXU-
Hy 150 MM. Ypaxkatouuit eleMeHT — LWIIHApP AiaMeTpoM
10 MM Ta noBxuHOIO 10 MM.

Hns diznuHoi Mozesi o0paHO B’SI3KO-TIPYXKHUM TL1ac-
TUYHUI MaTepian 3a moaeao Kosepa — CaiiMoHca, 1110
MMOCUJIEHA JIiHIHOIO MOACJUTIO PO3BUTKY IIIOKOBOI XBIIII.
BinmoBinmHo 10 3ragaHoi Monesti (i3uyHa 3aj1eXHICTh Ha-
MpyXeHb Bim aedopMaliiii Ta MBUAKOCTI AehopMaliiil y
Marepiaji BU3Havajgach Tak:

ey /i
O'(Ep; é:o) = (UyD + ngi) (1 + (bﬂ) q)’

A€ €, — MJIaCTU4Hi aeopMalii; §, — IBUAKICTb MIACTHY-
HuX nedopMalliif; 6,, — NoyaTKoBa Mexka INIMHHOCTI; B —
KoedillieHT 3MilITHEeHHS 3a AedopMallisiMU; # — ITOKa3HUK
3MillHeHHs aedopmatiit; D — KoedilieHT 3MillHEeH-
Hs IIBUAKOCTI Aedopmallii; ¢ — MOKa3HUK 3MillHEHHS
IWBUAKOCTI Aedopmallii. 3HaUeHHSI KOHCTAHT MOJEJIi,
sIKi BUKOPHUCTaHi y HAIllOMY OOCJiAXKeHHi, HaBeJIEHi B
Tabiu. 1.

Ta6nunys 1. MatepianbHi KOHCTaHTU An1s1 Mogei
KoBepa — CavimMoHAca 6anicTU4HOro nnactTuniHy

B N D q
01MMa | 04 1 100

Oy

0,1 MMNa

PiBasiHHS ctany Mi — IproHalizeHa BUKOPUCTOBYETHCS
TSI OTIMCY YAAPHOI XBWJII TUCKY Y M SIKMX MaTepiajax:

P = poC§ ﬁ + Top,

JIe p — TUCK; p — LLIBHICTb (TyCTUHA MaTepiany); p, — Mo-
YaTKOBa HIIbHICTh (TYCTUHA MaTtepiany); U = pp, —1 —
KoedillieHT CTUCHEHHS; s — MokKa3HuK [ioronio; C;, —
IIBUIIKICTB 3BYyKY B Matepiani; I'y — koediuieHt [proHaiize-
Ha. 3HauYeHHS KOHCTaHT MOJIEJI, SIKi BAKOPUCTaHi B JTaHOMY
TOCITiIXEeHHIi, HaBelleHi B Ta0I. 2.

Ta6bnuys 2. MatepianbHi KOHCTaHTH A41s1 Mogeni
Mi — I'proHavizeHa 6anicTU4YHOro nNaacTuniHy

0o G C, ) r,

1600 kr/m® 2 MlMa 350 m/c 3 1,2

MartemaTrnuHe MOIETIOBAHHS 30iICHIOBAJIOCH Y paMKax
KOMIT' FOTEPHUX CUMYJISILIIN 3 BUKOPUCTAHHSIM METOY CKiH-
YEHHUX €JIEMEHTIB, 3 IBHOIO CXEMOIO iHTerpyBaHHS y Yaci Ta
3aCTOCYBAHHSIM TEXHOJIOTi1 «CMEpPTi €JIEMEHTIB» IS MOJie-
JIIOBaHHSI MIPOIIeCy PyWHYBaHHS MaTepialy (IPOHUKHEHHS
ypaxalouoro ejieMeHTa y 0JI0K iMiTaropa M’ sIKMX TKaHWH).
CKiHYeHHO-€eJIeMEHTHY TPMBUMIPHY cxeMy 010Ky Hebio-
JIOTIYHOTO iMiTaTOpa Ta IBa TUIIM IIPOHUKHUX CJIECMEHTIB
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a) 6710k HebiosoriYyHoro imitatopa M’sIkux TKaHuH
(6anicT4HMI NnacTuiH) B yMOBHOMY pO3pi3i

6) UniHAPUYHUIA YyparXkaroYynii esleMeHT
(ymoBHUI po3pi3)

B) Kyns Kaniépy 5,62 (yMoBHui po3pi3)

PucyHok 1. CKiH4eHHO-enneMeHTHi MoAeni A MaTeMaTu4HOro MoAesitoBaHHs

(Ypaxaroui e1leMeHTH HWIiHAPUYHOI (popMM Ta KyJIi Kanaiopy
5,45 MM) HaBesieHO Ha puc. 1.

11 6alicTUYHUX BUIIPOOYBaHb 3 TOTOBUMMU ypakaro-
YUMU eJIeMeHTaMU TAJiHAPUIHOI (hopMu OyJI0 MPOBEIECHO
KOMIIJIEKC HaTYpHUX BUIIPOOYBaHb (CTPiJIbO) 3 OLIIHKOIO
MMPOHUKHEHHST ypaXkarouoro eJieMeHTa 3 pi3HOIO MTOYaTKO-
BOIO IIBUIKICTIO B mianasoHi Bin 70 o 1000 m/c. AHasoriu-
HO KOMILIEKC pO3paxyHKOBMX JOCIiIXEeHb OyJI0 IIpoBeae-
HO JUTSI HUJIIHAPUYHUX ypaXkalounX eJeMEeHTIB 3 pi3HUMU
IIBUIKOCTSIMM.

PesyAbTaTH

IlopiBHSHHS reomeTpii paHOBOTO KaHaly (INIMOMHU
MPOHUKHEHHST Ta MAKCUMAJTbHOI IMUPUHU PO3KPUTTS) J0-
3BOJIMJIO OOpaTU MapaMeTpu MaTeMaTUYHOI MO, sKi
HaBeneHi B Tabj. 11 2, Ta 3a06e3neynT 1oOpy 301KHICTh
pe3yJibTaTiB HaTYpHUX BUMPOOYBaHb Ta KOMIT IOTEPHUX CHU-
MYJISIIIA.

Ipadik mopiBHSIHHS NTMOMH PaHOBOTO KaHAIY, 1110 YTBO-
PIOETHCS BHACITIIOK MPOHUKHEHHST ypaskarouoro eJleMeHTa B
OaliCTUYHMIA TJIACTUITiH, SIKi OTpYMaHi eKCITepUMEHTaTbHO
Ta PO3paxyHKOBO 3 MaTeMaTUYHOTO MOIENIOBaHHS, Ha-
BeIeHO Ha puc. 2.

TTopiBHSIHHSI TUTIOBOTO PAHOBOTO KaHaly, OTPUMaHOTo
3 MaTeMaTUYHOTO MOJEJIOBaHHS Ta 3a pe3yjbraTaMy Ha-
TypHUX OaJTiCTUYHUX CTPiIBO, MPEACTaBICHO Ha pucC. 3.

Ha ocHoBi chopMoBaHOi Ta IiepeBipeHOi MaTeMaTUIHOI
MoJiesti 0yJ10 10AaTKOBO 3MiliCHEHO KOMILIEKC MOPiBHSIIb-
HUX IOCTiIKEeHb 1I0J0 Pi3HOTO 3a XapaKTepoM Ipoliecy
¢dopMyBaHHSI PAaHOBOTO KaHAJIy TP TPOHUKHOMY YIIKO-

JDKeHHI, SIKe 3aBIAEThCS] TOTOBUM ypaXkalouuM eJIEMEHTOM
nmiameTpoM 5,0 MM Ta Kyielo Kajiopy 5,45 mwm. Li mocmi-
JDKEHHSI TPOBOIMIMCH Ha KiJIbKOX MOYATKOBUX HIBUAKOCTSIX
TMPOHUKHEHHS ypaxatoyoro egemeHTta: manux (100 m/c),
cepennix (300 m/c) Ta Benukux (600 m/c).

Ha puc. 4—6 HaBegeHO pe3yabTaTH OTPUMaHUX
KOMIT IOTEPHUX CUMYJSALIN, sKi MOKa3yloTb Gopmy-
BaHHsS y Yaci paHOBOIro KaHaJjy ITiJl yac YIIKOMKEHHS
TOTOBUM ypPaxXalouuM €JEMEHTOM Ta KyJiel0 B OJHAKOBI

| = experimental data

a, mm | = :
|— computer simulations
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PucyHok 2. KinbKicHe nopiBHSIHHSI pe3ynbTaTiB
eKcriepuMeHTIiB 3 KOMIT IOTEPHUMU PO3paxyHKamun
(ypaxcaroumii enieMeHT 3 Pi3HUMU 1oYaTKOBUMU
LUBURKOCTAMM)
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MOMEHTHU Yacy Ta 3a YMOBU OJHAKOBOI Yy MOMEHT ypa-
>K€HHS M0YaTKOBOI IBUAKOCTI. [OTOBUU LMTiHAPUYHUA
ypaxkaloumnii eIeMeHT B yCiX BUITaAKaX OJHAKOBO SIKiCHO
BIIMBA€E, (GOPMYIOUM KOHIUHY MOPOXHUHY YpakeHHS 3
HaWIIKMPIIOI0 30HOIO B MiCIli ITePIIOro KOHTAKTY eJIeMeH-
Ta 3 6JJ0KOM TuTacTuiHy. [1pu 1iboMy XapakTep reoMeTpii
PaHOBOIro KaHajly He 3aJIeXKUTh BiJl IIBUAKOCTI, 3 SIKOIO
ypaxalouuii eJIEeMEeHT MOTparJsie B 0J0K 0aqiCTUIHOTO

IUIACTUIIIHY, a 30UIbIIeHHS 3HAaYeHHS IIBUAKOCTI IIpU-
3BOAWTD JIMIIE 10 30ibIIEHHS ITMOMHHU Ta IIMPUHU pa-
HOBOTO KaHay.

YV BUnNaaKy ypaxkeHHs KyJjew Kamiopy 5,45 MM xapakrep
¢opMyBaHHSI paHOBOTO KaHaly CYTTEBO 3aJ€XKUTh Bif MO~
YaTKOBOI IIBUAKOCTI, 3 STKOIO BiIOYBA€ThCS MPOHUKHEHHSI.
Tak, Ha MaIMX IBUAKOCTSIX IIPOHUKHEHHS (TPUOJIU3HO 10
200 m/c) kynst popMye TOHKMI piIBHOMIpHUI KaHaT Maiike

PucyHok 3. [NopiBHSIHHSI paHOBOIro KaHasny, OTPUMaHoro 3 eKCrepuMeHTIB Ta 3 MaTeMaTUYHOro MoAesItoBaHHs
npu LWBUAKOCTI MPOHUKHEHHS1 600 m/c

t=0,25 mc

t=1,0mc

t=2,0mc

PucyHoK 4. Pe3ynbtatv KOMIT OTEPHUX CUMYISILIIV MPOHUKHEHHS OCKOJIKa Ta Kyni Ha wsugkocTi 100 m/c

t=0,25 mc

t=1,0mc

t=2,0mc

PucyHok 5. Pe3ynbTaTvi KOMIT FOTEPHUX CUMYISILiV MPOHUKHEHHS] OCKOJIKa Ta KyJii Ha wBugkocTi 300 m/c
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t=0,05 mc

t=0,5mc

t=2,0mc

PucyHok 6. Pe3ynbTaTvi KOMIT FOTEPHUX CUMYJISILIVI MPOHUKHEHHS! OCKOJIKA Ta KyJli Ha BuAKocTi 600 m/c

HUJTIHAPUYHOI DOPMHU, KU1 Ma€ OUIbINY TJMOUHY, HiX
aHaJIOTiYHEe YPaKeHHSI TOTOBUM LWJIHIAPUYHUM YpaXKaro-
YUM EJIEMEHTOM, aJie CyTTEBO MEHIIIE PO3KPUTTSI PAHOBOTO
KaHany (puc. 4).

[Tpwu 30iNbILIEHH] IIBUAKOCTI MPOHUKHEHHS KYJISI B yCiX
BUIMAAKaX MOYMHAE BTpayaTH CTiMKICTh MPSIMOIiHIAHOTO
pyXy B TiJli Ta 3/1ilICHIOE 0OepTaHHSI, CYyTTEBO 301JIbLIYIOUMN
VILIKOIKEHHsI HaBKoJIO cebe (puc. 5, 6).

Coig BiZ3HAUYMTH, IO B YCiX BUMAAKaX CIIOCTEPIra€ThCs
paHOBMII KaHaJT 31 3HAYHO OiJTBIIOI0 INIMOMHOIO Y pa3i Imo-
paHEHHS KyJIelo 3a YMOBHM Ti€i caMoi MOYaTKOBOI IIBUI-
KOCTi, 1110, OYEBUIHO, MOSICHIOETHCS ii OLIBIIT OOTIUHOIO
¢GopMOI0 Ta OLIBIIOIO0 TOYATKOBOIO KiHETUYHOIO €HEepri€lo
gepes Ielo OLIbITy ¢hopMy Ta Macy. IHIIIMM BasKJIMBUM CIIO-
CTEpEXKEHHSIM € Te, 10 B MiCIli TPOHUKHEHHSI PO3KPUTTS
PaHOBOI'O KaHaJly 3aBX/Au Oijbliie MPU MOPAHEHHSX TO-
TOBUMMU ypaXKalOUMMU eJIeMEHTaMU, TOJi SIK KYJIbOBi TO-
paHEeHH:I 3aBAAIOTh CYTTEBO OLUJIBIIIOTO YIIKOMXKEHHS B TiJi,
1110 TIPOSIBJISIETHCSI HAa TIOMiPHUX Ta BEJIUKUX IIBUIKOCTSIX
MOpaHEeHHsI, Ta MalOTh 3aBXIM PAaHOBI KaHAIU OLIbILIOL T -
ouHu. KinbKicHI XapaKTepuCTUKU YTBOPEHHS JOBXUHU
PaHOBOTO KaHaJly y 4aci iioro (popMyBaHHSI 3 ypaxXyBaHHSIM
MO0YaTKOBOI IIBUAKOCTI MPOHUKHEHHS KYJIi Ta TOTOBOI'O
ypaxaruoro eJeMeHTa LWTiHAPUIHOI (hopMU (Ha PUCYHKY
MO3HAYEHO K OCKOJIOK) TTOAaHO Ha puc. 7.

AHaJsi3 HaBeJIEHUX Pe3yJbTaTiB TaKOX MOKa3ye, 110
paHOBi KaHa/IM, YTBOPEHi KyJel0 Ha MaJuX IIBUIKOCTSIX
YpaxKeHHsI, MaIOTh OUTBIIY IIMOMHY, ajI¢ MEHIITY 30HY YIIIKO-
JokeHHs1. Takuit edbekT Mae 3po3yMiny bi3uKy: npu OiTbLIii
IIBUAKOCTI IPOHUKHEHHS JOBra KyJsl BTpada€ CTilKiCTh
MPSIMOJIIHIITHOTO pyXy Ta 00epTa€ThCs, MPU LIbOMY BOHA
YILKO/KXY€E OUIbIIY TUIOLY Ta 3a3HA€E CYTTEBO OiIBIIIOTO OMO-
py 3 OOKY cepeloBuIla, 110 3yMOBJIIOE MEHIIY TTUOUHY 1T
MPOHUKHEHHS.

O6roBopeHHs

MareMaTuuHe MoeII0OBaHHS TePMiHAIbHOL 0aTiCTUKI
BOTHEMaIbHUX MOPAHEHb HAOUHO IEMOHCTPYE OCOOIMBOCTI
¢dopMyBaHHSI paHOBOTO KaHaily, HOro po3Mipu, HampsIMOK
PYXY CHapsijy, 110 PaHUTh, Ta OOCST YITKOIKEHHS, 1110 Bpa-
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PucyHok 7. 3anexHocTi rnmmbuHu paHoBOro KaHany,
Lo ¢hopMYyETLCSA y Haci Npu NPOHUKHEHHSAX KYJi
Ta roToBOrO ypaXkaro4oro eJlIeMeHTa Ha Pi3HUX
LUBUAKOCTAX YLIKOAXEHHS

XOBYETBCSI IIPY BU3HAYEHHI TAKTUKHU XipypPTiYHOTO JIIKyBaH-
Hsa[2,3,5,7, 8].

BBeneHHs y BiIbHMIA TTOJIIT TOTOBUX OKPEMUX ypaxkalo-
YUX eJIEMEHTIB a00 OCKOJIKIB BiJIbHOTO OPOOJIEHHST Macoo
110 6,0 r'i po3mipamu 10 11 MM y miarma3oHi HIBUAKOCTEN 10
1000 mM/c Moxe OyTH JOCSITHYTO 0€3 3aCTOCYBaHHSI JOPOTOTO
crieniaaizoBaHOro 00JagHaHHSI, 1110 BiIKPUBA€E JOCUTD I1IM-
POKi MOXKJTUBOCTI TSI JOCITIIKEHHST OCOOJIMBOCTEI paHOBOI
0aslicTMKM TOTOBUX YPaXXarouMX €JEMEHTIB i OCKOJIKIB 00-
MOBHUX MPUIIACIB Ta BUOYXOBUX MPUCTPOIB.

BiyyaHHst roTOBUX ypaxkalouux eJIeMEeHTIB HUJTiHAPUY-
HOi (pOpMU Y 1IiJIb XapaKTEepU3YETHCS BapiabeNIbHICTIO iX
MOJIOXKEHHS BiTHOCHO 30BHIIIIHBOI MOBEPXHi MEPEIIKOIH,
110 CYTTEBO BIUIMBAE HA BU3HAUYEHHS MapaMeTpiB, HEOO-
XiJIHUX JUTSI TIPOBEICHHSI PO3PaxXyHKiB i TPOTHO3yBaHHS CTY-
MeHs TSDKKOCTI Ta 00’ eMy 3aBaaHoi mkonu |1, 4]. [Ipote e
MOXJIMBO BUIIPABUTHU 3a PaXyHOK CYTTEBOIO 30iIbIICHHS
CTATUCTUYHOTO MaTepiaiy i3 monasbiiow AudepeHiialieo
pe3yJbTaTiB, SIKi BilMOBiTal0Th KOHKPETHUM MOJIOXEHHSIM
ypaxalouoro eJieMeHTa y MOMEHT BJIyYaHHS Y 1iJIb.
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3a cBOIM XapaKTepoM YIIKOIKECHHS B’SI3KO-TIPY>KHOTO
cepenoBullia, sIKi OyJIM 3aBlIaHi TOTOBUMHU ypaKalouUuMU
eJIeMeHTaMM LWIiHIPUIHOI (DOPMU, CXOXi i3 YIIKOIKEH-
HSIMU, SIKi MOXYTb OyTH 3aBAaHi 1ecTabili3oBaHUMU KyJIsi-
MM, 1110 BTpaTUIU CBOIO TiPOCKOITIUHY CTilKiCTh BHACIIiTOK
PUKOIIETY, MOTIEPETHBOTO MPOOUTTS TTEPEIIKOIN a00 BHA-
CJIiIOK 3pMBY 3 Hapi3iB y KaHaui ctBoa [1, 4].

BucHoBKMU

1. ToToBi ypaxaroui e1eMeHT! UWIiHAPUIHOI (popMu
i MaJoTO CTYIEeHs MOJOBXEHHS MOBOJASTHCS CTa0ITbHO Y
TOBII B’SI3KO-TIPY>KHOI'0O cepeaoBuIlia. ¥ pasi BaydaHHS
BOHM YTBOPIOIOTH ITOPOXKHUHU KOHIYHOI ¢opmu. Haii-
OiTbIIOT IIKOAY HMJIIHAPUYHI ypaXkalodi eJIeMEHTH 3aB/a-
IOTh Y OUISHIII IepIIol TPETMHY KaHaly YIIKomKeHHs. Lle
3yMOBJIEHO MPAKTUYHO MOBHOO Mepeaayeto HUMU CBOET
KiHETUYHOI €Hepril 11apaM cepeaoBHUIIIA, 1110 IIPUIISITaloTh y
11i#1 30Hi 10 IEHTPAJIbHOTO KaHATy YIIKOIKeHHs. Po3aMipu
30HU YIIKOMKEHb Ha 3a3Ha4YeHil MiISHII KaHaay MaKCu-
MasibHi. I3 BTpaToi cBOET KiHETUUHOI eHeprii ypaxawoui
eJIEeMEHTH MPOAOBXKYIOTh CBiil pyX y TOBII MepeuIKOAN
i3 3aBIaHHSIM MiHiMaJbHOI IIKOAW OTOUYYIOUMM IIapam
cepenoBHIIIA.

2. Ilig yac Bay4YaHHs rOTOBI ypaxkarodi eJIeMEeHTHU He Jie-
¢dopmytoTbes Ta He parMeHTYIOThCSI, Ha BiIMiHY Bill KyJib
JI0 Hapi3HO1 BOTHENaJbHOI 30p0i, 0COOJMBO Ha BiAMiHY Bifl
KYJTb i3 CBUHIIEBUM OCEPISM a00 €KCITAaHCUBHUX KYJTb.

3. Pe3ynbTaT MpoOBeAeHUX €KCIIEPUMEHTIB 103BO-
JISTIIOTh HE TUTBKU PO3IIUPUTHA MOXJIUBOCTI TOCHTiIKEHb
0COOIMBOCTEN PaHOBOI OAJIICTUKM TOTOBUX ypaxKalouux
€JIEMEHTIB Ta OCKOJIKiB 00MOBMX IMpPUITIACiB i BUOYXOBUX
MPUCTPOIB, a I BU3HAYUTHU OCOOJUBOCTI iX pyXy y MOBITpIi,
1110 MA€ CYTTE€BE 3HAYEHHS JJISl BUBYEHHS iX 30BHILIHBOI
0aJIiCTUKM Ta BU3HAYEHHS aepo0aliCTUYHNX XapaKTepuc-
TuK. Lle 103BOJIsIE BUBHAYUTU PO3MIpU 30H YpaXkeHHS Ta
Oe3reyHi BifcTaHi.

4. MaTeMaTu4YHe MOJIETIOBAaHHS JI03BOJISIE TIPOTHO3Y-
BaTH OOCST YIIKOIKEHHS Pi3HUMM 32 XapaKTepHUCTUKAMU
CHapsiiaMu, 1110 PaHsITh, Y MOJEI.

5. Pe3ynbrati MaTeMaTUYHOTO MOJIETIOBAHHS B €KCIIe-
PUMEHTI ITOKAa3yI0Th IIPUHIIUIIOBY Pi3HUIIIO B 00C31 YIIIKO-
JKEHHSI TIPU KYJIbOBUX Ta OCKOJIKOBUX MOPAHEHHSIX, 110
TTOBMHHA BPaXxOBYBATHCS TP OIEPATUBHOMY JIiKyBaHHi.

KonduikT inTepeciB. ABTOpU 3asIB/ISIIOTH PO BiICYTHICTh
KOH(JTIKTY iHTepeciB Ta BlacHOI (hiHaHCOBOI 3alliKaBJIEHOC-
Ti IPU MiATOTOBL JaHOI CTATTi.

Buecok aBtopis. XopomyH E.M. — aBrop inei; Jly-
piH I.A. — penakuis crarti; [ymeniok K.B. — aHaini3z ma-
Tepiany; Jlapin B.B., IpaboBchkuii A.B. — nmpoBeneHHs

Information about authors

MaTeMaTuIHoro MoaemoBanHs; Heromyitko B.B. — Hamm-
caHHs ctarti; O.B. KosnowmiiilieB — npoBeaeHHsI CTEHI0BUX
nociimkeHb; Junens A.B. — 30ip maTepiany.

Cnuncok Aiteparypu

1. Kolomiytsev A.V., Sapelkin V.V. Determination of ballistic
characteristics and damaging properties of 7.62x39 caliber homemade
ammunition cartridges. Teopis ma npakmuka cyooeoi ekcnepmu3u
i Kpuminanicmuku: 30. Hayk.-npakm. mamepianis. Xapkie: Ilpaso,
2017. Bun. 17. C. 227-236.

2. MooearweanHs eoeHenanvHux nopareus / 3a 3ae. ped. B.1.
Lumbanrwka. Xapkie, 2022. 322 c.

3. Hacmanosu 3 60eHH0-noavo6oi xipypeii / 3a ped. K.B. ['yme-
uwra, C.0. Kopoas, P.B. [ubanro. Kuié: Budasrnuymeo Jlroomuna,
2024. 572 c.

4. Koaomiiiyes O., Caneaxin B., Tieepy I1., Iepman O. Oco-
0AUB0CMI BUBHAYEHHSL YPANCAIOUUX BAACMUBOCMEl MANOKANIOEPHUX
Kyab nicas pukowemy. Teopis ma npakmuka cy0o8oi ekcnepmusu i
Kpuminanicmuku: 30. nayk. np. Xapkie: HHI[ «ICE im. 3aca. npogh.
M.C. Bokapiyca», 2022. Bun. 2 (27). C. 59-75.

5. Caska I.I., 3micecoka F0.I. Cydoso-meduuna oyinka oe-
HenanbHux yuKkoodceHs 3a oanumu excnepmuux eunaoxis. Cydo-
60-meduuna excnepmusa. 2024. Ne 2. C. 60-67. doi: https://doi.
org/10.24061/2707-8728.2.2024.9.

6. Gumeniuk K, Lurin I, Tsema le, Susak Ya, Mykhaylenko O, Ne-
hoduiko V, et al. Woundary ballistics of biological tissue’s plastic deformation
on the model of ballistic plastiline using hollow point and shape-stable bullets.
Journal of Education, Health and Sport. 2021;11(11):37-57. eISSN 2391-
8306. doi: http.//dx.doi.org/10.12775/JEHS.2021.11.11.003.https.//apcz.
umk.pl/JEHS/article/view/JEHS.2021.11.11.003.

7. Kolisnyk K, Sokol Y, Shchapov P, Nehoduiko V. Mathemati-
cal Modelling of the Multifactorial Influence of Striking Fragments
on the Dynamics of the Rehabilitation Processes of the Wounded. In:
Sontea V, Tiginyanu I, Railean S (eds.). 6th International Confer-
ence on Nanotechnologies and Biomedical Engineering. ICNBMFE
2023. IFMBE Proceedings, vol 92. Springer, Cham. https://doi.
org/10.1007/978-3-031-42782-4_18.

8. Larin O, Tomashevskyi R, Lurin I, Gumeniuk K, Nehoduiko V.
Computational Modeling and Analysis of Wound Formation in Gunshot
Injuries. In: Sontea, V., Tiginyanu, 1., Railean, S. (eds) 6th Interna-
tional Conference on Nanotechnologies and Biomedical Engineering.
ICNBME 2023. IFMBE Proceedings, vol 92. Springer, Cham. https://
doi.org/10.1007/978-3-031-42782-4_24.

9. Tsymbaliuk V, Lurin I, Gumeniuk K, Herasymenko O, Furka-
lo S, Oklei D, et al. Modeling of wound ballistics in biological tissues
simulators. Medicni perspektivi. 2023;28(1):37-48. doi: https.//doi.
org/10.26641/2307-0404.2023.1.275866.

Orpumaro/Received 20.07.2025

PeveHzoBaHo/Revised 02.08.2025
TMpuiinsito o apyky/Accepted 27.08.2025 [ |

Ihor A. Lurin, MD, DSc, PhD, Professor, Major General of the Medical Service, Academician and Vice President of NAMSU, Kyiv, Ukraine; e-mail: lurinnamn@ukr.net, lurin.igor@icloud.com; phone:
+380 (50) 135-30-39; Chief Research Fellow, Scientific Department of Medical Care Organization, Center of Innovative Healthcare Technologies, Kyiv, Ukraine; https://orcid.org/0000-0001-6280-1725

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, Kharkiv, Ukraine; e-mail: ehoroshun@i.ua;
phone: +380 (67) 692-31-20; Associate Professor, Department of Surgery 4, Kharkiv National Medical University, Kharkiv, Ukraine; https://orcid.org/0000-0003-1258-1319

Kostiantyn V. Gumeniuk, PhD in Medicine, Associate Professor, Colonel of the Medical Service, Chief Surgeon of the Command of the Medical Forces of the Ukraine Armed Forces, National Military
Medical Clinical Center “Main Military Clinical Hospital’, Kyiv, Ukraine; e-mail: gkv73@ukr.net; phone: +380 (67) 976-36-17; https://orcid.org/0000-0001-8892-4061

Oleksiy 0. Larin, Doctor of Technical Sciences, Professor, Corresponding Member of NAMSU, Director of the Institute of Computer Modeling, Applied Physics and Mathematics, National Technical University
“Kharkiv Polytechnic Institute”, Kharkiv, Ukraine; e-mail: Oleksiy.Larin@khpi.edu.ua; phone: 4380 (50) 619-50-68; https://orcid.org/0000-0002-5721-4400

Andriy V.. Grabovskiy, Doctor of Technical Sciences, Senior Research Fellow, Leading Research Fellow, Department of Theory and Computer-Aided Design of Mechanisms and Machines, National Technical
University “Kharkiv Polytechnic Institute”, Kharkiv, Ukraine; e-mail: grabovskiy@tmm-sapr.org; phone: +380 (50) 288-10-27; https://orcid.org/0000-0002-6116-0572

74 MeANLIMHA HEBIAKAGAHMX CTOHIB, ISSN 2224-0586 (print), ISSN 2307-1230 (online) Tom 21, N2 6, 2025



OpuriHaABHI AOCAiAXeHHs1 / Original Researches

Volodymyr V. Nehoduiko, MD, DSc, PhD, Professor, Colonel of the Medical Service, Head of the Clinic of Emergency Medical Care (and Reception and Evacuation), Military Medical Clinical Center of
the Northern Region, Kharkiv, Ukraine; e-mail: vol-ramzes13@ukr.net; phone: +380 (50) 452-32-73; Professor, Department of Surgery 4, Kharkiv National Medical University, Kharkiv, Ukraine;

https://orcid.org/0000-0003-4540-5207

Oleksandr V.. Kolomiitsev, PhD in Technical Sciences, Leading Research Fellow, National Scientific Center “Hon. Prof. M.S. Bokarius Forensic Science Institute’, Kharkiv, Ukraine; e-mail: sashagun@ukr.net;

phone: +380 (67) 357-27-42; https://orcid.org/0000-0003-1932-1034

Andrii V. Dinets, PhD in Medicine, Head of the Department of Healthcare, Kyiv Agrarian University of NAASU, Kyiv, Ukraine; e-mail: andrii.dinets@gmail.com, andrii.dinets@kaunaas.com;

phone: +380 (96) 297-44-77; https://orcid.org/0000-0001-9680-7519

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. E.M. Khoroshun — author of the idea; I.A. Lurin — editing the article; K.V. Gumeniuk — analysis of the material; V.. Larin., A.V. Grabovskiy — conducting mathematical
modeling; V.V. Nehoduiko — writing the article; 0.V. Kolomiitsev — conducting bench research; A.V. Dinets — collecting material.

A, Lurin®2, E.M. Khoroshun®*4, K.V, Gumeniuk®¢, O.O. Larin’, A.V. Grabovskiy’, V.V. Nehoduiko®“, O.V. KolomiitseV®, A.V. Dinets®

'National Academy of Medical Sciences of Ukraine, Kyiv, Ukraine

2Center of Innovative Healthcare Technologies, Kyiv, Ukraine

SMilitary Medical Clinical Center of the Northern Region, Kharkiv, Ukraine

‘Kharkiv National Medical University, Kharkiv, Ukraine

sCommand of the Medlical Forces of the Armed Forces of Ukraine, Kyiv, Ukraine

SNational Military Medical Clinical Center “Main Military Clinical Hospital”, Kyiv, Ukraine
’National Technical University “Kharkiv Polytechnic Institute”, Kharkiv, Ukraine

®National Scientific Center “Hon. Prof. M.S. Bokarius Forensic Science Institute ”, Kharkiv, Ukraine

°Kyiv Agrarian University of NAASU, Kyiv, Ukraine

Mathematical modeling of terminal ballistics of gunshot and shrapnel wounds

Abstract. Background. The goal is to demonstrate the features of
terminal ballistics of gunshot and shrapnel wounds in an experiment
using mathematical modeling. Materials and methods. Two samples
of cylindrical damaging elements were used for experimental stud-
ies, namely preformed fragments with which high-explosive frag-
mentation warheads 9M 55 of 122-mm high-explosive fragmentation
unguided rockets 9IM28F (9IM28F-1) are equipped, and preformed
fragments with which anti-personnel mines OZM-72 are equipped.
Registration of the contact velocity of the damaging element before
hitting the target was carried out using the optoelectronic measuring
complex IBKH-731.4. Shots were fired at blocks of ballistic plasticine
Weible with dimensions of 200... 250 % 200... 250 x 130... 200 mm. The
distance between the muzzle of the weapon and the block of ballistic
plasticine was 1.5 m. For comparison, experimental shootings were
conducted at a block of ballistic plasticine with bullets fired from rifled
weapons. Experimental shooting was carried out with a 7.62 mm
TT pistol and a 5.45 mm AK-74M assault rifle using cartridges of
the appropriate caliber. A mathematical model was constructed for
computer simulation of the process of penetration of a solid steel
impact element of cylindrical shape into a ballistic plasticine sample.
The model had an axisymmetric form where the ballistic plasticine
volume sample and the damaging element are cylinders. For ballistic
tests with cylindrical preformed fragments, a set of field tests (firing)
was conducted to assess the penetration of the damaging element
with different initial velocities in the range from 70 to 1000 m/s.
Similarly, a set of computational studies were conducted for cylindri-
cal damaging elements with different velocities. Results. Comparison
of the wound channel geometry (depth of penetration and maximum
opening width) allowed us to select the parameters of the mathemati-
cal model, ensuring good convergence of the results of field tests and
computer simulations. The graphs comparing the depth of the wound
channel formed as a result of the penetration of a damaging element
into ballistic plasticine, obtained experimentally and calculated from
mathematical modeling, coincide. The results of the obtained com-
puter simulations show the formation of a wound channel during
damage by a preformed fragment and a bullet at the same time points
and under the condition of the same initial velocity at the moment
of impact. Cylindrical preformed fragment in all cases qualitatively
exerts the same effect, forming a conical lesion cavity with the widest
zone at the point of first contact of the element with the plasticine
block. At the same time, the nature of the wound channel geometry
does not depend on the velocity with which the damaging element
enters the block of ballistic plasticine, and an increase in the velocity
leads, in fact, only to an increase in the depth and width of the wound

channel. As the penetration velocity increases, the bullet in all cases
begins to lose the stability of its rectilinear motion inside the body and
rotates significantly increasing the damage around it. In all cases, a
wound channel with a significantly greater depth is observed in case
of a bullet wound given the same initial velocity, which is obviously
explained by its more streamlined shape and greater initial kinetic
energy due to its slightly larger shape and mass. Another important
observation is that at the point of penetration, the opening of the
wound channel is always greater in case of using preformed fragments,
while bullet wounds cause significantly more damage inside the body;
which is manifested at moderate and high wound velocities and always
have wound channels of greater depth. Analysis of the above results
also shows that wound channels formed by a bullet at low impact
velocities have greater depth but a smaller area of damage. This effect
has understandable physics — at a higher penetration velocity, a long
bullet loses its stability of rectilinear motion and rotates damaging
a larger area and receiving significantly greater resistance from the
environment, which determines its smaller penetration depth. Conclu-
sions. Preformed fragments with cylindrical shape and small elongation
behave stably in the thickness of the viscoelastic medium. In case of
impact, they form conical cavities. The greatest damage is caused by
cylindrical damaging elements in the first third of the damage channel.
This is due to the almost complete transfer of their kinetic energy to the
layers of the environment adjacent to the central damage channel in this
zone. The dimensions of the damage zone in this section of the channel
are maximum. With the loss of their kinetic energy, the damaging ele-
ments continue their movement into the thickness of the obstacle and
cause minimal damage to the surrounding layers of the environment.
When hit, preformed fragments do not deform or fragment, unlike
bullets for rifled firearms, especially unlike bullets with a lead core or
expanding bullets. The results of the experiments allow us to expand
the possibilities of research not only into the features of wound ballistics
of preformed fragments and fragments of ammunition and explosive
devices, but also to determine the features of their movement in the
air, which is of significant importance for studying external ballistics
and determining aeroballistic characteristics. This, in turn, allows us
to determine the size of the damage zones and safe distances. Math-
ematical modeling enables predicting the amount of damage caused
by projectiles with different characteristics in the model. The results of
mathematical modeling in the experiment show a fundamental differ-
ence in the amount of damage in bullet and shrapnel wounds, which
should be taken into account during surgical treatment.

Keywords: mathematical modeling; terminal ballistics; gunshot
wounds
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Improving the assessment of tympanic membrane
injuries using adjustable Flood Fill algorithm

Abstract. Background. Accurate and rapid assessment of tympanic membrane perforations is essential in clinical
otolaryngology, particularly in resource-constrained environments. The purpose of the work is to develop a computer
system powered by highly adjustable segmentation tools that can be quickly applied to improve the assessment,
reduce the time needed for obtaining consistent, objective and precise results when dealing with endoscopic images
of different quality, contrast, amount of light and other variabilities. Materials and methods. To achieve this, a
specialized web-based application was developed, utilizing a modified adaptive Flood Fill segmentation algorithm.
The experiments were conducted using the developed system and a dataset of endoscopic images with various
types of perforations, examined by expert to ensure the quality and applicability of the proposed models. Results.
Experimental results demonstrated that the adaptive segmentation algorithm provided reliable and consistent
identification of damaged areas, significantly reducing diagnostic variability and probable inaccuracies. Adjustability
of algorithm parameters allowed accurate segmentation even under suboptimal imaging conditions (low contrast,
blurred images), addressing typical clinical challenges. The practical usability and intuitive design of the application
minimized training requirements, facilitating potential rapid clinical deployment and ability to assess perforations
quicker than with traditional visual approach. Conclusions. The proposed model, method and web-based application
effectively meet the goal of the work — improving diagnostic reliability and the clinical workflow, saving clinicians’
time. The developed tool has substantial potential to enhance patient outcomes in emergency and resource-
limited settings. Further improvement through advanced image processing techniques could increase accuracy and
applicability even more broadly across other medical domains.

Keywords: rympanic membrane; image segmentation; Flood Fill algorithm, otolaryngology, medical image
processing

Intfroduction pend largely on clinicians' subjective assessments, leading to

Medical imaging is crucial for modern clinical practice.
It significantly impacts the quality of healthcare services deli-
very and patient outcomes. In the field of otolaryngology, just
like in most medical branches, rapid and accurate diagnosis
of tympanic membrane perforations (as well as their severity)
is vital, especially in emergency scenarios such as military
field hospitals, where resources and time are severely limited.
Recent studies have proved the necessity for reliable and
reproducible methods in evaluating the extent of tympanic
membrane damage, as traditional visual examinations de-

diagnostic inconsistency and variable, often non-repeatable
outcomes [1, 2].

Traditional visual diagnostic methods lack standardized,
quantifiable metrics, making precise assessments of the per-
foration size and extent challenging [3, 4]. Methods like
splitting tympanic membrane ellipse into 4 sections with
subsequent estimation of damaged area ratio are used but are
quite fast but extremely inconsistent. Consequently, diagnos-
tic variability can negatively impact treatment effectiveness,
delay the decision-making, and reduce overall patient care
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quality, when the risk of losing the ability to hear is high.
Recent advancements in digital medical imaging and compu-
tational analysis have provided quite a few solutions to these
issues by introducing computer-aided systems capable of
automatically evaluating damage in some meaningful units,
enhancing diagnostic accuracy through objective metrics
[5,6].

Endoscopy remains the standard procedure for capturing
detailed tympanic membrane images. However, image qua-
lity varies significantly due to different factors such as incon-
sistent lighting conditions, blood on the membrane, debris,
camera quality limitations or even the simple movements of
the patient. Such variability increases diagnostic complexity,
requiring either higher doctor’s expertise or some coopera-
tion with more specialists for more reliable estimations [7, 8].
It’s not surprising, that, automated image processing tech-
niques were developed in order to resolve this issue, providing
faster, more reliable and objective analysis of medical images,
streamlining clinical workflows and enhancing decision-
making processes.

To address the challenges associated with diagnosing
tympanic membrane perforations, we developed a dedica-
ted, intuitive web application made specifically according
to doctors’ needs. This application integrates advanced im-
age segmentation techniques, provides quantitative metrics
and interactive tools to simplify diagnostic procedures. By
automating the segmentation and evaluation processes, our
solution significantly reduces results variability, simplifies
decision-making and preserves time to make the decision.
Hopefully, the solution could be beneficial in resource-con-
strained medical environments like emergency and military
settings [9, 10].

Recent advancements in medical image processing have
significantly improved diagnostic precision in otolaryngo-
logy by integrating computational algorithms (treating pixels
of the image as a matrix of objects, used as an input data for
math formulas) and machine learning (ML) techniques. Tra-
ditional segmentation algorithms such as Flood Fill, Water-
shed, and Thresholding are very simple but play a critical role
due to their simplicity and efficiency in identifying regions
of interest within medical images when comparing to plain
visual analysis. Flood Fill is especially valued for its straight-
forward approach and capability to effectively segment ima-
ges with clearly defined boundaries, though it faces chal-
lenges with noisy or low-contrast images common in clinical
scenarios [11]. Watershed segmentation offers an advantage
in handling overlapping and connected regions, making it
particularly suitable for complex anatomical structures like
the tympanic membrane [12]. Threshold method remains
relevant due to its extreme implementation simplicity and
ease of application; however, it struggles with variability in
illumination and image quality most of the time, limiting its
applicability to standardized conditions [13]. This makes it
non-applicable for advanced systems which need to handle
various scenarios.

Traditional segmentation techniques aren’t the only way
to automate the process of medical imaging [14]. Recent
literature emphasizes the benefits of advanced ML methods
in the same field, particularly deep learning approaches.
Convolutional neural networks (CNNs) and their deriva-

tives have significantly outperformed conventional me-
thods in accurately segmenting medical images. They han-
dle variations in image quality and complex anatomical dif-
ferences noticeably better than traditional methods. CNN
architectures like U-Net have become highly influential
due to their effectiveness in delineating intricate anatomi-
cal structures within medical images. They demonstrate
excellent segmentation performance across various clinical
contexts [15—17].

Recent researches in the field of machine learning have
specifically highlighted the efficacy of these advanced algo-
rithms in improving diagnostic accuracy, while not losing in
time, needed for the assessment, which is crucial in emer-
gency and resource-constrained medical settings [1, 2].

The main downside of always using ML for such tasks
is the amount of training data, required to ensure the appli-
cability of the developed tools for infinite amount of image
quality variations. Unfortunately, this is often not the case
with medical data, which is usually not disclosed because of
privacy considerations. Without a really vast amount of train-
ing data, traditional techniques, relying purely on math for-
mulas and rules, can be considered as optimal and sufficient,
especially if the algorithm itself can be adjusted according to
specific features of the processed image.

Materials and methods
Data description

The dataset used for this study consists of 25 endoscopic
images of tympanic membranes, each demonstrating varying
degrees of perforation. The images were obtained in col-
laboration with the Kharkiv Medical Clinical Center, using
standard otolaryngological endoscopic equipment under
clinical conditions that reflect real-world variability in light-
ing, angle, and tissue presentation.

These images were selected to represent a diverse set of
scenarios, including small central perforations, marginal
tears, and subtotal membrane damage. Such variety allows
for in-depth testing of segmentation algorithms under
clinically realistic circumstances. Each image was manu-
ally reviewed and annotated in consultation with practi-
cing otolaryngologists to establish reliable ground truth
data for performance evaluation. To ensure transparency
and reproducibility, the dataset has been made publicly
available in a dedicated GitHub repository created by the
authors [18].

Segmentation algorithm and colour model
considerations

During the implementation of the application, when
treating pixels of the image, both RGB (red, green, blue)
and HSV (hue, saturation, value) colour models were used.
While RGB is intuitive and common in digital imaging, it
is highly sensitive to lighting variations. HSV, which sepa-
rates hue and saturation from brightness (value), offers a
more perceptually aligned representation for human tissues,
making it preferable in medical imaging under inconsistent
illumination [6].

To segment damaged areas of the tympanic membrane,
we initially used the classic Flood Fill algorithm, which is
widely used because of its simplicity and efficiency in han-
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Figure 1. Uploaded image inside
of the web-service

dling continuous, uniform regions. The algorithm adds
neighbouring pixels to a segment if their components (R, G,
B, H, S and V) values fall within a predefined threshold (A)
of the seed pixel value:

|P1_P0|SAPmaxJ

where P, is the value of the color component of the potential
pixel that is being evaluated, P, represents the value of the
corresponding colour component of the current pixel, which
is a neighbour for the P, and a part of the segment, P, is
the max value of the color component, and A is a threshold
coefficient, defined on a scale [0, 1], defining acceptable
deviation, relative to max possible value of the component.
Despite its effectiveness under ideal conditions, the clas-
sic Flood Fill algorithm tends to fail in medical scenarios
where images often suffer from variable lighting, non-uni-
form textures, and anatomical noise. To address these limita-
tions, we implemented a modified version — adaptive seed-
weighted Flood Fill — which introduces a dynamic weighting
factor A to balance the influence of the initial seed pixel (the
first point of the segment) (P’) and the current pixel (P,),
against which the new neighbouring pixel is evaluated (P,).
This way, the algorithm transforms to its advanced form:

|Pi=( Pyt (1=2) P)|<A-P,,

This modification allows fine-tuning of the segmenta-
tion process based on image-specific characteristics, such as
brightness, contrast, and localized artefacts. The parameter
A enables users to adjust how different can the pixel be from
initial pixel to be available for adding to the current seg-
ment — a critical feature when working with low-contrast
or noisy endoscopic images. On the other hand, reducing
A can be useful for blurry images as it reduces the allowed
deviation for neighbouring pixels to be considered the same
segment.

Although usually damaged areas can be differentiated
by R, H, S and V components of the pixels (perforations
usually are darker because of the red blood), user should

Figure 2. Tool for manual damaged
area outlining

be able to adjust which components to use during the
evaluations.

This hybrid segmentation approach — classical structure,
adaptive parameters, and selective colour-space evaluation —
aims to improve flexibility and accuracy in real clinical use,
minimizing manual annotation burden and reducing inter-
observer variability.

Application description

Based on the proposed model and method, specialized
software for conducting computational experiments was cre-
ated. For implementation we utilized the fabric.js library
[19]. It provided us with the ability to build an adjustable
framework, where new features and functionalities can be
easily added upon needs. This software allows to upload and
process endoscopic images of tympanic membrane, pro-
viding adjustable settings for precise calculations for diffe-
rent photos of various quality and resolution. To explain the
implementation of the application, let’s break it down into
steps of the typical usage flow.

First of all, the application supported uploading images
for further manipulations, as shown on Fig. 1.

After the image is uploaded, to outline a segment, re-
presenting the damaged area, polygon-drawing tool was im-
plemented. It allows to outline segments manually (Fig. 2).
This approach requires the biggest amount of time and
requires the precision when setting contours of the segment.
On the other hand, this approach allows to capture regions,
which can be overlapped by the ear canal itself because of
the non-optimal angle when making the photo with en-
doscope. In other scenarios semi-automatic approaches
will be prefe-rable. The first approach is using outlining
areas by multiple clicks inside of the sought area. Each
click invokes confi-gured Flood Fill algorithm (clicked
pixel is set as the seed point of the algorithm), adding draft
segment to the canvas. After all the sought area is covered
by draft segments, we can finish the process by merging
all draft segments, refining contours and forming the final
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segment which includes the necessary area (Fig. 3). As an
alternative to this approach, there is a possibility to combine
instruments — we can outline a small region (polygon) with
manual tool and then ask application to spread the region,
finding proper contours, following the same Flood Fill ap-
proach, as the semi-automatic mode. In this case all pixels,
which are inside of the initial polygon are considered a part
of the final segment, and seeding point is calculated as the
average of all initial points for further calculations by the
“spreading” tool (Fig. 4).

All canvas objects can be resized, dragged or removed
from the canvas easily.

To make sure that various images can be processed, we’ve
created a settings panel, where user can set all coefficients to
adapt to different image conditions (Fig. 5). As can be seen
on Fig. 6, for low contrast, blurry photos with indistinguish-
able edges of perforated areas A-coefficient should be as-
signed with a bigger value (up to 1), increasing the weight of
starting point and reducing algorithm’s ability to pass edges

of perforated areas and “leak”. The same way, reducing (A)
value can help controlling the size of segments, created by
Flood Fill algorithm, because less pixels will be included
into segment with lower allowed difference between pixels’
colour components.

After having the damaged area outlined, the whole area
of tympanic membrane can be outlined with manual tool,
similar to the manual tool for outlining damaged area. Ha-
ving both areas outlined it’s possible to calculate ratio of
damaged area, as shown of Fig. 7.

Results

During the experiments, images were processed with
various A-coefficient values. As can be seen on Fig. 8§ when
comparing “pure” Flood Fill implementation (A = 0) with
other potential values, increasing A isn’t beneficial for high-
contrast imaged. Using it has only a downside of the ne-
cessity of increasing the number of starting points for full
coverage of the damaged area. On the other hand, with blurry

b

Figure 3. Temporary (draft) segments, generated by the tool (a) and damaged area, outlined after merging
and refining draft segments (b)

b

Figure 4. Initial segment, outlined inside of the damaged area (a) and new bounds of damaged area,
evaluated by “spreading” tool (b)
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images with low light, reducing A is beneficial, allowing more
control over the selected area and keeping the accuracy high.
This can be seen on Fig. 9, where with A = 0 the Flood Fill
algorithm “leaks” out of damaged area edges, screwing the
potential calculations. Testing on more images proves the
benefits of having adjustable tool, providing an ability to
handle any image with appropriate precision.

Discussion

The integration of the modified Flood Fill segmenta-
tion algorithm within the application further distinguishes it
from conventional diagnostic methods. Standard segmenta-
tion methods like Thresholding and Watershed have limita-
tions, especially under conditions of inconsistent lighting,
low contrast, and blurred images, commonly encountered
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Figure 8. Results of segmentation on a high-contrast, bright image (a) with A= 0 (b), A= 0.33 (c), A = 0.66 (d)
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. |

Figure 9. Results of segmentation on a low-contrast, low-light image (a) with A =0 (b), A= 0.33 (c), A = 0.66 (d)

in clinical practice [11, 13]. Our adaptive approach, which
allows clinicians to adjust algorithm parameters such as the
weighting factor (1) and deviation threshold (A), addresses
these limitations effectively. By fine-tuning segmentation
parameters based on individual image characteristics, doc-
tors can achieve precise segmentation even in suboptimal
imaging conditions, which is a considerable improvement
over existing methods [6].

Solutions, utilizing machine learning and Al-based seg-
mentation methods, often require extensive computational
resources, specialized training data, and significant process-
ing time [5, 12]. In contrast, our tool provides an optimal
balance between simplicity, automation and user control,
achieving descent accuracy levels with enhanced accessibility
and immediate usability.

Additionally, the user-friendly nature of the application
interface significantly contributes to its practical clinical usa-
bility. By simplifying the process of image uploading, manual
annotation, and segmentation parameter adjustment, the
tool reduces the time, needed for medical personnel training.
This makes it particularly suitable for rapid deployment in
challenging environments [7].

There remains potential for further enhancements
of the system through image perprocessing techniques.
The main issue, which limited the usability of the sim-
plest method for segmentation, was the variability of the
conditions, under which the image was made. Applying
algorithms such as Richardson-Lucy deconvolution or
unsharp masking can improve the clarity and detail of
endoscopic images, potentially increasing segmentation
accuracy further, making the process of segmentation sim-
pler and more reliable for any applied algorithm [20—24].
Future studies will explore these and other enhancement
methods to expand the application's capabilities and ac-
curacy in diverse clinical scenarios.

Further enhancements of the developed tool and the
integration of additional functionalities could significantly
extend the applicability and clinical value of computer-aided
assessment system. Beyond assessing tympanic membrane
perforations, this tool could be effectively adapted for di-
verse medical domains, including the evaluation of chronic
wounds in diabetic patients. Particularly in diabetes ma-
nagement, where accurate and timely assessment of wound
healing is critical, such adaptive computational systems could
notably improve diagnostic precision, treatment effective-
ness, and overall patient outcomes [25, 26].

Conclusions

This study addresses critical clinical challenges associated
with diagnosing tympanic membrane perforations, particu-
larly in resource-limited environments such as military field
hospitals and emergency medical settings. We have developed
a user-friendly, semi-automated web-based application de-
signed specifically for otolaryngologists, leveraging an adap-
tive Flood Fill segmentation algorithm tailored for effective
clinical image analysis.

The proposed system significantly enhances diagnostic
accuracy, consistency, and clinical workflow efficiency. It al-
lows to adjust segmentation parameters dynamically accord-
ing to image conditions. Together with the use of segment
refining algorithms and interface, which only exposes the
most significant parts to the user, this allows the application
to maintain high segmentation performance even under sub-
optimal imaging conditions. This directly positively affects
clinical decision-making processes and patient outcomes in
conditions of time shortage.

The experiments conducted confirmed the theoretical
assumptions made.
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2XQpKiBCbKMM HALIIOHQABH MEAVNYHV YHIBEPCUTET, M. XapKiB, YkpaiHa

SXAPKIBCbK HALIOHAOABHWV YHIBEPCUTET DAAIOEAEKTOOHIKM, M. XapKiB, YkKpaiHa
‘BiriCbKOBO-MEAMNYHN KAIHIYHA LieHTP [liBaeHHOro perioHy, M. Oaecaq, YkpaiHa

MOAINLWEeHHS OLiHKM YLWKOAXXEeHb 6A0PAa6AHHOT NepeTUHKU 30 AONOMOTroro
HAAALWWTOBYBAHOro aAroputmy Flood Fill

Pe3tome. Axmyaavnicme. Touna i BMIKA OLIIHKA CTYIEHS ep(o-
pallii 6apabaHHOI IEPETUHKY € HAI3BUYANHO BAXKJTMBOIO B KJTIHIYHI
OTOJIAPUHTOJIOTT, 0COOJIMBO B yMOBaX 0OMeKeHUX pecypciB. Mema:
pO3poOKa KOMIT'IOTepHOI CUCTEMHU i3 HaJlallITOBYBAHUMM iHCTPY-
MEHTaMU CerMeHTallil, SIKi MOXKHa IIIBUIKO 3aCTOCYBATH IS TTOJTIIT-
IIIEHHSI TTPOIIECY OLIIHIOBAHHSI, CKOPOYCHHST Yacy, HeOOXiTHOTO JIIsT
OTPUMaHHS TTOCIIIOBHUX, 00’€KTUBHUX i TOYHUX PE3YJIbTaTiB MpU
pOoOOTi 3 EHIOCKOIMIYHUMHU 300paskeHHSIMU Pi3HOI SIKOCTi, KOHTPACT-
HOCTI, OCBITJICHOCTi i iHIIUX 3MiHHUX. Mamepiaiu ma memoou. J17s1
TTOCSITHEHHSI 1Ii€T METH PO3POOJIEHO CIIelliali3oBaHUii Be0-101aTOK
i3 HaJIAIITOBYBAaHMM aJIalITUBHUM aJiropuTMoM cermeHTaitii Flood
Fill. EkcriepuMeHTH TTPOBOAMIINCS 3 BUKOPUCTAHHSIM pO3p00JIeHOT
CUCTEeMU i1 HAOOPY EHIOCKOIMIYHUX 300pakeHb i3 Pi3HUMU TUTTAMU
nepdopattiii, 1110 Oy MiepeBipeHi eKcriepTaMu IS 3a0e3MeYeHHST
SIKOCTi Ta 3aCTOCOBHOCTI 3aIlIpOITIOHOBAHUX Mojieseil. Pe3yasmamu.
ExcniepuMeHTaIbHI pe3yabTaTu MPOJEMOHCTPYBaJu, 1110 auarn-
TUBHUI aJITOPUTM CerMeHTallii 3a0e3rneuye HaaiiiHy i MOC/iI0BHY
imeHTU(iKAaIliI0 TOMKOIKEHNX AUISTHOK, 3HAYHO 3MEHIITYIOUH Jia-
THOCTUYHY BapiaTMBHICTh Ta MMOBIpHiCTh HETOYHOCTEH. MOXITHI-

BiCTb HaJAIITYBaHHS MapaMeTPiB aJITOPUTMY 103BOJIMJIAa TTPOBO-
JIATU TOYHY CETMEHTALIil0 HaBiTh 32 HEONTUMATbHUX YMOB 3IOMKH
(HU3bKA KOHTPACTHICTh, PO3MUTI 300paskeHHST), BUPIIITyIOYH TUTTOBI
KJIiHiYHI Tpo6aemu. [IpakTnuHa KOPUCHICTh Ta iHTYITUBHUM AU-
3aliH MporpaMu MiHiMi3yBaju BUMOTH J0 HaBYAHHS, CIIPUSIIOUN
MOTEHUITHOMY LIBUAKOMY KJIIHIYHOMY BITPOBAKEHHIO i MOXJIU-
BOCTI OIliHIOBaTH TIepopallii IIBUIIIIE 3a TPATULIIHHAIN Bi3yaTbHU
minxin. Bucroexu. 3ampoIriOHOBaHi MOJIE/Ib, METOJ Ta BeO-101aTOK
e(eKTUBHO BilMOBiAAIOTh METi POOOTU — MOJIITIIEHHIO HaliHHOCTI
MIarHOCTUKM 1 KJIIHIYHOTO poOOYOTro MpPoLIecy, 3a0Ia/KyI0UM Yyac
crietiaictiB. Po3pobsieHuit iHCTpyMEHT Ma€ 3HAUHUI TTOTEeHITial
1IO/IO MOJIIIIIEHHS Pe3yJIbTaTiB aHaJi3y I JIiKyBaHHS TALiEHTIB B
YMOBaxX Ha3BUYatHUX CUTYalliii Ta oOMexxeHuX pecypcis. [Tonanb-
111€ BIOCKOHAJIEHHSI 3a IOTIOMOTOIO MePeOBUX TEXHOJIOTi 00pOoOKHU
300pakeHb MOXKe I1Ie OiTbIIIe TiABUIIATHA TOYHICTD i 3aCTOCOBHICTD
B IHIIIMX METUIHUX TaTy35IX.

KurouoBi cioBa: 6apabanna nepeTMHKa; cerMeHTallisl 300pa-
keHb; anroput™ Flood Fill; otonapunrosorist; o06podka MeTuuHUX
300pakeHb
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Pain management in a Ukrainian war zone using
a low-cost data system

Abstract. Handling acute pain in the middle of a war is extremely challenging, especially when you don’t have
enough resources. This article describes the use of Google Sheets as a simple, accessible system for recording and
managing pain at a Ukrainian hospital during wartime. The approach offers a low-cost and flexible tool to help
healthcare providers monitor pain scores, pain relief interventions and patient progress in medical care. This method
isn’t restricted to war zones or particular healthcare systems.

Keywords: pain management; Google Sheets; resource-limited settings; acute pain; wartime medicine

Introduction

No hospital finds it easy to manage acute pain, but if
you’re stuck somewhere chaotic and short on resources —
think war zones — it’s on a whole different level. More pro-
minent hospitals usually have comprehensive electronic
health records systems to track pain levels, treatments, and
patient progress. Still, such systems seldom hold up in emer-
gencies or tough situations [1]. This limitation led to the
adoption of Google Sheets as a free and elegant solution for
managing pain in our hospital. We postulate that this system
may be beneficial in other low-resource settings [2]. Our pain
management team works in a Ukrainian hospital that treats a
diverse multitude of trauma-related injuries in both soldiers
and civilians affected by the war. Approximately 50 % of the
total capacity beds are occupied by patients with combat-
related trauma. Before the full-scale war, our hospital did not
have a dedicated pain management service, and we had to
adapt quickly to establish one. Currently, our duty pain spe-
cialists visit dozens (20—30) of the most complicated patients
daily. A vast number of patients presented was a tremendous
logistic challenge, especially concerning tracking informa-
tion about pain dynamics and treatment interventions and
effectively communicating these from one duty doctor to
the following [3]. Although we had an electronic medical
records system, it was inadequate for the specific needs of
pain monitoring. Google Sheets was selected as the proper
instrument due to its simplicity and effectiveness. It supports

the acute pain management service and has aided in develo-
ping a chronic pain management service. It allows real-time
data entry and patient monitoring and provides a practical
solution in settings without advanced technical resources.
The aim. This article highlights how a simple, everyday
tool like Google Sheets can effectively support acute pain
management, especially during crisis situations or when re-
sources and specialised medical equipment aren’t available.

Materials and methods

A simple system based on Google Sheets was created
to track patient data, pain scores (using the Visual Analog
Scale, VAS), treatments provided, and patient progress. The
sheet clearly indicates patients who require extra attention,
includes detailed notes on observations and provides re-
commendations for upcoming shifts. Managing acute pain
is always challenging, but in high-stress environments with
limited resources, like war zones, it becomes even more dif-
ficult. Well-equipped hospitals usually depend on advanced
electronic health record systems to monitor pain levels, treat-
ments, and patient progress.

General patient information

Priority flags. High-priority patients needing close moni-
toring are marked with red colours.

Patient details. This section records last check-up dates,
room numbers, names, and brief diagnoses.
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Location of
injury/pain/amputation
level

Full name of
patient

Requires extra Last check up Room

attention

05.06.2024 Amputated left arm (high)
and right leg at the level of
the upper 1/3 of the lower

Patient F leg.

Patients
list

Notes Recommendations

04.06 Distal sciatic aat r reacad with an?her
one, patient in rehabilitation

Figure 1

Patient 108 A Mo known slergies
Pn syndrome: | algusia
VAS 19
overage | Max ievel of Analgosia vt Pain rolated Siovping
Date of Localization pain ievel pain Mathod of anesthesis | Procagures andior changes: opicids: madications Changes IV aooess Anagsthesioiogist | Psychologist | Rehabitation | comiort
Interscarane brachial ‘Cantral vanous cathetr,
Pain in the stump of 1w left uppar | phamus bioex single shot ‘subclavian vein,
30.12.209% = i k] ~ |on loh sice Progabalin 75150 sid ffrom 27.12 23) Adequate
Contrai verous catheter,
Phantom pain in am and Singho-shol supraclavicular Dulomeding 6 subclavian vesn, right
31129023 insignificant phantom In right leg 5 el 7 - block. ghon biock Pregabalin 75/150 added side (from 27 12.23)
01.01.2024 -] | |
02.01.2024 e | |
PRANIGA i7 BT I MOFS prominent 1
03.01,2024 thn inleg g = (] - _ Pregabatin 150/150 |
Cathetarization of the scialic
nsrve with distal access,
single-shot
Prantom pairs in the left upper Injaction of 0.375% 20.0 Coniral verous caibeter,
extramnity and right kower exiremity, upivacain + 4 mg Pregabalin 150/150, subciavian vein, right
04012024 oot mgion 5 7 Duiozetin £0. e (from 27.12.23) Adequate

Observations and recommendations. Notes include the
latest treatment interventions, regional catheter placement,
rehabilitation status, and plans for subsequent shifts (Fig. 1).

Detailed pain and treatment log

Daily pain assessments. Pain levels are recorded daily,
including specific types like phantom limb pain [4].

Pain tracking. Changes in pain levels over time are moni-
tored using the VAS.

Treatment details. Regional anaesthesias and systemic
medications are monitored, with adjustments recorded [5].

Additional notes. Includes details on intravenous access,
mental health support, rehabilitation progress, and sleep
quality (Fig. 2.

Review and discussion

The hospital had an electronic records system, but it
wasn’t fitted for following patient pain effectively. A simpler
and more practical solution was urgently required. Google
Sheets was a perfect fit — easy to get going, straightforward
for staff to use, and it didn’t cost a thing extra.

Benefits of using Google Sheets

Accessibility. Google Sheets is accessible from any team
member’s device, facilitating updates and data sharing.

Special equipment is not required. All personal smart-
phones, tablets and laptops suit this application.

Chronological tracking. Tracks each patient’s treatment
progress, ensuring smoother shift transitions.

Cost-effectiveness. Because Google Sheets is free, it
works well in resource-limited settings.

Data analysis. Tracking treatment outcomes over time
helps improve and adjust pain management protocols [6].

Sustainability. This system does not require vast amounts
of consumables.

Challenges and limitations
Data security. Patient data may be vulnerable due to a
deficiency of advanced safety measures [7].

Manual data entry. Manually entering data takes time
and increases the possibility of errors.

Lack of integration. Google Sheets doesn’t sync with the
hospital system, which can cause duplicate records and cre-
ate space for miscommunication [8].

Even with these limitations, two years of using Google
Sheets for pain service has shown that it is an effective and
flexible tool for tracking patient pain in our challenging,
resource-limited environment. It works better than paper
forms and expensive electronic systems, which we did not
have access to before the war and which are even less acces-
sible now.

Conclusions

Google Sheets offers a simple yet effective way to manage
acute pain in settings where resources are limited. Its real-
time data tracking helps maintain continuity of care, making
it a valuable tool for hospitals and crises worldwide. Sharing
this experience aims to support other healthcare teams facing
similar challenges, whether due to war, natural disasters, or
financial struggles.
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"KAiHiYHQ AikapHs «DeogaHis» AYC, m. Kuis, YkpaiHa

2HaLioHQABHW YHIBELCUTET OXOPOHM 3A0P0B S YkpaiHu imeHi .. LLyrka, m. Kuis, YkpaiHa

MeHeAXXMEHT 60AI0 B YKPATHCbKOMY LUMUTCOAI B YMOBOX BiiHU 30 AONOMOTOIO
AOCTYMHOro umdppoBOro iHCTPYMeHTa

Pe3tome. Benenns roctporo 60110 B yMOBax BiliHM il OOMEXEHMX
pecypciB € CKIIaTHUM KITiHIYHMM BUKJIMKOM. Y I1iif CTaTTi omrcaHo
JIOCBIIl yKPaiHCHKOI JIiKapHi, [i¢ OyJI0 BIIPOBAIKEHO ITPOCTY CUCTEMY
MOHITOpUHTY 0010 Ha 6a3i Google Sheets. Lleit minxin naB 3Mory
ikcyBaTi piBeHb 00JT10, aHAJITE3it0 Ta 3MiHM B CTaHi MAIliEHTIB Y pe-
JKMMi pealbHOTO yacy, 3a0e3reuyroun epeKTHBHY KOMYHIKaLlilo Mix

yeproBuMu 3MiHamu. Bukopucranus Google Sheets He TToTpedye
TIOATKOBUX BUTPAT i MOXE OYTM agamnToBaHe J0 iHIIUX KPU30BUX
CUTYyallili, 30KpeMa CTUXiMHUX JIMX 200 eKOHOMIYHOI HECTaOIbHOC
Ti, KOJI BiICYTHi CKJIaAHI MeAWYHi iH(opMalliiiHi CUCTEMU.
KirouoBi cioBa: menemkMenT 6ommi0; Google Sheets; oomMexeHi
pecypcu; TocTpuii 6iJb; BilicbKOBa MEIUIIMHA
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KAiHIYHUX BUNOAOK KOMNAEKCHOrO Xipypri4yHoro
AIKYBOHHS BOTHENAABHOIO TOPAKOA6AOMIHOABHOIO
NMOPCOHEHHS 3 YLUKOAXXEHHSAM NeYviHKU, YCKAOAHEHOro
A6 AOMIHOABHOIO KPOBOTEYEIO, i3 3ACTOCYBAHHSAM
PEeHTTeHEHAOBACKYASPHUX KATETEPHUX TEXHOAOTIN
y TakTuui damage control surgery

Pe3tome. Mema: demorncmpauis moxcausocmeii 3acmocysanis pisHux Memooie 3ynuHKU Kposomedi 3 NeiHKU 6HA-
CAi00K 80eHENanbHO20 MOPAKOabOOMiHANbHO20 nopaHeHHs. Mamepiaau ma memoodu. Ilayienm X., 25 pokie, ompu-
Mae nopareHHs1 y epyou nio uac MiHomMemHo2o 0ocmpiny, docmaegaeHuil yepes 200UHy nicas NOPaHeHHs 00 hepedosoi
XipypeiuHoi epynu 6 majicKomy cmati, 6UKOHAHUI MOPAKOUEHmMe3 Cnpasa, OPeHy8aHHs NAe8panbHOi NOPOICHUHU
3a bronay, nepeunna xipypeiuna oopooka (I1X0) pan. Yepes 2 codunu 6ye docmasneruii do Biiicbkoo-meduurozo
Kainiunoeo yenmpy Ilisnivnoeo peeiony KMC 3CY, eocnimanizoeanuii do eiddinenns negiokaadnoi meduuroi do-
nomoeu. Bemanogaeno diaeno3: noeonane 6oeHenanvhe 0cKoaKoge nopanents epyodeil, jcusoma, Kinyieox. Caine
mopakoabdominanvbre nopareHHs cnpasa 3 yramxosum nepeaomom VIII pebpa, yuikooiceHHIM HUNICHbOT yacmKu
npaeoi nezewi, Npasoi uacmu NeviHKu, npasoi HUPKU, 3 HASEHICIIO CMOPOHHb020 Mina (Memanesoeo 0CKOAKa) 8
3a04epegunHomy npocmopi. I[lpasobiunuii eemonneemomopakc, nyasmonim. lemonepumoneym. Caine nopanenus
MAKUX MKAHUH NPAB02o nae4a 3 HaseHICMIo CIMOPOHHb020 mina (Memaneaoeo ockoaka). Onepauii: mopakoyenmes,
dpernysanus npaesoi naegpanvroi nopoxciunu 3a broaay. I1X0 eoenenanvhux pan. Ilayienm 6yé oenssHymuii, 6uKo-
HY8au 1abopamopHi 00CAI0NCeHHSL: 3A2ANbHOKAIHIYHI AHANI3U KPOBI, ceyi, OioXIMIHUI aHani3 Kpoesi, koazyroepama
Kpoei, epyna kposi ma Rh-gaxmop, mpomboenacmoepais, eaekmpoaimu Kpoei, AyicHO-0CHOBHULL CKAad ma ea3u
Kpoei, ynbmpaszgykoee docaiodcens opearie epyonoi kaimku (OI'K) ma opeanie uepeenoi nopoxcnunu (O9I1) 3a
FAST-npomokoaom, myasmucniparvua komn’romepia momoepaghis eonosu, OI'K ma OYI1 i masza 3 konmpacmy-
BAHHAM Ma 6e3 KOHMPACMYy8aHHs, penmeeHoepagiuni docaioxncenns eonosu, OI'K ma OYI1, enekmpokapdioepagis,
aueioepagiuna diaenocmuka ma ocmamo4Ha 3yNUHKA KPOGomeui, 8U0ANeHHs CIMOPOHHB020 MiAd 3a 00NOMO20H)
IHCMpPYMeHma MaeHimHo2o 6aeamo@dyHKUioHarbHo20 045 0iaeHOCMUKU | GUOGNCHHS Memanesux epomacHimuux
cmoponnix min. lemocmas panu nevinku 00cs2ascs 3a 00NOMO200 NPOUWUBAHHS paHu neyinku, npuilomy Ilpinena,
MAMROHYBAHHS CePEeMKAMU, 3ACMOCYBAHHS BUCOKOUACHOMHO20 eneKmpoxipypeiunoco anapama Bowa ARC 303,
i301b08aH020 BUXIOH020 enekmpoxipypeiunoeo eenepamopa Valleylabtm LS10 ma Medtronic AEXtm generator
Aquamantys. Buxonysaaucs onepamusni émpyuanns 3a makmuxoro damage control surgery. Pezyasmamu. [lpu
Haoxodxcenni Ha Y3/ epyodeit ma scusoma 3a FAST-npomokonom: HaseHa piouna é npasiii n1eépanbHii NOpONCHUHI
ma uepesHiii nopodcHuni. Ilpu Haoxooxceuni suxonano MCKT eonosu, OTK, OYII i ma3za, euseneno 6oeHenanvHuil
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nepeaom VIII pebpa cnpasa, hocmmpasmamuuHuil NYAbMOHIM HUICHbOI HACMKU NPABOI Ne2eHi, 03HAKU YUIKOOICEHHS
Sg6, Sg7, Sg8 neuinku, mapnesa cepsemka 6 neviniyi, CMIOPOHHE Mino (Memanesuil 0CK0A0K) 8 OiNIHUI 8ePXHbO2O
noaca npasoi HUpKU, HAs8HUL OPEeHANC Y NAEBPANbHII NOPOICHUHI, 03HAKU MAN020 2eMONHEEMOMOPAKCY, 03HAKU
eemonepumoneymy. Ha neputy 006y uepez 3 eoounu nicas nopanenns euxonaro onepayiro DCS 1. Jlanapomomis,
pesizis opeaHie uepeeHoi NOPOICHUHU MA NO3A0HePEGUHHO20 NPOCMOpY cnpaesa. Amunosa pesexuis Sg6, Sg7, Sg8
neuinku. Yuueanns ma eemocmas neinku. Yuueants npasoeo Kynoaa diagpaemu. Budanenus cmoporuboeo mina
(Memaneoeo 0CKOAKa) 3a OONOMO20H) IHCMPYMEHMA MAeHIMH020 6a2amoyHKUioHaNbHO20 051 JiaeHOCMUKY |
BUOANCHHS MeMANesUX (PepoMacHIMHUX CIMOPOHHIX min. TamnoHyeanus newinKu 3a munom «CceHogin». Yuueanus
8epxHb020 noatoca npasoi Hupku. Canayis ma OpeHy8aHHs YepesHoi NopoXCHUHU. 3akpuma aanapocmoma. Pesizia
0peaHie UepeeHoOi NOPOJICHUHU, 2eMOCMA3 Ma YUIUBAHHS NeYIHKU, MAMNOHYB8AHHS NeYIHKU 30 MUNOM «CeHOBiw»,
canayis ma pedpeHy8ants YepesHoi NopolCHUHU. 3akpuma aanapocmoma. Bemanoeéaeno diaznos: noeonane eoere-
nanvHe 0CK0AK08e nopaneHHs epyoei, icusoma, Kinuisox. Caine mopaxoadoominanbHe NOPaAHeHHs CAPABA 3 YAaM-
Koeum nepenomom VIII pebpa, yuikoOxcenHam HUNCHbOI yacmiu npasoi aeeeri, npasoi uacmiu neinku (AAST IV),
npaeoi Hupku (AAST I11), 3 Hasenicmio cMOpoOHHb020 Mina (Memaneoeo 0CKOAKA) 8 3a04ePe8UHHOMY NPOCHOpI.
IIpaeobiunuii eemonneemomopakc, nyavmonim. lemonepumoneym. Caine nopanenus m’aKux mKanuH npagoeo naeua
3 HASIBHICMIO CMOPOHHBO2O Mina (Memanesoeo ockoaka). Onepauis: mopaxKoyeHmes, OpeHy8aHHs NPasoi NAespanbHoi
nopoxcrunu 3a broaay. I1XO eoenenanvrux pan. 3’96unuce 03HAKU 6HYMPIUIHbOUEPEBHOT KpogomeHi HacmynHoi 0oou
3 BUOANEHHAM KPOBI No OpeHaiicy 3 uepearoi nopoxcHuru. Bukonano MCK'T 2onosu, opeanie epyonoi kaimku, opearie
uepesHoi nopocHuHu i masa 3 konmpacmyeauuam. 3a danumu MCKT eonosu, OTK ma OYII, maza 3 konmpacmy-
BAHHAM BUSBAEHI 03HAKU eKCMPAasa3auii KOHMpacmHoi peuosUHU 8 epegHy NopodcHury. Hacmynnoi dobu y 36’13Ky
3 HAAGHICMIO BHYMPIUIHbOUEPEBHOI KposomeUi 3 nevinku 8uKoHaHi re-look, pesizis opeanie uepesHoi NOpoJICHUHU,
2emMocmas ma pemamnoHy8ants NeYiHKU, CaHayis, pedpeHyB8ants YepeaHoi NopodcHUKU, ranapocmoma. Yepes 12
200uH nicas re-look peyudue eHympiunbouepesHoi kposomeui. Bukonana onepauis: pesizis opeanie uepeeHoi no-
DOICHUHU, 2eMOCMA3 Ma PeMAMNOHYBAHHS NEHIHKU, CAHAYis, PeOPeHYBAHHs YePeGHOI NOPOICHUHU, NANAPOCIOMA.
Yepes 000y nicas nopanenHs y 36’a3Ky 3 peuu0usoM HympilHb04epeaHoi Kpogomeui 3 NewiHKU 8UKOHAHA eHO08AC-
KyaapHa embonizauis 2inok npaeoi neuwinkoeoi apmepii. Bukonara diacnocmuuna auneioepaghis cyouH newinku, nio uac
AKOI 8UsA61EHO 0Jcepeno Kposomeui y euensioi ncegdoanespuszmu 3 00HIET 3 2inok npasoi newinkoeoi apmepii. Ilpasa
neuinkosa apmepis 8i0x00ums 6id 6epxHvoi bpuncosoi apmepii. Bukonana cynepcerexmusna kamemepu3auis yuKo-
OdxceHoi einku npasoi neuinkoeoi apmepii ma it embonizauis. lemocmas docsenymuil. Yepes 2 dobu nicas nopanenHs
8UKOHaHI re-l0ok, pesi3is opeanie uepeaHoi NOPOJICHUHU, 0eMAMNOHYBAHHS NeHIHKU, CAHALis, PeOPeHYBAHHS YePeBHOI
NOpodCHUKU, 3aKpuma aanapocmoma. 9epes 4 doou nicas nopanenHs UKOHAHO pemopaxKoyenmes 31iea, OpeHy8anHs
naespanbHoi nopodichunu 3a bronay y 36’13Ky 3i 30inbuenHam Kinbkocmi piounu 6 naeepanvHii nopoxcruni. Ha 5-my
000y nicas nopaneHHs nayieHm nepesedeHuli Ha HaCMYNHULL piéeHb HA0aHHs MeduuHoi donomoau. Bidomo, wjo nadani
Ha 10-my 0oby 6yna euxoHana amunosa pepe3exuyis nevinku 3 3aKpummsm Aanapocmomy ma URUCKOI NayieHma
Ha 21-uy 006y 3 npedcmaenenHaMm Ha BiliCbK0BO-NIKAPCbKY KOMICIIO | HAOaHHAM 8i0NYCMKU 34 CAHOM 300p08°5 Ha
30 kanendaprux 0i6. Buchoexu. Y nHaseoeHomy KaiHiYHOMY 6UNAOKY NPOGEOeHHS eHO08ACKYASAPHO0 2eMOCMA3Y 6
KOMNAEKCHOMY NIKYBAHHI 602HENANbHO0 NOPAHEHHS NeYIHKU, YCKAAOHEeH020 AD0OMIHAAbHOI KPOBomeHelo, i3 3acmo-
cysannam maxkmuxu damage control surgery Ha (oni aHamomiuHux ocobausocmeil 8i0X00NCeHHs NPABOI NeHiHK080T
apmepii noKkazano ce0r GUCOKY epeKmueHicme.
KunrouoBi ciioBa: damage control surgery; penmeenen0ogackyaapra Xipypeis,; 60eHendaivte mopakoaboominaibHe
NOPAHEHHS; YUKOONCeHHS neHinKU,; ab0oOMIHANbHA KPOBomeUa

Bctyn

TopakoabaomiHaabHi KpOBOTEUi, SIKi CYIIPOBOIXY-
IOTHCSI PO3BUTKOM T'€MOpariuyHOro IIOKY, 3aJUIIAaI0ThCS
Ccepilo3Ho10 MPOoOJeMOI0 CydyacHOI Xipyprii Ta peaHiMa-
TOJIOTII, 11O TTOB’SI3aHO 3i CKJIAAHICTIO pO3Mi3HaBaHHS SIK
MNPUYMHU, TaK i xKepesia KpoOBOTEUi, a TAKOXK BUOOPY Bil-
noBimHOro Metony JikyBaHH |8, 20, 44]. OnHieto 3 mpu-
YMH MAaCUBHUX KPOBOTEY € 3aKPUTI i BITKPUTI, i301b0BaHi
Ta MO€EAHAHI TpaBMaTUYHI YIIKOMXKEHHS OpraHiB IpyaIHOL
Ta YepeBHOI MOPOXKHUHU, 3204€PEBUHHOTO TIPOCTOPY i
Masioro Tasa [42].

OcTaHHIM 9acoM Y 3B’SI3KY 3i 3pOCTaHHSAM MiXHApO.I-
HOTO Tepopu3My, 30pOiHUX KOH(IIIKTIB i IOKATbHUX BiliH
301IBIITYETHCS KiIBKICTh IMOCTPAXKAAINUX 3 BOTHEMAIbHUMU
MOpaHEHHSIMU Ta BUOYXOBOIO TpaBMOto. Hepinko TsSKKicTh
CTaHy TaKMX XBOPUX OOYMOBJIEHA MOEAHAHHSM YIIKO/KEHbD,
1I0KOM, KPOBOBTPATOIO, @ TAKOX YCKJIAHEHHSIMU, SIKi BU-

HUKAIOTh 0/ipa3y abo yepe3 NesIKUii yac Mmicyisi OTpUMaHHS
TpaBMH, 1110 € IPUUYMHOIO BUCOKOI JETAIbHOCTI y IIUX I10-
cTpaxaganux [5].

Yacrora TopakoabaoMiHaJIbHUX BOTHENAJIbHUX TTOpa-
HEHb CTAHOBUTH 5 %, JIETAJIbHICTh KOJUBAETHCS Y MeXkKax
28—-31% [3, 9, 29].

Haii6inpi iHdhopMaTUBHUMU MEeTOIAMU AiaTHOCTUKU
MpU TOpaKoabJIOMiHATbHUX BOTHEIMAJIbLHUX TTOPaHEHHSIX
€ TIPOMEHEBI MeToaM NociikeHb [4, 29]. [lng BunaaeHHs
(bepoMarHiTHMX CTOPOHHIX TiJl 3aCTOCOBYETHCS Cy4YaCHUI
MarHITHUI Xipypriunuii inctpymeHT [11, 14]. HasiBHiCTB
BHYTPIlITHLOYEPEBHOI KPOBOTEUi, 1110 TPMBAE, € TIOKa3aHHSIM
no naraporowmii [10, 12].

3HayHe PO3MIMPEHHS MOXJIMBOCTE PeHTreHeHI0BaC-
kynsipHoi xipyprii (PEX), sike nop’si3aHe 3 OypXJIMBUM pO3-
BUTKOM aHTiorpagiyHMX KaTeTepHUX TEXHOJIOTIl, J03BOJIM-
JIO 3 TIPUHIIMITIOBO HOBUX TTO3ULLIN MiAIATH 10 BUPIlLIEHHS
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Mpo0JIeMH XipypriuHOro JIKyBaHHS BHYTPIIIHIX, 30KpeMa
abmoMiHabHUX, KpoBoTeu [1, 2, 35, 37, 40].

Bimomocri iiTepaTypu, 110 CTOCYIOTHCSI IUTaHb PEHTTEH-
eHIoBacKyJsipHOTO KateTepHoro remoctasy (PEKI) npu
BHYTPIIIIHiX KpOBOTEYaX, CBiIUaTh IPO Te, 1110 IIPU aKTUBHIN
KpOBOTEYi AiarHOCTUYHUH i JIIKyBaJIbHUI €Tar peHTTeHO-
Xipypriunux Brpydatb (PXB) Hepo3puBHO OB’ s13aHi OUH
3 omnHuM [16, 23, 24, 25, 39].

[1in yac giarHoctuuyHoro erany PXB, a came aHriorpa-
(iYHOTO MOCIiIKEeHHS, MOXHA MO0AYNTH eKCTpaBa3allilo
KOHTPACTHOI pEYOBMHU, «aMITyTallilo» apTepiaibHUX TiJIOK
Ta iHII aHriorpadiuyHi 0O3HaKM TpUBaIoi KpoBoTeyi [6, 18,
26, 31, 33, 41].

Jlo HenaBHBOTO Yacy B pasi BIIKPUTUX TPaBMaTUYHUX
VIIKO/IXKEHb, a TAKOX 32 HEMOXKJIMBOCTI BUKJIIOUNUTH YIITKO-
JIKEHHsI OpraHiB YepeBHOI MOPOXXHUHU MPU 3aKPUTHUX TPaB-
MaxX BUKOHAHHS JarapoToMmii Oysio akciomolo. OgHak, sIK
CBifuaTh JIiTepaTypHi AaHi, y 25—35 % mocTpaxmaaux BOHa
MaJia OiIbIIO0 MipOIO MiarHOCTUYHUI XapaKTep i 3aKiHUYy-
Bajiacsl peBi3iero opraHiB uepeBHOI mopoxHuHHu [ 10, 20, 28].

BukopucTtaHHs TpaguLiHUX ONEpaTUBHUX METO/IB 3y-
IMMHKY TIpoy3HOI KPOBOTEUi HEPIIKO yCKIIagHEeHEe caMOIo
KPOBOTEYEI0, 1110 TPMBAE, a TAKOXK HEOOXiJHICTIO BAKOHAHHSI
oriepallil 3a HeCTaOLIbHUX MOKA3HUKIB FeMOIMHAMIKH, 1110
BU3HAYa€ BUCOKUI PU3UK OIIEPAaTUBHOTO BTpyJaHH:I [43].

[IpoGnemMy 3HMXKEHHsI omlepaliiiHOTo TpaBMaTHU3MY,
MOB’s13aHY 3 BUKOHAHHSIM JIANIapOTOMii Yy BKpall TSIXKKUX
XBOPHX, BUPILIYE PEHTIEHEHIOBACKYJISIpHA OAJIOHHA OKJTIO-
3ist yepeBHOI aopTH [7]. TuMUacoBe BBeAEHHSI OKJIIO3yI0U0-
ro 0ajloHa B aOpPTY Uepe3 CTErHOBY apTepilo JoroMarae Ha
TepMiH 30—40 xBuauH OJI0KYBaTU AUCTAIbHUI KPOBOTOK,
cTabiTizyBaTH CTaH XBOPOTO i MiATPUMATH JOCTATHIl piBEeHb
apTepiajJbHOro TMcKy [17, 21].

Came 3 IbOTro MaJIOTpaBMaTUIHOTO MeToxy 70 poKiB
tomy PEX mouana 3acTocoByBaTHUCS Y BOEHHO-TTOJbOBIl
xipyprii. ¥ 1954 poui C. Hughes ynepiiie 10moBiB mpo
BUKOpUCTaHHS Tin vyac BiitHu B Kopei (1950—1953) 6a-
JIOHHOI OKJIIO3ii a0pTU y ABOX MAIli€HTIB 3 TSKKMMU BOT-
HeTaJbHUMU TTOPAaHEHHSIMUY TPyJIeii i XKUBOTA, SIKi 3TrOIOM
nomepau [27].

3HIDKEHHS TPaBMaTUIHOCTI ITi Yac IIPOBEICHHSI Xipyp-
riyHOro JliKyBaHHS 3a6e3neuytoTb Takox metoan PEKT, sxi
MOIIMPIOIOTHCS BCE OMIBIIE SIK 3 METOIO JIiIKYBaHHS TSIKKUX
abIoMiHAJIbLHUX KPOBOTEY, TaK i 3 METOIO iX MpOodilaKTUKK
MiJl Yac MjaHyBaHHS HACTYMHUX CKJIAJHUX ONEPaTUBHUX
BTpy4aHb [13, 18, 24, 25, 34].

PXB, s1Ki BUKOHYIOTbCS B €KCTPEHUX BUITAJAKaAX MPU
KPOBOTEYi, 1110 TPUBAE, y pa3i yIIKOIKEHHS MapeHXiMaTo3-
HUX OpraHiB YepeBHOI MOPOKHUHU, HEPIKO € aJIbTepHATH -
BOIO iHIIIMM BUIaM XipypridHOTO JIiKyBaHHS 3 ypaXyBaHHSIM
BMCOKOTO PU3MKY 3IiiCHEHHSI MOPOXHUHHOI orepatiii [2,
15, 24, 25, 30, 41].

Oco0sinBe Miclie B Xipypril yIIKOIKeHb 3aiiMae eM00-
Jli3alliss KpOBOTOUMBUMX CYAMH IMPU 3aCTOCYBaHHI Oararo-
€TaITHOTO XipypTiYHOTO JIIKYBaHHS OOIIMPHMUX TPaBM Ia-
PEHXiMaTO3HUX OpraHiB YepeBHOI MOPOKHUHU — TaKTUKa
damage control surgery [1, 19, 32, 36, 38].

Mera: 1eMOHCTpaLIis MOKJIMBOCTEI 3aCTOCYBaHHS Pi3-
HUX METO/IiB 3yIIMHKM KPOBOTEYi 3 MeUiHKM BHACIiIOK BOT-
HeTaJbHOTO TOPaKoabI0MiHaJILHOTO TTOPAaHEeHHS.

MarTepiaAn Ta meToamn

[MauieHT X., 25 pokiB, OTpUMaB MOPAHEHHS Yy TPYIH MiJ
yac MiHOMETHOTO OOCTpily, JOCTaBICHUU Uyepe3 TOOANHY
TTicJIs1 TOpaHEHHS 110 TIEPEeI0BOI XipypriyHOI IPYITU B TSKKO-
My CTaHi, BAKOHaHWI1 TOPAKOLIEHTE3 CIIpaBa, IPEHYBaHHS
TJIeBpabHOI TOPOXXHUHM 3a brosay, mepBrHHa XipypriyHa
o6podka (ITXO) paH. Yepes 2 ronuHu OyB HOCTaBICHUI
1o BiiicbKOBO-MeIMYHOrO KIiHiYHOTO LeHTpY [liBHiYHOTO
periony KMC 3CY, rocnitanizoBaHuii 10 BiJIiJIeHHS He-
BiIKJIaAHOT MeIMYHOI JonoMoru. BcTaHoB/IeHO NiarHo3:
MOEAHAHE BOTHEIMAIbHE OCKOJIKOBE TTOpAaHEHHS Tpynei,
KMBOTa, KiHliBOK. Ciine TopakoadbaoMiHaabHe MOpaHeHHS
crpaBa 3 yaraMmkoBuM miepesiomoM VIII pedpa, yikomkeH-
HSIM HIDKHBOI YaCTKM MPaBOi JIETeHi, MpaBoi YaCTKU MeviH-
KU, TIpaBOi HUPKM, 3 HASIBHICTIO CTOPOHHBOTO Tijla (MeTajie-
BOTO OCKOJIKA) B 3a04epeBMHHOMY TpocTopi. [1paBoGiuHMit
reMOITHeBMOTOpPaKC, IMyJIbMOHIT. [emonepuroneym. Crimne
IMOpaHeHHsI M’SIKUX TKaHWH MPaBOro Ijieya 3 HasiBHICTIO
CTOPOHHBOTO Tijla (MeTaJeBoro ockoJjika). Omnepaliii: Topa-
KOIIEHTE3, IPeHYBaHHSI TIPABOI TJIEBPaIbHOI TOPOXKHUHU 32
Bronay. [TXO BorHemnajgibHUX paH.

[NamienT OyB OTJISIHYTHMI, BUKOHYBaJu JIabopaTop-
Hi TOCHiIXXEeHHs: 3araJIbHOKIiHIYHI aHali31 KpPOBIi, ceui,
OioxiMiuHMIi aHaJi3 KPOBi, KoaryjaorpaMa KpoBi, sIKi BU-
KoHaHi Ha anaparax Respons 920 (HimeuunHa) i Lab Analyt
(Kurait), HumaClot Duo Plus (Himeuuuna), Labline 40 i
Sunrise (ABcTpis) 3 nonatkoBuM obsianHaHHsiM BIORAD
i BIOSAN. Ipyny kpoBi Ta Rh-akTop BU3Hauaam MeTo-
JIOM CTaHAApPTHUX CUPOBATOK. JIJ19 KOHTPOJIO CUCTEMU
remMocTasy npoBojauiachk Tpomboenactorpadis Ha amnapari
CPS11UM-IE(AA) (Himeuunna). EnexrpoJiit KpoBi BU-
3Hauau Ha amnapati E-lyte Plus Electrolyte Analyzer Type C
(CILA). JTy>)kHO-OCHOBHMI1 CKJIaJ] Ta ra3y KpOBi BUBHAYAIU
Ha anapati GEM Premier 3500 (CIIA). Yaprpa3ByKkoBe
TTOCJTIIKEHHST OpraHiB rPYJHOI KJIITKW Ta OpraHiB YepeBHOI
nopoxxuunu 3a FAST-npotokonoMm (Y3/1 OI'K ta OYII)
(SONOSITE MICROMAXX, 2017). BukoHaHa MyJbTHUCITi-
pajibHa KOMIT I0TepHa ToMorpadisi roJIoBu, OpraHiB IpyIHOL
KJIITKM Ta opraHiB 4yepeBHOI mopoxHuHU, Taza (MCKT ro-
noBu, OT'K OYIT i ta3a) Ha anapati Revolution EVO (2021)
3 KpokoMm Tomorpada 0,5 MM 3 KOHTpacTyBaHHSIM Ta 0e3
HbOro. PeHTreHorpadiyHi 10CIiKEHHST TOJIOBU, OpraHiB
TPYAHOI KJIITKM Ta YePEBHOI ITIOPOXXHUHY BUKOHYBAJIM 3a
JTIOTTOMOTO0 KOMILIEKCY PeHTreHorpaiyHOTro T1iarHOCTUY -
Horo KPJ1-50 INDIASCOP-01 (Ykpaina). Enexrpokapmio-
rpadito poBoauiu Ha enektpokapaiorpadi XAl PEOK
(YkpaiHa).

AmriorpadiyHa miarHOCTAKA Ta OCTaTOYHA 3YyITMHKA
KPOBOTEUYi BUKOHAHI 3a JOTTIOMOTOI0 PEHTTEHOXipypridYHOL
aHriorpadiuHoi cucremu Infinix-i/FPD 3i ctenboBUM MOH-
taxxeM Ta LITT ny1st Kapmiosiorii 3 CCTeMOI0 TeMOIMHAMIU-
Hux gocaimkeHb Horizon Xvu (Toshiba, 2010).

CTOpOHHE Tijlo (MeTajieBUii OCKOJIOK) BUIAJIEHUIA 3a
JIOITOMOTO0 IHCTPYMEHTa MarHiTHOTo 6araTo(yHKIIiOHAb-
HOTO JIJIs 1IiarHOCTUKM i BUAQJIEHHs MeTajeBux depomar-
HITHUX CTOPOHHIX TiJ [14].

[emocTas paHu eYiHKu J0CATaBCs 3a JOTIOMOIO0 IIPO-
IIMBAHHS paHU MeYiHKK, npuitomy [1piHria, TaMmoHyBaH-
HSI CepBETKaMM, 3aCTOCYBaHHS BUCOKOYACTOTHOTO €JIeK-
Tpoxipypriunoro anapara Bowa ARC 303, i3o1p0BaHOro
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BUXITHOTO €JIeKTPOXipypriyHoro reHeparopa Valleylab™
LS10 Ta Medtronic AEX™ generator Aquamantys.

BuxkonyBanuch onepaTuBHi BTpy4aHHS 3a TAKTUKOIO
damage control surgery.

PesyAbTaTH

ITpu HanxomxkeHHi Ha Y31 rpyneii Ta xkuBota 3a FAST-
MPOTOKOJIOM: HasiBHA PiJiIMHA B IpaBiii IieBpajibHill MO-
POXHHMHI Ta YePEBHIM MOPOXKHUHI.

IIpu HagxomxkenHi BukoHano MCKT ronosu, OI'K,
OUIl i taza. Pesynsratu MCKT ronosu, OI'K, OYIT i ta3a
HaBeleHi Ha puc. 1.

Ha 1-my no0y 4yepe3 3 ronyHU ITiC/IsT TIOpaHEeHHSI BU-
koHaHo onepauito DCS 1. JlamapoTtoMmisi, peBi3ist opraHis

YepeBHOI MOPOKHWHY Ta 3a09€PEBUHHOTO IPOCTOPY CIIpa-
Ba. ATHITOBa pe3ekiist Sgb, Sg7, Sg8 meviHku. YimBaHHS Ta
reMocTa3 MeYiHKK. YIIMBaHHS IIPaBOro KyIoJja giajpparMu.
BunaneHHst cCTOpOHHBOTO Tijla (METaJIeBOrO OCKOJIKA) 3a
JIOTIOMOTOI0 iIHCTPYMEHTA MarHiTHOro 6araToyHKIliOHaIb-
HOTO ISl AiaTHOCTUKM i BUAAJIEHHS MeTajleBUX (hepomar-
HITHUX CTOPOHHIX Tijl. TaMITOHYBaHHSI MEYiHKU 3a TUIIOM
«CeH[IBiU». YIIMBaHHS BEPXHBOTO IMOJIIOCA TTPABOi HUPKU.
CaHallist Ta IpeHYBaHHS YepeBHOT MOPOXXHUHU. 3aKpUTa
Janapoctoma. PeBizist opraHiB 4epeBHOI MOPOXHUHU, Te-
MOCTa3 Ta YIIWBaHHS MEeYiHKW, TAMIIOHYBaHHS TTeYiHKU
3a TUIOM «CEHJIBiY», caHallisl Ta pelpeHyBaHHS YepeBHOI
MOPOXXHUHM. 3aKpuUTa Jarnapocroma. TpuBaIicTh orepa-
1ii — 90 XBUUH.
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PucyHok 1. Pesynbtatu MCKT OIrK ta OYI1 npu HagxomxeHHi nopaHeHoro: BorHenanbHuii nepesnom Vil pebpa

crnpaBa, NocTTpaBMaTUYHUNA MyJIbMOHIT HUXHbBOI YacTKM NpaBoi NiereHi, o3Haku yLKoaXeHHs1 Sg6, Sg7, Sg8

neyiHku, MaprieBa cepBeTKa B rnedYiHLi, CTOPOHHE Tislo (MeTasieBnii OCKOJIOK) y AinsHUi BEpXHbOIro roJsroca rnpasoi

HUPKUN, HAsiBHWUI APEHaX y MnyeBpasibHi MOPOXHUHI, 03HaKU Masioro reMornHeBMOTOPaKCy, O3HAKN reMornepuTo-
Heymy. A, b — akcianbHa nnowmHa; B — caritanbHa npoekyisi; I — KopoHapHa rpoekLis
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BcraHoBieHO fiarHo3: MOEMHAHE BOTHEIabHE OCKO-
KOBE MOpaHeHHs Ipyjaeii, XUBoTa, KiHIiBoK. Crine Topa-
KoabaoMiHa/IbHE IMOpaHEeHHSs CIpaBa 3 yJIaMKOBUM Iepe-
snomom VIII pebpa, yimkomkeHHIM HIDKHBOI YaCTKHU ITpaBoi
JiereHi, npasoi yactku nedinku (AAST 1V), mpaBoi HUpPKU
(AAST I1I), 3 HasIBHICTIO CTOPOHHBOTO Tijla (MeTaleBO-
ro OCKOJIKa) B 3a04epeBMHHOMY TpocTopi. [IpaBo6iuHmit
TeMOITHEBMOTOpPAKC, MyJIbMOHIT. [emomneputoneym. Cine
MopaHeHHSI M’SIKUX TKAaHWH MpPaBOro Ijieya 3 HasiBHICTIO
CTOPOHHBOTO Tijla (MeTajieBoro ockojka). Omepartist: Topa-
KOLIEHTE3, TPeHYBaHHSI MPaBoi MJIEBPaTbHOI MOPOXKHUHU 3a
bronay. [1XO BorHenajabHUX paH.

3’BUINCH O3HAKU BHYTPIillTHbOYEPEBHOI KPOBOTEYi
HACTYMHOI 100U 3 BUAAJEHHSIM KPOBi MO IpeHaxy 3 ye-
peBHOI mopoxHuHu. Bukonano MCKT romosu, OT'K,
OUYIT i Taza 3 KOHTpACTyBaHHSIM, pe3yJIbTaTU SIKOI HaJaaHi
Ha puc. 2.

HactynHoi 1o6u y 3B’s13Ky 3 HasIBHICTIO BHYTPillIHbOYE -
PEBHOI KpOBOTEUI 3 IIeUiHKM BUKOHaHI re-look, peBisist op-

TaHiB YepeBHOI MOPOXKHWHU, TEMOCTA3 Ta peTaMITOHYBaHHS
MeYiHKU, caHallisl, peIpeHyBaHHS YepPeBHOI MMOPOXHUHU,
namnapoctoMma. TpuBainicts onepanii — 30 xBunuH. Yepes
12 ronuH micnas re-look peluanB BHYTpPIillIHbOYEPEBHOL
KpoBoTeui. BukoHaHa onepallisi: peBi3isi opraHiB 4epeBHOI1
TOPOXXHUHU, TEMOCTA3 Ta peTaMIIOHYBaHHS MeUiHK1, caHa-
1isI, pelpeHyBaHHS YepeBHOI MOPOXHUHMU, JIallapoCcToMa.
Tpusanicts omnepaitii — 30 XBUIMH.

Yepes 100y micisi MopaHEeHHs! y 3BSI3KY 3 PeLIMIUBOM
BHYTPIIIIHbOYEPEBHOI KPOBOTEYi 3 MEUiHKM BUKOHAHO [Ii-
arHOCTHUYHY aHTiorpadiio 3 METO BUSIBJICHHS JKepeJia
KPOBOTEUi Ta eHA0BACKYJISIpHY eM00JIi3allilo TiJIOK TpaBoi
MeYiHKOBOI apTepii.

AHriorpagiuHa giarHocTHKa JIKepesia KpoBOTeYi 3 Ha-
crymiuM PEKI Bukonana Ha aHriorpagiuHoMy arapari
MicCJIsl TPOBEICHHS HEOIHOPAa30BUX ONMEePaTUBHUX Xipypriv-
HUX BTPYYaHb 3 IPUBOAY PELIMAMBHOI BHYTPIillIHbOYEPEBHOI
KpPOBOTeUi, IKepesioM sIKOI OyJia YIIKOIKeHa TMediHKOBa
aprepis (puc. 3). TpuBanictb onepatii — 130 XBUIKH.

PucyHok 2. Pe3ynbratn MCKT OFK Ta O4l1 3 KOHTpacTyBaHHAM HacTyrnHOi BO6U Mic/isi HAAXO[XKEeHHS NopaHeHo-

ro: BorHenanbHuii nepenom VIl pebpa cnpaBa, nocTTpaBMaTUYHUIA MYJIbMOHIT HUXKHbOI 4YaCTKU MpaBoi JiereHi,

O3HaKu yuKoaxeHHs1 Sg6, Sg7, Sg8 ne4viHKn, YNC/IeHHi MaprieBi cepBeTKN HaBKOJIO rneYiHKu, AegheKT BepXHbO-

ro nosntoca npaBoi HUPKU, HASIBHUV APEHaXk y nieBpasbHiii MopOXHWHI, APEHaX< y YepeBHili MOPOXHUHI, O3Ha-

KU eKkcTpaBa3alii KOHTpacTy. A — akcianbHa nnowuHa; b — KopoHapHa npoekuis; B — caritanbHa npoekuisi;
' — 3D-mopgentoBaHHs
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PucyHok 3. 3oBHiwwHivi Burnsg (A) ta MCKT (B) xBoporo 3 BorHenasbHUM MOpaHEeHHM NeYiHKu rnicss HeogHopa-

30BUX orlepaTUBHUX BTPYYaHb 3 MPUBOAY peLnanBHOI BHYTPILLHbOYepeBHOI KpoBOTeYi i TaMOHYyBaHHS YepeBHOI

MOPOXKHUHU repes] BUKOHaAHHSIM PEHTreHEeHAO0BAaCKY ISIPHOro BTPyYaHHs1 3 METOI0 AiarHOCTUKU AXepesia KpOoBo-
Te4i Ta npoBeaeHHs1 PEKIT — taktuka damage control surgery

A b B

PucyHok 4. Lleniakorpama (A) Ta BepxHi me3eHTepukorpamu (b, B) 4o npoBefeHHs eHR0BAacKY/ISIPHOIro Karetep-

Horo remocTta3y. lpaBa neyiHKoBa apTepisi BigXoAUTH Bifi BEPXHbOI 6puxoBoi apTepii. CyanHN neviHKn crnasmo-

BaHi. BusiBneHa ncesgoaHeBpuU3ma risiku rnpasoi neviHKoBOI apTepii (KopoTka CTpisika), a TaKoX OKJI03is1 ofHiei
3 rifnok npasoi ne4iHKOBOI apTepii (GoBra cTpinka), sika 6yna nepes’s3aHa nig Yac onepaTuBHOIro BTPyYaHHSs
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Ilpomokoa onepauyii. liarnocTuyHa aHriorpadis cyauH
MeYiHKM BUKOHYBaacs i3 MpaBOTO CTETHOBOTO apTepialib-
HOTO JOCTYITY ITiJl MiCLIEBOIO aHECTEe3i€l0 Ta 3araJIbHUM 3He-
OosttoBaHHSM 3a MeToaukoto CenpauHrepa. [Ticast myHKIii
MpaBoi CTErHOBOI apTepii i BBEAEHHS B il MPOCBIT iHTPO-
Jblocepa Mif peHTIeHOTEeIeBi3ifHUM KOHTPOJIEM BUKOHAHO
CEJIEKTUBHY KaTeTepu3allilo YepeBHOIO CTOBOYpa Ta BepX-

HBOI OpMKOBOI apTepii 3a mormomoroo SF-miarHocTuaHOrO
kareTepa Tury Simmons 2. BUKoHaHa iarHOCTMYHA aHTio-
rpacdisl CyaMH MEeYiHKU, Ml Yac SIKOi BUSBJIECHO IXKEePeIo
KPOBOTEYi y BUTJISI/II MICEBIOAHEBPU3MHU 3 OJIHIET 3 TiIOK
MpaBoi MeYiHKOBOI apTepii (puc. 4).

3 ypaxyBaHHSIM aHATOMIYHOTO BapiaHTa KPOBOIIOCTa-
YaHHS MeYiHKU (J1iBa Me4iHKOBa apTepist BIAXOAUTD Bij ye-

r

PucyHok 5. CeneKTtuBHi apTepiorpamu go i nicyisi npoBejeHoro eH[oBacKyIsipHOro KateTtepHoro remocrtasy. [jo

emb6onisadii (A): BUABISIETbCA NCEBROAHEBPU3MA CErMEHTAPHOI risiku npasoi neviHkoBoi apTepii (cTpinka). Etan

emb6onizayii ywkomxeHoi cyauHn (B) i3 3actocyBaHHAM MikpokaTteTepa Progreat (ctpinka). lMicns em6onisayii

(B) em6onamu 3 PVA 100,0 MKM: OKJI03is1 cerMeHTapHUX riJliok npaBoi neviHkoBoi apTepii. @oto (I') eTany onepa-

TUBHOIO BTPYYaHHS1 HA opraHax YepeBHOI MOPOXHUHM, sIKe NiATBepANIIO eheKTUBHICTb PEeHTreHeH0BacKysipHoOro
KaTeTepHOro remocTasy: KpoBoTe4i 3 MOBepPXHi orepoBaHoi ne4viHku He 6yno
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PEeBHOTO CTOBOYpa, a IpaBa MeYiHKOBa apTepis BiIXOOUTh
Mil FOCTPUM KYTOM BiJl BEpXHbO1 OpUXKOBOI apTepii) Aia-
THOCTUYHUM KaTeTep IO Tinpo¢iIbHOMY IPOBIIHUKY OYB
3aBe/IEHUH i3 BEpXHbOI OpMKOBOT apTepii B TPOKCUMATbHUI
Bifia mpaBoi MeuiHKoBoi apTepii (puc. SA).

[auni i3 3acTocyBaHHSIM KOaKCiaTbHOI MiKpOKaTETEpPHOT
TeXHiKu OyJia BUKOHaHa CyMepceleKTUBHA KaTeTepu3allis
YIIKOXKEHOI TUIKY MpaBoi IIe4iHKOBOI apTepii 3a Jo1mo-
Moroto Mikpokarerepa Progreat (puc. 5b). Em6odmizanis
YIIKOIIKEHOI apTepii Oyy1a BUKOHAHa 3a JOITOMOTOI0 CUHTEe-
TUYHUX ApiOHOAMCTIepcHUX eM00JiB 3 PVA 150,0 mxMm. Ha
KOHTPOJIbHUX apTepiorpamax Iicisi eMOoIi3allii BUsBiIeHa
OKJII03i$1 TiJTOK TIPpaBoi revyiHKoBoi apTepil (puc. SB). Kposo-
Teya OyJia 3ylmMHEeHa.

EdexTuBHICTH MPOBENEHOTO €HIOBACKYISIPHOTO Te-
MocTa3zy OyJia miATBepKeHa ITi/l Yac ONepaTUBHOTO BTPY-
YaHHS, sIKe OyJI0 BUKOHAHO yepe3 aBi noou miciasas PEKT
(puc. 5T).

Yepes 4 106U micJisi mopaHEeHHsI BUKOHAHO PETOPaKo-
LIEHTEe3 3J1iBa, IPeHYBaHHS TIJIEBPAIbHOT MOPOXHUHU 3a
Bronay y 3B’s13Ky 3i 30iJIbIIIEHHSIM KiJIbKOCTi PiIMHU B IJICB-
pasbHili TOpoXxHUHI. TakoX BUKOHAHA CepeMHHA TToTiepe-
YHO-TIOIOBXXHSI TPAX€OTOMisl ISl IPOBEICHHSI TTOIOBXKEHOI
IITYYHOI BEHTWJISILLi JIETEHb.

Ha 5-ty no0y micist mopaHeHHS TALIIEHT TIepeBeIeHUA
Ha HaCTYIMHMIA piBeHb HalaHHS MEIUYHOI JoroMoru. Bi-
oMo, 110 Hagasi Ha 10-Ty 100y Oyjia BUKOHAaHA aTUIIOBa
pepes3eKlilisl MeYiHKM i3 3aKPUTTSAM JIATapOCTOMU Ta BU-
MUCKOIO MallieHTa Ha 21-11y moOy 3 mpeacTaBieHHIM Ha
BiliICBKOBO-JIiKapChbKy KOMICilO i HaJaHHSIM BiIlTyCTKU 3a
cTaHoM 310poB’s Ha 30 KaJeHIapHUX aio.

O6roBopeHHs

Hait6inpin yacTo BUKOPHUCTOBYBAHOIO TAKTUKOIO TP
BOTHEMAJIbHUX MOPAHEHHSIX TeYiHKM 3 HasIBHICTIO KPOBO-
Teui 3 MapeHXiMu MeYiHKY € TakTuKa damage control surgery
[11, 12, 19]. 3a3Buuaii 3ynmuHKa KpOBOTEUi 1OCSATAETHCS
3a JOTMOMOTOI0 MPOIIMBAHHS PaHU MEeYiHKU, TPpUioMy
IIpinria, TaMnoHyBaHHS CepBETKAMU, 3aCTOCYBAaHHSI BU-
COKOYACTOTHOTO eJIeKTpoxipypriuHoro anapara Bowa ARC
303, i301bOBAHOTO BUXITHOTO €JIEKTPOXipypriTHOrO TeHe-
patopa Valleylabtm LS10 Ta Medtronic AEXtm generator
Aquamantys [8, 10, 12, 16, 19]. Bunagku HecTilikoro re-
MOCTa3y MpU 3aCTOCYBaHHI BUILICHABESACHUX METOIB Pif-
KicHi [44]. 3acTocyBaHHSI KOHCEPBAaTUBHUX METO/IB re-
MOCTa3y CIPUSIE TOCSTHEHHIO OaxkaHoro edekty [20, 22,
33, 44]. OnHKUM i3 cy4yaCHUX METOMAIB KOHCEPBAaTUBHOIO
BeJCHHSI TallieHTa 3 KpOBOTeYaMU B YePEBHiM MOPOKHUHI
i CTabIIbHOIO TEMOIMHAMIKOIO € 3aCTOCYBAHHSI METO/IB
PEeHTreHEeHI0BACKYJISIPHOI Xipyprii, a came eM0o0JTi3aliitHIX
TEXHOJIOTIM.

V HamoMmy BUIIaaKy aHaTOMi4Hi OCOOJMBOCTI BiI-
XOIKEHHS IIpaBoi IMeYiHKOBOI apTepii Bil BEpXHBOI Opu-
JKOBOI apTepii Ta OaraTopa3oBi TpaaulliliHi onepaTUBHI
BTpYYaHHST Ha opraHax 4epeBHOI MOPOXHWHU 3 TaMITO-
HYBaHHSIM TIEYiHKU 3 METOI TUMUYACOBOTO I'eMOCTa3y J10-
Ial0Th TEXHIYHMUX MPOOJIeM MpU 3aCTOCYBAaHHI METOAUKN
eH/I0BACKYJISIDHOTO KaTeTepHOro reMocTtasy [1, 2, 34] ta
NOoTPeOyIOTh iIHAMBIAYaJbHOTO IiAXOAY IS JOCSTHEHHS
CTIKOTO TeMOCTAa3Yy.

[TocninoBHe 3aCTOCYBaHHS Pi3HUX METOIB XipypTiTHOTO
reMocCTasy y Halloro nailieHTa 3a TakTuKor damage control
surgery sl 3yNMHKKA PeHMIMBYIOUMX KPOBOTEY 3 TIEUiHKKA
MPUBEJIO 10 JOCSITHEHHSI OCTATOYHOTO FeMOCTAa3Yy.

BucHoBKkMU

YV HaBeJieHOMY KJIiHiYHOMY BUITaIKy ITPOBEACHHS €HI0-
BaCKYJISIPHOTO TeMOCTa3y B KOMITJIEKCHOMY JIiKyBaHHi BOT-
HeTNaJbHOTO MOPaHEHHS TIeYiHKM, YCKIaIHeHOTro abaoMmi-
HaJIbHOIO KPOBOTEYEIO, i3 3aCTOCYBaHHSIM TaKTUKMU damage
control surgery Ha (poHi aHATOMIYHIX OCOOJIMBOCTEM BiIXO-
JI>KEHHSI ITpaBoi MeYiHKOBOI apTepii MoKa3aslo CBOIO BUCOKY
e(eKTUBHICTb.

KondurikT inTepeciB. ABTOpU 3as1BJISIIOT MPO BifICYTHICTh
KOHDJIIKTY iHTepeciB Ta BjlacHOI (hiHaHCOBOI 3a1liKaBJIeHOC-
Ti IIpM MiATOTOBLI JaHOI CTATTi.
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Clinical case of comprehensive surgical freatment of a gunshot thoracoabdominal wound
with liver damage, complicated by abdominal bleeding, with the use of X-ray endovascular catheter
technologies in the damage control surgery tactic

Abstract. Background. The goal is to demonstrate the possibilities
of using various methods to stop bleeding from the liver due to a tho-
racoabdominal gunshot wound. Materials and methods. Male patient
aged 25 years was wounded in the chest during mortar shelling. An
hour after the wound, he was taken to the advanced surgical group
in serious condition, and the right thoracocentesis, drainage of the
pleural cavity according to Biilau, and primary surgical treatment
(PST) of the wounds were performed. After 2 hours, the patient
was taken to the Military Medical Clinical Center of the Northern
Region of the Military Medical Service of the Armed Forces of
Ukraine, and hospitalized in the emergency department. The di-
agnosis was: combined gunshot shrapnel wound of the chest, abdo-
men, and extremities. Blind thoracoabdominal wound on the right
with a comminuted fracture of the VIII rib, damage to the lower lobe
of the right lung, right lobe of the liver, right kidney with the pres-
ence of a foreign body (metal fragment) in the retroperitoneal space.
Right-sided hemopneumothorax, pneumonitis. Hemoperitoneum.
Blind wound of the soft tissues of the right shoulder and the pres-
ence of a foreign body (metal fragment). Operations: thoracocen-
tesis, drainage of the right pleural cavity according to Biilau. PST of
gunshot wounds. The patient was examined, laboratory tests were
performed: general clinical blood, urine tests, biochemical blood
test, blood coagulogram, blood group and Rh factor, thromboelas-
tography, blood electrolytes, alkaline-base composition and blood
gases, ultrasound examination of the chest and abdominal organs
according to the FAST protocol, multislice computed tomography
(MSCT) of the head, chest, abdominal organs and pelvis with and
without contrast, radiographic examinations of the head, chest and
abdominal organs, electrocardiography, angiographic diagnosis and
final stoppage of bleeding, removal of a foreign body using a mul-
tifunctional magnetic instrument for the diagnosis and removal of
metallic ferromagnetic foreign bodies. Hemostasis from the liver
wound was achieved by suturing the liver wound, Pringle maneuver,
tamponade with gauze, using a Bowa ARC 303 high-frequency
electrosurgical device, an isolated output electrosurgical generator
Valleylab™ LS10, and a Medtronic AEX™ generator Aquamantys.
Surgical interventions were performed using the (DCS) technique.
Results. Upon admission, chest and abdominal ultrasound using
the FAST protocol was done: fluid in the right pleural cavity and

abdominal cavity. MSCT of the head, chest, abdominal organs and
pelvis was also performed, which revealed a gunshot fracture of the
right VIII rib, post-traumatic pneumonitis of the lower lobe of the
right lung, signs of damage to Sg6, Sg7, Sg8 of the liver, gauge in the
liver, foreign body (metal fragment) in the area of the upper pole of
the right kidney, pleural drainage in the pleural cavity, signs of small
hemopneumothorax, signs of hemoperitoneum. On the first day, 3
hours after the injury, DCS I was performed. Laparotomy, revision
of the abdominal organs and the right extraperitoneal space. Atypi-
cal resection of Sg6, Sg7, Sg8 of the liver. Suturing and hemostasis
of the liver. Suturing of the right dome of the diaphragm. Removal
of a foreign body (metal fragment) using a multifunctional magnetic
instrument for the diagnosis and removal of metal ferromagnetic
foreign bodies. “Sandwich” liver tamponade. Suturing of the upper
pole of the right kidney. Sanitation and drainage of the abdomi-
nal cavity. Closed laparostomy. Revision of the abdominal organs,
hemostasis and suturing of the liver, “sandwich” liver tamponade,
sanitation and re-drainage of the abdominal cavity. Closed lapar-
ostomy. The diagnosis was established: combined gunshot shrapnel
wound of the chest, abdomen, and extremities. Blind thoracoab-
dominal wound on the right with a comminuted fracture of the VIII
rib, damage to the lower lobe of the right lung, right lobe of the liver
(AAST 1V), right kidney (AAST I1I) with the presence of a foreign
body (metal fragment) in the retroperitoneal space. Right-sided
hemopneumothorax, pneumonitis. Hemoperitoneum. Blind wound
of the soft tissues of the right shoulder and the presence of a foreign
body (metal fragment). Operation: thoracocentesis, drainage of the
right pleural cavity according to Biilau. PST of gunshot wounds.
Signs of intra-abdominal bleeding appeared the next day with blood
being removed from the abdominal cavity through drainage. MSCT
of the head, chest, abdominal and pelvic organs with contrast was
performed, signs of extravasation of contrast material into the ab-
dominal cavity were detected. The next day, due to the presence of
intra-abdominal bleeding from the liver, a re-look, revision of the
abdominal organs, hemostasis and re-tamponade of the liver, sani-
tation, re-drainage of the abdominal cavity, and laparostomy were
performed. Twelve hours after a re-look, intra-abdominal bleeding
relapsed. The operation was performed: revision of the abdominal
organs, hemostasis and re-tamponade of the liver, sanitation, re-
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drainage of the abdominal cavity, laparostomy. A day after the injury,
endovascular embolization of the branches of the right hepatic artery
was performed due to recurrence of intra-abdominal bleeding from
the liver. Diagnostic angiography of the liver vessels was performed,
during which the source of bleeding was identified as a pseudoan-
eurysm from one of the branches of the right hepatic artery. The
right hepatic artery originates from the superior mesenteric artery.
Superselective catheterization of the damaged branch of the right
hepatic artery and its embolization were performed. Hemostasis
was achieved. Two days after the injury, a re-look, revision of the
abdominal organs, liver detamponade, sanitation, re-drainage of
the abdominal cavity, and a closed laparostomy were performed.
Four days after the injury, left re-thoracocentesis and drainage of the
pleural cavity according to Biilau were conducted due to an increase

in the amount of fluid in the pleural cavity. On the fifth day after the
injury, the patient was transferred to the next level of medical care.
It is known that subsequently, on the 10" day, an atypical liver re-
resection was performed with laparostomy closure, and the patient
was discharged on the 21* day with presentation to the military
medical commission and provision of sick leave for 30 calendar
days. Conclusions. The presented clinical case of endovascular he-
mostasis in the comprehensive treatment of gunshot wounds of the
liver complicated by abdominal bleeding using the damage control
surgery against the background of anatomical features of the right
hepatic artery origin showed its high effectiveness.

Keywords: damage control surgery; X-ray endovascular sur-
gery; thoracoabdominal gunshot wound; liver injury; abdominal
bleeding
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Llepe6paAbHU BEHO3HUN TPOMOO03: CYYOCHUN
MEeHeAXXMEHT i Npe3eHTALis KAIHIYHOro BUNOAKY

Pe3tome. Ilepebpanvhuii 6enosnuii mpom6o3 € 0ocmamubo piOKiCHUM MUROM NOPYUIEHHS MO3K08020 Kpogooli2y i
ABAA€ C00010 HAAGHICMb MPOMOY Y BEHOZHUX CUHYCAX M8epdoi 000A0HKU Ui 6eHAX 20106H020 MO3KY. Llepebpanvhuil
6EHO3HUL MPOMO03 HaMacmiule 3yCmpiuacmocs y nayieHmie mM0100020 iKYy, 30ebinvuioeo y icinok. Pakmopu pusuKy
UepedpanbHUX 8eHO3HUX MPOMO03ie MOJICYMb OYmMuU MPaAH3UMOPHUMU A00 XPOHIYHUMU. J]0 KAOHOBUX HAAEICAmMb
cmamego-cneyudivuni 20pMOHANbHI 3MIHU: NePOPANbHA KOHMPAUENYis | 20DMOHANbHA (NePeBadcHO ecmpoeHHa)
mepanis, eacimuicme, iHghekuyii, eciopamayis, OHK0A02IUHI, 2eMAmMON0RIYHI [l a8MOIMYHHI 3axeoprosants. Haiino-
WUPeHIWULL CUMPMOM MPOMOO3Y BEHOZHUX CUHYCI8 — IHMEHCUBHUIL 20108HULL OiNb, WO € BI000PANCCHHIM PO3BUMKY
BHYMPIUHbOUEPENHOI 2iNepmeH3ii; IHUUMU CUMPMOMAMU MOJICYyMb Oymu: (poKarbHuil Heepoaoeiurull degiyum,
eninenmuuri Hanaou, empama abo 3miHa ceidomMocmi 00 KoMuU, NOPYULeHHS 30Dy, MeHiHeeanbHull cuHopom. Mae-
HIMHO-Pe30HAHCHA MOMOSPAQIs | MACHIMHO-PE30HAHCHA 8eHo2paghis € HAllOiAbUW MOYHUMU U 8UCOKOUYMAUBUMU
Memodamu 0iaeHOCMUKU MpomO0o3y yepeOpanbHUuX 6eHO3HUX CUHYCI8, 00HAK 05 NIOBULEHHS 8ipo2iOHOCmI diaeHoC-
muKu caio 36axcamu i Ha pe3yabmamu IHWUX memooie 00CAIONCeHHS, BKAOUHO 3 KOMN IomepHoo momogpagicio i
KT-aneioepaghiero. Tpombu npucymni y sueasdi deghexkmie nanosHnenns. Yacmoma peyuousie mpomoosie 6eHO3HUX
cunycig Koaugaemucs 6i0 1 0o 4 % Ha pix, ane guuiuil pusuk modice 6ymu 6 ocio i3 mANCKO mpomooQinieto, BKAHHUHO
31 3109KICHUMU HO80YMBOpeHHAMU. JTIKysanHs eocmpoi cmadii NoYUHAEMbCS 3 NAPeHMePaNbHO20 66e0eHHS. HU3b-
KOMONEKYAAPHUX 2eNapUHI6 i3 N00ANbWUM nepexo0om 00 nepopatbHux aHmukoazyrsnmie npomseom 3— 12 micsuie
05 nocunents pekananizayii ma 3anobieanus peyuousy. XKinkam iz mpom603om yepedpanrbHux 6eHO3HUX CUHYCIE Y
363Ky 13 3aCMOCY8AHHAM KOMOIHOBAHUX 20PMOHANLHUX KOHMPAUENMUBié abo 6a2imHicmio caid ympumyeamucs
810 NPO00BIICEHHS AD0 NOHOBACHHS 20PMOHANLHOI KOHmMpauenyii uepes niosuwieHull puzux peuuousy. Mu makooic Ha-
600UMO KAIHIYHUI 8UNADOK NPOMAICHO20 MPOMOO3Y 8EPXHBORO CACIMAALHOO CUHYCA 3 NOUWUPEHHAM MPOMOY 6 Ni6UL
nonepeunull, CueMonoOiOHULl CUHYCU MA GHYMPIUHIO APEMHY 8CHY Y MOA0OOI ICIHKU HA MAT NPULIOMY 20PMOHANLHUX
€CMpOReHEMICHUX Npenapamie 3i CAPUAMAUBUM Pe3yAbMaAmOM.

Kiro4oBi cioBa: mpom6o3 éenosznux cunycis; diaenocmuka; Helipogizyanizayis; aHMUKOG2YAIHMU; 20DMOHANbHI
KOoHmpayenmueu

Bctyn

Mo03KOBUIi IHCYJIBT € IOIIMPEHUM HEBPOJIOTIUHUM HE-
BiKJIAIHUM CTaHOM, Oibiie HixX 80 % ileMiyHUX iHCYJIBTIB
CIPUYMHEHI apTepiaJbHOIO OKJII03i€10, BEHO3HI TPOMOO31
cTaHOBJATH e Bix 0,5 1o 3 %. LlepeGpanbHUit BEHO3HMIA
TpoM603 (LIBT) — 116 HasIBHICTH TPOMOY Y BEHO3HUX CUHY-
cax TBepoi 000J0HKHU MO3KY, BEHaX FOJIOBHOTO MO3KY 200

B 000X JiJsTHKaX BEHO3HOI cucTeMU. IIpoTsirom ocTaHHiX
POKiB HAaKOTIMYMJIMCS HOBI JaHi 1100 YMCIIEHHUX acTieK-
TiB MiarHOCTUKU I JTiKyBaHHSI TPOMOO03Y BEHO3HUX CUHYCIB
TOJIOBHOTO MO3KY, BKJTIOYHO 3 BUSIBJIEHHSIM HOBUX (DaKTO-
PiB PU3UKY, JOCTiIXKEHHIM iHTEPBEHIIIMTHOTO JTIKyBaHHSI,
a TaKoX JIiIKyBaHHSIM MPSIMMMU T€pOPaIbHUMU aHTUKOA-
TYJISTHTaMMU.
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JlocnimkeHHsI Ha OCHOBI PEECTPyY Ta KOTOPTHI JOCITi-
JDKEHHST TToKa3yloTh, 1o LIBT mepeBaxHo Bpaxkae ocid
BikoMm < 55 pokiB, mIpyM4YOMY IIBi TPETMHU BUMAIKIiB Tpa-
misitoThest y XiHok [1]. BT e cranom, sikuii pinko mia-
THOCTYETBHCS Uyepe3 BapiabesbHi MposiBU i HecnelupiuHy
KJIiHIYHY KapTHHY, ajleé MOXe MaTy HeCTIPUSTIUBUIA Mpo-
rHo3. 1o po3Butky LIBT Moxe cXuasaTu HUu3Ka BHYTPILIHIX
XBOPOO, XipypTiYHMX i aKyIIepChKIX 3aXBOPIOBaHb, a TAKOX
JlokanbHi akTopu. CripusTauBi (HaKTOpH JJISI PO3BUTKY
LIBT mMoxXyTh OyTM TUMYACOBUMU (TPAaH3UTOPHUMM) a0O
XpoHiyHUMU [2]. [Io TpaH3UTOPHUX CTaHIB HaJIeXaTh, Ha-
cammepen, cTaTeBocIeundiyHi Ta TpaHCTeHAEPHI TOPMO-
HaJIbHI 3MiHU: TiepopajbHa KOHTPALIETIIisl i TOpMOHaJIbHA
Tepallist (sIka TepeBaxkHO MiCTUTh €CTPOTEHHI Mpenaparu),
BaTiTHICTH i MiCIISIIONIOTOBUI Tiepion. Jlo iHIIMX TpaH3u-
TOPHMX MPOBOKYIOUMX (haKTOPiB HaIEeKaTh iH(EKIIii rojo-
BU I 1IUI, CEIICUC, 3HEBOMHEHHSI, pecIipaTopHi iHdeKIil
(BxutouHo 3 iHbexkuisMu COVID-19), iHmi Jiku (K-0T
KOpTHKOCTepoinu Ta L-acmapariHasa, TajaigoMmia, TaMOK-
cudeH), MexaHiuHi MpoBOKYI0Ui (hakTopu (TpaBMU TOJIOBH,
HelpoxXipypriuHi Ta STporeHHi npoueaypu). 1o XpoHiYHUX
(akTopiB HajeXKaTh TOPMOHO3aMiCHA Teparlisi, TOPMOHAJIb-
Ha Teparis Wi TpaHcheMiHHNX ab0 TpaHCMAaCKYIiHHUX
ocib [3], oxxupiHHs, aHeMisl, MieaomnpoaicdhepaTuBHi 3a-
XBOPIOBAHHSI, iHIIIi 3JT0SIKiCHI HOBOYTBOPEHHSI; aBTOIMYHHI
3aXBOPIOBAHHS: CUHAPOM aHTU(MOCHOMIMiAHUX aHTUTII,
3aXBOPIOBAHHS CIOJTYYHOI TKAHUHU (CUCTEeMHUIA YePBOHUIA
BOBYaK), XxBopoba bexyeTa, capkoino3; reHeTU4Hi TpoMOO-
Ginii: mytauis nporpom6iny 20210A, myranisa ¢gakropa V
Jleitnena, monimopdism MTHFR (C677T), nediuut aHTH-
TpoMbiny, JAK2, nedimur 6inka C ado 6inka S (Moxke OyTu
TeHETMYHUM a00 HaOyTHM); KOMITPECiitHi ypaxkeHHsI, SIK-OT
MEHIHTiOMH, 1110 BILJIMBAlOTh HA BEHO3Hi CUHYCH.

KAiHiYHi cumnTomMu

Kuinigni cumnromu LIBT mepeBaxkHO 3yMOBIICHI ITio-
BUIIIEHUM BHYTPIlLIHLOYEPEITHUM TUCKOM 200 BOTHUILIEBUM
MOIIKOIKEHHSIM HNapeHXiMu, 3 Mac-eeKToM abo 6e3 HbOTo.
TonoBHwMi1 6ib € HatiTomMpeHimmM cumrtomom LIBT, sikuii
3ycTpivaetbes Maike y 90 % Bumnankis [4]. TosoBHMIA Gilb
YacTo iHTEHCUBHMI, Haramye Oilb IIpu cy0apaxHOImaaIbHO-
MY KPOBOBWJIMBI, ajle MOX€e MaTU Pi3HOMaHITHUI Xapak-
Tep, a caMe ITyJIbCYIOUMii, ONepi3ylounii, yIapoIoaiOHuIA,
TUCHYYUI, pO3NUpaIOUnii a00 KMHIKAJIOMOMiOHMH. [HIITi
O3HaKU Ta CUMIITOMHU, TTOB’sI3aHi 3 BHYTPIillIHbOUYEPEITHUM
TUCKOM, OXOTUTIOIOTh HYJIOTY, TMMYAaCOBE 3aTbMapeHHsI 30py
a6o Brpaty 30py (13—27 %), HaOpsIK AKcKa 30pOBOTO HepBa
Ta auroionito (6—14 %). IHii yeperHi Heiponarii TaKoX MO-
JKyTh BUHUKATHU 4Yepe3 MiABUIICHUI BHYTPIIlTHbOUEPETTHUIT
nck (6—11 %). INpubnusHo y 20—40 % marieHTiB criocre-
piraroThcst CyIOMM ITifl Yac 3BepHeHHs, a'y 20—50 % — Bor-
HUILIEeBUI HeBpoJioriuHuii Aedinut. EHnedanomnaris i Koma
crioctepiraiotbest y 20 % BunankiB. CUMIITOMH, SIK TIpaBU-
JIO, BUHUKAIOTh OibII MiACTYMHO, HiXX MPU iHIIMX TUITaX
IHCYJIBTY, i OUTBIIICTD 3 HUX IIPOSIBIISIIOTHCS BIPOIOBXK > 48
TOJVH ITIiCJISI TOYATKY. Y MEHIIOCTI MOXYThb CITIOCTepiraTucst
OLJIBIII TOCTPI MPOSIBU — 3 TOJIOBHUM 00JIEM, CXOXXMM Ha yaap
rpomy, abo cybapaxHOiTaTbHUM KpOBOBUIMBOM (< 5 %), abo
TOCTPUM MOYATKOM BOTHHUILIEBOTO HEBPOJIOTIYHOIO AeDilIUTY
(5—40 %) [5]. HaitgacTile crioctepira€Tbcst TPOMO03 BepX-

HBOTO CariTaJbHOIO i1 00KOBOIO CHHYCIB, Jajli 32 4aCTOTOIO
CTOSITh TIPSIMUM 1 KAaBEPHO3HUM CMHYCH. TpoMO03 BEHO3HUX
CHHYCIB MOXe OyTH IPOTSLKHUM i IBOCTOPOHHIM, a TeMopa-
riyHuii iHpapKT oOMexkeHU T, MOXe OyTH MYJIBTU(HOKATb-
HUM, OHO- a00 IBOCTOpOHHIM. EnienTruHi Hamagu po3Bu-
BatoThes1 y > 10 % oci6 i3 LIBT, hakTopu pu3nKy OXOILTIOIOTh
CyIOMH Ha MOMEHT I10YaTKy, 3HMXKEHUI piBeHb CBITOMOCTI
a00 BOTHUILEBUI AedilnT, reMopariudi ypaxkeHHs Ha I10-
YyaTKy JOCIIIKEHHS a00 YpaskeHHST BEpXHbOTO CariTaJbHOTO
cuHyca [6, 7].

Jlo BripoBa/IxKeHHSI Y MPaKTUKY Heliposisyanizatii LIBT
JiarHOCTYBaBCs MepeBaXKHO Ha aBTOIICi1, TOMY IIPOTHO3 BBa-
JKaBCsl HECTIPUSTTIIMBUM. I3 BITpoBasKeHHSIM KOMIT I0TEpHOL
toMorpadii (KT) i MarHiTHO-pe3oHaHCHOI ToMorpadii
(MPT) nmovanu BUABIATHY JIeTKi popMHu TpoMOO3y BEHO3-
HUX CHUHYCIB, 1110 TO3BOJIMJIO TOJIMIIUTHA TEePCIIeKTUBU
JIiKyBaHHs i mporHo3. 3aranom Bia 80 go 90 % narieHTiB
i3 LIBT mocsiraroTh pyHKIIIOHATBHOI HE3aJIeXKHOCTI (MOIM -
¢ikoBaHa mkana Penkina 0—2) [8]. OmHak KijibKa I0CTi-
JIKeHb MOBIJOMWIN TTPO 3HAUHY MOIIUPEHICTh 3aTUIITKOBUX
CUMIITOMIB, TIOB’SI3aHUX i3 KOTHITUBHUMU (DYHKIIISIMU, Ha-
CTPOEM, BTOMOIO I TOJIOBHUM 00JIeM, 1110 MOXKE IepPeITKo-
JIKaTW TTIOBEPHEHHIO JI0 TIONEePEAHbOrO PiBHSI aKTUBHOCTI
[9]. TTpocTieKTUBHI KOTOPTHI AOCTIIXKEHHS 3 KaHAJAChKOTO
PaHIOMi30BaHOIO JOC/IIKEHHST BUSBWIM, 1110 xo4a 72 %
oci0 i3 BT 3anuianucs ¢pyHKIIIOHAILHO He3aJIeXXHUMU
Ha MOMEHT 3BEpPHEHHSsI, 3arajloM CITOCTepiraBcst 3HAYHUIM
TSrap roJoBHOro 6010, BTOMU, IOTAHOTO HACTPOIO Ta MO-
pylIeHHs KorHiTuBHUX ¢yHKIil [10]. PeTrpocriektuBHe
nocimpkeHHs 3 Kurato, 1o oxormvuto 303 nauieHTiB i3 LIBT,
SIKi TIpanoBaid abo HaBYaJMCh OO IOMIil, IT0Ka3allo, 110
42 % e TIOBEPHYIUCS 10 POOOTH YW HaBYAHHS MPOTITOM
6 MmicsuiB, He3BaXKaOuM Ha Te, 1o 87 % mocsariau GyHK-
mioHanbHOI He3anexHocTi [11]. YacTora peumausy LIBT
KOJTMBA€EThCS Bif 1 1o 4 % Ha pik, MPU IbOMY MTOKa3HUKHU
3a3Buuaii cTaHoBIATh < 1—2 % Ha pik. [1po BuIIMiT pU3UK
PELMINBY MOBIIOMIISIIOCS B 0Ci0 i3 TSXKKOI0 TpoMOoditiero,
BKJIIOYHO 3i 3JI0SIKiCHUMU HOBOYTBOpeHHsIMH [12]. BropuH-
Huii aHaniz ACTION-CVT (anTuxoarynsiiist y JiKyBaHHi
LIBT) nokazas peunaus LIBT 6,4 % [13].

AiarHocTtuka

KT a6o MPT uacTo € mepiium TeCTOM, SIKUI IIPOBO-
IUTHCA Y TAIIEHTIB i3 HeCTIeM(MIYHUMY TOCTPUMU TTPOSIBA-
MU, BiH MOX€e BUSIBJISITM O3HAKMU, 1110 301/IBIIYIOTH ITiI03py
Ha LIBT. Tak, LIBT na KT a6o MPT moxHa 3amimo3putu
LIJISIXOM MPSIMOI Bidyastizallii TpomMOy, BiICYTHOCTi BEHO3-
HOI'0 HAaITOBHEHHsI Ta HACJIIKiB BEHO3HOI OOCTPYKIIil Ha
TKAaHMHHOMY DiBHi (B€HO3HUI1 iH(apKT, HAOPSIK i remMopa-
riuHa TpaHcgopmMallis, BHyTpilllHbOUepeHa TinepTeH3id i
rigpotiecatisi) Ta CcyTMHHOMY PiBHi (po3ivpeHi BeHu) [14].
Henpsimi o3Haku, 1110 BUKJIMKAIOTh Mig03py Ha OE3KOHT-
pactHiit KT (ta MPT), — aissHKY TiMoumiabHOCTI, SIKi He
BiIMOBiAAIOTh TUIIOBUM KJIMHOMOMIOHUM iH(papKkTam abo
He 0OMEXYIOTbCSI IEBHUMU apTepialibHUMU TEPUTOPISIMU
YM HE 3a4ilarTh KOPU TOJOBHOTO MO3KY. JIBOCTOpOHHI -
JISTHKM TiMOIIiITbHOCTI CUTHATY MOXYTh BUHMKATH MIPU ypa-
JKEeHHI cariTaJibHOTO CMHYca ab0 IJIMOOKMUX MO3KOBHUX BEH.
Kpososunusu HasiBHi y ~ 40 % Bunankis LIBT i oxoruiooTh
NIJISTHKY reMopariyHoi TpaHcdopmallii B Mexax TiJIsTHOK
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TIIOIIUTHFHOCTI a00 BUpaXKeHMI BHYTPIIITHHOMO3KOBUI KPO-
BOBWJIMB, TTOB’SI3aHMIA i3 cybapaxHOigaIbHUM abo CyOaypasib-
HUM KpoBoBUIUBOM [15]. [1oBimoMIsIETBCS, 110 CUMITTOM
ropixiB Kelr’'to, KcrakopTukajibHa C-1iofioHa TirepIiyib-
HicTb MalOTh BUCOKY crietmdivHicTb A LIBT, ane Hu3bKy
yymuBictb. KT-BeHorpadist i MPT € ontumanbHuMM Tec-
Tamu s ninTBepakeHHs aiarHody LIBT. Llugposa cydoTpak-
HiliHa aHTiorpadist 3a3BU4aii BUKOPUCTOBYETHCS JIUIIE TO,
KOJIM PO3IJISIIAETHCSI MOXKIIMBICTD iHBA3UBHOTO JIIKYBaHHSI.
KT-BeHorpadist 103BoJIsIE YiTKO BimoOpa3nTH MOBEPXHEBY
Ta TJIMOO0KY MO3KOBY BEHO3HY cucTeMy. TpoMOu MpuCyTHi
y BUIJISIAI Ae(PeKTiB HAMOBHEHHS («CUMIOTOM IMOPOXKHBOT
NIEJIBTU», 1110 CTOCYEThCSI BEPXHBOT'O CariTalbHOTO CUHYCA).
MPT moxe OyTu BUKOHaHa 0e3 KOHTPACTY, 3 BUKOPUCTAH-
HsM MeTomiB time-of-flight (TOF) abo azoBoro KoHTpacry,
200 3 KOHTPACTHUM TTOCWJICHHSIM TafoJIiHiEM, 110 JO3BOJISIE
0e3MmocepeIHbO OLIIHUTY HATTOBHEHHS ITPOCBITY Ta MiABUIILYE
YYTJIUBICTh BUSIBJIEHHSI TPOMOIB y IpiObHMX BeHax [16, 17].
MP-curHan Big TpoMOy 3a1eXKUTh Bil CTaii 3aXBOPIOBaHHSI
i BimoOpakae cTafiii po3naay reMorio0iHy (OKCUTeMOTrI00iH,
JIE30KCUTEMOTIO0iH, METTeMOIIO0iH i reMocuaepuH). Tak, y
TOCTpili cTamii TPOMO y IIPOCBITI CUHYCa MA€ BUTJISII TUISTHKHA
130iHTEHCUBHOTO curHaiy Ha T1-3BaxkeHuX 300pakeHHSIX i
TiMOIHTEHCUBHOTO cUrHaty Ha T2-3BaxkeHUX 300pakeHHSIX.
Y ninroctpiii cranii TpoM0 Mae migBUIeHUi curHai Ha T2- i
Ha T1-3BaxkeHMX 300paKeHHsIX. ¥ 1Iili cTafii Ha 300paxkeH-
HSIX, TIapajeibHUX X0y CUHYCa, MOXHAa HalOUIbII YiTKO
MPOCTEXUTHU MPOTSKHICTh TPOMOO3Y. ¥ XpOHiUHil cTamii
sickpaBicTb M P-curnay Ha T1-3BaskeHIX 300paskeHHSIX Bifl
3rycTKa 3MEHIIYEThCS, 1110 TTOB’SI3aHO 3 MOTO YaCTKOBUM
(biOpo3yBaHHIM i MOXJIMBOIO peKaHasli3alli€lo.

KAiHiYH1® Bnapok LBT

IMamienTtka JI., 1999 p.H., rocmitamizoBana o KHII
«Micbka 6araTonpodinbHa JikapHs Ne 18» 3i ckapramu
Ha iHTEHCUBHUU TOJOBHUII Oib Y MOTUINYHIN isSHII,
CBITJI000513Hb, HYIOTY, 3allaMOPOYEHHSI, 3arajbHy c1a0-
KicTb. AHaMHe3: 3axBopija rocTpo BBeuepi 11.04.2025 p.,
KOJIH TTiciIst (hi3MYHOTO HAaBaHTAaXKEHHS Y CITIOPT3alli Ha TUIi
iHTEHCUBHOTO YXaHHS 3 SIBUBCS CUJIbHUI TOJIOBHUI Oilb,
MIpUiiHATIAa KeTaHOB — 0e3 edekTy, 12.04.2025 36epiraBcs
iHTEHCUBHMI TOJIOBHUIA Oilb, 3’SIBUIMCSI HylOTa i1 Gara-
TopazoBe OmoBaHHs. 13.04.2025 p. 3BepHymacsa 1o MKJI
Ne 25 m. XapkosBa, nipoeaeHo KT rojsoBHoro Mosky, ae
BUSIBJIEHO: CyOKpaHiaJlbHO Y 00pO3HaX MOTUJIMYHOI YaCTKU
3JIiBa JIOKAJIbHI TillepAeHCUBHI TUITHKY TOBIIMHOIO A0 1 MM.
Byna pekoMmeHgoBaHa rocmiTtaiizaiiis B O6JacHy KIiHiuHY
iH(EeKIIiHY JTiKapHIO 3 IiZ03p0i0 Ha MEHIHTIT, A ITiCsI
obcTexxeHHsI iH(eKIliliHe 3aXBOPIOBaHHSI 0YJI0 BUKJIIOUEHO.
[ nmoganbiioro gikyBaHHs nepeBeneHa 1o KHIT «MKJI
Ne 7» XMP. 3 anamMHe3y XUTTS BiloMO, 110 IepeHeca
onepaTUBHE JIiIKyBaHHS 3 MPUBOAY MOJiKiCTO3Y SIEYHUKIB
2023 p., TicyIst 4Oro J0 MOTOYHOTO 3aXBOPIOBAHHSI MTpUiiMa-
Jla TOpPMOHAJIbHI MPOTU3AILTiIHI ECTPOreHBMICHI IIpenapaTu
(«/lepenma» — KoMOiHOBaHMI OpaIbHUI KOHTPALICTITUB,
CKJIAZIA€EThCS 3 €TUHINECTPaaioNly i MPOrecTepoHy apoc-
nipeHoHy). IHini 3axBoploBaHHs 3anepeyye. Ha momeHT
HaJIXOKEHHS TIPU KJIIHIYHOMY OTJISII apTepialbHUI TUCK
120/80 MM PT.CT., 4acTOTa CepLIEBUX CKOpOYEeHb 72 yi/XB,
TeMriepaTypa Tiia 36,4 °C, cBiloMicTb siIcCHa, OpieHTOBaHa

y 4aci, ImpocTopi Ta BiacHiil ocoducrocti. HeBposoriunmit
craryc: hoTopeakiiii kBaBi, CBiTJI000513Hb. OUHI IIUIMHU
D = S, nerka 30ixkHa KOCOOKICTh 3a paxyHOK JiBOTO OKa.
[NepiognuHa QUTIIONIS MPY MOTJSIAI BAATUHY, HicTarMy
HeMae, KopHealbHi pedieKCcH XKBaBi, HEIOCTaTHICTh KOH-
BepreHiii, 001Myusi CMMEeTpUYHE, SI3UK 10 CepeHil JIiHii.
[noTkoBuit pedaexkc 36epexxenuii. Kopranus, doHartis,
MoBa He nopyuieHi. CyxoxuibHi pepiekcu D = S, cepen-
HbOI )KBaBOCTi. M s130Ba cuJjia i TOHYC y KiHIIiBKax 30epexke-
Hi. MeHiHTealbHi 3HaKM — JIeTKa PUTIIHICTh M SI3iB IIMi,
cumritoM Kepnira cira6o mosutusHuii. [TaTomoriuHi cTomHi
3HaKM BiacyTHi. YepeBHi pedaexcu 30epexkeHi. Y mosi Pom-
Oepra He3HayHa XUTKicTh. KoopnuHaTopHi TpoOU BUKOHYE
3a70BiIbHO. YyTIMBICTh HE MOPYILIEHA.

Jlaboparophi ooctexenns Bin 14.04.2025 p. raxi. Kii-
HiYHMIA aHami3 KpoBi: eputp. — 5,0-102/1; Hb — 153 1/m;
neik. — 6,8-10°/m; rpan. — 81,3 %, nimdp. — 14,7 %,
LIOE — 2 mm/u. bioxiMiyHuit aHani3 KpoBi: 3araibHUi
6inok — 88 r/n, AnAT — 23,1 on/a, AcAT — 17,2 on/n,
ceyoBuHa — 3,0 MKMOJIb/JI, KpeaTUHIH — 89 MKMOJIb/JI,
Kaniit — 4,3 MMoJb/i, HaTpilt — 139 MmMmonb/1, Xja0p —
103 mmonb/n. [TokazHUKM cuCTEeMU 3rOpTaHHS KPOBi:
MpoTpoMGiHOBMI iHAeKe (dac) — 80,2 %, MHB — 1,13,
AIITY — 31,0 ¢, TY — 38,7 c. I1toko3a KpoBi: 6,0 MMOJIB/II.
C-peaktuBHUH 0ioK < 6 MT/J1. AHaTi3 KPOBi HA aHTU-
docdonimigHuii CMHAPOM: TOMOLMCTEIH — 7,7 MMOJIb/;
BOBYAKOBMI aHTHUKOATYJISHT — 58 ¢, MiATBEePIXKYIOUYNIA
tect — 37,3 ¢, LA-AUTO ingekc — 1,56 (momipHo Bupa-
JKeHUI pU3uK), KapaioniniH, anturtija IgG < 2 on/mi (He-
raTMBHUI pe3ynbrar), B2-riikonporein I, anturina lgG —
2,2 on/MJ (HeraTUBHUI pe3yabrar). AHai3 CIIMHHOMO3-
KoBoi pinnHM Big 15.04.2025: 6e3k0150poBa, IIpo3opa, Oi-
ok — 0,280 r/m, uuto3 — 6-10°/1. EKT Bim 14.04.2025:
CUHYCOBa apUTMisl, HecIleUn@iuHi 3MiHU CyOeHIOKapIi-
aJIbHOTO TUITY B IiISTHIL 3aAHBO1 CTIHKH JIiBOTO LIIJTYHOYKA.
Vinbrpa3ByKoBa goruieporpadis MaricTpaabHUX CYIUH LIN1
Bin 21.04.2025: S-noxioHa 3BuBuCTicTh 000X BCA. O3Hak
CTE€HO3YBaHHSI MPOCBITY CYAMH He BUsIBIeHO. KpoBOTiK Mo
000X KapoTUAHUX OaceitHax mocratHii. Hediziomoriunoi
TypOyJIeHTHOCTI MOTOKiB He BUsIBJIeHO. ['inmoriasis rnpasoi
XA. KpoBorik o mpasiit XA 3HmxeHuii. KommneHcarop-
He MiIBUIIEHHS KPOBOTOKY IO aHATOMO-TeMOAMHAMIYHO
nmoMiHyrouiit iBiih XA. DyHKIiOHAIBHI TPOOU 3 3aKU-
JTAaHHSIM TOJIOBY Ta MOBOPOTaMH ii B CTOPOHU HETAaTUBHI 3
000X cTOpiH. IcTOTHE YyIOBiIIbHEHHSI KPOBOTOKY 110 000X
BHYTPIIITHIX SIpeMHUX i XxpebeTHUX BeHax. Ps 72/xB. KoH-
cyabrailist okyaicra 14.04.2025: Ha MOMEHT OIJISIy TOCTPOT
matoJjorii He BusiBieHo. KT-aHriorpadist roIoOBHOTO MO3KY
Bin 14.04.2025 3 B/B KOHTpacTyBaHHSIM lorekcoysom 350,
100 M1: BUSIBIISIETBCS IPOTSKHUI TPOMOO3 BEPXHBOTO Cari-
TaJbHOTO CUHYCA, JIIBOTO MOMEePEeYHOro Ta CUTMOITOIiIOHOTO
CHUHYCIB 3 MOIIMPEHHSIM TPOMOY B JIiBY BHYTPIIIIHIO SIPEMHY
BeHy 10 piBHs xpebuss C2. BusHavaioTbesl po3IInpeHi Be-
HO3Hi KoJylaTepalli KOpTUKaabHUX BeH. KoHTpacTyBaHHS
IHIIIMX MO3KOBHUX CUHYCIB i KOPTUKAJIbHUX BEH 30epekeHe.
[HTpakpaHiaJIbHOTO CKYIMUEHHs KpoBi He BusiBjieHo. Cepe-
IWHHI CTPYKTYypH MO3KY He 3MileHi. lllmyHoukoBa cuctema
He po3lIMpeHa. Yci aprepiaibHi iHTpakpaHialbHI CyIMHU
KOHTPACTOBaHi 1O0CTaTHBO, 0€3 03HAK CTEHO3Y a00 OKJIIO3ii.
Biniziese koo 3amkHyTe (puc. 1).
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PucyHok 1. KT-aHriorpacpisi nayieHTku J1., caritanbHui i akcianbHuii 3pi3sn. MigByLLeHHSA WinbHOCTI
y BiNnsiHKax BePXHbOIro caritasibHoro, nornepe4YyHoro Ta CUrMornogi6Horo cuHyciB

HiarHo3: TpoM003 BEpXHbOTO CariTalbHOTO CUHYCA 3
MOIIMPEHHSIM TPOMOY Y JIiBUM MONEPEeYHUIA, CUTMOMOIi0-
HUI CUHYCH Ta YaCTKOBO JIiBY BHYTPIlIIHIO SIPEMHY BEHY
(11.04.2025), 3 1iKBOpHO-TiNEPTEH3UBHUM CUHAPOMOM,
OKOPYXOBUMU TTOPYIIEHHSIMU.

IIpoBeneHo JikyBaHHS: eHoKcarapuH 0,4 MJI IIIKipHO
2 pa3u Ha OeHb ynpomoBxX 10 AHIB 3 IMOJAIBIINM IIPOAO-
BXXEHHSIM Teparlii nepopaJbHUMU aHTUKOATYJISTHTaAMU (py-
BapokcabaH 20 mr/neHb), L-nisuny ecunHat 5% B/B Kpalrl.,
po3uuH PiHrepa, diziosoriunmii po3urH B/B Kkpar. [Tpuitom
TOPMOHAIbHUX KOHTPALIETITUBHMX MIPENapatiB MPUITMHEHO.

INauienTka BUMMcaHa 3 MOJIMIIEHHSM 3arajJbHOTO ca-
MOTIIOYYTTSI, PErpecoM 3araibHOMO3KOBOI CUMIITOMATUKU,
i3 peKOMeHIaLlisSIMU TIpuiioMy pruBapokcabaHy 20 MT Impo-
Tarom 6 micsiiB. [Tpu moBropHomy orsiai 29.05.2025 camo-
MOYYTTS 3a00BiIbHE, 30€piraloThCs CKapru Ha MiABUIIEHY
BTOMJTIOBAHICTh, HEBPOJIOTIUHUIA cTaTyC 6€3 BiIXWIEHD Bifl
Hopmu. MynbsruaerekropHa KT-aHriorpadis cyayH rojios-
HOTO MO3KY 3 KOHTpacTyBaHHSIM (fiorekcoi 350, 100 m):
JMaHUX IIOA0 TPOMOO3Yy MO3KOBUX CUHYCiB, BAAUMUX Billli-
JIiB BHYTPIIIHIX SSpeMHUX BEH, aTOJIOTi1 iHTpaKpaHiaTbHUX
apTepiil i mapeHxiM1 roJJOBHOTO MO3KY HE BUSIBJIEHO.

O6roBopeHHs

Y HaBeneHOMY KJIiHIYHOMY BUITaKy MAaCUBHUI TpOMOO3
BEPXHBOI'O CaTiTAJIbHOTO i1 MOTMEePeYHUX CUHYCIB PO3BU-
HYBCSI Y MOJIOJIOI XXKiHKM Ha TJIi TPpUOMYy TOPMOHAJbHUX
€CTPOTeHBMICHUX IIpenapaTiB 3a TiHeKOJOTIiYHUMU T0-
KazaHHAMU. JJ0JaTKOBUMU MTPOBOKYIOUUMU (haKTOpaMU
Oy/u iHTeHCcHBHE (pi3MyHe HaBaHTAXKEHHS Y CrIopT3aJii (1110
MOTJIO CYTIPOBOIXKYBAaTUCS 3HEBOJIHEHHSIM) i UXaHHS (K
¢denomen Banbcanbsu). Ilepe6ir LIBT y niboMy Bumaaky
OyB CIPUSTIMBUA.

AiKyBOHHS

VY roctpiit ¢paszi LIBT nmanieHTH MOBUHHI JTIKyBaTUCS
B iHCYJBTHUX OJIoKax a0o BilJiJIeHHi iHTEHCUBHOI Tepa-
nii. CnpssMyBaHHS 10 iHTEepPBEHIIMHUX HEWpOpamdiosoriB

abo HelpoxipypriB Moxke OyTH MOTpiOHE MPU MOsIBi 03HAK
ITiIBUIIEHHST BHYTPIIlITHbOYEPEITHOTO TUCKY. JIiKyBaHHS y
TOCTpili CTallii MOYMHAETHCS 3 TAPEHTEPAIbHOTO BBEJICHHSI
AHTUKOATryJISIHTIB. Lli1IMM aHTUKOATYISSHTHOI Teparlii pu
LIBT € 3amobiranHst pocTy TpoMOiB, CIIpUSHHS peKaHa-
Jli3alii Ta 3amo0biraHHs penuauBaM. Pekomennaritii Ame-
PUKaHCBHKOI acorialrii cepiisi/AMepruKaHCchKoi acorialii
IHCYJIBTY Ta €BPOMNEUCHKI peKOMEHIAIlil OO0 JiKyBaHHS
LIBT Ttaki: moyaTkoBe BUKOPUCTAHHS HU3bKOMOJEKY-
nsipHoro rerapuHy (HMI) 3amicth HedpakilioHOBaHOTO
renapuHy 3 MoAaJblIMM MEPEeX00M Ha MepopaibHi aHTH -
koaryiasaHatu (antaroHictu Bitaminy K (ABK) a6o mpsmi
rnepopajibHi aHTUKOATYJISTHTH) MpOTsiroM 3—12 MmicsiliB
3a TUMYacoBUX (pakToOpiB pu3UKy ab0 Ha HEBU3HAYEHU A
TepMiH 3a HasiBHOCTI XpOHIYHMUX OCHOBHUX (haKTOPiB
pu3uKy TpoM0o3y abo peunauByrInx TpoMm6o3is. HMTI
Ha/la€eThCs nepesara npu roctpomy JyikyBaHHi LIBT, 3Ba-
Kar4yM Ha OiUIbII MpaKTUYHE BBEIEHHS, OibII Iepe-
0avyyBaHUI aHTUKOATYJISTHTHUI e(DeKT, HMKUYNU PU3UK
TpoMmbouuToneHii. HasgBHiCTh BEHO3HOI KPOBOTEUi HE €
IIPOTUIIOKA3aHHIM J0 aHTUKOATyJslii. 3’ IBIsSEThCS BCe
OinbIlle TOKAa3iB Ha KOPUCTh TOTO, 110 MPsIMi TTepOopaIbHi
AHTUKOATYJISIHTHU, SIKi MPOIEeMOHCTPYBaIn e(peKTUBHICTb i
6e3neky nopiBHsiHO 3 ABK m1st oci6 i3 rimnboKkuM BeHO3-
HUM TPOMOO30M i JIereHEeBOIO eMOOITi€I0, TAKOX MOXYTh
OyTH PO3yMHUM BUOOPOM JJIs1 TIEPOPAIbHOI aHTUKOATY-
Jsnii y mauieHTiB 3 LIBT. Yu moBUHEH CTYITiHb BEHO3HOIL
peKaHaJi3allii BIJIMBaTU Ha TPUBAIICTh aHTUKOATYJISIIII,
3aJIUIIAETHCS HeBU3HaUYeHUM [18]. 3rinHo 3 HassBHUMU
Ha 1€l MOMEHT JaHUMU, AOLIIJBHUNI Mepexia Ha Ipsami
rnepopaibHi aHTUKoaryasiHTu abo ABK micis nepiony
BBECHHS MapeHTepaJbHOI aHTUKOATYJISLIT Y CTPOKHM Bil
5 no 15 guiB. BinmosinHo 1o HagBHuX naHux, LIBT He €
MPOTUINOKA3aHHIM JJIs1 MaiiOyTHiX BaritHocTeil. 3Baxa-
I0YM Ha JOAATKOBUU PU3UK, SIKUI BariTHiICTb CTBOPIOE
s xkiHok i3 BT B anamuesi, HMI min yac maitGyTHix
BariTHOCTEl Ta B ITiCJSIIOJOTOBOMY MEpPiofi, IMOBIpHO, €
KopucHuwm [19].
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Bapiaatu enmoBackynsgpHoro gikyBaHnHsa (EBT) LIBT
TEOPETUYHO MOXYTh 3alPONOHYBATH LIBUIIIY peKaHa-
JIi3a1iro, Xxo4a Oyab-sKU 3B’SI30K 3 OiIbII CIIPUSITINBAM
pe3ybTaTOM MEIMKaMEeHTO3HOI Teparlii, 0COOJMBO y He-
CeJIeKI[iOHOBaHii Mmomysiilii, € HeBu3HaYeHUM. Kinbka no-
CIIIIKeHb 32 OCTAHHE IEeCATUIIITTS, SIKi ITOBiTOMJISUIN IIPO
BUKOPUCTAHHSI MEXaHiYHOI TpPOMOEKTOMii (3 GaTOHHOIO
JIIOTIIOMOTO0I0 a00 Yepe3 BaKyyMHY acHipaliiiHy CUCTeMY),
BHYTPIITHBOCUHYCHOTO TPOMOOJTi3y, KOMOiHaIlil MeXaHi4-
HOI TPOMOEKTOMil Ta BHYTPillIHBOCMHYCHOT'O TPOMOOJTi3Y,
BHYTPillTHbOAPTEPiaIbHOTO TPOMOOJIi3y Ta BHYTPIillIHBO-
CUHYCOBOTO CTEHTYBaHHS, HaJIal0Th CYIepeyInBi 10Ka3U
moao 6e3rneku it yacrotu yckianHenb [20]. Hapasi EBT
BUKOPUCTOBYETHCH SIK PATYBAJIbHUIA METOJ JIIKyBaHHS TSI
MaIi€HTIB, y SKNX a00 CIIOCTEpira€Thbcsl KIIiHiYHE ITOTip-
IIeHHsI, a00 cTaHAapTHA Tepallis He Jajia pe3yJbTaTiB, abo
€ IMPOTUIIOKa3aHH A0 Hel. Takox pekoMmeHaalii €Bpo-
MEMCHKOI opraHi3allii 3 60poTEOM 3 iIHCYJIETOM 3 1€l TEMU
Ta HOBi HiMellbKi pekoMeHaallii momo LIBT, s1ki € KoH-
CEHCYCOM MiX eKcIlepTaMyu — IIpeIcTaBHUKaMU ABCTPIi,
Himeuuunu i HIBeiinapii [21], 0XOIUIIOIOTh TaKi OCHOBHi
TOJIOKEHHS:

1. LIBT, 1110 BUHMKAE y Mepiili TUXHI Mmic/st BaKLIIMHALIiT
npotu SARS-CoV-2 BeKTOpHUMU BaKIIMHAMM, MOXKe OyTU
MOB’A3aHUI 3 TSDKKOI TPOMOOIIMTOTIEHIEO, 110 BKA3y€E Ha
HasIBHICTb MPOTPOMOOTUYHOI iMyHOT€HHOI TPUYMHU (iMyH-
Ha TPOMOOIIUTOIICHIS, iIHIYKOBaHA BAKIITHOIO).

2. TectyBanHst Ha D-gumep muist BukiitoueHHst LIBT He
MoOXe OyTH peKOMEHJIOBaHe, TOMY He MOBMHHO MPOBOIM-
THUCSI PyTUHHO.

3. CKpuHiHT Ha TpoMOodiTiio 3a3BMYail HE peKOMEHI0-
BaHMil maienTtam i3 LIBT. Moro ciix posrsamaty wist Mo-
JIOAMX Talli€HTiB, Ipu crioHTaHHOMY LIBT, mpu peunnusy-
I0UYOMY TPOMOO03i i/a00 y BUTIAIKy TO3UTUBHOTO CiIMETHOTO
aHaMHe3y BEHO3HOI TpPOMO0eMOoTii.

4. INamienTiB i3 LIBT y roctpiii ¢asi 6axkaHo JIiKyBaTi
HMI 3amicTh HepakilioOHOBAaHOTO TEMapuHY.

5. B iHmuBigyaibHOMY HOPSIAKY IS MALi€EHTIB, CTaH
SIKUX TMOTIPIITYETHCS TIPU aIeKBaTHii1 aHTUKOATYJISTHTHI Te-
parii, MOXHa po3IJIsiIaTh eHI0BaCKYJ/ISIPHY peKaHasli3allito
Y HEMpOiHTEPBEHIIITHOMY LIEHTPI.

6. He3Baxkarouu Ha 3arajlbHUI HU3bKUI piBEHb TOKa3iB,
XipypriuyHy IeKOMIIPECilO CIIiI MPOBOAUTH IalliEHTaM i3
LIBT, mapeHXiMaTO3HUMM YpaKeHHSIMU (3aCTiiHUIT HAOPSK
i/a00 KPOBOBUJIMB) [IJIsI 3aI100iraHHSI CMEPTi.

7. Micns roctpoi da3u ciig npusHayaT nmepopajbHy
AHTUKOATYJISIHTHY Teparlito NpsSsMUMU MepOpaTbHUMU aHTH -
KoaryisaHTtamu 3amictb ABK mpotsrom 3—12 micamiB as
MOCWJIEHHS peKaHasli3allii Ta 3armodiranHs peuuausy LIBT,
a TaKOX eKCTpalepeOpaIbHOMY BEHO3HOMY TPOMOO3Yy.

8. XKinkawm 3 nmonepeanim LUBT y 3B’s13Ky 3 3acTocy-
BaHHSIM KOMOiHOBaHUX TOPMOHAJIbHUX KOHTPaleNTUBIB
a0o0 BariTHICTIO CJiJ yTPUMYBATUCS Bil TPOIOBXEHHS
200 MOHOBJIEHHS KOHTpalenilii KoMOiHaliIMu ecTpo-
reHy Ta MporectareHy 4yepe3 IMiaABUILEHUN PU3UK pe-
HMUIUBY, SIKIIIO aHTUKOATYJSHTHA Tepamnisl Oijblie He
BUKOPHUCTOBYETHCS.

9. XKinku 3 nepenecenum LIBT i 6e3 mpoTurnokasaHb
MOBMHHI oTpuMyBaTu INpodinaktuky HMI min yac Barit-
HOCTI Ta MPOTSTOM IIOHAWMEHIIIe 6 TUXKHIB TTiCJIsI ITOJIOTiB.

BucHoBkMU

LIBT € nocTtaTHbO piIKiCHUM, aJieé 3arpo3JIMBUM CTa-
HOM Ta BUMAara€ BUCOKOTO piBHS MiZ03pH LIOAO MMAlli€HTIB,
SIKi 3BEPTAIOTHCS 3 3aTaJIbHUMU CUMIITOMAaMU Ta BiTOMUMU
CXWIBHUMM CTaHAMM (BariTHICTh, MiCJSIII0I0TOBUI TIEpio,
BUKOPUCTAHHS OpaJIbHUX KOHTPALIENITUBIB, TPOMOODITisT)
abo gemorpadiuHuMM pakTopamMu (MOJIOAI XKiHKH).

KoudaikT inTepeciB. ABTOpU 3asIBJISIIOTH ITPO BiICYTHICTh
KOHGDJIKTY iHTepeciB Ta Bj1acHOI (hiHAHCOBOI 3aIliKaBJIEHOC-
Ti TP TATOTOBII JAHOI CTATTi.

Indopmanisa npo dinancysanns. Lle nocaimkeHHsT He Mae
(biHaHCyBaHHSI i TPOBOIMIIOCS B paMKaX HayKOBO-IOCTITHOI pO-
00TU XapKiBCbKOIo HalliOHATLHOTO MEIUYHOTO YHIBEPCUTETY.

Buecok aBropiB. JlyoeHko O.€. — KOHIIeMNILis Ta AU3aitH
TOCITIIKEHHST, HamucaHHsI cTatTi; [pedeHtok I B. — mepBuH-
HUI MOIIYK JIiTepaTypu, TepeKia JiTepaTypHUX IXKepell,
HanucaHHs crarti; [aBprommH O.10., Kupuienko €.1. —
HaKOMWYEeHHs i aHasi3 KJIiHiYHOro Martepiany; AHUCEHKO-
Ba B.}O. — noiyk sitepaTypHUX JpKEpet, HalMCaHHS CTaTTi.
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Cerebral venous thrombosis: modern management and clinical case presentation

Abstract. Cerebral venous thrombosis is a fairly rare type of cerebral
circulatory disorder; there is a thrombus in the venous sinuses of the
dura mater and veins of the brain. Cerebral venous thrombosis is most
common in young patients, more often in women. Risk factors for
cerebral venous thrombosis can be transient or chronic. The key ones
include sex-specific hormonal changes: oral contraception and hor-
monal (mainly estrogen) therapy, pregnancy, infections, dehydration,
cancer, hematologic and autoimmune diseases. The most common
symptom of venous sinus thrombosis is intense headache, which is
a reflection of the development of intracranial hypertension; other
symptoms may be focal neurological deficit, epileptic seizures, loss or
change of consciousness up to coma, visual impairment, meningeal
syndrome. Magnetic resonance imaging and magnetic resonance ve-
nography are the most accurate and highly sensitive methods for diag-
nosing cerebral venous sinus thrombosis, but to increase the reliability
of the diagnosis, the results of using other research methods should
be taken into account such as computed tomography and computed

tomography angiography. Thrombi are present in the form of filling
defects. The recurrence rate of venous sinus thrombosis ranges from
1 to 4 % per year, but the risk may be higher in individuals with severe
thrombophilia, as well as malignant neoplasms. Treatment of the
acute phase begins with parenteral administration of low-molecular-
weight heparins followed by a transition to oral anticoagulants for
3—12 months to enhance recanalization and prevent recurrence.
Women with cerebral venous sinus thrombosis resulting from the use
of combined hormonal contraceptives or pregnancy should refrain
from continuing or resuming hormonal contraception due to an in-
creased risk of recurrence. We also present a clinical case of extensive
superior sagittal sinus thrombosis with the spread of the thrombus to
the left transverse, sigmoid sinuses and internal jugular vein in a young
woman on the background of taking hormonal estrogen-containing
drugs, with a favorable outcome.

Keywords: venous sinus thrombosis; diagnosis; neuroimaging; an-
ticoagulants; hormonal contraceptives
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Tpn KOHTYPU 30XUCTY MITOXOHAPIN
NpPu roCTPOMY NAHKpPeAaTuTi: 6ioeHepreTuka,
peAOKC-6AAAHC | GAOKOAQ NopU
nepexiAHOI NPOHUKHOCTI

Pe3tome. Mimoxonopiansha ducghynruis € kaouo6oio namozeremuunor Aankor 2ocmpozo nankpeamumy (TTI),
cnpuxuHaAouu nopyutens eupoonenns AT®, empamy membpannozo nomenyiany (A¥'m), ymeopeHHs aKmueHux
popm kucuro (ADK) ma eiokpumms nopu nepexionoi nponuxrocmi (mPTP), wo npuzeodums 0o Hekpo3y ayu-
HAPHUX KAIMUH | cucmemHuol 3ananbioi 6ionogidi. Lle o6rpyHmosye douinbHicms mepanesmu14Ho20 Mmpy4aHHs.,
CAPAMOBAH020 HA cmabini3ayilo MimoxoHOpiaibHoeo eomeocmasy. Mema: cucmemamu3sygamu Cy4acHi excne-
PUMEHMANbHI nioxodu 0o mMimoxoHopianrvHo-cnpsamosanoi mepanii npu T'll, 30cepediceni Ha mpbox HanpAMKax:
niompumuyi MimoxoHopianbHo2o bioeHepeemuHH020 20Me0CMasy, AHMUOKCUOAHMHIL Oii ma iHeibyeaHHi 8iOKpumms
mPTP. [Iposedeno ananiz opueinanbrux docaioxcens iz baz danux PubMed, Scopus i Google Scholar, npucesuenux
BnAUBY (PaPMAKON0IMHUX a2enmié Ha DYHKUIHO MiMOXOHOpIil 6 ekcnepumenmanvHux modeasx I'll. Ouyintosanu-
cs Oioenepeemuuni napamempu (cunmes AT®, m), AV pieni okucHo20 cmpecy, AKMUBAUIA CUSHANLHUX WASXIE
(SIRT1, Nrf2, HtrA2, PGC-la), cmyninb Hekpo3y, iHmeHcusHicms 3ananvHoi 6ionosioi it akmuenicme mPTP.
3acobu, wio niompumyome enepeemuyry QyHkuiro mimoxondpiii (kapuimun, NMN, eaaminpemuo, xoensum Q10,
MeAamoHin), cnpusroms 30epecenio AVYm, cmumyaauii LITK ma nosinwennro susxcueanus Kaimun. Aumu-
oKcudanmu (KypKyMin, 2iopokcumupo3on, keepyemut, acmpazanrozud 1V, mupon) demoncmpyroms 30ammuicme
smenuysamu ADK-3anedxncne yukooxcenHs, akmugyovu eHympiuHbokaimunni wiasxu Nrf2/ARE. Ineibimopu
mPTP (yuxnocnopun, SS-31) 3anobiearoms 8i0kpummio nopu, smenutyouu eémpamy A¥m i nexpos. Mito TEM PO
i HRS ditomb nacamneped sk mapeemui anmuokcuoanmiu, 3nuxcyouu pieeno mmADPK, wo, sx Hacaidok, cynpo-
800JICYEMbCS NPUSHIMEHHAM iH(ramacomuoi akmueauii. Boonouac desiki acenmu (MitoQ, SkQ1) dasanu necnpu-
amaugi epekmu abo nozipuients nepebicy. Mimoxondpiansbna mapeemua mepanis € NepcneKmueHUM HaANPIMOM
excnepumenmanvroeo aikysanns I'll. 3acobu, aki 6ionoeaome 6ioenepeemuury QyHKYiI0, 3MEHULYIOMb OKCU-
damuesHuii cmpec i 6nokyromes giokpumms mPTP, 3a6e3neuyroms Mopho@dyHKUIOHANbHUL 3aXUCH AYUHADHUX
Kkaimun. Ilodanvuwi docaioxcenns maromes 6ymu cnpamMo8ani Ha KAiniuKHy anpobayiro HallehekMUsHiWUX aeeHmi6
ma onmumizayio KomoiHoeanux nioxodis.

Kmouosi cioBa: cocmpuii nankpeamum; mimoxonopiansia duchyrkyin; MimoxoHopiaibhna mapeemna mepanis;
02ns0

Bctyn

Toctpumit mankpeatut (I'T1) — 11e ToCcTpe 3amanbHe 3aXBO-
PproBaHHS TiauTyHKoBOi 3ao3u (I13), sike XapakTepu3yeThest
Mepea4acHOI0 BHYTPIIIHLOOPTaHHOIO aKTUBAIIIEIO TPAaBHUX
¢epMeHTIB, IO CIIPUYMHSE aBTOJIi3 TKAHWH i PO3BUTOK TTaH-
kpeoHekpoay [1]. Kniniunuii nepe6ir I'Tl konuBaeThes Bin
JIETKO1 (hopMHM i3 CAMOOOMEKEHHSIM JI0 TSKKUX HEKPOTUUHUX

BapiaHTIB, SIKi CYMPOBOIKYIOTbCSI CUHAPOMOM CUCTEMHOI 3a-
nanbHoI Bignosini (CC3B) i moiopraHHoI0 TUChYHKIIIEIO,
CTAaHOBJISIUM 3arpo3y uist kuTTs [2]. [Torpu nmporpec y BUBUEHHI
naTtodi3iooriyHMX MeXaHi3MiB i BIOCKOHAJIEHHS ITiATPUMY-
BaJIbHOI Tepaltii, piBeHb JIETAJILHOCTI TIPU TSDKKOMY TOCTPOMY
nmankpeatuti (TTTI) 3anuiaersest BUCOoKuM — 10 15-30 % y
pasi HeKPOTUYHUX YCKIIaHEeHb Ta iH(hiKyBaHH [3].

© «MegauumHa HesigknapHux ctaxie» / «Emergency Medicine» («Medicina neotloznyh sostoanij»), 2025
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Tpamgunitianit minxin mo mikyBanHs ['T1 3ocepemkenmii
Ha MiATPUMYBaJIbHUX 3aX0/1aX, 1110 BKJIFOYaIOTh iIHTEHCUBHY
iH(QYy3iliHYy Tepariio, eheKTUBHEe 3HeO0JI0BaHHS, HyTPU-
TUBHY MiITPUMKY Ta MEHEKMEHT yCKyIaaHeHb [2]. OnHak
11i BTpyYaHHSsI, XO4 i KpUTUYHO BaXJIUBI I cTabiizalil
KJIiHIYHOTO CTaHy Talli€eHTa, He CIIPSIMOBaHI Ha MOJIEKYJISIP-
Hi Ta KJIITUHHI MeéXaHi3Mu, 110 JieKaTb B OCHOBI PO3BUTKY
i IporpecyBaHHS 3aMajbHOTO TIpoliecy. Y 3B’S3KYy 3 LIUM
aKTyaJIbHUM HaMmpsIMOM CYYaCHMX IOCTiIKEHb € iIeHTH-
dikarisg ceundiuyHUX TepareBTUYHUX MillleHel, 3MaTHUX
MOJYJIFOBaTU iHTEHCUBHICTb 3amajbHOI peakilii Ta rnepe-
IIKOIKATH ecKaJlallii MaToJI0TiYHOTO MPOLIECY.

OcTaHHi AeCATUIITTS Bil3HAYEH] PO3IIMPEHHSIM YSIB-
JIeHb TIPO (PYHKIIIOHAJIbHY POJIb MITOXOH/PI, SIKi HUHI pO3-
TJISIAIOTHCS HE JIUIIIE SIK KITIOUOBI OpraHes M eHepreTHYHOTO
MeTaboTi3MYy, aJie i IK HeHTPaIbHi PEryIsITOpU KIiITUHHOL
CMEpTI, 3alaJieHHs 1 iMyHHOI Biamnosiai [4]. MiToxoHapii
OepyTh y4acTh Y KPpUTUYHO BaXKJIMBUX Tpoliecax, 30KpemMa
cuHTe3i ageHo3uHTpudochary (ATD), migTpuMaHHi ro-
MeOCTa3y KaJibllilo, perysiiii MpoayKIlii akTuBHUX (hopm
kucHio (ADPK) i 3amycKy mporpaMmoBaHOi KIITUHHOI cMep-
Ti — anonro3y [5]. AucdyHKIIisa X opraHes Bigirpae ma-
TOT€HETUYHY POJIb Y HU3IIi 3aXBOPIOBaHb, BKIIIOUAIOUH illle-
MiuHO-penepdy3iliHe YIIKOIKeHHs, HelipoaereHepaTuBHi
CTaHU Ta 3JI0SIKiCHi HOBOYTBOpeHHH [6].

V konrexkcTi I'Tl miToxoHapianbHa AUCHYHKILS € O-
HI€I0 i3 KJIIIOYOBUX IIOMiiA, 110 3aMMyCKaOTh KacKaj yIIKO-
JOKYBaJIbHUX MeXaHi3MiB [7—9]. Aktusauist depmenTis 13,
imewmis, penepdysiiiHe HaBaHTaXKEHHSI, a TAKOX JIisl ITpo3a-
MaJIbHUX MEAiaTOPiB CIIPUYMHSIIOTD YIIKOIKEHHS MiTOXOH -
npiit aumHapHux KIitTuH (ALLK). Lle mposiBiaseThCcs 3HU-
JKeHHSIM MeMOpaHHOTO TOTeHIiay MiTOXOHApPii (A¥Ym),
HanMipHoto reHeparieo ADPK, mopylieHHSIM KaJIblliEBOTO
TOMEOCTa3y Ta BiIKPUTTSIM MIiTOXOHAPiaJIbHOI ITOPU IIepe-
xigHoi mpoHukHocTi (MPTP — mitochondrial permeability
transition pore) [10]. AktuBauis mPTP e xputnunum
eTarnoM, SIKUi MPU3BOIUTH 10 HAOPSIKY MiTOXOHIPIii, BU-
BiJIbHEHHSI MPOANONTUYHUX (DaKTOPiB i pO3BUTKY HEKPO-
3y — tunosoro s TTTI [11, 12]. Kpim Toro, yiikomkeHi
MITOXOHAPii 3AaTHI BUBUILHATU MiToXoHApiaabHy JJHK
(MtIHK) Ta iHmi MojexkynsIpHi ImaTepHU, acolliiioBaHi 3
KITUHHUM yiikomkeHHsIM (DAMPs — damage-associated
molecular patterns), y NO3aKJIiTUHHUKA TPOCTip, 11O J0-
NaTKOBO aKTUBYE iMyHHY CHUCTEMY, MiACUJIIOE CUCTEMHY
3arajbHy BifNIOBiNb i cripusie (popMyBaHHIO IOJiOPraHHOT
HenmocTtaTHOCTi [13].

3 orjisaay Ha LIEHTPaJbHY POJIb MiTOXOHIPiaJbHOT AKC-
¢yHkwii y matoreHesi I'T1 MiToxoHpii po3riIsgaloThCs SIK
MOTEHIIiITHO e(peKTUBHA TeparneBTUYHA MillleHb. MiTOXOH-
JpialbHO-Opi€EHTOBAHI MiAXOIU TTepeadavaloTh 3aCTOCYBaH-
HsT 3ac00iB, CIIPSIMOBAHMX Ha ITATPUMAaHHS a00 BiTHOBJIEH-
Hs1 QYHKIIIOHAJIBHOI 1I1JIICHOCTI MiTOXOHAPilA, 3MEHIILIEHHSI
HaamipHoi mpoaykuii ADOK, 3ano6iranus Bigkpurtio mPTP,
a TakoX MoJu®iKallio HUISIXiB KIITUHHOI CMEPTi, 3yMOBJIe-
HUX MIiTOXOHIpiaJJbHUMU YIIKOIKeHHsIMH |14, 15]. Po3Bu-
TOK 1LIbOT'O HAMpsIMY BiIKpUBA€E HOBI MEPCIIEKTUBU CTBOPEH-
Hs ¢apMaKOJIOTiYHUX areHTiB, 3MaTHUX LiIJIECIIPSIMOBAHO
BIJIMBATU Ha KJIIOUYOBI BHYTPIIIHbOKJIITUHHI MeXaHi3MU1
natoreHe3y I'Tl, 1110 MoxXe CHIpUATH 3HUXKEHHIO TSKKOCTI
3aXBOPIOBAHHS Ta MOJIMIIEHHIO KJIIHIYHOTO IMPOTHO3Y.

MerTo10 11i€1 CTATTi € KOMIUIEKCHUI aHaJi3 CydacHUX
eKCMepUMEeHTaJIbHUX CTpaTeriii, CIpsIMOBaHUX Ha 30epe-
XKEHHS MiTOXOHApiaabHOTro romeocrtasdy npu I'Tl, i3 Bu-
CBITJICHHSIM MOJIEKYJIIDHUX MillleHe#, MeXaHi3MiB il Ta
MOTEHLIiaTy 151 KJIiHiYHOIO 3aCTOCYBaHHSI.

Marepiaau Ta metoamn

e ornsimoBe mOCHiIKEHHS, MPUCBSIYEHE CUCTEMHOMY
aHaJji3y CydacHUX eKCIIepUMEHTaJbHUX MiAXOMiB, CIIpsI-
MOBaHUX Ha MiATPUMaHHS MiTOXOHAPiaIbHOTO TOMEOCTa3y
npu ['T1. TTomyk HayKOBUX JKepest 3/1iiICHIOBAaBCS Y MiX-
HaponHux 6a3ax nanux PubMed, Scopus i Google Scholar
i3 BUKOPUCTAHHSM KJIIOUYOBUX CJIiB: acute pancreatitis,
mitochondrial dysfunction, mitochondria-targeted therapy.
Bbynu BiniOpaHi i1 y3aranbpHeHi IyOJTiKailii, 110 BUCBITIIOIOTh
MOJIEKYJISIPHI MillIeHi, MeXaHi3MU Jii Ta MOTEHLia JUTST KJTi-
HIiYHOTO 3aCTOCYBaHHS Pi3HUX TEPAaleBTUYHMX CTpaTerii,
OpiEHTOBaHUX Ha 30epeXXeHHs ab0 BiIHOBIEHHS (DYHKILi-
OHAJIbHOI aKTUBHOCTI MiTOXOHAPill. Ol1iHKa e(peKTUBHOCTI
TepaneBTUYHUX BTPyYaHb y TTPOaHATi30BaHUX €KCITIEPUMEH-
TaJbHUX AOCTIIKeHHsX (in vitro Ta in vivo) rpyHTyBajiacst Ha
HU3LI IMapaMeTpiB, 30Kpema: Mmopdosoriaunomy ctani [13,
PIBHSIX OKMCHOTO CTpecy, KOHILEHTpalisiX Ipo3arnajlbHUX
MeniaTopiB, 30epexkeHHi A¥Ym, nipoaykiiii AT® ta akTUB-
HOCTI KJIFOUOBMX CUTHAJIbHUX KaCKaJliB, 3aJy4eHUX Y pery-
JISIUII0 KJIITUHHOI XUTTE3AATHOCTI Ta 3aMaJleHHSs.

MiATPMMKQO MITOXOHAPIAABHOIO
6ioeHepreTMYHOro romeocTasy

[TopyiieHHs1 6ioeHepreTHYHO1 (GYHKILiT MiTOXOHIpil €
OJIHI€I0 i3 KJIIOUOBMX JJaHOK TaroreHe3y I'Tl, 1o 3ymoBiaioe
eHepreTuyHe BucHaxkeHHs1 ALLK, Brpaty AWm, iHiwianito
HEKpO3Y, aKTUBALLi10 3aMajbHOTO KacKay Ta CUCTEMHY Op-
raHHy nucyHKIIio. 30epeXXeHHS Ta BiTHOBICHHS MiTO-
XOHApPiaTbHOTO 0i0EHEPTETUYHOTO TOMEOCTa3y B yMOBAX
I'Tl € KpUTUYHO BAXJIMBUMU IJIs MiATPUMAHHS KIITUHHOL
SKUTTE3MATHOCTI, CTaOiIbHOCTI BHYTPITHBOKJIITUHHOTO Ce-
penoBuilia Ta 3ar00iraHHs IPOrpecyBaHHIO MTATOJIOTiYHOTO
npotiecy. Y 11bOMY KOHTEKCTi TTepCIIeKTUBHUMMU € Tepa-
MEBTUYHI CTpaTerii, CIpsSIMOBaHi Ha CTUMYJISILIiIO CUHTE-
3y AT®O, nigTpumanHg A¥Ym i 3a0e3redyeHHs] HasIBHOCTI
crietnbiyHuX KohaKTopiB, HEOOXiAHUX A5 €(PeKTUBHOTO
(YHKIIIOHYBaHHS IUXAJIbHOTO JIAHIIIOra Ta (pepMEHTIB LK~
ki1y TpukapooHoBux kuciot (LITK).

Ctnmyasuia cuHtesy ATO

Ockinbku eHepreTuuHe BUcHaxeHHst ALLK € BaxxinBum
YUHHUKOM HEKPO3Y, 3aIlfaJicHHsI Ta MOPYIIeHHS KJIiTHHHO-
0 roMeOoCTasy, CTUMYJISIIiS MiTOXOHIPiaJbHOTO CUHTE3Y
AT® po3riasiaaeThest SIK KJIFOUOBUIT HATIPSIM TeparieBTUY-
Hoi iHTtepBeHLii npu I'Tl. OxHUM i3 HANOLIBIT JOCITiIXKE-
HUX 3aC00iB Yy IbOMY KOHTEKCTI € KapHIiTUH, 30KpeMa 1oro
(opmu — L-kapHiTuH Ta auetui-L-KapHiTHH, SIKi YNHATH
0araToBEeKTOPHM MO3UTUBHMUIA BIUIMB Ha MiTOXOH/PiaJIbHY
¢yHK1ito. OCHOBHMM MeXaHi3MOM [Iii KapHITUHY € TpaH-
CITOPT JTOBrOJIAHIIIOTOBUX KUPHUX KUCIOT KPi3h BHYTPIlII-
HIO MeMOpaHy MiTOXOHIpill y MaTpUKC, Ae BiZOyBaeThCs ixX
-OKMCHEHHS 3 YyTBOpPeHHsIM aueTuii-KoA — ocHoBHOro
cyoctpaty mis LITK. 1le, y cBoto uepry, cripusie HaKOIK-
yeHHI0 BinHoBieHuX kodakropiB (NADH, FADH,), Heo0-
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XimHUX 111 PYHKIIOHYBAaHHS INXAJIHHOTO JIAHIIIOra Ta TeHe-
pauii AT® [16]. ¥ moneni TI'TI, iHgyKOBaHOTO HATPiEBOIO
CULTIO TaypOXO0JIeBOI KMCIOTH, BBeIeHHs L-KapHiTUHY aco-
1itoBa0Cs 3i BHUKEHHSIM BUPAXKEHOCTi HEKPO3yY, reMoparii
Ta HaOpsIKy B TKaHuHi [13, 1110 cynmpoBomkyBanocst Mopho-
JIOTIYHWUMM O3HaKaMM 30epekeHHs IiJTiICHOCTI MiTOXOH-
Npiii — HeoOXigHOi yMoBM i miaTpuMku AT®-cuHTe3y
[17]. Ananoriuni epextu 3adikcoBaHi y momeni L-apriHiH-
iHAYKOBaHOTO MaHKpeaTUuTy, Ae L-KapHIiTUH 3MEHIIyBaB
piBHi MasioHoBoTO mianpaeriny (MJIA), migBuiyBaB KOH-
LEeHTpallif0 BiTHOBJIEHOTO [JTyTaTiOHY, 3HMKYBaB €KCITPECiio
inmymo6ensHoi NO-cunTaszu (iNOS) Ta moJimniiryBaB BUXKU-
BaHICTbh TBAPWH, 110 CBITYUTH ITPO 3MEHIIIEHHS OKCUIATUB-
HOTO CTpecy Ta cTabii3alilo MiTOXOHAPiaIbHUX MEMOpaH,
KPUTUYHUX [IJI1 HOpMaibHOI po6otu ATD-cuHTasu [16,
18]. 3umxkeHHs ekcnpecii iNOS onocepeaKoBaHO CIpUSIE
30epexxeHHI0 A¥Ym, OCKiIbKM HaUIMIIIKOBE TIPOAYKYyBaH-
HSI OKCUJIAHTIB € OJHUM i3 ¢hakTopiB iioro BTpaTu. Kpim
TOro, aleTui- L-KapHiTUH, TOCTiIXXeHUA Y MOei pelu-
JMUBYIOUOTO MMAaHKPEATUTY, 3HUXKYBaB IMOBEIiHKOBY Tirep-
YyTJIUBICTb Y MULLEH, 1110 CYyMPOBOIXYBAIOCS 3MEHILIEH-
HSIM aKTHBallii MiKpOTJIii B3IOBX 00JIHOBOI HEMPOHATBLHOI
Mepexi Mo3Ky. Lle cBimunTh Mpo BaXkKJIMBY POJIb MiTOXOH-
JIpiaJIbHOTO €HEePreTUYHOro roMeocTa3y He JIMIlle Ha PiBHi
I13, ane i y perymsiiii cMiCTeMHOI HEPOIMyHHOI BiIITOBiIi
Ha 3ananeHHs [19]. Takuit edekT noB’a3aHuii i3 TUM, 1110
aneTwi- L-KapHiTUH nocuioe BUpooieHHs atetusi- KoA 'y
MiTOXOHIpisIX, onTuMizye 3abe3nedeHHs LITK, minBuirye
reHepanito NADH i, TakuM 4nHOM, aKTUBYE TUXATbHUMI
JlaHIoT, cnpusitour nponykiiii AT®. HakonuueHi gaHi
cBimuath, 1110 L-kapHiTuH B ymoBax I'Tl He nuliie 3MeHIITye
OKCUJIATUBHE YILIKOIKEHHS, a i TATpUMYE (DYHKIIOHAIbHY
aKTUBHICTb MiTOXOHIPill yepe3 30epeKeHHsI CTPYKTYPHOI
LUTICHOCTI, 3a0€e3IeYeHHsI TPAHCIIOPTY CHePTeTUIHUX Cy0-
CTpAaTiB i MOIYJISLII0 aHTUOKCUAAHTHOTO 3aXUCTY.

Ilin gac I'Tl 3HMKeHHST BHYTPIIIHBOKIITUHHOTO PiBHS
NAD™ (HikoTuHaminageHiHauHYKIeoTuay, Nicotinamide
adenine dinucleotide) cripusie mporpecyBaHHIO MiTOXOH-
NpiajibHOT AUChYHKILIT, aKTUBAIlil OKCUIATUBHOTO CTPECY Ta
nopyuieHHo cuHte3y AT®. BukopucTaHHS ONepeIHUKIB
NAD*, 3okpema HikoTuHaMinMoHOHYKIIeoTULY (NMN —
nicotinamide mononucleotide) abo TakMX CIONYK, SIK
B-lapachone — aktuBatop NQO1 (NAD(P)H quinone
dehydrogenase 1), cripusie BimHoBieHHI0 iyty NAD™ y Kiri-
THUHI, 1110 € KPUTUYHUM JUIS TIIATPUMKU KJIITUHHOTO €Hep-
TeTUYHOTO OOMiHY. JlaHi eKCriepuMeHTaIbHUX JTOC/iIKEHb
in vivo 1 in vitro IeMOHCTPYIOTb, 1110 BBeAeHHsI NMN mosin-
mye (pyHKIioOHAIbHUM cTaH MiToxoHapiii B ALIK, 3HI1KY€E
nponykiito APK, crabinizye AYm Ta cripusi€ BiiHOBJIEH-
Hi0 AT®-cunTtesy [20]. Lli edekTn 4aCTKOBO peai3yoTh-
cs1 yepes akTuBailito NAD'-3anexxHoro pepmenty SIRT1
(sirtuin 1), KUt fealieTUIIOE HU3KY PErYISITOPHUX OLJIKiB,
3aJlydeHUX Y KOHTPOJIb MiTOXOHApPiaabHOI OioeHepTreTH -
KU Ta CTIKKOCTI 10 CTpecy, 30KpeMa LIJISIXOM MPUTHIYEHHS
excnpecii 6inka TXNIP (thioredoxin-interacting protein) i
MiIBUIIEHHS PiBHS aHTUOKCHUAAHTHOTO 3axucTy. Kpim Toro,
30inbieHHs piBHsI NAD* mocumoe aktuBHicTb SIRTI sy
SIIpi, TaK i B MITOXOHIPisSIX, CIIPUSIIOYM 3HUKEHHIO alleTUJISI-
11ii TAKMX CUTHAJILHUX MOJIeKy, K p53 Ta NF-kB (nuclear
factor kappa-light-chain-enhancer of activated B cells), 1o
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cTabuTi3ye poOOTYy NMXaJTbHOIO JaHIlora Ta 3a0e3Ieuye
edexkTuBHy GyHKIi10 ATD-cunTaszu (puc. 1) [21].

Y Mogneni rinepTpuriinepuaeMiyHOro maHKpeaTuTy
BBeaeHHsS NMN cynpoBomXyBaaocs MiABUILIEHHSIM PiBHS
AT® y xmitnHax [13 Ta 3MeHIIeHHsIM BTpatn AWYm, 1110
CBITYUTH MPO Oe3MocepeHE MOMIMIIEHHS €HEPreTUYHOTO
MeTabo1i3My Ha piBHI MiToxoHapiit [20]. Kpim Toro, ak-
tuBaliss NAD"-3a1eXXHNX CUTHAJIbHUX LUISIXiB 3YMOBJIIOE
MPUTHIYEHHST HaAMipHOI akTUBHOCTI noti(AJP-pru6030)
nojiimepasu-1 (PARP-1 — poly(ADP-ribose) polymerase
1) — depmeHTy, 1110 aKTUBHO crioxkuBae NAD*, cnpuyu-
HSI0YM 0TO BUCHAXXEHHS i, BiIIIOBIMHO, MPUTHIYCHHS
MiToxoHApianbHoro cuHTedy AT®. Lleit MmexaHi3M OyB exc-
MEepUMEHTATbHO MiATBEPAXEHUI Y TOCIII)KEHHSIX Ha TBa-
puHHUX Mojensix [21]. OTxe, 3aCTOCyBaHHS MPEKYpPCOpPiB
NAD" yuHUTH BUpaKeHY IPOTEKTUBHY Ail0 HAa MiTOXOHIPil
B ymoBax I'TI nunsixom BinHoBiieHHs ryay NAD®, akTuBaitii
SIRT1, 3HMXXEHHSI OKUCHOTI'O CTpecy Ta HopMallizallii po-
nykiii ATO.

Enaminpetun (SS-31) — MiToxoHApiaabHO-CIPsSIMOBA-
HUI TeTpaInenTu, 30aTHUI IPOHUKATH KPi3h MiTOXOHIPI-
aJbHi MeMOpaHM Ta HAKOMTMYYBaTHCS Y BHYTPIIlIHIlt MeMO-
paHi, e BiH peaizy€e HUTONPOTEKTUBHUN €(PeKT LLISIXOM
crabinizallil KJodyoBux QYHKIIN MiTOXOHIpi. Y Moxeni
I'T1, acoiiiioBaHOro 3 iHTpaadIOMiHaJbHOIO TiMEPTEH3IEIO,
CIOCTepiraaocs 3HaYHe 3HUXKEHHSI aKTUBHOCTI LIMTOXPOM
C-OKCHJa3¥1 Ta IUTPATCUHTA3M y AiadparMaibHiil TKaHU-
Hi, 11O CBiTYMTH PO MOPYIIEeHHS (PYHKIIIOHYBaHHS eJIeK-
TpoHHOTpaHcHopTHOTO JaHIora ta LITK — ocHoBHUX
nisixiB 6ioreHesy AT® y MiTOXOHIpisiX. 3aCTOCYBaHHS
SS-31 cnpusiyio BiTHOBJIEHHIO aKTUBHOCTI 3a3HAaYEHUX
¢epMeHTIB, 1110 BKa3ye Ha HOpMaJlizallilo eHepreTUIHOro
MeTaboi3my it akTuBaiito cuHtesy AT® [22]. Kpim Toro,
y mypiB i3 I'l1 BixzHavanocs nigsuineHHs piBHI M/A gk
MapKepa JiIiaHoil IepoKcuaallii, a TaKOX 3HMXKEHHS aK-
TUBHOCTI MiTOXOHIPiaJIbHUX aHTUOKCUIAHTHUX (DEpMeH-
TiB — cynepokcuanucmyTasu (CO/l) i riyraTioHIIEpoK-
cupa3u (GPx — glutathione peroxidase), 1110 € 03HaKOIO
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BUPAXEHOTO OKCUAATUBHOTO CTpECY, iKWl O6e3mnocepe/-
HbO npurHiuye reHepaiiito AT®. ITix BrutuBom SS-31 wi
napaMeTpu HOpMalli3yBalucs, IO CBITYUTh MPO 3MEH-
IIEHHS YTBOPEHHSI MiTOXOHIpiadbHUX aKTUBHUX (hOpM
kucHo (MTADK) i BinHOBIEHHS penokc-romeocTtasy [22].
HonatkoBo Ha ¢oHi Tepamnii SS-31 crocTepiranocs mo-
JIMIIEHHST CKOPOTIMBOi pyHKLii giadparmu — mMapkepa
3arajJibHOro0 €HePreTUYHOro 3a0e3MnevyeHHs] TKaHUH i3 BU-
COKMM META0OJTIYHUM HaBaHTaXXKeHHIM. TakKuM YMHOM,
3acToCcyBaHHS enaminpetuny B ymonax I'Tl 3abe3mneuye He
JIIIe 3MEHIIIEHHSI MiTOXOHAPiaJIbHOTO OKCUIATUBHOTO
VIIKOJXKEHHS, ajie i akTuBallito cuHTe3dy AT® 1isxom
crabinizanii (hyHKIIOHYBaHHS €JIEKTPOHHOTPAHCITIOPTHOTO
naniora ta pepmenTiB LITK, 1110 mae BaxinBe 3HaYeHHS
JU1s1 30epekeHHS KJIITUHHOT EHePTeTUKU B YMOBAX TSKKOTO
3arnajbHoro ypaxxeHHs. Koensum Q10 (yoixiHOH) Bimirpae
KJIIOUOBY POJIb y HNiATPUMaHHI €HEPreTUIHOTO MeTabo-
JIi3My KJIITUHU, OCOOJIMBO B yMOBaxX MiTOXOH/ApiaJibHOT
nucdyHkuii, xapakrepHoi ajs I'Tl. Y monenbHux nocii-
JKEHHSIX i3 3aCTOCYBaHHAM L-apriHiH-iHIyKOBaHOTO MMaH-
KpeaTuTy 0yJ0 BcTaHOBJIeHO, 1o ['Tl cynmpoBoaKyeThCs
3HVXKEHHSIM aKTUBHOCTI €JIEKTPOHHOTPAHCIIOPTHOTO JIaH-
LIora MiTOXOH/IPiil, TTOCUJIEHHSIM OKCUJIATUBHOTO CTpeCy
Ta MIpUrHiYeHHAM cuHTe3y AT®. 3acToCyBaHHS KOCH3UMY
Q10 y wiit Moaei CIpusIo BiTHOBICHHIO (DYHKIIIOHATD-
HOI aKTMBHOCTI MITOXOHIpiii, 30KpemMa uyepe3 IMOJIiMIeH-
Hs pobotu pepMeHTHUX KoMmIuiekciB I—111, 3meHIIeHHS
yrBopeHHss ADK i mpurHiyeHHs JinigHol mepokcuaaii,
110 3a6e3nevyBaio 30epexeHHss A¥Ym i eheKTUBHY poOOTY
AT®-cunTasu [23]. 3aBasiKu 31aTHOCTI 10 pELIMKITYBaHHS
y BimHOBJIeHY (popmy KoeH3uM Q10 Gepe Ge3mocepenHio
y4acTh y MepeHeCceHHi eJeKTPOHiB Mix Komriekcamu I/11
Ta KomruiekcoMm I1I, 1o KpuTuuHO BaxJIMBO AJist hopMy-
BaHHSI IPOTOHHOrO TpanieHTa i reHepauii ATD. Kpim
TOro, MOro 3aCTOCYyBaHHS 3HUKYBaJIO CTYIiHb TiCTOJIO-
TIYHUX YIIKOMXeHb y TKaHWHi [13 — 3MeHIeHHs TuTomi
HEKpPO3y, 3aIlaJIbHOI iH(IIBTpallii Ta HaOPSIKY OIOCepPeIKo-
BAaHO 3HMKYBAJIO EHEPreTUYHE HABAaHTAXKEHHSI HA MiTOXOH-
Npii Ta 3MEHIITYBaJIO PU3MK iX YIIKOMXKEeHHS [24]. YV nocni-
JDKEHHSIX Ha MOJIeIi iepyJ/IeiH-iHIyKOBaHOTO MaHKpPeaTUTy
koeH3uM Q10 3HMXKYBaB piBHIi IIpo3amajibHUX IIATOKI-
HiB, 30kpeMa ¢dakTopy Hekpo3y nyxauHu o (PHIT-a)
it intepneiikiny-6 (1JI-6), a TakoX 3MeHIIYBaB PiBEHb
arforiTo3y, Cpusitoun 30epexkeHHI0 Xutre3natHux ALIK
i3 (yHKIIiOHAJIbHO AaKTUBHUMM MITOXOHAPisSIMU, 31aT-
HUMU 10 TpoayKiii AT® [25]. TakuM YMHOM, KOEH3UM
Q10 peani3ye 3axucHy Hil0 Ha MiTOXOHJpiaJbHUIi arapar
NUISIXOM ITIATPUMKH €JIeKTPOHHOTPAHCIIOPTHOI (PYHKIIII,
MOCUJICHHST aHTUOKCUIAHTHOTO 3aXUCTy Ta 30epeXeHHS
CTPYKTYPHOI LiTiCHOCTI MiTOXOHIpPili, 10 B CYKYIHOCTI
CIIpUSIE MiATPUMILI Oi0€HEPTeTUIHOTO TOMEOCTa3y Ta CHH-
te3y AT® B ymosax I'TI.

[eoxciapoytuH (dA) YMHUTH BUPaXKEHY MPOTECKTUBHY
niro Ha MitoxoHapii mpu I'Tl, 30kpema NUISIXOM aKTUBa-
uii cunTedy AT® y nomkomkenux ALIK. ¥V mozpeni I'TI,
iHIYKOBAaHOTO HATPI€EBOIO CiJITIO TaypOXOJEBOi KUCIOTHU,
BCTAHOBJIEHO, 110 dA BipOTiZHO 3HMXYE PiBeHb KJIITHUH-
HOTO HEKpo3y, 3MeHInye npoaykiiro ADK, BimHOBIOE
AW¥m i 3anobirae BucHaxkeHHI0 ATD [26]. OCHOBHUM Me-
XaHI3MOM, SIKMi1 JIEXKUTh B OCHOBI IIUX e(EKTiB, € aKTU-

Bauis curHanbHOTO 1LIsixy HtrA2/PGC-1a (HtrA serine
peptidase 2/Peroxisome proliferator-activated receptor
gamma coactivator-1la). HtrA2 € miToxoHapiaabHOIO cepr-
HOBOIO MPOTEA3010, sIKa 3a0e3neuye SIKiCHUI KOHTPOJIb 3a
(YHKIIIOHYBAaHHSIM MiTOXOHIpianabHOro myiy. BeeneHHs dA
cIipusie TiABUIIEHHIO ekcnpecii HtrA2, 1o npu3BoauTs 10
aktuBauii GSK-3p (glycogen synthase kinase 3 beta) y iioro
dochopunboBaHili, HeaKTUBHI# (PopMi, sIKa ormocepen-
KOBY€E TpaHCKpuIiiitHy akTusalito PGC-1o — ocHOBHOTO
peryiasTopa 6ioreHe3y MiTOXoHIpiil. ¥ mpucytHocTi dA y
KJIITMHAX Big3Hayvanocs migsuieHHs ekcrnpecii PGC-1a,
1O CYITPOBOJIKYBAJIOCS CYTTEBUM 301/IbILIEHHSIM piBHSI AT®
Ta BimHOBIeHHSIM A¥m [26]. PapMaKoIoTiyHe MPUTHIYeH-
Hs1 HtrA2 cneuudiynum inrioitopom UCF-101 a6o iioro
HOKayT 3a goromororo siRNNA moBHICTIO HiBeTIOBaIu 110-
3uTuBHUI edekT dA momno akrupauii AT®-cuHTe3y, 110
MMITBEPIKY€E KIIOYOBY pojib HtrA2 y iboMy CUrHaJIbHOMY
Kackazii. AHaJoriuHo 3actocyBaHHs iHrioiTopa PGC-1la
(SR-18292) Takox 3HMKyBano piBeHb AT®, HaBiTh 32 Ha-
saBHOCTI dA, 1110 BKa3dye Ha HEOOXiMHICTb (yHKIIOHAb-
Hoi akTUBHOCTI PGC-la 1151 MOBHOLIHHOTO BiTHOBJIEHHS
E€HEepreTUYHOTO MeTaboIi3My B MITOXOHApIsIX [26].

MeaToHiH TaKOX I€MOHCTPYE MOTYKHY LIMTOMPOTEK-
TUBHY 1iio B ymoBax I'TI, 3HauHO10 Mipolo 3aBIsSIKM 31aTHOC-
Ti akTMBYBaTH cuHTe3 AT®D dyepe3 CTUMYJISIIIO KITIOYOBUX
CUTHAJIbHUX LIIJISIXiB, 1110 3a0€3IeYyI0Th CTPYKTYPHY ILIijic-
HICTh MITOXOHIPIl, IPUTHIYEHHSI OKMCHOIO CTpecy i iH-
IyKI1it0 MiToXoHIpiaabHOro 6ioreHesy. Y monessix TI'TI, iH-
JTYKOBAaHOTO 11epyJieiHOM a00 TOKCUIHUMHU areHTaMu, OyJio
BMSIBJICHO TIPUTHIYEHHST eHEPTeTUYHUX MPOIIECiB Y KJIITUHAX
I13, mo cynpoBomXKyBaJoCs NUCPYHKIIEIO NTUXaIbHOTO
JlaH1ora, BTpatoto AWm i 3MeHIIIeHHSIM eKCIIpecii reHiB,
BinnosinanbHuX 3a yrBopeHHs ATD [27, 28]. BBeneHHs
MEJIATOHIHY B IIMX YMOBAX MOJITIITYBAJIO eHEePreTHIHUI
CTaH KJIiTUH 3a paxXyHOK ITiABUILEHHS eKCIpecii OiJIKiB
Nirf2 (nuclear factor erythroid 2 — related factor 2) rta HO-1
(heme oxygenase-1), siKi € KJIIOUOBUMU PETYJISITOPAMU aH-
THUOKCHUIAHTHOIO 3aXUCTy Ta (PyHKIIOHAJbHOI aKTUBHOCTI
MiToXOoHpiit [27, 28]. AKTUBallisl CHTHAJIBHOTO KacKaay
Nrf2/HO-1 nin BIiMBOM MeJIaTOHIHY CYMPOBOKYBajacst
3MeHIIeHHM nponykiii ADK, crabinizaiiero MeMOpaHHOT
LiJTiCHOCTI MiTOXOHAPIl i MinBUILIEHHSIM NPpoayKil ATD y
tkanuHax [13. [1apanenbHo crocTepiragocs MpUrHiYeHHS
TpaHckpuriiitHoro ¢aktopa NF-kB (nuclear factor kappa-
light-chain-enhancer of activated B cells), 1110 mpu3Boauio
IO 3HIDKEHHS piBHS 3ananeHHs i arnontody ALIK, nonat-
KOBO CITPUSIIOUN 30€peKEeHHIO €eHePreTUYHOTO MOTeH ATy
kit [29]. KpiM TOro, BCTaHOBJIEHO, 1110 MEJIATOHIH iHIy-
KY€ eKCIpEeCilo TeHiB, 3aIy4eHUX y 6ioreHe3 MiTOXOHIPI,
3okpema TFAM (Transcription factor A, mitochondrial) i
PGC-1a, o crnpusie BiTHOBICHHIO KiJTbKOCTi Ta (DyHKIIi-
OHAJIbHOI CIIPOMOXHOCTI MiTOXOHAPii, HEOOXiMHUX IS
eeKTUBHOTO Mnepediry okucHoro (GochopuiiroBaHHS Ta
cunTe3y AT® [27]. TakuM UMHOM, MEJIAaTOHIH peaiisye O6a-
raToakTOpHUI 3aXMCHUI BIUIUB Ha MiToxoHApii mpu ['T1,
MOENHYIOYM aHTUOKCUIAHTHY aKTUBHICTh, TPUTHIYEHHS
3amajbHOrO KacKamy, iHriOyBaHHS KJIITMHHOI 3arubesi ta
CTUMYJISILIIIO OioreHe3y MITOXOHIPIi, 110 Y KOMIUIEKCI 3a-
Oe3neuye e(peKTUBHE BiTHOBIEHHSI €EHEPTeTUYHOTO OOMiHY
B MOIIKOIKEHUX KJTiTuHax [13.
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MiaTPUMKAO ME@MOPAHHOrO NOTEHUIAAY
MITOXOHAPIN

30epexxeHHsa AYm € KII0Y0BOIO YMOBOIO ISl IIATPH-
MaHHS$ (PYHKIIIOHAJTbHOI aKTUBHOCTI MITOXOHIpiii i 3a0e3-
MeYeHHs KJIITUHHOI XXUTTe3natHocTi B ymoBax ['T1. Brpata
A¥m cynpoBomKyeTbest BinkputTtsiMm mPTP, BuBiibHeHHSIM
npo3anajbHUX i MPOANONTUYHUX (DAKTOPIB, EeHEPreTHUY-
HUM KOJIATICOM i pO3BUTKOM HEKPOTHUYHOI 3arv0OeTi KITITHH.
Otxe, 30epexxeHHsT A¥m po3MISIIAEThCS SIK OJWH i3 LIeH-
TpaJIbHUX HAIPsSIMIB y CTpATeTisIX MiTOXOHApiaabHO-CIIPsI-
MoBanoi Tepartii ipu I'TI.

OaHUM i3 TIepCHEKTUBHUX PETYJISITOPiB MiTOXOHAPiallb-
HOI CTabiIbHOCTI € ipUCUH — M’SI30BUI TOPMOH (MiOKiH),
1110 JI€MOHCTPYE BUPAXKEHUI LIMTOMPOTEKTUBHUI eDEKT y
koHtekcTi ['T], 30KkpeMa uIsixoM MOIYJIIII eKCIIpecii Oiika
po3’eqHanHst UCP2 (uncoupling protein 2). Y naitieHTiB i3
I'TI cupoBaTKoBUIT piBeHDb ipUCUHY 3HAYHO 3HMKYETHCS i
HEraTMBHO KOPEJIOE 3 TSKKICTIO TIepeliry, 10 J03BOJISIE
PO3IJIsIAATH MOT0 SIK MOTeHUIMHWM MPOrHOCTUYHUI MapKep
[30]. ¥ TBaprHHUX MOJENSAX iPUCUH CIIPUSIB 3MEHILIEHHIO
HEKpOTUYHMX 3MiH y [13, MmoJimniueHHo ricToapXiTeKTypu
alMHapHOI TKAHWHU Ta 3HMKEHHIO PiBHIB LIMPKYTIOIOYMX
MapKepiB HEKpo3y, TaKuX SIK Jakraraerigporenasa (JIAT)
ta HMGBI1 (high mobility group box 1), a TakoxK, HaBIIaKu,
CTHUMYJTIOBaB arorTo3 — MEHII YIIKOIXKYBAJIbHUI MEXaHi3M
KJiTuHHOI 3aru6eni [30]. LleHTpasibHUM MeXaHi3MOM il
ipUCHHY € TIOJIIMIIEeHHSI MiTOXOHApiaJIbHOI (DYHKIIIT: mif
10T0 BIUIMBOM MiJBUILYETHCS EKCIIPECis MapKePiB MITOXOH-
npianpHoro 6iorenesy (PGC-1a, TFAM), 3murta (MFN2 —
mitofusin-2) ta mitodarii (PINK1 — PTEN-induced puta-
tive kinase 1), 3poctae piBeHb AT® y Tkanunax I13, a Takoxx
3HIKYEThCS iHTEHCUBHICTh OKCHMOATUBHOTO cTpecy [30].
KiouoBoio MillleHH!0 11boro BILIUBY € 6iok UCP2, sakuii
perynoe A¥Ym i 3uuxkye yrBopeHHs AOK. IMig BriuBom
ipUCHUHY CITOCTepiranaocs BiporiiHe MmiABUIIEHHS eKCIpecil
UCP2, o acomioBanocs 3i 3MEHIIEHHSIM YIIKOIKEHHS
miToxoHapiit. biokana UCP2 HeitTpanizyBana 3aXucHUit
e(heKT ipUCHHY, BITHOBIIOIOUM €KCIIPECil0 MapKepiB eHI10-
rutazmatuyHoro crpecy, 3okpema GRP78 (78 kDa glucose-
regulated protein) Ta p-IREla (phosphorylated inositol-
requiring enzyme 1 alpha), 110 1omaTKOBO ITiATBEPIXKYE
BaxuBy posib UCP2 y 36epexenHi A¥m [30].

Ille ogHuM 3aco00M, 30aTHUM €(EeKTUBHO IIiATPUMY-
BaTu AYm, € LIUKJIOCTIOPUH A, SIKMI iHTi0y€e BiIKpUTTS
mPTP, 3ano6irae BUBiIbHEHHIO LIUTOXPOMY C i3 MiTOXOH-
Npit i mpurHivYye po3BUTOK HeKpo3y [31]. [ToxiOoHuit eexT
Mae i enaminperun (SS-31) — MiTOXOHApiaTbHO-aKTUBHUIA
TeTpanenTu, IKUil CeJIEeKTUBHO 3B SI3YEThCS 3 KapIioi-
MiHOM y BHYTpIILIIHiif MeMOpaHi MiTOXOHIpPiil, cTabii3y-
04H i1 CTPYKTYpy Ta ¢dyHKIi0. Enaminperun moimninye
€JIEKTPOHHUI TPAHCTIOPT Y IMXaJTbHOMY JIAHITIOTY, 3HIXKYE
iHTeHCUBHICTb YyTBOpeHHSI ADK, 306epirac A¥Ym Ta cripusie
BimHOBIeHHIO cuHTe3y AT®D y ALK T13 [22].

Takum umHOM, 30epexkeHHs1 A¥m 3a 10MOMOroo eH-
IOTEHHUX PeryIsATopiB (ipucuny), iHrioiTtopiB mPTP (mu-
KJIOCTIOpUHY A) abo cTabinizaTopiB MiTOXOHApiaIbHUX
MeMOpaH (e1aMinpeTuny) € e(peKTUBHOIO TeParieBTUIHOIO
CTpaTeTi€lo, CIIPSIMOBAHOIO Ha 3amo0iraHHs eHepreTud-
HOMY BUCHaXXEHHIO, HEKPO3y Ta CUCTeMHIil TuchyHKIIIT
B ymonax I'TI.

BUKOpPUCTAHHS KODAKTOPIB

Y nartorenesi I'll onHUM i3 KpUTUYHUX MOPYILIEHDb €
nectabini3alliss MiTOXOHApiaJbHOTO 0iOEHEPTETUYHOTO
romeocrasy, 3yMoBJieHa iHakTuBalieto dpepmeHTiB LITK,
Jerpajalnieto MiToXOHAPiaIbHUX MeMOpaH, BUCHAXKEHHSIM
ysty NAD*, po3BUTKOM BHYTPIlLIHBOKJIITUHHOTO all103y
Ta MOPYLIEHHSM €JIEKTPOHHOTO TPAHCIIOPTY B TUXAJIbBHOMY
JIAHITIOTY. Y IIMX yMOBaX BaKJIMBY POJIb Billirpa€ 3acTocy-
BaHHSI KODepMEHTIB i KO(haKTOpiB, 3MaTHUX BiTHOBIIOBATH
(GyHKIIIOHAIbHY aKTUBHICTb MITOXOHIPilA, MiABUIIYBaTA
edexTuBHICTh cuHTe3y AT® Ta 3HMXKYBaTH iHTEHCUBHICTh
OKHCHOTO CTpecy.

OIHMUM i3 TIEPCHEeKTUBHUX HAIIPSIMIB TepareBTUIHOI
IHTEpBEHIIil € BAKOPUCTaHHS TaKUX 0i0€HEPIreTUYHUX KO-
dakTopiB, 1K NAD" i koensum Q10. 3okpema, ImiaBUILIEHHS
piBHsI NAD* cripusie minTpuMili OKMCHO-BITHOBHMX peak-
il y MiTOXOHIpisIX, akTUBaLii cupTyiHiB, 30kpeMma SIRTI,
i IOJTiMIIIEHHIO pOOOTH KOMILIEKCY | mUXajlbHOTO JIaHITIora
[20, 21]. Y cBolo uepry, koeH3um Q10 3abe3neuye eheKTUB-
He TiepeHeceHHsI eieKTpoHiB Mixk Komrutekcamu [/11 ta 111,
cTabinizye MeMOpaHHUIA TTOTeHIIia)l MiTOXOHApil (A¥Ym) i
CIPUSIE YTBOPEHHIO TTPOTOHHOTO TPAiEHTa, HEOOXiTHOTO
st reHepatii AT® [23]. B ekciepuMeHTaIbHUX MOJAECIISIX
I'TI 3acTocyBaHHS IIMX CHOJYK aCOIIIOETHCS 31 3MEHIIIEH-
HSIM BUPaKEHOCTI HEKPOTUYHUX 3MiH, 30epeKeHHSIM MOp-
¢ oJIOTiUHOI HiJICHOCTI allMHAPHUX KJIITUH i 4aCTKOBUM
BiTHOBJIEHHSIM KJTITUHHOTO €HEPTETUYHOTO OOMiHY.

Oco0b/MBY yBary Takox MpUBepTaE a-JiMoeBa KUC-
norta (AJIK), sika € yHiBepcalbHUM KO(GaKTOPOM IJIs
HU3KU (PEPMEHTIB MiTOXOH/IpiaJlbHOro MeTaboJ1i3My, 30-
KpeMa MmipyBaTAeriAporeHa3Horo i o-KeTorJlyTapaTaeri-
JPOT€HAa3HOTO KOMILIEKCIB. Ii MpUCyTHICTh € KPUTMYHOIO
st epekTuBHOTO pyHkiionyBaHHs LITK ta 6e3nepeps-
Horo cuntezy AT® npu I'TI [32, 33]. ¥V gocmikeHHsIX i3
3aCTOCYBaHHSIM MOJeJield, iHIyKOBaHUX LiepyJeiHoM abo
xonenucrokininoM (XL K), BBenenns AJIK mpuBoamnio
JIO BipOTiTHOTO 3HWKEHHSI aKTUBHOCTI amijia3u i Jinasu,
3MEHILeHHs cTyneHsl HaOpsky 13 Ta 30epexkeHHsT CTPyK-
TypHOI 1iicHOCTI aumHapHoro emitesnito [32, 33]. Kpim
0e3nocepenHbO1 yJacTi B OKMCHUX METa0O0IiYHUX peaKIlisix,
AJIK mposiBisie BUpaXkeHi aHTMOKCUAAHTHI BIIACTUBOCTI,
3HMKYIouM piBHi MJIA (Mapkepa JinigHoi nepokcuaartii)
Ta MiIBUIIYIOYU AKTUBHICTh €HJAOT€HHUX aHTUOKCUIAHTHUX
depmenTiB, Takux 1K CO/ i karama3a. Lle cripuste ctabii-
3allil MiTOXOHApiaJIbHUX MeMOpPaH i 3MEHIIIEHHIO aKTUBALIil
oinkiB po3’eaHanHs (UCP), o mopytytots AYm [32, 34].
Baxnuso, mo AJIK Takox MOIYJIIOE€ CUTHAJbHI IUISIXU,
TOB’s13aHi i3 3anajeHHsIM i MeTaboIivyHOO ananrailieto. 30-
KpeMa, IMpOoIeMOHCTPOBAHO ii 31aTHICTh aKTUBYBaTH MEPOK-
cucoM-npodticdepaTop-akTuBoBaHuit peuentop y (PPAR
vy — Peroxisome proliferator activated receptor gamma), 1110
Belle 10 NIPUTHIYeHHSs eKCIIpecii Mpo3anaibHOr0 HUTOKIHY
1JI-6 B ALIK, iHgyKOoBaHUX pe3UCTUHOM abo ILepyIeiHOM
[35]. Taka mpoTu3anajibHa aKTUBHICTb CYyIPOBOIKYETh-
cs cTabimizanieio (PyHKIIOHATbHOTO CTaHY MITOXOHIpPIil i
3MEHILIEHHSIM KJIITUHHOTO YIIKOIKEHHS. TaKUM YUHOM,
0-JIIMOEBA KMCJIOTA 3aBASIKM MOETHAHHIO aHTUOKCUAAHT-
HUX, TIPOTU3AMaJbHUX i KO(PaKTOPHUX BIACTUBOCTEM
€ OaraTo¢yHKIiOHaJIbHUM 3acO00M, IO CHPUSIE ITia-
TPUMIIi MiTOXOHIPIiaJIbHOTO Gi0eHEPTETUIHOIO TOMEOCTA3Y,
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3MEHILYE BUPAXEHICTh CTPYKTYPHO-(DYHKLIOHATBHUX
yuikomkeHb ALK Ta noniniiye 3araibHuii GyHKIIOHATb-
Huii ctan [13 B ymosax I'TI.

AHTUOKCUACHTHQ Tepanis
BMKOPUCTAHHS TAOPreTHMX GHTUOKCUACKHTIB

¥ narorene3si I'Tl HagmipHa npoaykuist ADPK y mito-
xoHapisx ALK Bimirpae Kio4oBy pojib y AecTaOimizalrii
MmeMOpaH, aktuauii mPTP, iHilianii HeKpo3y Ta pO3BUTKY
3aIaJbHOI BiAIOBidi. ¥ 3B’SI3KY 3 MM MEPCIIeKTUBHUM Ha-
MpSIMOM TeparieBTUYHOI iHTepBEHIIii € 3aCTOCYBaHHS Tap-
TeTHUX AHTUOKCUIAHTIB, 3JaTHUX HAKOMMYYyBaTUCs 0e3110-
cepemHbo B MiTOXOHIPIsX i HeliTpaizyBatn ADK y mici ix
YTBOPEHHS.

MitoTEMPO € epeKTuBHUM MiTOXOHIPiaIbHO-CIIPSI-
MOBaHMM aHTUOKCUIAHTOM, SIKWUIl TIPOSIBJISIE BUPAXKEHY
3axucHy aito npu ['Tl, mepeBaxkHo 3a paxyHOK iHTiOyBaHHS
yrBopeHHsT MTADK. ¥V Moneni L-apriHiH-iHIyKOBaHOTO
naHKpeaTuTy y 1ypiB BBeaeHHss MitoTEMPO 3H1mxyBaio
piBeHb Mpo3anajbHUX IUTOKIHIB, MapKEpPiB aronTo3y i
OKCHUJATUBHOTO CTPECY, a TAKOX IMiABUIIYBAJIO BMICT TJTy-
TaTiOHY, 1110 CBiTYNUTH MPO MOTYXKHUN aHTUOKCUAAHTHUI
edexT [36]. OkpiM LILOrO, IPOAEMOHCTPOBAHO 3aXUCHY
niro MitoTEMPO Ha engoTeiaabHi KIITUHU MiKpPOLIMP-
KyJISITOpHOTO pycia B ymoBax ['Tl, sika ormocepeaKoByETb-
Cs1 €KCIIPeCi€lo TeJIoMepa3HOoi 3BOPOTHOI TPAaHCKPUIITA3U
(TERT — Telomerase reverse transcriptase); IIpUrHideH-
Hs1 TERT HiBetoe no3utuBHUiA edpext npenapary [37]. Y
pasi ypaxenHns jeredb nipu I'I1 MitoTEMPO edextuBHO
3HUXKYBaB Mpoaykitito MTADPK B ajibBeOJIIPHUX MaKpoO-
¢arax i mpurHiuyBaB akTuBallilo iHpaamacomu NLRP3
(NLR family pyrin domain containing 3), 1110 BKa3ye Ha
610kyBaHHSI MTADK -3a1eXKHOTO 3aMajbHOTO KacKaay
[38]. Kpim Toro, 3riqHo 3 nanumu Rius-Pérez i criiBaBsT. [39]
MitoTEMPO 3ano6irae MTAD®K-iH1yKoBaHOMY HEKPOTITO-
3y LIJISIXOM 3MEHILIEHHS] OKUCHEHHS TIEPOKCUPETOKCUHY-3
(Prx3 — peroxiredoxin 3) i mpurHiueHHs1 p53-3a1ekHUX
curHajbHux 1uisxiB. Takum unHom, MitoTEMPO € niep-
CMEKTUBHUM 3aCO00M KOpeKIlii MiTOXOHIpiaJIbHOT JUC-
¢ynkuii npu I'TI 3aBasiku 31aTHOCTI 3HMXKYBAaTU YTBOPEHHST
MTA®K, Moay/I0BaTH 3amajibHy BiIMoBiab i 3amobiratu
3arubeJi KJiTUH.

Ha Binminy Bim MitoTEMPO, MitoQ — iHImMii MiTo-
XOH/JIpiaJIbHO-TapreTOBaHU i aHTUOKCUAAHT — YUHUTH CY-
nepewinBy aito B ymoBax ['Tl. 3 omHoro 00Ky, BiH 30aTHUA
3HIKyBath piBeHb ADK, 30KkpeMa THX, 110 iHIYKYIOThCS
MEPOKCUIOM BOJHIO, HAa BiIMiHY Bill CBOrO HEAKTUBHOIO
anajora decylTPP, mo cBimuuth 1po itoro 6e3mocepeaHio
AHTUOKCUIAHTHY aKTUBHICcTh [40]. 3 iHIIOrO 60Ky, MitoQ
He 3anobirae BTpaTi AWYm, cnpuunHeHii BrummBoM X1 K a6o
JKOBUHHUX KHUCJIOT, i B KOHIIeHTpalii 10 MKM camocTiiiHO
BUKJIMKAE IETNOJsIpr3allilo MiTOXOHIpialbHOI MeMOpaHu
[40]. ¥ nocnimxeHHsix Ha i3onboBaHuX ALIK BcTaHoBe-
Ho, 110 MitoQ 3Hmxye piBeHb NADH, nopyiirye MiToxoH-
NpiaTbHUN PeIOKC-1HACKC, CIPUYMHSIE IPUTHIYEHHS 11~
XaJIbHOTO JIaHILIfoTa, 3MEHIITYye 3AaTHICTh 10 AT®-cuHTEe3y
Y BIiATIOBiIb HA OJIITOMILIMH, ITiIBUIIYE MIPOTOHHUI BUTIK i
MPUTHIUYE pe3epBHY AMXaJbHY 30aTHICTb, 1110 € O3HAKaMU
BUpaxkeHoi bioeHepreTHyHoi HemocTtaTHOCTI [41]. Li 3MiHu
CYIIPOBOJIKYIOTHCSI 3HMKEHHSIM BHYTPIIITHbOKJIITUHHOTO

piBHsI AT®, akTUBALII€IO AllONTO3Y Ta HEKPO3Y, IPUUOMY
HaBiTh y HU3bKil KoHUeHTpauii (1 MKM) MitoQ BukIu-
Ka€ paHHIil i BUpaxeHUII HEKpOo3, IepeBaXaloun 3a UM
eexrom decylTPP [41]. Y moneni I'TI in vivo, iHayKoBaHii
KOBUHUMM KucjoTaMu, MitoQ He NposiB/IsIB BUpaxkeHOL
3aXucHOI fii, a mpu rinepcrumyisiuii XK BinzHauamocs
JIMIIIEe YACTKOBE MOJIMIIEHHS TiCTOJOTiYHOI KapTUHU 0e3
3HIDKEHHS 0i0XiMIYHMX MapKepiB 3amajeHHs. HaBmaku,
Oyno 3adikcoBaHo TiABUILEHHS piBHs 1JI-6 y cupoBartii
KpPOBi i1 akTUBHOCTI Mienonepokcuaasu (MI10) y TkaHnHax
JIETeHb, 110 BKAa3y€ Ha MTOCUJICHHSI CUCTEMHOI 3amajJbHOL
Bianosini [40]. Takum ynHOM, Xoua MitoQ meMOHCTpYE
AQHTHOKCHUJIAHTHY aKTUBHICTb Y IJIaHi 3HV>KEHHST YTBOPEHHS
ADK, i1oro BHyTpillIHbOMITOXOH IpiaJiIbHE HAKOMMMYEHHS
ACOIIIIOETHCS 3 TTOPYILICHHSIM 0i0€HEePreTUIHMX IIPOLIECIB,
IHIYKII€I0 KJITUHHOI 3aru0esi i akTUBAIli€lo 3aITaleHHs,
1110 CYTTEBO OOMEXYE HOro TepaneBTUYHUI MOTEeHIIial IIpU
I'TI [40, 41].

[HIIIMM MiTOXOHIpiadbHO-CIIPSIMOBAHUM aHTUOKCHU-
JIAHTOM, JIOCJTI/IDKEHUM y KOHTEKCTi maHkpeaTuty, € SkQ1.
Y Moneni tepynein-inmykosaHoro I'TI 3acrocyBanHst SkQ1
He CYIPOBOJIXKYBAIOCS 3MEHIIIEHHSIM 00JIbOBOI TOBE/IiIHKU,
3HWXKEHHSIM PiBHiB JIiMa31 Y1 MOJIIMIIIEHHSIM TiCTOIOTIYHUX
IMOKAa3HUKIB, 110 CBIMYUTH PO BiICYTHICTb 1OT0 e(heKTUB-
HOCTi B yMoBax roctporo 3ananeHHs [13 [42]. BonHouac
y Mojesi XpoHiyHoro naHkpeatuty SkQ1 neMoHCTpyBaB
BiporijiHe 3MeHIlIeHHST 00JbOBOTO CUHAPOMY SIK Y TeCcTax
BEPTUKAIbHOI aKTUBHOCTI, TaK i IPU MEXaHIYHil CTUMYJISI -
11ii, 1110 MOXe BKa3yBaTU Ha HOTO HEMPOMPOTEKTOPHY il0,
WMOBIpHO MOB’s13aHY 3i 3MEHILIEHHSIM OKMCHOTO YIIIKO-
JDKeHHsI iHTpanmaHKpeaTUuYHUX HEPBOBUX 3aKiHUeHb [42].
[IpoTe B 1IMX caMUX €KCIEPUMEHTATbHUX yMOBaX OyJ0
3a(hiKCOBAHO MOCUJIEHHSI MOP(OIOTiYHOIO YIIKOMIXKEHHS
113, 30kpeMa migBUIIeHHS iIHTEHCUBHOCTI 3aIajJbHOIL iH-
(inprpatiii, Hekpo3y Ta idpo3y. [MoaioHMItT TrcdamaHC MixX
QHAJITETUYHOIO AaKTUBHICTIO Ta MOCUJIEHHSIM TKAHUHHOTO
VIIKO/IXKEHHSI MOXe OYTU 3yMOBJIEHUI 3CyBOM KJIITUHHO-
ro roMeocTasy Bil alonTo3y A0 HEKPO3y — MeXaHi3MOM,
OIMUCAHUM [ IEIKUX aHTMOKCUIAHTIB, SKi MPUTHIUYIOTh
MporpaMoBaHy KJIITUHHY 3arubenb [42].

Takum ayuHOM, monpu 3maTHicTh MitoQ i SkQ1 Hako-
MUYYBaTUCS Y MITOXOH/PiSIX i MPUTHIYYBAaTU YTBOPEHHSI
ADK, xomHa 3 KX CHOJIYK HEe TIPOJEMOHCTpYBaJia 3aXUC-
Horo edexry oo nepediry I'Tl. HaBmaku, o6uasi peuoBu-
HU MOTEHILIIHHO MOXYTb CIIPUSATU aKTHUBALIil HEKPOTUUHUX
TMPOLIECIB i TOCUJIEHHIO CUCTEMHOI 3aMajIbHO1 BilITOBIIi.

Cepen mpupoOIHUX aHTUOKCUIAHTIB CJIiJl Bil3HAUYUTU
JIIKOTIEH, SIKWi1 IPUTHIYY€E HaAMipHE YTBOPEHHS MiTOXOH-
npianbHuX i muto3zonbHuX APK B ALIK, iHgyKoBaHe eTa-
HOJIOM i >kupHUMH Kuciotamu. Lleit edpekT peamizyeTbcs
yepe3 akTuBalito Nrf2-3a71eXKHOTO CUTHAJbHOTO ILISIXY
Ta MiABUILIEHHS eKCIIpecii aHTUOKCUAAHTHUX (DePMEHTIB
HO-11iNQOI, o npusBoauts a0 raibmyBaHHss NADPH-
okcunasu, 3HmkeHHs TpaHcnokauii NF-xB y sapo ta mpu-
rHiueHHs nmpoaykiuii [JI-6. TakuM YuHOM, JIIKOIIEH 3MEHIIIYE
OKCUIATUBHUI CTPeC i 3amajibHy Binnosinp [43, 44].

[HIIMM eheKTUBHUM aHTUOKCUIAHTOM € TUPOH, KU
i€ SIK BHYTPIllIHbOMITOXOHIpiaJIbHUI HEHTpaiizaTop cy-
MEePOKCUI-aHIOHY Ta XeJaTop JABOBAJIEHTHOTO 3ajli3a [45].
HMoro 3acToCcyBaHHS aCOLIIOETHCSA 3i SMEHIIICHHSIM OKCHIA-
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TUBHOTO CTpecy B TKaHWHax [13, jiereHnb, Me4iHKu Ta HUPOK,
npurHidveHHsM ekcrnpecii NF-kB i TGF-B1 (transforming
growth factor beta 1), 3HM>KeHHSIM JIiMiAHOI IEePOKCHUIALTiT
Ta BiIHOBJICHHSIM piBHIB miytationy it CO/l, 110 cBiquuTh
npo cTabii3alilo MiTOXOHIpPIii yepe3 MiACUIeHHS aHTU-
OKCHIAHTHOTO 3aXUCTY.

Oco6iuBYy yBary npuBeprae (iziosoriuHuil po3uuH,
HacnueHnii BogHeM (HRS — hydrogen-rich saline), sikuit
MPOIEMOHCTPYBaB 0araTopiBHEBUIA TeparieBTUYHMIA TOTCH -
miaa y Kopexilii MiToxoHapianbHoi auchyHkii mpu ['T1. Y
Mogeni L-apriniH-innykoBaHoro naHkpeatuty HRS 3Hmxy-
BaB aKTUBHICTb aMijla3u, CTYIIiHb HAOPsIKY, HEUTPODiTbHY
iHdinbTpatito, piBHi MIIA Ta MITO, a TakoX NpUrHivyBaB
anonTo3 i akTusallito NF-kB, 1110 cBigunTh NMPO 3MEHIIIEH-
HSI OKCUJIATUBHOTO CTPeCy ¥ 3amajeHHs Ta MOJITIIeHHS
pereHepallii KJIiThH [46]. Y Mozeri, iHIyKoBaHiii TaypoXo-
natoMm, HRS 3mentryBas smict @HIT-a, 1J1-6, 1J1-18, okuc-
He YIIKO/KeHHSI Ta BOJHOYAC MiIBUIIYBaB KOHIIEHTPALIil0
raytationy i aktuBHicTh COJl, HOpMaTi3yrouu penoKc-
romeoctas [47]. Kpim Toro, HRS npurHiuyyBaB akTuBailito
iHdmamacomu NLRP3, 3menmyBaB ekcrpecito NF-kB Ta
piBHi IJI-1pB, 110 BKa3ye Ha iloro 31aTHICTb iHTiOyBaTH Mi-
TOXOHIPiaJIbHO-OITOCEPEIKOBAHY 3aNabHy aKTUBAllilo [48].
VY nocnimxenni Shi ta ciiBaBT. [49] BcTanoBneHo, 1110 HRS
3HAYHO 3HUXYE TSKKICTh TOCTPOTO ypaXkeHHSI HUPOK, aco-
uitoBanoro 3 TT'TI, 3a paxyHOK 3MEHIIIEHHSI PiBHiB KpeaTu-
HiHY, 30Ty CEUOBMHM, Mpo3anaibHuX HUTOKiHiB (PHII-a,
JI-1B, 1J1-6) i npurHiyenHs akruaiii NF-kB y TkaHuHaX
HUPOK. Y 11Ie ogHOMY mociimkeHHi miei rpyrum [50] HRS ta-
KOX 3MEHIIIyBaB roCTpe YpaKeHHS MeUiHKKU TPU HEKPOTHUY -
HOMY ITaHKpeaTuTi, 3HIKYI0UM aKTuBHicTh MAPK -11u1s1xiB
(mitogen activated protein kinase) (JNK, p38), NF-xB ta
eKCIpecito Kacmas, 1110 CBiTUUTb PO 3MEHILIEHHSI allOIITO3Y
Ta 3aIlaJIbHOI JeCTPYKIIii. 3TiTHO 3 pe3yIbraTaMu IIie OJHO-
ro excriepuMeHTy [51] HRS 3nuxyBas npoaykitito IJI-1p it
akTuBalio iHpiramacomHoro komruiekcy NLRP3, uytnu-
BOTO IO MiTOXOHIpPiaIbHOTO OKKMCHOTO CTpecy. Yci 1li JaHi
cBimuath 1po te, 1o HRS 3ailicHioe 6araToKOMIOHEHTHY
npoTekTuBHY Aito nipu ['Tl: 3meHye mpoaykiito AOK,
MiATPUMYE PiBEHb IJIyTaTiOHY, IPUTHIYYE 3aMalbHi LLUISIXU
(NF-xB, NLRP3, INK/p38), oOmMexxye anonTos i moJtimniiye
dyukitito He aume I13, a i MoB’s3aHUX i3 HEIO OpraHiB-
MimeHei. BooHouac ciin miakpecanTu, 1o i e(eKTu 10-
BEIICH] JINIIIE B paMKax JOKJIiHIYHUX €KCITepUMEHTaTbHUX
moneneii; nepcrnektTuBHicTh HRS sk TepaneBTuyHOrO 3a-
coOy npu I'TI moTpeOye momanbioi nepeBipky y KIiHIYHUX
ymoBax [52].

MiaBULLEHHS eKcrnpecii @eHAOreHHUX
COHTUOKCUAQHTIB

AKTUBALllisI eHIOTEHHUX aHTUOKCUIAHTHUX CUCTEM, 30-
kpema GPx, CO/, xarana3u ta HO-1, po3risimaeTbcs K
MEePCNEeKTUBHUI HAMPsIM aHTUOKCUJIAHTHOI Tepartii rnmpu
I'TI. LeHTpaabHy poJib Y PEryJsiilii TpaHCKPUIILLi TeHiB, Bifl-
MOBiIaTbHNMX 332 AHTUOKCUAAHTHUI 3aXMCT, Biirpae hakrop
simepHoi TpaHcKpuIiii Nrf2, akTuBalist SKOro 103BOJISIE
HiABUIINATU €KCIIPECiI0 3aXUCHUX OUIKIiB i 3MEHILIUTU BU-
paxkeHiCTh OKMCHOTO YIIKOIKeHHsI. KiltouoBUM MeXxaHi3-
MOM aKTHBallil IbOTO 3aXMCHOTO KacKaay € BUBIJIbHEHHS
Nrf2 i3 nurozonsHoro komruiekcy 3 KEAP1 (Kelch-like

ECH-associated protein 1) y BinmmoBigb Ha IigABUIIECHHS
piBHst ADK. ITicnsg TpaHcnokaiii y siapo Nrf2 3B’s13yeTbest
3 aHTUOKCUIAHTHUMU BigrnoBigHuMu eaeMmeHTamu (ARE —
antioxidant response element) y mpoMoTOpax LiJIbOBUX Te-
HiB, iHIYKYyIOUHU eKcIpecito ¢pepMeHTiB, Takux K HO-1,
NQOI1, GPx4, GCL (glutamate-cysteine ligase) Ta iHIINX.
Lle cripusie 3HMZKEHHIO PiBHS JIiMiAHOI MepoKcKaallii, cradi-
JTi3al1il MiTOXOHApiaJbHOI (PYHKIIII Ta MPUTHIYEHHIO IIpo3a-
nanbHoi Bignosini. B ymoBax I'TI HagmipHa renepaitist AOK
y HO€AHAHHI 3 IUCHYHKIIIEIO eHAOTeHHUX aHTUOKCUIAHT-
Hux cuctem (GPx, GSR, CO/I, kaTayiiaza) nmpu3BOIUTH 10
aKTUBallil Npo3anajibHUX CUTHAJbHUX IILUISIXiB, (pparMeH-
Tallii MiTOXOHAPi# i mporpecytodoro yikomkeHHs ALIK.
VY 3B’13Ky i3 uM papmakosoriuHa aktuailiss Nrf2/ARE-
HUTAXY PO3IIISINAETHCS SIK TTOTEHIIIHO e(eKTUBHA CTpaTeTis
U1t cTabiftizallii peloKC-roMeocTasy Ta 3MEHILIEHHS TSKKO-
CTi TTAaHKPEaTUTY.

Cepen nocnimkeHunx aktuBaTopiB Nrf2 omHuM i3 Hali-
nepiIux OyB cyjbgopacdaH — i3oTioLiaHaT IPHUPOTHOTO IO~
XOIIKEHHS1. Y Mojiei 1iepy/eiH-iHIyKOBAaHOTO MaHKPeaTUTy
cyabdopadaH cripusiB 3HAUHOMY MiABUILEHHIO eKCIpe-
cii Nrf2, a Takox 1ioro mimeneit — HO-1, NQO1, GPxI i
CO/11 y rkanuHax GP. Lle cynmpoBomKyBaiocst 3SHUKEHHSIM
piBHsI MJIA, BiTHOBJIEHHSIM aKTUBHOCTI aHTUOKCHIAHTHUX
(bepMeHTIB i MPUTHIYEHHSIM KOMIIOHEHTIB iH(bIamMacoMu
NLRP3, ASC, kacnasu-1, 1110 BKa3ye Ha TiCHUIi 3B 130K
MiX aHTMOKCHIAHTHUMHU Ta TTPOTU3AMAJIbHUMU MeXaHi3-
Mamu [53].

Ille ogHUM TTepCIIEKTUBHUM areHTOM € TTeOHOoN — (he-
HOJIbHA CITOJIyKa POCJIMHHOTO MOXO/KEHHSI, sIKa peati3ye
CBii1 3aXMCHUIA e(PeKT LUISIXOM OJHOYACHOI akTuBaLIii Nrf2
Ta inrioyBanHsa NF-xB. Y moneri epyieiH-iHIyKoBaHOTO
MaHKpeaTUTy Y MUl BBEACHHS IEOHOJY MPU3BOIUIIO 10
3MEHIIIEHHS TiCTOJIOTIYHOTO YIIKomKeHHs [13, 3HMKeHHST
piBHiB npo3anaibHux uuToKiHiB (IJI-1B, ®HII-0), 3MeH-
LIeHHs KoHIeHTpawii M/IA Ta minBUIleHHS aKTUBHOCTI
GPx i CO/l (puc. 2). IMyHoTricTOXiMIYHMT aHAI3 TATBEP-
nuB TpaHchokaiio Nrf2 y sapo Ta 3pocTaHHS eKCIipecii
HO-1, 1o cynpoBoIXyBasocsi 3HUXKEHHSIM aKTUBHOCTI
NF-kB p65 — mapkepa mpo3ananbHoi TpaHCKpuILii [54].

Ile omH¥M IIpenapaToM i3 JOBEAECHOIO 3MATHICTIO ITilI-
BMIIYBaTH EHIOTEHHUI aHTUOKCUIAHTHUIA 3aXUCT € Il -
PU3UH — TPUTEPIICHOBUI [JIIKO3WI, OTPUMAHUIA i3 KOPEHSI
conoaku (Glycyrrhiza glabra). OkpiMm n100pe BitoMuXx Mpo-
TU3anajJbHUX BJIACTUBOCTEM, MNIILUPU3UH BUSIBIISIE 31aT-
HiCcTh IpUTHiIvYyBaTu (heponTo3 nuisixom akrusauii KEAP1/
Nrf2/HO-1-curnansHoro uuisixy. ¥ moaeni TI'TI, ycknan-
HEHOTO BTOPMHHUM YpaxkeHHSIM MioKapja, CHCTEMHe BBe-
NeHHS TIIMPU3NHY CIIPUSIIIO 3HUXKEHHIO PiBHIB BiTbHOTO
3aiza, AOK ta MJIA, a TakOX MiaABUILIEHHIO KOHIIEHTpALil
BiTHOBJICHOTO TJIyTaTiOHY Y TKaHWHaxX ceplsi. OqHOYaCcHO
criocrepiranaocst migBuileHHs excrpecii Nrf2 i itoro mire-
Heit — HO-1 i GPx4. KittouoBy poJib 3a3HAYEHOTO LIJISIXY
MiATBEPAXKEHO HUISIXOM (DapMaKoJIOTriyHOTO a00 reHeTHY -
Horo iHrioyBaHHs Nrf2: y pa3i 610kagy 1poro ¢pakropa
3axXycHa Ais MIinupu3vHy Oysia MOBHICTIO HiBEJbOBaHa,
IO CBITYUTH PO MEXAHICTUUYHY 3aJIeXXKHICTh e(eKTy Bim
aKTHMBAIlil aHTMOKCUIAHTHOI BigImoBimi [55].

Cepen IpUPOAHUX CHOJYK i3 MYJBTU(DAKTOPHOIO aH-
TUOKCHUJAHTHOIO aKTUBHICTIO OCOOJIMBY yBary mpuBepTae
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eMOINH — aHTpalleHOBMI IepUBaT, i30JIbOBaHUI i3 KOope-
Hs1 peBeHto (Rheum palmatum). ¥ moneni TI'TI, ycknaaHe-
HOTO TOCTPUM YIIKOIKEHHSIM JIeTeHb, eMOJMH aKTUBYBaB
curHanbHuii Kackag Nrf2/HO-1/GPx4, 1o cyrnpoBoxky-
BaJIoCs TiABUILEHHSIM BMIiCTY TIyTaTioHy, ekcripecii GPx4 i
HO-1, a Takox 3HI>XKeHHAM KoHIeHTpaiit ADOK, BixbHO-
ro 3aiisa, 4-rinpokcunonenanio (4-HNE) i MJIA [56]. Cy-
KYIHICTb IIMX 3MiH CBiTYUTH PO e(PEKTUBHE IIPUTHIYCHHS
npoueciB heponTosy — 3a1i303aJeKHOT0 HEKPOTUUHOTO
TUITY KJIITUHHOI 3aru0eJIi, acoliiioBaHOTO 3 JIiIiTHOO Te-
pokcupalliero. 3HUKHEHHSI 3aXMCHOTO e(eKTY eMOIUHY
npu ¢papMakoJoriYHOMY a00 reHeTUYHOMY iHTiOyBaHHI
Nrf2 miaTBepaKye KJI0u0oBY POJIb LIOTO TPAHCKPUITIIHHO-
ro ¢dakTopa B peaiizallii aHTUOKCUIAHTHOTO IMOTEHIlialy
npenapary [56]. Kpim Toro, 3a mnaHumu Yao 3i CITiBaBT.
[57], eMoauH € dpapmakonoriyHuM akTuBatopoM HINT2
(histidine triad nucleotide-binding protein 2) — MiTOXOH-
JpiaibHOTO OiJIKa, 110 MO3UTUBHO PEryJioe okucHe doc-
dopumoBanHg (OXPHOS — oxidative phosphorylation).
Ilix BruiMBOM €MOIMHY CIOCTepiraaocs MiIBUILEHHS eKC-
npecii HINT2, aktuBalist kommiekcy I nuxaibHOTO JlaH-
wiora, BimHOBIIeHHS AYm, 3HuXeHHs npoaykiii ADPK Ta
3MEHIIEHHSI BUPAXKEHOCTi KJIITUHHOTO HEKpo3y (puc. 3).
JlomaTkoBo 3a(ikcoBaHO 3HMXKEHHS eKcmpecii Drpl
(dynamin-related protein 1) ta aktuBauito MFN2, 110
BKa3ye Ha IOJIMIIeHHs 0ajJaHCy MixX (pparMeHTalli€lo Ta
3JIUTTSIM MITOXOH/IPiii — BaXKJIMBOTO acIeKTy MiTOIUHAMI-

k. Lli ehexTr cynmpoBOIKyBaIMCs 3HAUHUM 3HUXKEHHSIM
piBHIB mpo3amanbHux mUToKiHiB (DHII-0, 1JI-1B) i mpu-
rHiYeHHsM akTtuBauii iHdiramacomu NLRP3, mio cBimunuth
PO MPpOTU3aNaJIbHUI TTOTEHIlial eMOIUHY, pealiZoBaHUi
Yyepe3 MiATPUMaHHS €eHEPTeTUYHOIO Ta CTPYKTYPHOTO TO-
meocrtazy ALIK I13 [57].

KBeplLeTuH, mMpoKo mociimkeHuit diaBoHoin, ae-
MOHCTPYE CKJIATHUI OaraTopiBHEBUIA BIUIUB HA PETYJISILIIIO
okcuaaTuBHoro crpecy nipu I'T1. Y Mozeni uepynein-inmy-
KOBaHOTO TTaHKPEaTUTy BBEIEHHS KBEPLIETUHY CYyIPOBO-
JIKYBAJIOCs 3HVKEHHSIM aKTUBHOCTI CUPOBATKOBOI aMijla3u
Ta jina3u, 3MeHIeHHsIM Hekpo3dy ALK i mpurHiyeHHsIM
iH(DinpTpanii iMyHHUX KIiTUH y TKaHuHy [13. OnHuwm i3
KJIIOYOBUX MEXaHi3MiB Jii € MOCTTpaHCKPUIILiliHA pery-
nsiis yepes BrinB Ha MikpoPHK, 3o0kpema miR-216b,
sKa iHTioye ekcrpecito MAP2K6 — 6inka, 110 aKTUBYE
curHanpHMii nUsax p38 MAPK. 1le 3yMoBiII0€ 3HMKEHHST
(bochopuntoBaHHs p38, MPUTHIYEHHS TPAHCKPUITILLi1 IOBrO-
Hekonyiouoi PHK NEAT1 (nuclear enriched abundant tran-
script 1) Ta, BiANOBiIHO, 3MEHIIIEHHS POIYKIIii Mpo3araib-
Hux nuToKiHiB @HIT-a Ta IJT1-6. OTXe, KBepLIETUH YNHUTD
AHTUOKCHIAHTHY Hil0 He JIMIIE IIJISIXOM 0e3mocepeaHbol
HelTpamizauii ADOK, a it yepe3 cKiIagHy TPaHCKPUITLIHO-
MOCTTPAHCKPUIILIHY MOAYJISIIIO 3allajJbHUX i CTPECOBUX
KackaziB [58]. [logaTkoBe TOCTiKEHHS 3a aJIbTepHATUBHIM
€KCIePUMEHTATBHUM MTPOTOKOJIOM MPOAEMOHCTPYBAJO, 1110
KBEPLIETUH TaKOX MPUTHiUye akTuBallito perientopa TLR4

IxBa Degraded
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PucyHok 2. lMeoHon 3axuwjae Big po3sutky I'Tl, perymoroum wwinsxu Nirf2 ta NF-kB [54]

Tom 21, N2 6, 2025

www.mif-ua.com, https://emergency.zaslavsky.com.ua 111



HaykoBum orasa / Scientific Review

Acute pancreatitis 's 5

— promote

it

PucyHok 3. flis emoaunHy npu I'T1 [57]

(Toll like receptor 4), anantepHoro 6isika MyD88 (myeloid
differentiation primary response 88), a TaK0OX 3HIKY€E (hoc-
dopuntoBanHs p38 MAPK Ta ekcripecito MapkepiB cTpecy
eHaorazMaruyHoro petukyiaymy (EP) y tkanuni I13. 1Li
edexTr cipusuIn He JIUIIIEe 3HUXKEHHIO OKMCHOTO CTPECY, aJie
1 BIMHOBJIEHHIO LITICHOCTi KMILIKOBOTO Oap’epa, 3MEeHIIIeH-
HIO J10T0 IPOHUKHOCTI I 0CJIa0JIEHHIO CUCTEMHOI 3aIlaIbHOL
BIAIMOBiIi B yMOBaX HEKPOTUYHOTO MaHKpeaTUTy. Takum
YUHOM, KBEPLETUH MPOSIBIISIE KOMIUIEKCHY J1it0, TTOEAHY-
OUM aHTUOKCUIAHTHY, IPOTU3anajibHy Ta 6ap’ep-3aXUcCHY
aKTUBHICTB [59].

[30paMHETHH, METUILOBAHUI TIOXiTHUI KBEPIIETUHY,
peaJti3ye CBili 3aXMCHMIA TTOTEHLIia)l Yepe3 iHIIWI CUTHAIb-
HU# MexaHizM — monudikauio nusixy KDM5SB/HtrA2
(lysine demethylase 5B/HtrA serine peptidase 2) [60]. ¥
monensx I'Tl, inmykoBaHoro L-apriniHoMm abo TaypoxoJja-
TOM HATpil0, 3aCTOCYBaHHSI i30paMHETUHY 3YMOBIIIOBAJIO
3HIVDKEHHS PiBHIB aMiia3u, Jina3u Ta mpo3alajlbHuX L1~
TOKIiHiB, cTabimizauiio AYm, 3MeHIeHHs reHepaiii ADK,
MiIBUIIEHHS BHYTPIIIHbOKJIITMHHOT KOHLIeHTpallii AT® i
nocuiieHHs excripecii HtrA2 — miToxoHmpianbHOro 0iaKa
3 aHTMATIONTOTUYHUMU BJIaCTUBOCTSIMU. BcTaHOBIIEHO, 1110
i3opamHeTuH iHrioye KDM5B — rictonmemeruiasy, sika
penpecye TpaHckputiio HtrA2, mo m03BoJIsie TOCUIUTHI
loro excripeciio Ta peaaizyBaTH 3aXUCHY 10 Ha PiBHi Mi-
TOXOHApIi [60].

linpokcutuposzon (I'T) — monideHobHA croNyKa, 110
MICTUTBCS B OJIMBKOBII OJ1i1, BUSIBIISIE BUpPaXKeHY e(heKTUB-
HICTb y KOpeKIlil MiToxoHapiaabHOI nucdynkiii mpu 'TI.
V uepynein-inaykoBaHiit Moaesi y muiieit BBeaeHHs ['T y
031 5 MT/KT CIPUYMHSIIO 3HAUHE 3HUXKEHHST aKTUBHOCTI
amijasu Ta jinasu, MpUrHideHHs MPOAYKIIil Mpo3anajlbHUX
mutokiHiB (IJI1-6, 1IJTI-1B, ®HII-a)), akTUBHOCTiI TPUIICUHY
Ta MITO. OnHovyacHO (hikcyBaaoCst IPUTHIYEHHS JITTiAHOT
nepokcuaauii (M/IA) Ta miaBuIlieHHSI aKTUBHOCTI aHTHOK-
cunanTHux pepmentiB — COJl, GPx, rayraTioHpemykTasu
(GR — Glutathione reductase) i rayraTioH-S-TpaHchepa3u
(GST — Glutathione-disulfide reductase), 1110 CBimIuTb IIPO
BITHOBJICHHST pefloKc-ToMeocTasy [61]. OCHOBHUM MOJIEKY-
msipauM MexaHi3MoM mii I'T € aktuBamiss Nrf2-3amesxxHoro
HIsixy 3 migsuineHHsIM ekcrpecii HO-1. MopdodoriuHo 1ie
CYIIPOBOIKYBAJIOCS 3MEHIIIEHHSIM HaOpsIKy, HekKpo3y ALIK,
iHibTpalii HeWTpodiNiB i 3HUKEHHAM eKcrpecii MoJie-
kyna anresii ICAM-1 (Intercellular Adhesion Molecule 1)
i P-selectin. Kpim Toro, I'T moninunysaB ¢byHKIIitO0 KUIII-

KOBOTro 0ap’epa, HOpMaTi3yloun eKCIIPECiio OiIKIB IIib-
HUX KOHTakTiB ZO-1 (Zonula Occludens 1) Ta OKJTIOAMHY,
a TaKOoX 3HMXKYBaB PiBeHb MiaMiHOKCHOA3W y CHPOBATIIi
KpoBi. OTXe, TiIPOKCUTUPO30JI HE JINIIE BiTHOBIIOE Mi-
TOXOHApPiaJIbHUM aHTUOKCUIAHTHUM 3aXUCT Yyepe3 IUIsIX
Nrf2/HO-1, ane TakoX YMHUTH CUCTEMHY MPOTHU3aTaIbHYy
it 6ap’eposaxucHy aito ripu I'TI [61].

KypkymiH, 6io1oriyHO aKTUBHMIT KOMITOHEHT KYPKYMM,
JNEMOHCTPYE BUPAXEHUI aHTUOKCUIAHTHUI MOTEHIIiaN y
koHTekcTi I'Tl, 1110 peani3yerncs yepes iHayKIlito eKcrpecii
E€HJIOTEHHUX aHTUOKCUIAHTIB, HacaMIIepe/l Y MiTOXOHIPisIX.
VY Hu3Li ekcnepuMeHTaIbHUX MOeIeld BCTAHOBIIEHO, 1110
KYpPKyMiH 3H1KYye yrBopeHHs ADK, 3MeHIIye piBHI MapKe-
PiB OKCUIATUBHOTO YIIKOMXEHHS, 30KpeMa 4-TiTpoKCUHO-
HeHamo (4-HNE), Ta moninurye mopdosnoriunmii ctand 13
3aJ1031 Y TBapUH i3 L-apriHiH-iHAyKOBaHUM MaHKPEaTUTOM
[62]. Y wiit Momesti TaKOX Big3HAYaIOCsS IPUTHIYEHHS €KC-
npecii MapKepiB arorTosy, 3anajieHHs i OKUCHOTO CTPECY,
Takux 1K NF-kB, MI1O ta TUNEL-no3utusHi siapa (TdT
dUTP nick end labeling), 1110 CBiTUNTh PO aKTUBALIiIO BHY-
TPILTHBOKJIITUHHUX 3aXUCHUX MEXaHi3MiB, BKJIIOYAIOUU aH-
TUOKCUIAHTHY BiIMOBiAb. Y MOIei LiepyJieiH-iHIyKOBaHO-
ro MaHKpeaTuTy, ocuyieHoro Jinomnosmicaxapuaom (JITTC),
3aCTOCYBaHHS KypKYMiHY in vitro cympoBOIXKYBaJIOCs 3HU-
JKEHHSIM aKTUBHOCTI aminasu, koHueHrtpawin @HII-a ta
C-peakTUBHOTO 0OiJiKa, a TAKOX MPUTHIYEHHSIM (ochopu-
moBaHHA p38 MAPK — omHOro i3 KII040BUX CUTHAJTBHUX
LLJISIXIB, 3AJTy4YEHMX B OKCUIATUBHE I 3aMajibHE YIIKOKEH-
Hs1 [63]. YV mocnimkenHi Anchi 3i criiBaBT. [64] nmpogeMoH-
CTPOBAHO, 110 MiKPOYAaCTUHKU KYPKYMiHY 3i CITOBiJIbHE-
HUM BUBiJIbHEHHSIM CYTTEBO 3HIKYBaJIU PiBHI MapKepiB
OKCHJATUBHOTO 1 HITPO3aTUBHOTO CTPECY, TAKUX K BMICT
BiIHOBJIEHOTI'O IJIyTaTiOHY Ta HITPUTIB, Yy MOJEJIi LiepyaeiH-
iHIyKOBaHOTO IMaHKpeaTuTy. CIrocTepiraaocs MiaBUIIEeHHS
ekcrpecii TpaHckpunuiliHoro daktopa Nrf2 — ocHOBHOTO
peryJIsiTopa aHTUOKCUIAHTHOI BilIIOBimi, a TAKOX ITiIBU-
IIEHHs eKcripecii aHTuanontoruyHoro 6inka Bcl-2, 1o
BKa3ye Ha 3MEHIIEHHS OKCUJIATUBHO-OIIOCEPEIKOBAHOTO
amontosy. Y moxeni TI'TI, yckiagHeHOTO TOCTPUM ypaxkKeH-
HSIM HUPOK, KYPKYMiH 3HUKYBaB €KCIPECiio il aKTUBHICThb
curHasibHOTO Kackany JAK2/STAT3 (janus kinase 2/signal
transducer and activator of transcription 3), 1110 iHAYKy€TbCSI
npos3ananbHuMu LutokiHamu (OHII-o, 1J1-6), cipusio-
YU 3MEHIIEHHIO 3aMaJIbHOTO 1 OKCUIATUBHOTO YpaXKeHHSI
TKaHuH [65]. KpiM TOro, TOBEAEHO, 10 KYPKYMiH MOIY-
smoe curHanbHuil nuisix TRAF1/ASK1/JNK (TNF recep-
tor associated factor 1/apoptosis signal-regulating kinase
1/c-Jun N-terminal kinase), TpurHiuyo4u cTpec-3ajiexxHy
TpaHcaokalito NF-«B no sigpa, 3 mogaabiynm 3MeHILIEHHSIM
TPaHCKPUIILii IIpo3anajJbHUX I'eHiB i piBHIB TKAHUHHOTO
OKCHMIATUBHOTIO cTpecy [66]. YV KiIiHiYHOMY JOCTiIXKEHH]
3a YJacCTIO TAaIli€HTIB i3 JIETKUM i CepeTHbOTSKKUM Iepedi-
TOM TTaHKPeaTUTy 3aCTOCYBaHHSI HAHO(hOPMYJIU KyPKYMiHY
CYMPOBOJIXKYBAJIOCS 3MEHILIEHHSIM MOTpeOr B aHaIre3ii Ta
CKOpPOYEHHSIM TPUBAJIOCTI TOCTIiTaIi3a1lii, 110 CBiTYUTH IIPO
MNOTEHILiliHEe 3HMXXEHHS piBHS 3aMaJibHOroO i, iMOBIpHO,
OKCHMJIATUBHOIO YpaxK€HHS, Xo4a MmpsiMa olliHKa peaoKC-
cratycy He mpoBoamiacs [67]. TakuM 4MHOM, KYpKYMiH
YUHUTH OaraToakToOpHUI NpoTeKTUBHUI edekT mpu I'T1
3aBJISIKM iHTIOYBaHHIO CTPEC-3aJIEXKHUX CUTHATbHUX 1UTSIXiB
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(MAPK, JAK2/STAT3, TRAF1/ASK1/INK) Ta aktuBaii
€HJIOTeHHUX aHTUOKCUAAHTHUX CUCTEM, 30KpeMa IUISIXY
Nrf2. Moro edeKTUBHICTb 1OBEACHA SK Y BUMISIAI BUIbHOT
MOJIEKYJIU, TaK i y (hopMi MiKpOKarcy1b0BaHUX TIperapariB
3i CIIOBUJIbHEHUM BUBLIbHEHHSIM, 1110 TOJIIIIYIOTH Oiogoc-
TYMHICTb i MOJOBXYIOTh TPUBATICTb Jii.

Tinporen cynbdin (H,S) i fioro noHaropu, 3okpemMa
Hatpiit rimpocynbdin (NaHS), neMoHCTpyIOTh 30aTHICTD
MOJYJIFOBATU €KCIIPECito eHAOTeHHUX aHTUOKCUIAHTHUX
cucrtem nipu ['Tl, mpore ixHi epeKTH 3HAYHOIO MipOIO 3a-
JIexXaTh BiJl 103U, CTalii MaToJOTiYHOTO MPOLIECy Ta TUITY
KJIITUHHUX MillleHei. B omHOMY 3 eKcriepuMeHTaIbHUX 10-
CJIiIDKeHb BCTAHOBJIEHO, 1110 MiaABUIIeHHS piBHS H,S muis-
XxoM cucteMHoro BBeneHHss NaHS y miypiB i3 I'TI akTuBye
curHanbHu nursix AMPK i BomHouac npuraiaye mTOR
(mammalian target of rapamycin), 110 cipusie HAAMipHii
akTuBallil aBTOdarii, HaKONMMYEHHIO aBTO(hArocoM i po3-
BUTKY HeKpoTnuHoro ymkomkeHHst ALLK. Hasraku, dap-
MakoJioriyHe iHrioyBaHHs eHnoreHHoro H,S 3a nonomoroio
DL-nponaprinrninuny (PAG) cynpoBoaxkyBajiocsi 3MeH-
LIEHHSIM eKcIpecii MapKepiB HeKpo3y, 30kpema HMGBI,
Ta 3HWXKEHHSM TSKKOCTI YIIKOMKEeHHs TKaHuHu 13 [68].
i pe3ysabTaTil CBiguaTh, 1110 HaAMipHa KoH1leHTpauis H,S
MOXe CIIPUYMHSITU MPOOKCUAAHTHI Ta Ipo3araibHi epek-
TH Uepe3 AU3PErysiiio KJIITUHHOI afanTallii 10 cTpecy.
BogHouac iH1Ie gocaigkeHHsI, BAKOHaAHe Ha MOJEsi He-
KPOTUYHOTO TTAHKPEATUTY, MPOJEMOHCTPYBaJo, 1110 BBe-
neHHst NaHS y 103i 10 Mr/Kr acoliiloeTbest 31 3MEHILIEHHSIM
akTuBHOCTI MIIO y nereHeBiii TKaHWHI Ta 3MEHIIIEHHIM
Haopsiky [13 6e3 cyTTeBOro BILUIMBY Ha CTYMiHb HEKPO3Y,
1110 MOX€ BKa3yBaTW Ha MpOTU3anajibHy Ta MOTEHUiHO
aHTHoKcuaaHTHY aito H,S 3a meBHux ymoB [69]. ¥ 11ie ogHo-
My nociimkeHHi Ha monesi TT'TI BctaHoBieHo, 1m0 NaHS
IHIyKYy€ T0303aJIexKHe TiaBuIleHHs piBHSa H,S, mpurHiuye
PI3K/AKT-curHaapHuil NUISIX i aKTUBYE TPAHCKPUITLIili-
Huii ¢pakrop NF-«B. lle cynnpoBomKy€eThCsa 3MEHIIIEHHSIM
ekcrpecii nposanaiabHux Meaiatopis (IJ1-6, IkBa), a Takosk
3HIDKEHHSIM akTuBHOCTI MITO, 1110 CBiZYUTh PO KOMII-
JICKCHUI TIPOTU3AITaIbHUI i aHTUOKCUIAHTHUI MeXaHi3M
nii H,S [70]. BaxkauBuM CrocTepexXeHHSIM € 3HUKEHHS
ennoreHHoro pisHs1 H,S nipu TI'TI, 1110 Mmoxe cBiguntu rpo
BUCHAXXEHHS €HIOTeHHOTO 3aXMCHOTO TMOTEeHIIiany; ioro
KOMIIeHcallisl ek3oreHHuMu foHopamu H,S akTuBye anan-
TUBHI pefloKCc-3axUCHi msixu. Takum unHom, H,S BusBisie
MOTeHIliaJl 0 aKTUBaLlil €eHAOTeHHUX aHTUOKCUJIAHTHUX
MeXaHi3MiB uepe3 3aJIy4eHHsI CUTHaJIbHUX KackaniB AMPK/
mTOR i PI3K/AKT/NF-«B. BoaHouac 11i echekTH € 1030-
3aJIEXKHUMU Ta KOHTEKCTYaJIbHO-CIIeM(PITHUMUI: HaAMipHi
KoH1eHTpauii H,S MoXyTh morimotoBaTH YIIKOKEHHST,
IHIYKYIOUM HEKPO3 i HAAMipHY aBTO(ario, Toi SIK IToMipHe
BBEJICHHSI IOTO JIOHATOpPIB 3a0e3Mevye MPUTHIYeHHS Mpo-
OKCUAAHTHMX i Mpo3anajibHuX (akTopiB, CIIpUsIIOUYN 30e-
pPEeXEeHHIO KJIITUHHOI 1iJTICHOCTI.

Actparano3us IV (AS-1V), ocHOBHUIT 6i0aKTUBHMIA
KOMITOHEHT Astragalus membranaceus, 1eMOHCTPY€E BU-
paxXeHy 30aTHICTh A0 MiABUILIEHHS €KCIpecii eHAOTeHHUX
MiTOXOHIpianbHUX aHTHOKcuaaHTiB npu ['Il. ¥V mocni-
JDKEHHI Ha MOJIeJisiX HaTpiii-taypoxosar- i L-apriniH-
iHIYKOBAaHOI'O MaHKpeaTUuTy y IL1ypiB BBeaeHHsI AS-1V 'y
no3i 50 Mr/Kr 3yMOBJIIOBaJiO 3HAaYHE 3HUXKEHHS PiBHIB

CHpPOBATKOBOI aMiJla3M Ta Jiila3u, IPUTHIYeHHS HEKPO3y
ALK Tta 3mMeHmeHHs iHbinbrpaitii TkanuH [13 3ananb-
HUMMU KiiTuHaMmu [71]. OgHUM i3 MPOBIZHMUX MEXaHi3MiB
Iii Tiperapaty O0yJ10 MiJABUIIEHHS eKCIIpecii CyrepoKcuI-
nucmytaz — COJl1 (LMTO301bHOT, Mib/LIMHK-3aJIEXKHOT)
ta CO/I2 (MiTOXOHIpiaJbHOI, MapPTaHIIEBO3AJIEXKHOT), SIKi
€ KpUTUYHUMU (epMeHTaMU peaoKc-romeocrtasy. Me-
togoM RT-qPCR minTBepmXeHO 3HAYHE ITiABUIIEHHS
TpaHckpumnuii reHiB Sodl i Sod2, a pe3ynbrat BeCTepH-
0710TYy BepudikyBaau 3pOCTaHHS BilIOBIAHOTO OiJTKOBO-
ro piBHs y TKaHuHax [13 micnst BBeneHHss AS-1V. B izo-
npoBaHux ALLK, iHayKoBaHMX HaTpiii-TaypoxojaToM abo
L-aprininom, nonepentst oopodka AS-IV 3anobirana 3Hu-
KeHHIo piBHs1 AT®, 3meHIyBajia TpaHciaokalito NF-kB
p65 mo simpa, a Takox miaTpumyBaia exkcrpeciio COJI 1
i COJI2, mo BKa3ye Ha 30epexXeHHs (PYHKIIOHAJTbHOTO
CTaHy MITOXOHIPi#i i 3MEHIIIEHHSI OKCUIATUBHOTO CTPECy
[71]. Kpim Toro, 3HMXeHHs akTuBHOCTI MITO y TKaHMHax
CBITYUTH MPO 3MEHILEHHS HeHTpodinbHOI iHdiabTpallii,
10 JOJATKOBO MiATBEPIKYE CUCTEMHY aHTUOKCUIAHTHY
niro npernapaty. OTxe, actparano3ua IV Y4uHUTb LUTO-
npotekTuBHY Aito npu 'l msxom iHmyKIIii ekcrpecii
€HJIOTEHHUX aHTMOKCUJIAHTHUX (PePMEHTIB, 30KpemMa Mi-
ToxoHapianbHuX popm CO/l, 3 0omHOYACHUM IPUTHIUEH-
HSIM TIpO3anajbHOTO TpaHcKputiiiiitHoro Kackany NF-xB
i MiATpUMaHHIM eHepreTuyHoi HizicHocti ALLK.

BcraHoBneHo, 1110 BiTHOBJIEHHSI PiBHSI IJIyTaTiOHY B Mi-
TOXOHJIPiSIX € KJIIOYOBUM MEXaHi3MOM IPOTEKTOPHOI il Bi-
taminy B,, mpu I'TI [72]. ¥ mozeni naHkpeaTuTy, iHIyKOBa-
HOT'O TaypOXOJIEBOIO KUCJIOTOIO, CIIOCTEPIraiocst 3HUKEHHS
CIiBBiIHOIIIEHHSI BiTHOBJIEHOTO 10 OKMCHEHOTO INIyTaTiOHY
(GSH/GSSG — glutathione/glutathione disulfide), Hako-
nmuyeHHss ADK ta BUpaxeHi 03HaKU MiTOXOHAPiaJlbHOTO
YIIKoKeHHSI. OgqHoYacHO AedimuT pepMeHTy IMCTaTio-
HiH-B-cuHTa3u (LIBC), kmoyoBoro ajist 6ioCUHTE3Y TJy-
TaTioOHY Yepe3 TpaHCCYIbPypaLiiiHII IIUISIX, aCOLIiFOBaBCS
3 TSDKYMM TepebiroM 3amnajeHHs. 3acTOCyBaHHS BiTaMiHy
B,, cnipusuio aktusauii LIBC, nigBuilieHHIO BHYTPILIHBO-
KJiTMHHOTO piBHS TiyTatioHy B ALIK i Hopmanizartii kii-
TUHHOTO pefoKc-0anaHcy. OKpiM LbOro, 3aXMcHUii eheKT
BiTamMiHy B,, peasnizyeTbcsi uepe3 akTUBALlil0 CUTHATTbHUX
msixiB Nrf2 i SIRT1/PGC-la, innykuito mitodarii ta
OpUTHIiYeHHS 3arajabHoro kackany [72]. Takum yuHOM,
MiATPUMKA aHTUOKCUAAHTHOIO MOTEHIIiaJly MiTOXOHIpPilt
3a paxXyHOK PeryJisiiii roMeocTady IIyTaTiOHy € KPUTUYHO
BaXJIMBUM MeXaHi3MoM nuto3axucty nipu ['T1.

LlenacTpon — NpupoOAHUIA TPUTEPIIEHOBUIA iHTiGITOD,
oTpuMaHUii i3 pocimuHu Tripterygium wilfordii, mposiBisie
BUpPaXeHY MpOoTU3anaibHy i aHTUOKCUIAHTHY aKTUBHICTh
npu ['Tl, 3o0kpema IIIIX0OM BIUIMBY Ha MITOXOHIpiaJdbHY
nucoyHKiio [73]. Henactpon 3Hmkye yrBopeHHsT MTADK,
cTabitizye A¥Ym Ta nepenikoakae akTupallii HEKpOITo3y —
(hopmu nmporpaMoBaHOi HEKPOTUYHOI 3aruoelti KJIiTUH, sKa
OITOCEPEIKOBYEThCS YIIKOIKEHHSIM MiToxoHapil. [Tpena-
pat npurHigye pochopuIoBaHHS KITIOYOBUX KOMIIOHEHTIB
HekponToTuyHoro kackany — RIPKI1 (Receptor Interacting
Serine/Threonine Kinase 1), RIPK3 (Receptor Interacting
Serine/Threonine Kinase 3) i MLKL (Mixed lineage kinase
domain like pseudokinase), 1110 3armoo6irae ¢opMyBaHHIO He-
KpocoMHM Ta 3HIXKYeE piBeHb HeKpo3y ALLK I13. Lle cympo-
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BOJIXKYETBHCSI 3MEHILIEHHSM TSDKKOCTI 3arajieHHsI, HaOpsKy
TKaHWH i HOpMaJli3alieo 0i0XiMiYHUX MapKepiB MOIIKO-
mxeHHs [13 [73]. [loganpiri DOCTimKeHHS CIIPSIMOBaHi Ha
ONTHMIi3allilo TOCTAaBKH 11eJIaCTPOJTY 10 YPaKeHOI TKAHUHU.
3okpema, XiMiuHa MoaM@ikallisi MOJIEKYJIM IIUISIXOM BBeE-
JIEHHSI TPETUHHOI aMiHOTPYNY 3HAYHO MOJIIMIIYE 1i 31aT-
HiCTb Jo1aTu reMaronaHkpeatuuHuii 6ap’ep (I'T1B) i 3a-
Oe3Ireuye JoKajabHe HakonmuueHHs Itpenapaty B ALIK. Lle
JTO3BOJISIE TIBUIIIUTH OTO TepareBTUYHY e(PeKTUBHICTD 3a
PaxyHOK MOCWJIEHHSI aHTUMOKCUJIAHTHOI aKTUBHOCTI, TIPH-
THIYEHHSI TIPOMYKIIii Mpo3anajibHUX LIMTOKIHIB i CIIPUSTHHS
MOpGhOJIOTiYHOMY BiTHOBJIEHHIO TKaHUH [74].

Hes3Baxawouu Ha MaToreHeTUYHY OOTPYHTOBAHICTh
aHTHOKcUIaHTHoOI Teparii ipu I'Tl, ii kiiHiYHaA eeKTHB-
HICTh 3a/IMIIAEThC oOMexeHoo. OcCHOBHUMU Oap’epamMu
€ HU3bKa NMpoHuKHIcTh ['TIDB, 1110 ycKITagHI0€ HaAXOIKEHHST
npernapariB 10 3anajeHoi TkanuHu [13, a Takox Hecmpo-
MOXHICTb OUIBIIOCTI CIIOJIYK A0 criel(iYHOro TPaHCTIOPTY
B MIiTOXOH/pil — TrOJIOBHY MillleHb OKCUJIAaTUBHOIO YIIIKO-
JKeHHs1. BupitieHHs1 1iux mpo6JieM rmotpedye nmoaaibiiol
PO3pPOOKM aIpeCcHUX 3aCO0iB TOCTAaBKM aHTUOKCUIAHTIB
i3 MiTOXOHIpiaJbHOIO CHEHUMIYHICTIO Ta BUCOKOIO 0io-
JIOCTYITHICTIO.

BAOKYBOHHSI MiTOXOHAPIAABHOT
nepexiAHOI NopU NPOHUKHOCTI

BukopuCTaHHS iHriGitopis mPTP

MiTtoxoHapianbHi TOPYIIEHHS, 30KpeMa IaTOJIOTiuHe
BinkputTsi mPTP, € k1io4oBUM MeXaHi3MOM YIIKOJIXKEH-
Ha ALK I13 mpu I'Tl. ¥ 38’sa3ky 3 uumMm inridiropu mPTP
PO3IJISIIAOTHCS SIK TIEPCIIEKTUBHI 3aCO0U JUISI 3MEHILIEHHSI
MITOXOHIpiaJbHOI AMCGYHKILI1, allONTO3y Ta HEKPO3Y B ypa-
JKEHUX KIIITUHAX.

[lukocriopuH A Ta iioro He(ppPOTOKCUYHO HEaKTUBHA
noximHa NIM811 neMOHCTPYIOTh 3aXHCHY M0 Ha MiTOXOH-
Ipii nuissxoM iHrioyBaHHs BigkpuTTst mPTP, peryiboBaHoro
uuknodininom D. Y nepebiry I'Tl ctumyngropu, Taki K
JKOBYHI KUCJIOTU 200 KOMOiHaIlisl €TaHOIY 3 €TUJIOBUMU
edipamMu XXUPHUX KUCIIOT, CHPUYMHSIOTh TE€PEBAHTAKEHHS
ALK xanplieM, 110 TpU3BOAUTH A0 aKTUBALIil HUKIOQi-
aniny D, Binkpurts mPTP, BTpatn AYm, nenonsipusanii
MIiTOXOHApiaJIbHOT MeMOpaHU, 3HUKeHHST cuHTe3y ATD i
MOJABIIOT0 HEKpo3y KJIiTuH. 3actocyBaHHs NIM811 a6o
LIUKJIOCTIOPUHY A TIEPEIIKOIKA€E IIbOMY KacKay, CTabiIizye
A¥m, 30epirae 1iJicHICTh MiITOXOHIpiaJIbHUX MeMOpaH i
3aro0irae eHepreTMYHOMY KoJjarcy KiitTuHu. ExcriepumeH-
TaJIbHi JOCIIIXKEHHS MOKa3ajn, 110 SK (apMaKoJIOTiuHe,
TaK i reHeTUYHe iHTiOyBaHHS UKI0piaiHy D cripusie Bin-
HOBJICHHIO MiTOXOHAPiaJIbHOTO MOTEHIIialy Ta 3MEHILIEHHIO
BTpaTU MiTOXOHIpiaJIbHOI Macu B allMHAPHUX i TPOTOKOBUX
KJIITUHAX, SIKi 3a3HAIOTH il TAaHKPEATOTOKCUYHHUX areHTiB
[31]. e cynpoBomKy€eThCs 30epeskeHHSIM (DYyHKIIOHATbHOT
aKTUBHOCTI MITOXOHIpiii, 30KpeMa IiIBUIIEHHSIM PiBHIiB
excnpecii TOM?20 (translocase of outer membrane 20), 110
BKa3ye Ha 30epeKeHHsI KiIbKOCTI (PyHKIIOHATbHO aKTUB-
HUX OpraHeJl i 3SMeHIIIEHHsI KJIITMHHOI 3arubei. BomHouac
aJIbTepHAaTUBHE JOCJIIKEHHS IMPOJAEMOHCTPYBAJIo, 1110 3a
YMOB BUPaXXEHOTO OKHCHIOBAJILHOTO CTpecy (HampuKIIa,
ingykoBaHoro H,0O, abo MeHaioHOM) MOPYIIEHHST MiTO-

XOHIpiaJbHOI 6i0eHEePreTUKU Ta 3HIXKEHHS TTpoayKiii ATD
MOXYTb BiIOyBaTUCS HE3aJIeKHO BiJl aKTUBHOCTI LIMKJIO-
¢ininy D i mPTP-3anexxnoro mexanizmy [75]. 3okpema,
HaBiTh 32 YMOB IeHETUYHOTO HOKayTy HUKJIodiainy D a6o
1ioro ¢papMaKoJIOriYHOro OJIOKYBaHHS LIMKJIOCIIOPUHOM A
criocTepiranocs 3HMKeHHsI AY'm, 3MeHILIeHHST 3aI1acHOI 1 -
XaJIbHOT 31aTHOCTI Ta npoaykiii AT®. Lle cBimuuTh npo e,
IO IIpY HauIMILIKOBOMY yTBOpeHHI ADK mPTP-nHe3anexHi
MEXaHi3MU TaKOX MOXYTb OYTH 3alydyeHi 10 MOpyIlIeH-
HSI eHepreTuyHoro Merabouismy. Ilpore y konrekcri I'Tl,
Jle TIPOBITHUM TPUTEPOM MIiTOXOHIpPiaJbHOI NUCHYHKILIT
€ KajpllieBe nepeBaHTaxkeHHs:, mPTP-onocepenkoBanuii
MeXaHi3M Bijlirpa€ LeHTpabHY poJib. BinmosigHo, 1ukioc-
MOPUH i Or0 MOXiHI TeMOHCTPYIOTh 3HAYHUI MOTEeHILiaa
K 3aco0u crabinizaii AYm, 36epexxeHHs cuHTe3y ATD,
3MEHIIIEHHSI HEKPO3Y Ta MOJIIIIEHHS XUTTE3NATHOCTI KJTi-
tuH [31]. Lle oOrpyHTOBY€E IXHE BUKOPUCTAHHS y MeXKax
TepaneBTUYHUX CTPATeTiil, CIIPSIMOBAHUX Ha TMiATPUMKY
MiTOXOHIpiaJIbHOI (PYHKIIil i1 eHepreTMYHOro roMeocTasy
mpu ['T1.

Hurigponiocrenin (Dydio), HammiBCUHTETUYHUI TT0-
XiZHUI TiOCTeHiHY, TAKOX YMHUTH IIPOTEKTOPHY Iil0 Ha
MIiTOXOHIIPii IIJISIXOM MpUTrHiYeHHs BinkpuTTss mPTP, o
I03BoJIsIE 30epert AYm B yMOBaX BIUIMBY >KOBUHUX KUC-
JIOT, €TaHOJTY I eTMIIOBUX eipiB XupHUX KUCIOT [76]. Kpim
toro, Dydio inrioye PI3Ky/Akt-curHaabHuii UISIX, 110
00MeXye 3anaibHy BiiMOBinb. Y TpboX in vivo mogesnsix ['T1
OyJ10 1okasaHo, 1o Dydio 3menIye Hekpo3 ALIK i cynyTHe
ypaxkeHHSI JIeTeHeBO1 TKaHUHU [76].

[HIIM MOXiAHUU JiOCTeHiHY, YMOBHO MO3HAYEHUI SIK
Drug D, peanisye 3axucT MiTOXOHIpPiil OOCepeaKoBaHO,
yepe3 nMpurHiyeHHs HakonnyeHHs1 GSDMD (gasdermin
D) B EP ta monymoBanHs nuisixy TXNIP/HIF-1o (thiore-
doxin-interacting protein/hypoxia-inducible factor 1-alpha)
[77]. Lle 3HMXye piBeHb OKCUIATUBHOIO i €eHA0TIa3MaThy -
HOTO CTPECY, TICHO MOB’13aHUX i3 BTOPUHHUM YIIKOKEH-
HsIM MiToxoHapiit ipu ['T1.

TRO40303, e onuH iHriditop mPTP, 3anoGirae Brpati
A¥Ym ta HeKpoTtnuHiii 3arn6eni ALK, ingykoBaHiii eTmio-
Bumu edipamu xupHux kuciaor (FAEE — fatty acid ethyl
esters), SIK y MUIIIEH, TaK i B KyJIBTypax JIOACHKUX KIITUH
[78]. TIpenapaTt Mae 3natHicTh HaKonuuyBatucsa y I13, a
1I0ro OMIHOPA30Be BBEIESHHSI CYTTEBO 3HIDKYE PiBHI aminasu,
TPUTICUHY Ta BUPAXEHICTh MOPGOJIOTIYHOTO YITKOIKEHHSI,
o poouts TRO40303 nepcneKTMBHUM KaHIUIATOM JIJIs1
MiTOXOHApiaJIbHO-0OpieHTOBaHOI Teparii ['T1.

BAOKYBOHHSI MiTOXOHAPIOABHOIO KAAbLLIE€EBOIO
YHinoprtepa

3anobiraHHs Kalblli€BOMY ITepeBaHTAXKEHHIO MiTOXOH-
NIPiii PO3TJISIIAETHCS SIK MEPCIIEKTUBHUI HAIMPSIM Tepartii
I'TI, ockinbKku caMe HaaMipHe HaAXOMIKEHHS KaJlbllilo B
MITOXOH/IPIi € KJIIOYOBUM TpurepoM Binkputtss mPTP, Brpa-
™ A¥Ym, HagMmipHOro yrBopeHHs1 APK Ta HEKpOTUYHOT
3aruoeni ALLK. 3 1iero MeTo10 BUBUAIOTHCS KilbKa hapma-
KOJIOTIYHUMX areHTiB, 3MaTHUX iHTiOyBaTH TPaHCIOPTYBaH-
HST KaJIbllil0 B MiTOXOHAPil a00 cTabii3yBaTh KIITUHHUI
KaJbli€BUIA TOMEOCTa3.

OnHuM i3 Takux 3aco0iB € pyTeHili yepBoHMii (RuR),
SIKUT OJIOKYE MITOXOHIpiaTbHUI KaJIbIIEBUI YHITTOPTED
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(MCU — mitochondrial calcium uniporter) — rojJOBHUIA
LIJIIX HAIXOIKEHHS KaJbllil0 B MATPUKC MITOXOHAPIiil. Y
Mozesi HepyaeiH-iHIyKOBAaHOro MaHKPeaTUTy B MUIIEH
BHYTpillTHbouepeBHe BBeneHHsI RuR y mo3ax 3 ta 5 mr/kr
MPU3BOAUIO J0 3HMKEHHS 0i0XiMiUHMX MapKepiB YIIKO-
mkeHHs [13, BKIIoYaroun akTUBHICTB JTinasu, pisHi @HIT-o
ta MITO. Kpim TOro, criocrepirajaocst CTaTUCTUYHO 3Ha-
qyle 3MEHIIeHHS TSKKOCTi TicTOMOP(OIOTIYHNX 3MiH,
30KpeMa HaOpsIKy, iHiIBTpallil 3anajJbHUMM KIITUHAMU Ta
HEeKpOo3y allMHapHUX cTPYKTyp [79]. Ha kiniTuHHOMY piBHi B
i30J1b0BaHUX allMHapHUX KiliTiHax RuR iHriOyBaB HagMipHY
exkcnpecito MCU, 3H1XyBaB KOHLIEHTPAIIil0 IIUTO30JIbHOTO
KaJIblIito, 3MeHIITyBaB rpoaykKirio ADK, 3armobiras nemnoJisi-
pu3aliii MiTOXOHIpiaibHOT MeMOpaHu Ta BigkputTio mPTP,
110 y CYKYITHOCTI CIIpusiio 30epeskeHHIo 3amaciB ATD [80].
Takox OyJ10 BCTAHOBJIEHO 3HVXKEHHS PiBHIB ITpo3arajlbHUX
LIMTOKIiHIB, 30kpeMa [JI-1B 1 @HII-a, 110 cBimunTh PO oro-
cepelKOoBaHy MpoTu3anaibHy niro RuR, 3ymoBieHy 3aro-
OiraHHsIM KaJiblli€eBO-iHAYKOBaHili MiTOXOHApiaabHilt uc-
¢ynkuii. Takum ynHOM, iHTiOyBaHHS MCU 3a momomororo
RuR cnpusie 36epexxeHHI0 eHEPreTUYHOro MeTadoIizMy,
3MEHIIEHHIO OKCUJIATUBHOTO CTPECY Ta HEKPO3y KIIITUH,
11O TMTiAKPECIIIOE HOTo MOTEHILiall SIK TepareBTUYHOTO areHTa
npu I'T1.

MepcnekTUBM NOAAABLLUMX AOCAIAXKEHDb
TMopanpiri gocaikKeHHS y Tajqy3i MiTOXOHApialbHO-
TapretHoi Tepamnii mpu I'Tl MaloTh 3HaYHUII MOTEHILIaN i €
KJTIOUOBUMM TSI TPAHCIISALIIL pe3ybTaTiB JOKIIHIYHUX 10~
CJIIKEeHb Y KIIiHIYHY TTpakTuKy. Oco0JIMBOI yBaru rnorpe-
Oye norinbiaeHe BUBYEHHS MOJICKYJISIPHUX MeXaHi3MiB il
MEePCIIEKTUBHUX CITOJIYK i3 METOIO AeTali3alil CUTHAJIbHUX
LIUISIXiB, Yepes sIKi peastizyeThes IXHil TepaneBTUYHUI e(heKT,
a TaKOX BCTAHOBJICHHS MOTEHIIIMHUX B3a€EMOii 3 iHIIIM-
MM KJIITUHHUMU MpoliecaMu, TAKUMM SIK aBToarisi, aror-
TO3, HEKPOIITO3 Ta iMyHHa BiAmoBiab. [lepcneKTMBHUM €
TaKOX JOCJIKEHHSI KOMOIHOBAHOTO 3aCTOCYBAHHS Pi3HUX
MITOXOHIpiaJIbHO-CIPSIMOBAaHMX areHTiB a00 iX KOMOiHalIii
i3 0a3MCHOIO TATPUMYBAJIbHOIO Tepalli€lo, 110 MOXe 3a-
0e3IeYuTd CUHEePTiYHUN eEeKT i MOMIMIIUTUA pe3yabTaTh
JikyBaHHS. [Tonyk HOBUX MOJIEKYJI, 3MaTHUX CEJIEKTUBHO
HaKOIMUYYyBaTUCA Y TUCPYHKIIOHATBHUX MITOXOHIPISIX, Mi-
HiMi3yIOuM BIUIMB Ha iHTaKTHi KJIITUHU, € TIPIOPUTETHUM
HampsIMOM Y po3po0l1li 6e3neuyHuX i e(heKTUBHUX TepareB-
TUYHMX CTpaTeriii. OKpeMoi yBaru rnotpedye yCyHeHHs oOMe-
JK€Hb, TPUTAMAHHUX HU31i BiTOMUX aHTUOKCUIAHTIB, SIK-OT
MitoQ i SkKQ1, 1110 y IesIKUX TOCTIIKEHHSIX IEeMOHCTPYBaIU
CyIEepewInBI pe3yJIbTaTH II0A0 €(PEKTUBHOCTI Ta OE3MEeKMN.

O6MmeXXeHHS

Yci BUCHOBKM 1IbOTO OISy 0a3YI0ThCSI HAa JOKJIiHIYHUX
JIOCIIIIXKEHHSIX, MepeBaKHO HAa MOJEJISIX LIYpPiB i MUIIE.
BiacyTHicTb KJIiHIYHMX paHAOMi30BaHUX MOCTiIXEHb 00-
MEXYy€ MOXJIMBICTb 6€3M10CEPEIHBOIO MIEPEHECEHHSI PE3YJIb-
TaTiB Ha KJIiHIYHY MpakTuKy. KpiM Toro, OiIbIIiCTh eKCITe-
PUMEHTAIbHUX MOJIEJIeii He ITOBHOIO Mipolo BigoOpaXaroTh
CKJIAAHICTb i reTeporeHHicTs nepediry I'Tl y moounu. 1lle
OIHUM OOMEXEHHSIM € HEeJIOCTaTHSI CTaHAapTU3allis 103,
TPUBAJIOCTI Teparlii Ta METO/IiB OLIIHKM pe3yJIbTaTiB y Pi3HUX
JOCITIIKEHHSIX.

BucHoBKM

MirtoxoHapiajibHa AUCHYHKILSI € KIIOYOBUM MaTOTeHe-
TUYHUM YMUHHUKOM Y po3BUTKY ['Tl, 3yMoBII0t0uM eHep-
TeTUYHE BUCHAXEHHS KJTITUH, HaaMipHy TeHepariio ADK,
IUCPEryJISLIiIo Kalbli€BOro roMeocTasy, Binkputtss mPTP
Ta HeKpoTuuHY 3arudesib ALLIK. Y 38’43Ky 3 1ium MiToxoHapii
PO3IISIIAIOTHCSA SIK IEPCIIEKTHBHA TEPAreBTUYHA MillIeHb [T
PpO3pOOKM iIHHOBALIMHUX JTiKyBaJIbHMX ITiIXOiB.

AHaJi3 cydyacHUX €KCIMEPUMEHTAIbHUX JOCTIIKEeHb
CBiIYUTH MPO 3HAYHUI MOTEHIIia]l MiTOXOHIPiaJbHO-CIIPsI-
MOBAaHOI Teparlii y Kopekllii marodiziooriyHux rnmopyuieHb
npu I'Tl. 3acobu, cipssMoBaHi Ha MiATPUMAaHHS MiTOXOH-
NIpiaJIbHOTO €HEPreTUYHOI0 TOMEeOCTasy, 30KpeMa CTUMY-
nsiist cuHtesy AT® (L-kapHiTuH, npekypcopu NAD*,
enamMinperun, koeH3uM Q10, meokciapOyTuH, MeIaTOHIH) i
30epeKeHHsI MeMOpaHHOT O MOTeHLiany MiTOXOHApii (ipu-
CHH, IMKJIOCIIOPUH), IEMOHCTPYIOTh 34aTHICTh 3MEHIIIY-
BaTU HEKPO3, OKCUIATUBHUIA CTPEC i 3amajeHHs, a TaKOX
MOJTIIIITYBAaTU KJIITUHHY XUTTE3AATHICTh. 3aCTOCYBaHHSI
KO(aKTOPiB, SIK-OT 0.-JIiIMOEBA KUCIOTA, TAKOX CIIPUSIE Bifl-
HOBJICHHIO (DYHKIIIOHAIbHOT aKTUBHOCTI MiTOXOH/IPIilA.

Oco0sinBYy yBary npuBepTalOTh TAPTeTHI aHTUOKCUIAH-
™, 30Kpema MitoTEMPO, siki edeKTUBHO MPUTHIUYIOTh
yTBOpeHHs MiToxoHapianbHUX ADK i 3HUKYIOTH TSIKKICTh
nepe6iry I'TI. [TpoTte BaxkJIMBO BpaxoByBaTH, 1110 HE BCi Mi-
TOXOHIpiaJIbHO-aApeCcOBaHi aHTUOKCUIAHTU € OJHAKOBO
edekTuBHUMU: Hanpukiaaa, MitoQ ta SkQ1, mompu 3mat-
HIiCTbh HAaKOMMWYYBATUCS Y MITOXOHAPIiSIX i 3MEHIIYBAaTU pi-
BeHb ADK, He TPOAEeMOHCTPYBAIM OUiKyBaHOTO 3aXMCHOTO
edekTy, a B IesIKUX BUIAaKaX — HaBiTh MOCUJIIOBAIM HE-
KPOTUYHE YIIKOMXEHHS Ta CUCTEMHY 3aMajibHY BiIMOBi/Ib.
Lli maHi migKpecIo0Th CKJIaIHICTh BIUIMBY Ha MIiTOXOH-
NpiaJibHi MeXaHi3MU Ta MOTpedy y BCceOiuHill OLiHIII Tepa-
TMEBTUYHUX areHTIiB 11010 IXHbOTO BIUIMBY Ha KJIITUHHUIA
roMeocTas.

3arajjoM MiTOXOHJIpiaJlbHa TapreTHa Teparlis € OMHUM
i3 HalnepCcreKTUBHILINUX HaMpsiMiB (DapMaKoOJIOTiYHOI KO-
pexurii I'T1. OgHak 17151 KJIiHIYHOI iMITIeMeHTallii He00XimHO
MPOBECTU AOJATKOBI (hyHIaMeHTaIbHI TOCTiIKEHHS, a Ta-
KOX IIMPOKOMACILTa0Hi paHI0Mi30BaHi KJIiHiYHi BUITPOOY-
BaHHS JUIS OLIIHKY 0e31ekun, e(peKTUBHOCTI Ta BUSHAUECHHS
ONTUMaJIbHUX TEPANIEBTUYHUX KOMOiIHALIIH.

KondurikT inTepeciB. ABTOpU 3as1BJISIIOTH PO BifICYTHICTD
KOHQJIIKTY iHTepeciB i Bj1acHoOi (hiHaHCOBOI 3a1liKaBJIeHOCTi
IIPY TiATOTOBI JaHOI CTATTi.

Bnecok aBTopiB. BHECOK aBTOPiB € TOTOXXHUM.
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Three lines of mitochondrial defense in acute pancreatitis: bioenergetics, redox balance,
and permeability transition pore inhibition

Abstract. Mitochondrial dysfunction plays a central role in the
pathogenesis of acute pancreatitis (AP), leading to impaired ad-
enosine triphosphate (ATP) production, loss of mitochondrial
membrane potential (A¥m), excessive reactive oxygen species
(ROS) formation, and opening of the mitochondrial permeability
transition pore (mPTP), which drives acinar cell necrosis and
systemic inflammation. These mechanisms highlight mitochon-
dria as a promising therapeutic target. The purpose was to sum-
marize experimental strategies for mitochondria-targeted therapy
in AP, focusing on three major aspects: support of bioenergetic
homeostasis, antioxidant action, and inhibition of mPTP ope-
ning. A structured analysis of original experimental studies from
PubMed, Scopus, and Google Scholar was conducted. Studies
examined the effects of mitochondria-targeted agents on ATP
synthesis, A¥Ym stabilization, oxidative stress, regulatory pathways
(SIRT1, Nrf2, HtrA2, PGC-1a), necrosis, inflammatory response,
and mPTP regulation in AP models. Energy-supporting agents

(e.g., carnitine, NMN, elamipretide, coenzyme Q10, melatonin)
enhanced mitochondrial function and acinar cell viability. Anti-
oxidants (e.g., curcumin, hydroxytyrosol, quercetin, astragaloside
1V, tiron) reduced ROS-mediated injury via Nrf2/ARE pathway
activation. mPTP inhibitors (cyclosporine, SS-31) preserved AYm
and reduced necrosis. MitoTEMPO and hydrogen-rich saline pri-
marily acted as mitochondria-targeted antioxidants, reducing ROS
levels, which secondarily resulted in suppression of inflammasome
activation. In contrast, MitoQ and SkQ1 showed unfavorable or
inconsistent results. Mitochondria-targeted therapy is a promising
approach to experimental AP treatment. Agents that support mi-
tochondrial energetics, reduce oxidative stress, and inhibit mPTP
opening offer cytoprotective benefits and may improve disease
outcomes. Future research should focus on clinical validation and
combined therapeutic strategies.

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