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Abstract

Nanotechnology has emerged as a revolutionary approach in wound healing and scar reduction, offering precise, targeted, and ef-
ficient drug delivery systems. This review highlights recent advances in nanotechnology-based solutions, including nanoparticles,
nanofibers, hydrogels, and nanoemulsions that address limitations of conventional therapies. These innovations enhance antimicrobial
activity, promote angiogenesis, modulate inflammation, and deliver therapeutic agents with remarkable precision. The integration of
nanotechnology with scar-reducing agents has transformative potential for collagen remodeling and fibrosis inhibition, improving
both functional and esthetic outcomes. Furthermore, smart nanomaterials with biosensing capabilities enable real-time wound mo-
nitoring and dynamic treatment adjustments. While these advances are promising, challenges related to biocompatibility, cytotoxicity,
and regulatory approval remain critical to address.

This review emphasizes the profound impact of nanotechnology in revolutionizing wound care and provides insights into future direc-
tions, including personalized therapies and artificial intelligence-integrated systems for optimized outcomes.
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Pesrome

HaHOTEeXHOIOTUH — MHHOBAL[MOHHBIN TTIOJX0/ B 32KHBJICHUH PaH M YMEHBLICHUH PyOLIOB, MPE/IAraolInii CHCTEMbI TOUHOM, aapec-
HOH M 5(QQeKTHBHON TOCTABKH JIeKapcTB. B maHHOM 0030pe OCBEmIAlOTCsl MOCIEIHNE NOCTIDKEHHS B OOJIACTH HaHOTEXHOJIOTHIT
(HaHOUACTHIIbI, HAHOBOJIOKHA, THAPOTEIM U HAHOAMYJILCHH), HMEIOIIHE MPEBOCXOACTBO HAJl TPAJUIIMOHHBIMUA METOJAMH JICUCHHSI.
JlaHHbIC MHHOBALMOHHBIC Pa3pa0OTKK MOBBIMIAIOT AHTUMHKPOOHYIO aKTHBHOCTB, CIIOCOOCTBYIOT aHTHOTCHE3Y, MOAYIMPYIOT BOC-
MajgeHue M ¢ MPEUU3UOHHONW TOYHOCTHIO JOCTABISIIOT TEPAINleBTUUSCKUE areHThl. MIHTerpaluss HAaHOTEXHOJOTHH ¢ mpernaparaMu
JUTSL yMEHBIIEHHsT PYOIIOB OTKPBIBAET PEBOJIOLMOHHBIE BO3MOXKHOCTH UISI PEMOJISNIMPOBAHHMS KOJIareHa M rojiasieHus Gpubposa,
yiIyuias Kak GQyHKIHOHAIBHEIE, TAK U 9CTETHYECKUE PE3yNbTaThl JeueHust. KpoMe Toro, «yMHBIe» HaHOMAaTePHAIIBI ¢ OHOCCHCOpaMU
MTO3BOJISIFOT B PEXKUME PEajbHOIO BPEMEHH OTCIICKUBATH COCTOSHHE PaHbl M KOPPEKTHPOBaTh JedueHHe. HecMoTps Ha MHOrooOe-
LIAIOIINE PE3YJIBTAThl, OCTAIOTCSl HEPELICHHBIMU BOIIPOCHI, CBS3aHHBIE ¢ OMOCOBMECTHMOCTBIO, IIMTOTOKCHYHOCTHIO U 0100pEeHHEM
PEryIUpPYIOIINX OPTaHOB.

B naHHOM 0030pe MOTYEPKUBACTCSI OFPOMHOE BIIMSHIE HAHOTEXHOJIOTUI HA IPOrpecc B JICUCHUH PaH M JaeTcsl peJICTaBIeHHe O Ha-
MPaBJICHUSX TABHEHIINX UCCIICA0BAHHI, & UMEHHO O MEPCOHATM3MPOBAHHON MEIMIIMHE U CHCTEMaX, HHTETPUPOBAHHBIX C UCKYC-
CTBEHHBIM MHTEIJUICKTOM, JJISl ONITUMHU3AIIMHI PE3YJIBTATOB JICYCHUSL.

Kntouesvie cn06a: HaHOTEXHOJIOTUH, CUCTEMBI JIOCTABKH JIEKAPCTB, 32)KUBJICHUE PaH, yMEHBILCHHE PyOLIOB, pereHepaTiBHash MeJUIIHA
Lumuposamp: Jcxannap K. HaHOTEXHOIOMU U CHCTEMBI TOCTABKH JIEKAPCTBEHHBIX CPECTB IS 3a)KUBJICHHS PaH H YMEHBLICHUS
pyouoB. Unnosayuonnas meouyuna Kyoanu. 2025;10(2):7-15. https://doi.org/10.35401/2541-9897-2025-10-2-7-15
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Introduction

Wound healing is a complex physiological process in-
volving a series of coordinated events, including hemosta-
sis, inflammation, proliferation, and remodeling. After tis-
sue injury, the body initiates hemostasis to prevent blood
loss, followed by an inflammatory response to combat po-
tential infections.! The proliferative phase involves tissue
formation and angiogenesis, leading to wound closure.
Finally, during the remodeling phase, collagen fibers are
reorganized to strengthen the newly formed tissue. How-
ever, this process can sometimes result in excessive scar
formation, such as hypertrophic scars or keloids, which
can impair function and esthetics.?

Traditional drug delivery systems in wound manage-
ment, such as topical creams and systemic medications,
often face limitations. These methods may provide in-
adequate drug concentrations at the wound site, leading
to suboptimal therapeutic effects.* Additionally, system-
ic administration can result in off-target effects and in-
creased risk of adverse reactions. Skin’s barrier properties
further complicate effective drug penetration, making it
challenging to achieve desired therapeutic outcomes.*

Nanotechnology has emerged as a transformative
tool in addressing these challenges in wound healing
and scar reduction. Nanoengineering enables to design
drug delivery systems that penetrate the skin barrier
easier, provide controlled and sustained drug release,
and target specific cellular components involved in
wound healing.’ For instance, nanoparticles (NPs) can
be engineered to deliver antifibrotic agents directly to
fibroblasts, thereby modulating collagen production and
reducing scar formation. Recent studies demonstrated
the potential of nanomaterials in improving transdermal
drug delivery and preventing pathological scar forma-
tion.® These advancements suggest that nanotechnology-
based approaches could overcome the limitations of tra-
ditional therapies and offer more effective solutions for
wound management.

Methods

This systematic review was conducted in accordance
with the Preferred Reporting Items for Systematic Re-
views and Meta-Analyses (PRISMA) guidelines to ensure
comprehensive and unbiased reporting.

Search Strategy

A structured search was performed in the databases
PubMed, Scopus, Web of Science, and Google Scholar
to identify relevant articles on nanotechnology and drug
delivery systems in wound healing and scar reduction.
The following keywords and Boolean operators were
used: (“Nanotechnology” OR ‘“Nanoparticles”) AND
(“Drug delivery systems”) AND (“Wound healing” OR
“Scar reduction”) AND (“Regenerative medicine”). Ad-
ditional manual searches were conducted in the reference
lists of key articles to identify any overlooked studies.

8

Eligibility Criteria

To be included in the review, studies must be

* published in peer-reviewed journals
2000 and 2025

* written in English

* focused on the application of nanotechnology and
drug delivery systems for wound healing and/or scar re-
duction

* based on experimental or clinical data on the effi-
cacy, biocompatibility, or challenges of nanotechnology-
based interventions.

Studies with insufficient data, conference abstracts, or
papers unrelated to wound care were excluded.

Study Selection

A total of 132 studies were retrieved. After duplicate
removal using EndNote (Clarivate Plc, UK), 111 studies
remained. The titles and abstracts were screened, result-
ing in exclusion of 91 articles that did not meet the eligi-
bility criteria. The full texts of the remaining 64 studies
were assessed and finally included in the review.

Data Extraction

Data were extracted using a predefined template with
the following variables: study objectives, intervention
type, nanotechnology application, outcomes, and limita-
tions and independently verified by 2 reviewers to ensure
accuracy and consistency.

Quality Assessment

The Joanna Briggs Institute critical appraisal check-
lists for experimental and observational studies were used
to assess the quality of the included studies. The studies
scoring less than 50% were excluded to ensure the reli-
ability of the findings.

Data Synthesis

The findings from the selected studies were synthe-
sized thematically, focusing on the types of nanotechnol-
ogy-based drug delivery systems, their mechanisms of ac-
tion, therapeutic benefits, and limitations. The quantita-
tive data were summarized in tables (if applicable) and
analyzed to identify recurring themes and trends.

The PRISMA flow diagram (Figure) gives a trans-
parent overview of the study selection process, detailing
the number of records identified, screened, and included,
along with the reasons for exclusion at each stage.

between

Discussion

NPs in Wound Healing

NPs have garnered significant attention in wound heal-
ing for their unique physicochemical properties, enabling
their interaction with biological systems at the molecular
level. Various NPs made from silver, gold, zinc oxide, and
polymers have been explored for their therapeutic poten-
tial in enhancing wound repair processes.’

Silver NPs (AgNPs) are among the most extensively
studied for wound care applications. Their broad-spec-
trum antimicrobial activity is well-documented, with
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mechanisms involving the bacterial cell membrane dis-
ruption, generation of reactive oxygen species, and in-
terference with microbial DNA replication.® AgNPs have
been shown to promote keratinocyte proliferation, there-
by facilitating reepithelialization and reducing scar for-
mation. Clinical applications include their incorporation
into wound dressings, which demonstrated efficacy in in-
hibiting bacterial colonization and accelerating healing of
burn wounds and diabetic foot ulcers.” However, concerns
over their potential cytotoxicity and development of bac-
terial resistance to AgNPs require careful consideration of
their clinical use.

Gold NPs (AuNPs) have also been investigated
for their role in wound healing. At low concentrations,
AuNPs promote keratinocyte growth and exhibit anti-
microbial properties, which are beneficial in preventing
wound infections.!® Additionally, AuNPs have been found
to possess anti-inflammatory and antioxidant properties,
contributing to an improved wound healing environment.
Their ability to modulate cellular responses and promote
tissue regeneration makes them promising candidates for
therapeutic interventions.'!

Zinc oxide NPs (ZnO NPs) are recognized for their
potent antimicrobial activity and their role in promoting
angiogenesis and reepithelialization. ZnO NPs generate
reactive oxygen species, which exhibit bactericidal ef-
fects, and have been incorporated into hydrogel-based
dressings to enhance wound healing outcomes.'? These
NPs not only prevent infection but also support angiogen-
esis and tissue regeneration, which are critical for effec-
tive wound repair.

Polymeric NPs, such as those made from poly(lactic-
co-glycolic acid) (PLGA), have been utilized as carriers
for various therapeutic agents in wound healing. Growth
factors, antimicrobial peptides, and other bioactive mol-
ecules can be encapsulated in PLGA NPs, providing con-
trolled and sustained drug release at the wound site.'* This
targeted delivery system enhances the local therapeutic
effect while minimizing systemic side effects. Studies
have shown that PLGA NPs can promote granulation
tissue formation, angiogenesis, and collagen deposition,
leading to improved wound healing outcomes.!'*

Nanotechnology-Enhanced Drug Delivery Systems

Nanotechnology has significantly advanced drug de-
livery systems in wound healing, offering innovative plat-
forms, such as nanoemulsions, nanofibers, hydrogels, and
nanocapsules. These systems enhance the controlled and
targeted drug release, addressing limitations of traditional
treatments. '

Nanoemulsions are fine oil-in-water or water-in-oil
dispersions stabilized by surfactants, with droplet sizes
typically ranging from 20 to 200 nm. Their small size
allows for enhanced skin penetration, making them ef-
fective carriers for hydrophobic drugs.!® In wound care,
nanoemulsions have been utilized to deliver antimicrobial
agents directly to the wound site, reducing bacterial load
and promoting healing. For instance, a study demonstrat-
ed that a nanoemulsion-based delivery system effectively
transported the antimicrobial peptide LL-37 into biofilms,
resulting in significant bacterial reduction.!’

Electrospun nanofibers create a fibrous mat that mimics
the extracellular matrix, providing a conducive environment
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for cell attachment and proliferation. These structures can
be loaded with various therapeutic agents, including growth
factors and antibiotics, allowing for sustained and localized
drug release.'® Electrospun nanofibers loaded with basic fi-
broblast growth factors (bFGF) have been shown to signifi-
cantly enhance skin regeneration in diabetic rats, indicating
their potential in chronic wound management.'

Hydrogels are 3-dimensional, hydrophilic polymer net-
works capable of absorbing substantial amounts of water.
Their biocompatibility and tunability make them suitable
for wound healing applications. Incorporation of NPs into
hydrogels can create composite systems that offer both
structural support and controlled drug delivery.” For ex-
ample, an AgNP-embedded hydrogel scaffold exhibited
enhanced antimicrobial activity and promoted wound heal-
ing in a rat model.?!

Nanocapsules are vesicular systems with drugs con-
fined within their cavities and surrounded by polymeric
membranes. This structure protects encapsulated agents
and provides controlled release.’> In wound healing,
nanocapsules have been explored for delivering anti-in-
flammatory agents to favorably modulate the wound en-
vironment. Curcumin-loaded nanocapsules were reported
to effectively reduce inflammation and accelerate healing
in a mouse model of cutaneous wounds.*

The benefits of these nanotechnology-enhanced drug
delivery systems are multifaceted. Controlled and tar-
geted drug release ensures that therapeutic agents are de-
livered at optimal concentrations directly to the wound
site, minimizing systemic exposure and potential side ef-
fects.?* This targeted approach enhances the therapeutic
efficacy, particularly in managing infections and modu-
lating inflammation. Furthermore, the sustained release
profiles of these systems reduce the frequency of dress-
ing changes, thereby decreasing discomfort and the risk
of secondary infections.?

Various therapeutic agents have been effectively deliv-
ered using nanotechnology-based systems in wound care.
Growth factors, such as bFGF and vascular endothelial
growth factor, have been incorporated into nanofibers and
hydrogels to promote angiogenesis and tissue regenera-
tion.?® Antibiotics, such as ciprofloxacin and gentamicin,
have been loaded into nanoemulsions and nanocapsules
to combat wound infections effectively. Anti-inflammato-
ry agents, including curcumin and dexamethasone, have
been delivered via nanocarriers to modulate the inflam-
matory response, which is crucial for optimal healing.”’

Applications in Scar Reduction

Nanotechnology is a promising option for scar reduc-
tion as it facilitates collagen remodeling and inhibits fi-
brosis. The application of nanomaterials can modulate
wound healing, leading to improved esthetic and func-
tional outcomes.?

One significant application of nanotechnology in scar
management involves the delivery of therapeutic agents
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that modulate collagen synthesis and deposition. For in-
stance, retinoids, known for their ability to regulate epithe-
lial cell growth and collagen production, have been effec-
tively delivered using lipid-based nanocarriers.” Semisolid
formulations enriched with retinol-loaded lipid NPs were
shown to enhance skin penetration and reduce adverse ef-
fects commonly associated with retinoid therapy, thereby
improving scar appearance.*

Silicone-based treatments are widely recognized for
their efficacy in scar management, primarily due to their
occlusive properties, leading to stratum corneum hydration
and fibroblast activity modulation. The integration of sili-
cone into nanostructured systems has been explored to en-
hance its therapeutic effects.’! For example, silicone-based
nanofibers have been developed to provide a breathable
barrier that maintains optimal hydration levels, which helps
regulate collagen production and flatten scars.*

Enzymatic therapies targeting excessive collagen de-
position have also benefited from nanotechnology. Col-
lagenase, an enzyme that breaks down collagen, has been
encapsulated within polymeric nanocapsules for con-
trolled and sustained release.* Such approach ensures
a localized effect, reducing the risk of systemic side ef-
fects and enhancing the aberrant collagen degradation
in fibrotic scars. Collagenase-loaded nanocapsules were
found to effectively decrease collagen accumulation in fi-
brotic tissues, showing their potential to reduce scars.*

Beyond drug delivery, nanotechnology contributes
to improved esthetic and functional outcomes in healed
wounds. Nanomaterials can be engineered to create scaf-
folds that mimic the extracellular matrix, providing struc-
tural support and promoting organized tissue regenera-
tion.*® These scaffolds facilitate uniform collagen depo-
sition and reduce the formation of disorganized fibrotic
tissue, leading to less noticeable and more flexible scars.
Additionally, the controlled release of anti-inflammatory
agents from nanocarriers can modulate the wound envi-
ronment, preventing excessive inflammation that often
leads to hypertrophic scarring.

Nanotechnology and Biocompatibility

Nanotechnology integration into wound care presents
significant opportunities for enhancing healing processes
and outcomes. However, developing biocompatible nano-
materials suitable for clinical applications poses several
challenges, particularly concerning cytotoxicity and over-
all safety.”’

Potential cytotoxic effects are a primary concern. Cer-
tain NPs, such as AgNPs, are renowned for their antimi-
crobial properties but can exhibit cytotoxicity toward hu-
man cells.’® One of the strategies to mitigate these adverse
effects is to coat AgNPs with biomolecules and incorpo-
rate them into hydrogel-based wound dressings. These
approaches aim to enhance antibacterial efficacy while
minimizing cytotoxicity, thereby improving biosafety and
treatment outcomes.*



TexHonornyeckue focTkeHns B meauumHe / Technological advances in medicine

Another challenge is the potential of nanomaterials to
induce oxidative stress, leading to cellular damage. For
instance, although effective as antibacterial agents, cop-
per-based NPs have faced challenges due to their toxic-
ity to cells and tissues.* To address this, researchers have
explored biocompatible and biodegradable nanomateri-
als, such as cerium oxide NPs (CeO, NPs), with antioxi-
dant properties. Encapsulating CeO, NPs in biocompat-
ible polymers has been shown to reduce cytotoxicity and
improve cell survival, offering a promising strategy for
enhancing wound healing.*!

The size, shape, and surface charge of NPs also sig-
nificantly affect their biocompatibility. Optimizing these
parameters is crucial to minimize adverse interactions
with biological systems: eg, modifying the surface prop-
erties of NPs can reduce protein adsorption and prevent
unintended immune responses.*> Also, utilizing natural
polymers, such as chitosan and silk fibroin, in nanoma-
terial fabrication can enhance biocompatibility. Such
materials not only support cell proliferation and tissue
regeneration but also exhibit inherent antimicrobial
properties, making them suitable for wound healing ap-
plications.*

Incorporating nanomaterials into existing wound
dressing materials, such as cotton bandages, has also been
explored to enhance their functionality. For instance,
decorating commercial cotton bandages with nanomateri-
als that have drug-releasing and antibacterial properties
can minimize local pain and postdressing infections at
a wound site. This approach offers a practical solution to
improve wound care by enhancing the properties of wide-
ly used dressing materials.”**

Smart Nanomaterials for Wound Monitoring

The integration of smart nanomaterials into wound
care has significantly advanced wound healing monitor-
ing and management. These innovative materials enable
real-time detection of critical parameters, such as infec-
tion, pH levels, and moisture content, facilitating dynamic
treatment adjustments and improving patient outcomes.*

One of the primary applications of nanotechnology
in wound monitoring is the development of intelligent
dressings capable of early infection detection. Traditional
methods often fail to provide timely information, delay-
ing treatment and potentially exacerbating wound con-
ditions. To address this, researchers designed soft intel-
ligent dressings with pH and temperature sensors.* For
instance, Zhang et al (2022)*” developed a flexible wound
infection monitoring system using a polyaniline-based pH
sensor and a commercial temperature sensor integrated
onto a styrene-ethylene-butylene-styrene elastomer film.
This system demonstrated a pH measurement range of
4-10 with a response time of less than 6 seconds and ac-
curately monitored temperature changes between 30 and
40 °C. In vitro tests and a rat model of Staphylococcus
aureus infection confirmed the system’s ability to detect

early-stage infection by monitoring pH and temperature
variations.

Furthermore, smart nanomaterials have been utilized
to monitor wound pH levels, indicative of the healing
process. Normal skin maintains an acidic pH between
4 and 6; however, upon wounding, the pH becomes neu-
tral or slightly alkaline. Increased pH can signal bacte-
rial colonization and infection.*® To exploit this, Qiao et al
(2020)* developed a smart hydrogel-based wound dress-
ing capable of monitoring bacterial infection via a pH-re-
sponsive fluorescence resonance energy transfer (FRET)
system. The hydrogel, composed of polyvinyl alcohol and
an ultraviolet-cleavable polyprodrug, was loaded with
silica NPs modified with fluorescent dyes. Changes in
the pH induced a FRET transition visually indicating the
presence of bacterial infection. Furthermore, the hydrogel
facilitated near-infrared light-triggered antibiotic release,
offering on-demand treatment.

Moisture management is another critical aspect of
wound care, as maintaining an optimal moisture level
promotes healing and prevents desiccation or macera-
tion. Smart nanotechnology-based dressings have been
designed to monitor and regulate moisture levels in real
time.”® Such dressings often employ hydrogel matrices
embedded with nanosensors that can detect changes
in moisture content and respond accordingly. For exam-
ple, certain hydrogels can swell or contract in response
to moisture variations, providing both a protective bar-
rier and a means to signal the need for dressing changes
or an additional intervention.’!

The real-time data collection enabled by these smart
nanomaterials allows for dynamic treatment adjustments.
Continuous monitoring of wound parameters ensures that
any deviations from the normal healing trajectory are
promptly identified, and appropriate therapeutic measures
can be promptly implemented. This proactive approach
minimizes complications, reduces healing times, and im-
proves overall patient care.”

Despite these advances, widespread clinical adoption
of smart nanomaterial-based wound monitoring systems
remains a challenge: biocompatibility, production scal-
ability, and eco-friendliness are critical factors to be ad-
dressed. Moreover, integrating these systems into exist-
ing medical infrastructure and ensuring data security and
privacy are essential considerations for future develop-
ment.>?

Regulatory and Ethical Considerations

The integration of nanotechnology into wound care
introduces complex regulatory and ethical considerations
that must be meticulously addressed to ensure patient
safety and public trust. The US Food and Drug Admin-
istration (FDA) regulates nanotechnology products under
existing statutory frameworks, evaluating them based
on their intended use and specific attributes.> The FDA
emphasizes that nanotechnology products can exhibit
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unique properties, necessitating thorough safety and effi-
cacy assessments. Consequently, selection of a regulatory
pathway for a nanotechnology-based wound care product
depends on its classification as a drug, device, biological
product, or combination product and must adhere to the
pertinent regulatory requirements.>*

The approval of medical devices, including those in-
corporating nanotechnology, typically involves several
stages: product design and development, preclinical test-
ing, clinical evaluation, and regulatory submission. This
process takes an average of 18 to 24 months, with approx-
imately 12 to 18 months for product design and develop-
ment followed by additional 3 to 6 months for regulatory
approval.®

Ethical considerations are paramount in nanotechnol-
ogy deployment in wound care. Key ethical principles
include nonmaleficence (doing no harm), autonomy (re-
specting patient self-determination), justice (fair distribu-
tion of risks and benefits), and privacy (protection of per-
sonal health information).*® Ensuring informed consent,
particularly concerning novel aspects of nanotechnology,
is crucial. Patients must be adequately informed about po-
tential risks and benefits associated with nanotechnology-
based treatments to make autonomous decisions regard-
ing their care.”’

Nanomaterial-specific safety concerns arise from
unique physicochemical properties, which may lead to un-
foreseen interactions within biological systems. Potential
risks include cytotoxicity, unforeseen immune responses,
and long-term environmental impacts. Comprehensive
preclinical studies are essential to assess these risks, and
continuous postmarket surveillance is necessary to moni-
tor adverse events and ensure ongoing safety.

Environmental considerations also play a significant
role in the ethical discourse surrounding nanotechnol-
ogy. The life cycle of nanomaterials from production to
disposal must be managed to prevent environmental con-
tamination and associated health risks. Implementing sus-
tainable manufacturing practices and establishing guide-
lines for safe disposal of nanomaterials are critical steps
in mitigating environmental impacts.*

Future Perspectives

Nanotechnology is at the forefront of transformative
advances in regenerative medicine, offering innovative
solutions for tissue repair and wound healing. Recent
developments have showcased various applications of
nanomaterials, including diagnostics, disease treatment,
and gene therapy. In wound care, nanotechnology has
been utilized to develop targeted drug delivery systems
and antimicrobial dressings, enhancing treatment efficacy
and reducing healing times.*

A significant breakthrough in regenerative medicine
involves the use of iron nanowires that respond to mag-
netic fields. Researchers at the King Abdullah University
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of Science and Technology (Thuwal, Saudi Arabia) de-
veloped a nanotechnology platform for culturing bone-
forming stem cells on a mesh of these nanowires. The
application of a low-frequency magnetic field causes the
nanowires to bend, providing mechanical stimulation to
the cells and accelerating osteogenic differentiation. Thus,
efficient bone formation is achieved in a matter of days
compared with weeks in conventional settings.® This in-
novation holds promise for treating degenerative bone
diseases and enhancing tissue regeneration.

The emergence of personalized medicine has further
propelled the application of nanotechnology in wound
care. By tailoring treatments to individual patient needs,
personalized approaches aim to optimize therapeutic
outcomes.®’ Nanotechnology facilitates this by enabling
the development of customized wound care solutions,
such as patient-specific drug delivery systems and scaf-
folds that promote tissue regeneration. These innova-
tions allow for more precise interventions, improving
the healing process and reducing the risk of complica-
tions.®

The integration of artificial intelligence (Al) and ma-
chine learning with nanotechnology is an emerging trend
that holds significant promise for optimizing wound
care. Al and machine learning algorithms can analyze
complex medical data to identify patterns and predict
wound healing trajectories, thereby informing treatment
decisions.®® For instance, Al has been applied to wound
assessment, enabling the prediction of healing outcomes
and the customization of treatment plans. Additionally,
Al can assist in the design of nanomaterials by predict-
ing their interactions with biological systems, resulting
in safer and more effective therapeutic agents.*

Conclusions

Nanotechnology has emerged as a transformative force
in wound healing and scar reduction, offering innovative
solutions through NPs, enhanced drug delivery systems,
and smart nanomaterials. This review highlights signifi-
cant advances, including the development of biocom-
patible nanomaterials, targeted therapies, and real-time
wound monitoring technologies. These innovations have
improved therapeutic outcomes by addressing limitations
of traditional approaches and enabling personalized care.
However, challenges, such as regulatory complexities,
potential cytotoxicity, and ethical considerations, remain
significant hurdles. Future opportunities lie in integrating
nanotechnology with Al, machine learning, and person-
alized medicine, which promise to revolutionize wound
care and unlock new frontiers in regenerative medicine.
Continued interdisciplinary research and collaboration
are crucial to overcome existing challenges and realize
the full potential of nanotechnology in improving patient
outcomes.
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Pesrome

AKTyaJIbHOCTB: JIeueHe 00bEeMHBIX 00pa30BaHUI CPEAOCTEHHS MTPEACTABISIET COOO0M BaXKHYIO 33/1auy B COBPEMEHHOM TOpaKaIbHON
xupypruu. Buneoropakockonusi (BATC) craHoButrcst Bce Oonee BOCTpeOOBaHHOW Onarogapsi MUHMMHBA3UBHOCTH 110 CPABHEHUIO
C TPaJULIMOHHBIMH [TOAXOJAMH, TAKMMH KaK TOPAKOTOMHUS M CTEPHOTOMHUSI.

Heanb: V3yunTs paznnuus B MHTPAONEPALIMOHHOM U IIEPUOIIEPALIMOHHOM [IepHoJiax y NalueHToB, nepenecinx BATC, TopakoToMuto
U CTEPHOTOMHUIO.

MartepuaJibl U MeTOAbI: B nccnenoBanue ObII0 BKIIOUYCHO 616 MAlMCHTOB ¢ 00BEMHBIMH 00Pa30BaHUSIMU CPEAOCTEHHSI, KOTOPBIM
B I'Y «PecnyOnukaHCKuii CrielManu3upOBaHHbI Hay4YHO-NPAKTHYECKUH MEIMIMHCKUN LIEHTP XUPYPruu uM. akai. B. BaxumoBa»
r. TamikeHTa ObUTH BBITOTHEHBI XUPYPrUUeCKue BMenaTenscTBa: Topakotomus (n=420), crepuoromust (n=84) u BATC (n=112). {ns
TIPOBENICHHSI CPAaBHEHHST IIPUMEHSIIICS METO]] COTIOCTABIICHNS 110 OaJlilaM CKIIOHHOCTH (propensity score matching, PSM), uto oGecrre-
YHBAJIO PABHOMEPHOE PACIIPEICIICHHE 110 KJIFOYEBBIM MPEIOTNECPAHOHHBIM XapaKTEePHCTHKAM.

Pesyasrarbi: B rpynmne BATC npomomKuTeIbHOCTh onepanny Oblia 3HaYuTeIbHO Kopode (83,2+17,5 MuH), ueM IpH TOPAKOTOMHHU
(125,7461,9 mun, p<0,001) u crepuoromun (128,8+46,1 mun, p<0,001), oT™Meyancsi MEHBIIUI 00bEM UHTPAOTIEPAIIMOHHON KPOBOIIO-
tepu (125,8+7,4 mi), yem nipu topakoromun (350,4+11,4 mit, p<0,001) u creproromun (400,6+13,5 i, p<0,001). Cpenusist ponos-
KUTEIBHOCTh UCKYCCTBEHHOM BeHTWIsAMY sterkux 1pu BATC cocrauna 2,49+0,5 4, 4To TakKe CyIIeCTBEHHO MEHBIIIE [0 CPAaBHEHUIO
¢ Topakotomueit (8,3+2,1 4, p<0,001) u creproromueii (10,1£3,3 1, p<0,001). ITocneonepannonHoe MpeOHIBAHNE B CTaMOHApe OBLIO
xopoue B rpynne BATC (7,4+2,7 nporus 11,5+4,1 nneii npu topakotomuu u 11,7+4,3 nueii npu crepnoromuu (p<0,001)). Yactora
PaHHUX MOCIICONEPAMOHHBIX OCIOKHEHUI ObU1a 3HaUNTEIbHO MeHble B rpynne BATC — 2 ciyyast (2,6%) 1o cpaBHEHHIO € rpyIIamMu
TOPAaKOTOMUH U CTEPHOTOMHUH, re Habmonanock 12 (15,6%) u 14 (18,2%) ciayuaes coorBerctBenHo (p=0,006 u p=0,002).
3axirouenne: Meroauka BATC neMoHCTpUpyeT peuMyIlecTBa nepes] TpaJuliOHHBIMU METOIAaMH, TAKUMH KaK TOPAKOTOMHUS U CTEp-
HOTOMUSI, 00€CTICINBAET MEHBIIYI0 KPOBOIIOTEPIO, O0JIee KOPOTKOE BPEMsl OIepaliiy, MPeObIBaHUS B CTAl[MOHAPE U HU3KYIO YacTOTY
OCJIOKHEHUH.

Kniwoueswie cnosa: odbeMHble 00pa30BaHUs CPEAOCTEHHS, XUPYPTUUECKOE JICYEHUE, BUACOTOPAKOCKOIIUS, TOPAKOTOMHUSI, CTEPHOTO-
MU, TIOCJICONIEPALOHHBIE OCJIOKHEHUS
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Abstract

Background: Treatment of mediastinal masses poses a significant challenge in modern thoracic surgery. Video-assisted thoracic
surgery (VATS) is gaining popularity due to its minimally invasive approach compared with traditional methods, such as thoracotomy
and sternotomy.

Objective: To study differences in intraoperative and perioperative periods among patients who underwent VATS, thoracotomy,
or sternotomy.

Material and methods: The study included a total of 616 patients with mediastinal masses who underwent surgery at the Republican
Specialized Scientific Practical Medical Center of Surgery named after Academician V. Vakhidov (Tashkent, Uzbekistan): thora-
cotomy (n=420), sternotomy (n=84), and VATS (n=112). Propensity score matching was used for comparison to ensure balanced
distribution across key preoperative characteristics.

Results. In the VATS group, surgery duration was significantly shorter (83.2+17.5 minutes) compared with thoracotomy
(125.7+61.9 minutes, P<.001) and sternotomy (128.8+46.1 minutes, P<.001). Intraoperative blood loss was also lower in the VATS
group (125.8+7.4 mL) compared with thoracotomy (350.4+11.4 mL, P<.001) and sternotomy (400.6+=13.5 mL, P<.001). The mean
duration of mechanical ventilation was 2.49+0.5 hours in the VATS group, which was significantly shorter than in the thoracotomy
group (8.3£2.1 hours, P<.001) and the sternotomy group (10.1+3.3 hours, P<.001). Postoperative hospital stay was shorter in the
VATS group (7.4+2.7 days) compared with thoracotomy (11.5+4.1 days) and sternotomy (11.7+4.3 days, P<.001). The rate of early
postoperative complications was also significantly lower in the VATS group with 2 cases (2.6%) compared with 12 cases (15.6%)
in the thoracotomy group and 14 cases (18.2%) in the sternotomy group (P=.006 and P=.002, respectively).

Conclusions: VATS demonstrated advantages over traditional methods, such asthoracotomy and sternotomy. It offers shorter surgery
duration and hospital stay, decreased blood loss, and fewer complications.

Keywords: mediastinal masses, surgical treatment, video-assisted thoracic surgery, thoracotomy, sternotomy, postoperative complications
Cite this article as: Eshonkhodjaev OD, Rakhimiy ShU, Porhanov VA. Comparative study of surgical approaches for mediastinal

masses. Innovative Medicine of Kuban. 2025;10(2):16-23. https://doi.org/10.35401/2541-9897-2025-10-2-16-23

BBepeHune

OObeMHBIE 00pa30BaHUs CPEINOCTEHHS TPEICTaBIIs-
10T c000i1 CIIOKHYIO B PAa3HOPOIHYIO TPYIIY MMaTOIOTHIA,
BKJIIOYAIOIINX JOOPOKAUYECTBEHHBIE U 3I0KAUECTBEHHBIC
OITYXOJIM, KUCTHI W APYTHE IMATOJIOTHYCCKUE TPOIIECCHI.
Ilo maHHBIM HCCIIeIOBaHNUM, OHH COCTABIISIIOT OKOJI0 15%
BCEX BHYTPUTPYIHBIX 00pa3oBaHUM, ¢ PUMEPHOH pac-
MpOCTpaHeHHOCThIO 1-2 ciyyas Ha 100 ThIC. HaceneHus
B rof [1, 2]. Knuanueckue nposiBICHUS NaHHBIX MAaTOJO-
THA BapbUPYIOT OT O€CCHUMITOMHOTO TEUCHUS IO TSKE-
JBIX CHMITTOMOB, BBI3BAaHHBIX KOMIIPECCUCH KU3HECHHO
Ba)KHBIX OPT'aHOB, TAKUX KaK CEpJIle, JCTKHE M KPYITHBIC
cocy/bl. B 4acTHOCTH, KpYTIHbIE UJIH LIEHTPAJIBHO Pacmo-
JIO)KEHHbIE 00pa30BaHUS MOTYT MPHUBOIUTH K YIPOXKAFO-
IIUM XKU3HU OCJIOKHEHUSM, BKJIIOUAs CHHAPOM BEpXHEU
TIOJIOM BEHBI, JBIXATEIBHYIO HEJOCTATOYHOCTh U CePICU-
HO-COCYJIUCThIe HapylieHus [3, 4].

JleueHne 0OBEMHBIX 00pa30BaHMUI CPEAOCTCHHUS OCTa-
€TCsl aKTyalbHOU 3a/1a4€il COBPEMEHHOW TOPAKAJILHON XU-
pyprun. [lo naHHBIM MHPOBBIX LEHTPOB, TPAIUIIMOHHBIC
MIOJXOMBI, TAKHE KaK TOPAKOTOMESI U CTEPHOTOMHUSI, SIBIISI-
F0TCsl HarOoJIee pacpoCTPaHSCHHBIMHA METOaMU XUPYPTH-
YECKOTO JICUCHHS, OTHAKO Ha ()OHE Pa3BUTUS TEXHOJIOTHN
Bce 0oJIbIliee PACIIPOCTPAHEHHUE TIOTYIAeT BUIC0-aCCHCTH-
poBanHas Topakockomust (BATC) [5, 6]. ComiacHo nocien-
HUM HUCCJICIOBAHMSIM, JIOJS ONepaluii, BEITOJHEHHBIX Me-
togoMm BATC, yeenuunnace 10 60% 3a mocnenHee AecsaTu-
netue Onarogapsi € MUHUMHBAa3UBHOCTH, Oosiee ObICTpOMY
BOCCTAHOBJICHUIO TAIIMCHTOB U CHIDKCHUIO KOJIMYIECTBA
[OCJIEONEPAIMOHHBIX OCIIOKHEHHH [6—8].

HecmoTps Ha Bce mpeumyliecTBa, B HayyHOM JMTe-
patype MOTYEepKUBACTCS] HEJOCTATOK KPYMHBIX PAHIOMH-
3UPOBAHHBIX HCCICIOBAHUH, MO3BOJSIOMINX OOBEKTUBHO
OeHUTH YPPeKkTuBHOCTE U Oe3omacHocTs BATC 1o cpas-
HEHUIO C TPAAUITHOHHBIMU METOITAMH, TAKUMH KaK TOPAKO-

TOMHSL U CTEPHOTOMHUSL. DTO 3aTPYIHSET BHIPAOOTKY YETKUX
KIIMHUYECKUX PEKOMEHJIAINI M MTPOTOKOJIOB Uil BBIOOpA
ONTUMAJIBHOTO XUpypruyeckoro noaxona [3, 5, 7].

Takum 00Opa3oM, BEIOOp MeToma JeueHUs] 00HEMHBIX
00pa30BaHUN CPEIOCTCHUSI OCTAeTCS MPESIMETOM JIHC-
Kyccnil. ONTHMaJbHBIA TOAXON OIPEAENSIeTCS PII0OM
(hakTOpOB, BKITIOYAS pa3Mep, JTIOKAIU3AINI0, MOP(OIIOTH-
YeCKrue OCOOCHHOCTH 00pa3oBaHUs, a TAKKE COCTOSHHE
narueHTa. COBpeMEHHbIE HCCIIEIOBaHUSI HAIpaBIICHbBI
Ha JajbHEHIee M3yYeHHE BO3MOXHOCTEH MHUHHUMAIbHO
MHBA3UBHBIX TEXHOJOIHU B JICYCHUH MOJAOOHBIX MATOJIO-
THA C 1IeTbI0 MOBBINICHUS 3()()EKTUBHOCTH U CHHKCHUS
PHUCKOB OCIJIOKHEHUIA.

Uenb

W3yunts pa3nugusi B MHTPAOTICPAIIMOHHOM U TIEPH-
OTIEpPAIIIOHHOM TEepUOaxX y TMAalHUeHTOB, IEPEHECIINX
BATC, TopakoTOMUIO U CTEPHOTOMHIO.

Martepuanbl n meTopabl

Uccnenoanne nposeneno B I'Y «PecmyOnukancknit
CICTMATN3UPOBAHHBIA HAYYHO-TIPAKTUICCKUN MEAUIIHH-
CKHMM LIEHTp XMpypruu uMm. akaa. B. Baxumosa» (Tami-
KeHT, Y30ekucTaH). B mccienoBanne BKIIIOYEHBI Pe3yinb-
TaThl XUPYPrUUECKOro JeueHust 616 B3pOCIbIX MaUEHTOB
¢ O0ObEeMHBIMH O00pa30BAaHUAMU CPEIOCTEHUS, KOTOPHIC
OBUTM pazJieNieHbl Ha 3 OCHOBHBIC TPYIIIBI, B 3aBHCHMO-
CTH OT THIIa XHPYPTUYECKOTO BMEIIATENILCTBA: TOPAKO-
tomust (n=420), crepuoromus (n=84) u BATC (n=112).
Jis 0ObEeKTUBHOTO aHANIM3a W MUHUMU3AIMK BIHSHUS
WCKa)KaIOMINX TEePEMEHHBIX HCIIOJIb30BAH METOJ COIO-
CTaBIICHUsI TO OayulaM CKJIOHHOCTH (propensity score
matching, PSM), uto o0ecrieunBaio paBHOMEPHOE pac-
npenenenne (1:1:1) Mo KIIOYEBBIM MpeaoNepaHOHHBIM
xapakTepucTukam (puc. 1).
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VcxonHble XapakTepUCTUKH MAIMEHTOB BKITFOYAIN BO3-
pacT, TIoJI, MHAEKC MacChl TeJla M HaJIMIHe COIMYTCTBYIOIINX
3a00JIeBaHUH, TAKUX KaK THIIEPTOHMS, HIIEMHYECKas 0o-
JIE3Hb Cep/lia, TUa0eT, OKUPEHUE U XPOHUUECKas 00CTPYK-
TUBHAsI Oone3Hb Jierkux. CpenHuit BO3pacT MalMeHToB COo-
crasui 37,05+11,14 ner B rpynne BATC, 38,75+11,11 ner —
B rpynie Topakoromuu 1 34,05+10,35 net — B rpymme crep-

731 naumeHT c 06bemMHbIMU 06pa30BaHNAMMN CPEROCTEHNA

Y

616 74 41 nauueHt
B3pOCUIbIX DeTCKoro
NauyueHToB He onepupoBaHbl BO3pacTa

OueHka pe3ynbTaToB XMpypruyeckoro ieyeHna

PN N

Topakotomua CrepHoTomuA
(n=420) (n=84)

e

Propensity score matching (PSM) 1:1:1

.

BATC Topakotomusa CrepHoToMUA
(n=77) (n=77) (n=77)

Pucynox 1. Cxema ousaiina ucciedosanus u conocmagieHus
nayuenmos

Hpum.: BATC — sudeo-accucmuposanuas mopaxkockonus
Figure 1. Study design and patient comparison

Note: BATC, video-assisted thoracic surgery

HOoTOMUH. [larmenThI ObUTH pacnpesiesieHbl 110 MOy U ApY-
MM KIIMHAYECKUM XapaKTEPUCTUKAM.

JanHble 0 KOMOPOMIHOCTH, BKIIIOYAsl THIIEPTOHHIO,
UIIEMUYCCKYIO OOJIC3Hb CepAra, TUadeT, OKUPEHIUE, XPO-
HUYECKYIO OOCTPYKTHBHYIO OOJIE3HB JIETKHUX, MAaTOJIOTHH
MTOYEK, TICUCHH U JKEITYIOIHO-KUIIICIHOTO TPAKTa, TaKkKe
ObLIa pacrpeesieHbl paBHOMEPHO cpeau rpyni. Bee ma-
HUeHTHl uMeau ctaryc ASA (AMepHuKaHCKoe OOIIEeCTBO
aHecTe3noJorop) kmacca II.

AHaTOMUYECKOE pacIoIOKEHUE OIyXOJIeH B epeJHEM
CpEeIOCTeHNH JIOMHHHPOBAJO BO Bcex rpymmax. Pasmep
1 00BeM orryxoJiei ObUTH 3HaYNMO OOJTbINe B TPYIIIax TO-
pakoToMuu u ctepHoToMuUU 110 cpaBHeHHto ¢ BATC. Cpen-
HUH qraMeTp 00pa3oBaHui cocTaBui 5,8+2,8 cM B rpyrme
BATC, 8,1£3,1 cM — B rpymiie TopakoToMun 1 9,4+3,7 cM —
B rpynmne crepHoromun. OOpazoBaHus ob6beMoMm Ooiee
1 nM* perucTpupoBaIKch yalle B Ipynnax TOPAKOTOMUU
Y CTEPHOTOMUH.

CTOUT OTMETHTB, YTO OOJIbIIAs YacTh OOpa30BaHUM
B rpynmne BATC 6s1a <10 cm (71,4%), TOraa kak B rpyT-
Ie CTCePHOTOMUU TAKUX OIyXOJeH OBLIO 3HAYUTEIHHO
menbIe (40,3%). Cpenuuit 06beM 00pa3oBaHUN TaKKe
pasmmuancs: B rpymnme BATC cpenauit 00beM cOCTaBIsIT
0,15+0,24 nm3, B rpymnme topakotomMuu — 1,38+1,89 am?3,
a B rpynmne crepHoromun — 0,65+1,01 am*. bonbimHcTBO
o0Opa3oBaHuil B 3-X Ipymmax uMeian oobem <1 am>.

Ornenka 3pPEKTUBHOCTH XHUPYPIrUIECKUX METOIOB MPO-
BOJIJIACK TTO CIIEAYFOIIIM TIOKA3aTeIISIM: JTTUTEITBHOCTD OTIe-
pary, HHTpaoTepaioHHas KPOBOMIOTEPS, TPOJOIKUTEITh-
HOCTh MCKyCCTBeHHOW BeHTHisimu Jerknux (MBJI), Bpems
npeObIBaHKS B OTIEJCHHH pPEaHHMAllid W HHTEHCHBHOMN
tepanuu (OPUT), yactoTa paHHHX MOCIEONEpPaMOHHBIX
OCJIOKHCHUH U JIIUTEIFHOCTD NMPEOBIBAHUS B CTAIIMOHAPE.

Tabnuya 1

IIpenonepannoHHas KIMHUYECKAsS] U AeMOrpauyeckasi XapakTepUCTUKA NALMEHTOB

Table 1

Preoperative clinical and demographic characteristics of patients

BATC (n=77) Topakoromusi (n=77) Crepuotomus (n=77) p-value* | p-value**
Bospacr 37,05+11,14, (63-21) 38,75+11,11, (59-20) 34,05+10,4, (60-19) 0,92 0.681
My K4YHHBI 37 48,1% 38 49.,4% 39 50,6% 0.87 075
KeHmune! 40 51,9% 39 50,6% 38 49,4% ’ ’
UMT, xr/m? 25,4+2,1 25,8+2.4 25,7+£2.5 0,791 0,812
Komopouanocts

Tunepronus 15 19,5% 16 20,8% 17 22,1% 0,912 0,884
HUBC 14 18,2% 18 23.,4% 16 20,8% 0,214 0,457
Juabet 1 1,3% 1 1,3% 2 2,6% 1,00 0,112
OxupeHue 5 6,5% 4 5.2% 7 9,1% 0,73 0,55
XOBJI, BB 5 6,5% 6 7.8% 4 5.2% 0,76 0,73
ITaTosorus rmoyex 7 9,1% 7 9,1% 8 10,4% 1,00 0,79

IIpum.: BOb — 6ponxoskrarnueckas 6one3nb, BATC — Buneo-accuctupoBanHast Topakockonus, UbC — nmemuueckas 601e3Hb
cepama, UMT — urnexc maccsl Tena, XOBJI — xponndeckast 0OCTpyKTHBHAsS O0JIe3HB JIeTKuX, * p-value mexxay BATC u Topa-

kotomueit; ** p-value mexxry BATC u creprOoTOMUEH

Note: BOB, bronchiectasis; BATC, video-assisted thoracic surgery; UBC, coronary heart disease; UMT, body mass index; XOBJI,
chronic obstructive pulmonary disease; *, P value between VATS and thoracotomy; **, P value between VATS and sternotomy
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Tabnuua 2
AHaToMH4YecKasi XapaKTepuCcTHKA 00pa3oBaHMii cpegoCTeHHs B IPYNNax HCc/Ie0BaHUSA
Table 2
Anatomical characteristics of mediastinal masses in the study groups
BATC (n=77) Topakoromusi (n=77) CrepHoromusi (n=77) | p-value* | p-value**
ITepennee 74 96,1% 75 97,4% 75 97,4% 0,65 0,65
3agHee 2 2,6% 1 1,3% 0 0,0% 0,56 0,15
Cpennee 1 1,3% 1 1,3% 2 2,6% 1,00 0,56
Bepxnee 72 93,5% 70 90,9% 74 96,1% 0,55 0,47
Huxuee 5 6,5% 7 9,1% 3 3,9% 0,55 0,47
CrpaBa 39 50,6% 38 49,4% 38 49,4% 0,87 0,87
Cresa 38 49,4% 39 50,6% 39 50,6% 0,87 0,87
Jmamerp omyxounu, cM 5,842.8 8,1£3,1 9,4+3,7 0,583 0,439
<10 cm 55 71,4% 53 68,8% 31 40,3% 0,72 <0,001
>10 cm 22 28,6% 24 31,2% 46 59,7% 0,72 <0,001
O0BeM OImyXouTH, IM>
<1 oM’ 71 92,2% 70 90,9% 69 89,6% 0,77 0,58
>1 av? 6 7,8% 7 9,1% 8 10,4% 0,77 0,58

Ipum.: * p-value mexxny BATC u Topakotomueii; ** p-value mexny BATC u crepHoTomueii

Note: *, P value between VATS and thoracotomy; **, P value between VATS and sternotomy

PesynbTtaTtbl

Meron BATC mnokazal HaMMEHBIIYIO MPOIOIKUTEIb-
HOCTh OIlEpallid U MUHUMAJIbHYIO HHTPAOIEPAIMOHHYIO
KPOBOIIOTEPIO IO CPABHEHUIO C METOAAMH TOPAKOTOMHU
U CTEPHOTOMHUH, YTO IOATBEPKAAET €ro IPEUMYLIECTBO
B CHIDKGHMM BPEMEHH OIEpalid W YMEHBIICHHH KpO-
Borotepu (puc. 2). Tak, cpemHss MTENFHOCTH OIlepa-
umu ipu BATC cocraBuna 83,2+17,5 mMuH, B TO Bpems
KaK ITpU TOPAaKOTOMHHU OHa cocTaBuia 125,7+61,9 muH, a ipu
crepHoTomMun — 128,8+46,1 mun (p<0,001). MuTpaonepa-
1roHHas kposonorepst mpu BATC cocraBuia B cpenHeM
125,84+7,4 mn, Torga kak npu Topakotomun —350,4+11,4 m,
a ipu creproTomMun — 400,6+13,5 mit (p<0,001).

B rpynme BATC naGmtomanach 3HaYUTEIHHO MEHB-
mas nponospkuTenbHocTh MBJI 1 Gonee kopoTkoe Bpe-
Msi ipeObiBanuss B OPUT mo cpaBHEHUIO ¢ METOJaMH
TOPAKOTOMUU U CTEPHOTOMHUH, YTO HOIATBEPAKIAET €€
IpeuMyIecTBo B cHuxkeHuu BpeMenu VBJI u nepuona
npebsiBanus B OPUT (puc. 3).

20 *#p<0,001
. *p<0,001
0 83 10,1
- =mi
0 ||
WBJT, yacbl

| BATC (n=77)

140
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83,2

40
20
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M Topakotomua (n=77)

125,7

*p<0,001

W (repHoTomua (n=77)

128,8

*%p<0,001

Pucynoxk 2. Cpasnenue npoodonsxcumenbHocmu Xupypeuu
Hpum.: * p-value mesxcdoy BATC u mopaxomomueu,; ** p-value
mexncoy BATC u cmepnomomueti
Figure 2. Comparison of surgery duration

Note: *, P value between VATS and thoracotomy, **, P value
between VATS and sternotomy

19,4

OPUT, yacbl

Pucynox 3. Cpasnenue noxazameneti onumenvuocmu UBJI u nevenus 6 OPUT
IHpum.: * p-value meancoy BATC u mopaxomomueit; ** p-value meancoy BATC u cmepromomueri
Figure 3. Comparison of mechanical ventilation duration and intensive care unit length of stay
Note: *, Pvalue between VATS and thoracotomy,; **, P value between VATS and sternotomy

29,9

*%p<0,001

m BATC (n=77)
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Cpennssa nponomxutensHocts UBJI npu BATC coc-
TaBuia 2,5+0,5 4, Toraa Kak mpu TopakoToMuu — 8,3+2,1 u,
a mpu creproTomun — 10,1+3,3 u (p<0,001). Cpennee Bpe-
ms ipe6biBanus B OPUT mpu BATC cocraBuno 4,75+1,1 4,
B TO BpeMsl KaK IIpU TOpakoToMuu — 19,4+3,9 u, a npu crep-
HOoTOMUH — 29,9+5,3 u (p<0,001).

Taxxke mpu BATC oTmeueH 3HAYMTENHHO MEHBIIHMA
00BbeM oTmensieMoro mo japeHaxkam (283,1+17,8 mpo-
TUB 524,2425,6 M1 1ipu TopakoToMuu U 361,7+£25,3 mu
npu crepHotomuu (p<0,001)), Gomee kopoTKoe Bpems
yaanenus apenaxei (2,6+0,5 mpotus 4,7+1,3 cyT. mpu To-
paxoromuu u 6,8+1,3 cyt. nmpu creprHoTomuu (p<0,001))
M COKpalleHHOE BpeMs MOCJIeONepallMOHHOTO IMpeObI-
BaHus B cranuonape (7,4+2,7 mpotuB 11,5+4,1 nueit
nmpu TopakoToMuu u 11,7443 nHEW TpW CTEPHOTOMHH
(»<0,001)), 9TO TakKe MHOATBEPkAACT NPEUMYIIECTBA
BATC B cHMKCHMM MHBA3UBHOCTU M YCKOPEHHH BOCCTa-
HOBJICHUS TTAIIUECHTOB (puc. 4).

OOr11ee KOIMYECTBO PaHHHUX TMOCIIEOIEPAIMOHHBIX OC-
JIOXKHEHHUH OBIJIO 3HAUUTEIbHO MeHbIle B rpymnmne BATC —

10 *%p<0,001
8 *p<0,001

6,8

47
4 26
A
0

YpaneHue apeHaxeit, cyTkn

2 cny4vas (2,6%) 1O CpaBHEHHUIO C TPYIIIaMH TOPAKOTO-
MHUH ¥ CTEPHOTOMHH, Tyie Habmonanock 12 (15,6%) u 14
(18,2%) cmyuaeB coorBercTBeHHO (p=0,006 1 p=0,002).

OO01mee YUCIIO MAIUEHTOB C IOCICONEPANOHHBIME
OCIIOKHEHUSIMA Takke OBUIO HAWMEHBIIUM B TpyTIIIe
BATC — 2 mammenTa (2,6%), Torma kak B TpyImax To-
PaKOTOMHUU ¥ CTEPHOTOMHUH OBLJIO 3aperHCTPHPOBAHO
9 (11,7%) u 11 (14,3%) nmanueHTOB COOTBETCTBEHHO
(»=0,029 u p=0,010).

PaneBble MH(EKIME ¥ CepoMBl HAOMIONATMCH TOJBKO
B TPyTIax TOPAKOTOMHHN H CTEPHOTOMHH, 110 2 ciry4ast (2,6%)
B KaK10W rpymme, B To Bpems kak B rpynne BATC rtaxue
oCTIoKHEeHus oTcyTcTBoBAH (p=0,16 11 000MX CITydaes).
[THeBMOTOpAaKC TaKKe BO3HUKAI HCKITFOYUTEIILHO B TPYIINAX
TOPAaKOTOMHU U CTEPHOTOMUH MO ofmHOMY ciydaio (1,3%)
B KaXJI0H, HO He ObUT 3a(UKCHPOBAH y TAIMEHTOB, ITepe-
Hecmx BATC (p=0,32). IIneBpur Obu1 3aperncTpupoBaH
o ogHoMy cirydaro (1,3%) Bo Beex 3-x rpymmax (p=1,00).

[THeBMOHMS WM JbIXaTeNbHAS HEIOCTaTOYHOCTH 3a-
perucTpupoBansl 'y oaHoro marmmenta (1,3%) B rpymme

11,5
*p<0,001

11,6

**p<0,001

| BATC (n=77)

M Topakotomua (n=77)

7,4

B (TepHoTomuA (n=77)

1/0 npe6blBaHye B CTaLoHape, CyTKu

Pucynox 4. Cpasnenue orumenvHocmu OpeHupOSanus u npedblanus 6 CmayuoHape

Ipum.: * p-value meancoy BATC u mopaxomomueit; ** p-value meacoy BATC u cmepromomueit
Figure 4. Comparison of drainage duration and length of hospital stay

Note: *, P value between VATS and thoracotomy; **, P value between VATS and sternotomy
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Pucynok 5. Cpasnenue obujeti uacmomol paHHUux NOC1e0NePayUOHHbIX OCLONCHEHUL

Hpum.: * p-value meocdy BATC u mopakomomueii;, ** p-value mescdy BATC u cmepromomueti
Figure 5. Comparison of overall rates of early postoperative complications

Note: *, P value between VATS and thoracotomy; **, P value between VATS and sternotomy
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TOPaKOTOMHH U 'y 2-X manueHToB (2,6%) B rpyrmme crep-
HOTOMUH, Torza Kak B rpymnne BATC takux ocnoxkHeHni
He ObuI0 (p=0,32). KpoBoTeueHUs BO3HUKIN Yy OTHOTO
namuenTa (1,3%) B rpynnax BATC u topakoromuu u 'y
2-x manueHToB (2,6%) B rpymnme crepHoromun (p=1,00).
OMnuema IJIEBPhI, Mape3 TOJOCOBBIX CBS30K, OpPOHXO-
TUIEBPAJIBHBIN CBUIL, OCTpas MoYeyHast HeAOCTaTOYHOCTbD,
TPaxeoOPOHXUT M PeHHTyOauust ObLIM 3apernCTPHPOBa-
HBI TI0 ogHOMY ciy4ato (1,3%) B rpymnmax TOpaKOTOMUHU
U CTEPHOTOMHUH, HO HE OBUIM 3aperecTpUpOBaHbl B IPYII-
e BATC (p=0,32 ans Bcex citydaes).

O6cyxpaeHune

B HameMm mccienoBaHUM MBI OIICHUBAIIN CPABHUTEIh-
Hyto dpdektrBHOCTE BATC 1 OTKPBITBIX XUPYPTUYECKUX
METOJIOB B JICYeHNH 00pa3oBaHnii cperoctenns. CortacHo
pesyabraram, B Tpyme BATC Obuia 3HAYUTENTBHO KOPO-
4e MPOMODKUTENFHOCTE onepanuu (83,2+17,5 mun), yem
nipu Topakoromuu (125,7+61,9 mun, p<0,001) u crepHo-
tomun (128,8+46,1 mun, p<0,001), orMedamacr MeHB-
asi MHTpaoIepaionHas kposororeps (125,8+7,4 mi),
yeM ripu Topakotomuu (350,4+11,4 mu, p<0,001) u crep-
voromun (400,6+13,5 mir, p<0,001). Cpemssis mpomoi-
skutensHocTh MIBJI mpu BATC cocraBuna 2,49+0,5 u,
YTO TaK)Ke CYIIECTBEHHO MEHBINE TI0 CPaBHEHHIO C TO-
pakotomueit (8,3+2,1 4, p<0,001) u crepHOTOMHUEH
(10,143,3 4, p<0,001). [TocneoneparrioHHOE TIPEOLIBAHNE
B cTaioHape 0b10 Kopoue B rpyrmne BATC (7,4+2,7 nipo-
tuB 11,5+4,1 nueit npu Topakoromuu u 11,7+4,3 nneit
npu creprHoromun (p<0,001)). Yactora paHHUX TMOCIeC-
OTICPALIMOHHBIX OCJIOKHEHUH OblIa 3HAYUTEITFHO MCEHB-
me B rpyrme BATC — 2 ciywas (2,6%) 1o cpaBHEHHUIO
C TpyMIIaMH TOPAKOTOMHH U CTEPHOTOMHH, I HaOmona-
mock 12 (15,6%) u 14 (18,2%) ciay4aeB COOTBETCTBEHHO
(»p=0,006 u p=0,002).

O030p nuTepaTypbl MOKazaj, YTO HAIlM pe3yJbTa-
Thl COIVIACYIOTCSI C JaHHBIMH HECKOJBKUX HCCIeI0Ba-
uuil. Tak, Y. Aksoy u A. Sehitogullart (2023) ormeuanm,
YTO CPEIU MAIMEHTOB C EPBUYHBIMU MEIUACTUHAIIbHBI-
Mu Maccamu npuMmeHeHue BATC nmpoageMoHCTpupoBanio
MUHUUHBa3UBHOCTb, YIyYIlIEHHBIE MOCIEONEpaliOHHbIE
HCXOJBl U MCHBIIYIO YaCTOTY OCIOXHEHHU IO CpaBHE-
HUIO C OTKPBITBIMU MeToziamu [9].

B pa6ote Y. Fang u Z. Qin (2021) mokazano, uto BATC
SBISIETCS HAACKHBIM W 0E30TacHBIM METOIIOM  Jaxe
JUIL KPYIHBIX U WHBA3HBHBIX OIyXOJIEH METUacTHHYMA.
B ux uccnenoannu BATC ucnonb3oBanach 1Jis yiaieHUs
Kak HeOOIBIINX, TaK M OONBIIUX OITyXOJIeH, YTO TI03BO-
JIUIIO COKPATUTh [UTUTEIFHOCTh TOCITUTANN3ANNN U YIyd-
IIUTh KAY€CTBO JKU3HU MAIIMEHTOB rocJe onepaiui [10].

B nccnenosannu L.R. Kaiser (2019) aknentupyercs
BHHMaHHE Ha BEIOOPE XUPYPTUIECKOTO MOX0a MIPH Jie-
YCHUU MEIUACTHHAIBHBIX OMyXOJeH, IJe TPaTuIiOH-
HBIC METOJIbI, TAKHE KaK CTEPHOTOMHSI, MOTYT YCTYIaTh
MHUHHUMAaJIbHO MHBA3WBHBIM TEXHUKAM B ILIaHE MOCJICO-

nepainroHHoro BoccraHoBieHus [11]. Hamu pesynbra-
ThI COTVIACYIOTCA C BBIBOAAMH JAHHOTO HCCJIEIOBAHUS,
noauepkuBas npeumyimecrsa BATC B cHuxeHuu mno-
CJICOINEPALUOHHBIX OCIOXHEHUI U YCKOPEHUM BOCCTa-
HOBJICHHS TAI[UCHTOB.

Baxnoe 3HaueHWe WMeEeT MeTaaHaln3, IPOBEICH-
HbIif J. Dang u coaBt. (2024), B KOTOPOM CpaBHUBAJINUCH
pesynbrarsl BATC 1 po6OTH3HpOBAaHHOW XUPYypruu. AB-
TOPBI OTMEUAIOT, YTO 00€ TeXHUKH 3(H(HEKTHBHBI, OHAKO
BATC ocraercs Oosnee QOCTYIMHON M MIMPOKO MPUMEHS-
€MOI METOIMKOH, 0COOCHHO B YCIIOBHUSX OIPaHUYEHHBIX
pecypcos [12].

B namewm nieatpe BATC Oblta BeIOpaHa Kak OCHOBHOM
METO]I, YTO TIO3BOJIUIIO JOOMTHCS XOPOIINX PE3yJbTaToOB
IIPH OTHOCHUTEIIEHO HU3KOH CTOMMOCTH BMEIIATEIHCTBA.

B pabore G. Giilmez u coast. (2024) cpaBHHBANINCH
pe3yabTaThl OTKPBITBIX ONEpaldii M OJHONOPTOBOU
BATC, mnoka3aHO, 4TO MHUHUMAJIbHO HHBAa3UBHBIC TEX-
HUKH 3HAYUTEIFHO CHIDKAIOT PHUCK OCIIOKHEHHMA, TaKHX
KaK HH()EKIIMOHHBIE TIPOLIECCHI U [UTUTEIbHOE BOCCTAHOB-
nenwne [13]. Hamm gannabie TOATBEPKAAIOT STH BBHIBOIBL,
JIEMOHCTPHPYST YMCHBIICHUE MEepHoAa MPEOBIBAHMS Ta-
LIUEHTOB B CTallMOHApe U 0oJiee OBICTPYIO PeadHINTAIIUIO
nocie BATC.

Taxxe cTouT oTMeTUTh UcciienoBanue M. Tang u co-
aBT. (2024), B KOTOPOM aHAJIM3UPOBAIIOCH BIUSHUE pa3-
Mepa MEeIUAaCTHHAIBHBIX OIyXOJICH Ha BHIOOp XUPYpIH-
YEeCKOTO J0CTyma. beIo mokazano, 94To cyOKu(OmIHBIIN
noctyn B BATC siBrsieTcst 6€301MacHbIM U 3(PPEKTHBHBIM
JaXe TPpU OOJBIINUX OMYXOJSX, YTO TAKXKE HAILIO TOA-
TBEPIKJCHUE B HAIINX KIMHUYICCKUX HAOMIONEeHUsX [14].

B uccnenosanuu X. Yin u coast. (2024) mog4epKHyTO
MIPEUMYIIECTBO CyOKOCTAIbHON TOPAKOCKOIIMH TIEpeI Me-
JUAaHHOU CTEPHOTOMHUEH IpH JieueHuu TuMoM. Hamm pe-
3YJBTATHI TAK)KE ITOKA3BIBAIOT, YTO MHHUMAIHHO HHBA3HB-
HBbIE€ METOJBI MO3BOJISIIOT CHU3UTH YaCTOTY OCIIOKHCHUU
U yIyYIIUTh UCXOMABI TPHU JICUCHUHA TUMOM Y TAIlUCHTOB
[P MUHUMAaJbHOH TpaBMatuyHocty [15].

Kpome toro, Y. Tanaka u coaBt. (2023) paccmoTrpenu
s dexrnBHOCTE BATC mpn HUCXOIAIIEM HEKPOTH3UPY-
IOIIeM MEIUACTHHHTE, J0Ka3aB, YTO MUHUMAJIbHO WHBA-
3MBHBIN TOJIXO TIO3BOJISIET M30€XkKaTh CEPhE3HBIX MOCIIe-
OTIepaIOHHBIX OCIIOKHEHMH [16]. B Hamewm nccnenopa-
Huu BATC Ttaxoke mokaszana Xopolue pe3yibraThl y ma-
LIUEHTOB C OCJIIOKHEHUSMH, TPEOYIOIINMHE ONEePaTHBHOIO
BMEIIIATEIbCTBA HA MEIUACTUHAIBHBIX CTPYKTYpax.

Z. Zhang u coast. (2022) B cBOCi paboTe OTMETHIH
ycrnewmHoe npuMmeHenue BATC mpu ynaneHuu 3pensix
TEpPaTOM MEIUACTHHYMA, YTO TOATBEPXKIACTCS HAIINMU
nmanaeiMH, TIe BTC ncrmonp3oBaiack Kak OCHOBHOM Me-
TOJ IS yOAJICHUs TOA00HBIX omyxouei [17].

Haxonen, B wuccrnenoBanmu P. Cherntanomwong
n coasT. (2022) nmpopemMoHcTpupoBaHa 3¢ peKTHBHOCTH
BATC no cpaBHEHHIO C CTEPHOTOMHMEH MPU TUMIKTOMUHM
y HaIeHToB ¢ MuacTenuen [18].
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Takum 00pa3om, HallK TAHHBIE COTTIACYIOTCS C PE3YJlb-
Taramu 3apyOeKHBIX HCCIIEIOBaHHUN, JEMOHCTPHUPYOIIH-
MU HE TOJIBKO 0€30MaCHOCTh, HO M YIYUIICHHBIC UCXOIBL.

OrpaHuueHusl HAIEro HCCICAOBAHUS BKIIIOUAKOT pe-
TPOCTICKTHBHBIN XapakTep, HEOOJBIIHE pPa3Mephl TPYIIT
MAIMEHTOB, OIHOIICHTPOBOW H3aifH, OrpaHUYECHHOE Bpe-
Ms1 HAOIIOEHUSI 1 OTCYTCTBUE aHAIIN3a MOP(HOTOTHUCCKIX
XapakTepUCTUK omyxonel. Taxke onbIT Bpauel-xupypros
Y HEYYTEHHBIE COITy TCTBYIOIIHE 3a00IeBaHMsT MOTJIH MTOBITH-
STh Ha Pe3yJIbTarbl. DTH (aKTOPbI TPEOYIOT OCTOPOKHOCTH
[IPY UHTEPIPETAIMY BHIBOIOB U MOTUCPKUBAIOT HEOOXOH-
MOCTb JAIBLHEHIINX UCCACIOBAHUN.

3aknuyeHmne

Metonuka BATC nemoHCTpupyeT NpeuMyIIeCTBa
nepes TPAAUINOHHBIMU METOJAMH, TAKUMHU KaK TOPAKO-
TOMHS U CTEPHOTOMUSI, 00CCIICIMBAECT MEHBIITYIO KPOBO-
MoTepro, 00Iee KOPOTKOE BpEMsl OIepalluy, IPeObIBAHMUS
B CTAI[MOHAPE U HU3KYIO YaCTOTY OCIIOKHEHHH.
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Pezrome

Iean ucciaenosanusi: M3yunts sausHue orcpoueHHoi BATC-TopakoniacTku Ha 4acTOTY pa3BUTHUS MOCICONEPALIMOHHBIX OCITOXK-
HEHHUH U PeaKTUBALUU TyOepKy/Ie3a I10CIe MTHEBMOHAKTOMUH.

Marepuasbl 1 MeToibl: OTKPBITOE KOTOPTHOE PETPOCIIEKTHBHOE HEPAHAOMU3HMPOBAHHOE MHOTOIIEHTPOBOE MCCIIEZI0BAHKE, BHITIOJIHEHHOE
B nieprioz ¢ 1984 mo 2022 . B paboty BkiroueHs! §15 manpeHToB, KOTOPBIM OBLTH TPOBEICHBI THEBMOHIKTOMIH ¢ oTcpodeHHOH BATC-
TOpaKorutacTukoi (1-s rpymma — 214 marmenToB) WiH MHEBMOHAKTOMIH 0e3 orcpouenHoit BATC-topakoractuku (2-51 Tpymma — 601 mamu-
€HT) TI0 TIOBOZY JIECTPYKTHBHOTO TyOepKysesa jierkux. O0e IpyIIbl MalMeHToB ObUTH pa3iesieHbl Ha 3 TIOArPYIIIb, B 3aBHCUMOCTH OT CTe-
MICHU TIOPAXKEHHUS TyOepKyJIe30M ocTarolerocs jierkoro mo ganasiM MCKT: A) 6e3 maTogornyeckix M3MEHEHHUH B OCTaBIIEMCS JIETKOM;
B) ¢ oyaroBbIM nopakeHueM ui TyOepKysaeMamu Oe3 pacrajia B ocTaBIeMcs JierkoM; B) ¢ nectpykimsimMu B ocrasiemMcs jgerkom (CV+).
Pe3yabratei: B 1-ii rpymnme nocneonepaoHHble 0CI0KHEHUs oTMeueHbl Y 7 (3,27%) G0IbHBIX, TOCHUTAIbHAS JIETAIBHOCTD OTCYT-
CTBOBAJIa, @ HEMOCPEACTBeHHAs! AP (HEKTUBHOCTD XUPYPIUUECKOTO0 JieueHus cocraBuia 95,79% (205 nanuenrtos). Bo 2-i rpynme 3tu
Hokasatenu coctaBuiu 28,95%, 7,49% u 85,36% coorBercTBeHHO. B 1-if rpynme s¢dexruBHOCTb Uepes 1, 3 u 5 1eT mociie BEIMHCKH
cocraBuia 98,54%, 95,51% u 93,20% cOOTBETCTBEHHO, pELUAMB/TIpOrpeccupoBanue Tydepkynesa ormedeHo y 32 (15,53%) Gonb-
HBIX, YMepiH oT Tyoepkysesa 8 (3,88%) nmanueHToB, o31HHEe OPOHXOIIEBPaJIbHBIC OCIOXKHEHHs oT™MeueHbl y 11 (5,24%), 5-tu net-
HSISl BBDKMBAEMOCTh coctaBmiia 93,96%. OtnaneHHble pe3ynbTaThl BO 2-i rPyIIe 10 BCEM BbIIICTIEPEUHCICHHBIM KPUTEPUSIM ObUTH
xyxe. DddexruBHOCT depe3 1, 3 u 5 et mocie Beimucku coctasmia 91,33%, 89,81% u 87,28% cOOTBETCTBEHHO, pELIUIUB/TIPO-
rpeccupoBaHue Tyoepkyiesa ormedeH y 74 (18,88%), ymepiu ot tydepkynesa 34 (8,67%) nauueHTa, mo3aHue OpoHXOIIeBpaIbHbIC
oCNOKHEeHUs otMedeHb! y 42 (10,71%), 5-Tu neTHss BBDKUBaeMOCTh cocTaBmia 85,52%.

3akuouenne: [Ipumenenue orcpoueHHO BATC-TOpaKkoriacTHKY 3HAYUTEIIBHO YIIy4IlaeT Kak HelOCPEACTBEHHBIE, TaK U OT/IaJICHHbIE
Ppe3ynbraThl THEBMOHAKTOMUH Y OOJIBHBIX TyOEpKyIJIe30M, 0COOCHHO IPH HAIMYMH JECTPYKTUBHOTO IPOIIECCA B €JMHCTBEHHOM JIETKOM.
Kniwouesvie cnoea: tybepkynes, xupyprusi, MJIY-Tb, IIJIY-TB, maesmonsktomust, BATC-Topakoruractuka
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Abstract

Objective: To investigate the impact of delayed video-assisted thoracoscopic surgery (VATS) on the rate of postoperative complica-
tions and tuberculosis recurrence following pneumonectomy.

Materials and methods: A retrospective, open, cohort, nonrandomized, multicenter study conducted between 1984 and 2022 includ-
ed 815 patients with destructive pulmonary tuberculosis who underwent pneumonectomy with delayed VATS thoracoplasty (group 1,
214 patients) or without it (group 2, 601 patients). Both groups were further divided into 3 subgroups based on multislice computed to-
mography findings of the remaining lung condition: A, no pathology; b, foci or tuberculoma without cavitation; B, cavitation (CV+).
Results: In group 1, postoperative complications occurred in 7 patients (3.27%); there was no hospital mortality, and the short-term
effectiveness of the surgery was 95.79% (205 patients). In group 2, these parameters were 28.95%, 7.49%, and 85.36%, respectively.
In group 1, the effectiveness at 1, 3, and 5 years after discharge was 98.54%, 95.51%, and 93.20%, respectively; 32 (15.53%) pa-
tients had recurrence or progression of tuberculosis. Eight patients (3.88%) died from tuberculosis, and 11 (5.24%) experienced late
bronchopleural complications. The 5-year survival rate for group 1 was 93.96%. The long-term outcomes in group 2 were worse.
The effectiveness at 1, 3, and 5 years was 91.33%, 89.81%, and 87.28%, respectively. Recurrence or progression of tuberculosis was
observed in 74 patients (18.88%); 34 patients died from tuberculosis (8.67%), and 42 patients had late bronchopleural complications
(10.71%). The 5-year survival rate was 85.52%.

Conclusions: Delayed VATS thoracoplasty significantly improves both short-term and long-term outcomes of pneumonectomy in pa-
tients with tuberculosis, especially in case of a destructive process affecting the remaining lung.

Keywords: tuberculosis, surgery, MDR-TB, XDR-TB, pneumonectomy, VATS thoracoplasty

Cite this article as: Giller DB, Basangova VA, Kesaev OSh, et al. Impact of delayed video-assisted thoracoscopic surgery on pneu-
monectomy outcomes in patients with tuberculosis. Innovative Medicine of Kuban. 2025;10(2):24-32. https://doi.org/10.35401/2541-
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BBepeHune

[TocneonepaiuOHHBIE OCJIOKHEHMSI IMOCJIE MHEBMO-
mkromuu ([13) Bcerma ObUTM aKTyalbHOUM MpOOIEMOU
B XUPYPTUHU TyOepKyse3a JIETKHX, TOCKOJIBKY SBISIOTCS
OJTHOW M3 OCHOBHBIX MPUYHH PEAKTHBAINU TyOEpKyse3a
U CMEPTHOCTU IOCNIE XHUpyprudyeckoro yedenus. Hawu-
0ojiee YaCTBIMU U TSDKEIBIMU OCIIOKHEHHUSIMH SIBIISTIOTCS
OpOHXOIIJIEeBpaIbHBIE, 00YCIOBHBIIHE OOJIBITUHCTBO CITY-
4aeB CMEPTH BO BCEX CTATUCTHYECKUX NaHHBIX [1].

Llenb nccnepgoBaHuns

Wzyuuth BrusiHue otcpodenHoir BATC-topakoriiac-
TUKHU Ha YaCTOTY pa3BUTHs NIOCIIEONEPALIMOHHBIX OCIOKHE-
HUI 1 peakTUBAIlY TyOepKyJie3a Mocie MHEBMOHIKTOMUH.

MaTepuanbl u metToabl

OTKpBITOE KOTOPTHOE PETPOCIEKTUBHOE HEPaHIO-
MHU3UPOBAHHOE MHOTOLIEHTPOBOE HCCIIEIOBaHUE, TIPO-
BEJICHHOC HAa HECKOJNBKHUX KIMHUYCCKUX 0a3zax B IEpH-
on ¢ 1984 mo 2022 r. (B Uensounckom OTJl B mepuon
¢ 1984 mo 2003 r. — 168 namuenTos, B [IHUUT PAMH
B niepuox ¢ 2004 mo 2010 . — 395 GonbHbIX, B YKb OTH-
suomynsMoHoJoruu [IMI'MY um. .M. CeuenoBa B me-
puoxn ¢ 2011 mo 2017 r. — 204 nanuenta, B MOCKOBCKOM
obomactooM IIT m PecrmyOnmkaHCKOM cCIEIIMaIM3HPO-
BanHoM HIIMII ¢tusuarpuu u nynasMmononorun M3PY3
B nepuox ¢ 2018 mo 2022 1. — 48 manueHToB).

N3 910 GonbHBIX, KOTOPHIM OBLIN BHITIOJHEHBI THEB-
momakromun ([13) mo moBomy mecTpyKTUBHOTO TyOep-
KyJie3a, B paboTy BKIIOUeHBl 815 mamueHToB, y KOTO-
PBIX TIPOM3BENCHBI TTHEBMOHIKTOMHH C OTCPOYCHHOU
BATC-topakortactukoit (1-s1 rpynma — 214 mnamuen-
TOB) WM ITHEBMOHIKTOMHH 0e3 oTcpoueHHoi BATC-
TopakoracTuku (2-g1 rpynma — 601 manument). Kpurte-
PUSMHU HCKITIOYCHUS 95 ManueHTOB OBUTH IMPEIIIeCTBY-
IOIUE MHEBMOHAKTOMUU WU OJHOMOMCHTHBIC C HEU

TOPAKOIUTACTUKH, a TAK)KE COUCTAaHUE TyOepKyie3a U paka
JIETKOT0, BO3pacT muafie 18 et

OO0e rpyIb! OBUTH pa3ne/icHbI Ha 3 MOATPYIINbI, B 3aBHU-
CHMOCTH OT CTEIICHU MOPAKEHHUS TyOSpPKYJIe30M OCTaBIIIe-
rocst sierkoro 1o qanasiM MCKT. B 1a (25 nanmenToB) u 2a
(137 marpieHTOB) IPYMITHI BOIIIN TAIIMEHTH! O€3 TaTOIOTH-
YECKUX M3MEHEHWH B ocTtaBieMcs jerkom, B 10 (101 ma-
1reHT) 1 26 (336 marpeHToB) TPyNImbl — MAaUeHTHl ¢ Oda-
TOBBIM TTOPOXXCHUEM WM TyOepKylToMamu Oe3 pacrania
B ocTarolemcs jerkom, B 1B (88 mauuento) u 2B (128 ma-
LIMEHTOB) — MAIMEHThI C HAJIMYUEM JIECTPYKTHBHBIX TyOep-
KYJIE3HBIX U3MEHECHHUI B OCTABIIIEMCSI JISTKOM.

ITo oCHOBHBIM XapaKTepUCTHKaM 3a00JICBAaHUS M aH-
TPOIIOMETPHUUCCKUM TAaHHBIM |- U 2-s TPyIIA MAIIEHTOB
Obu comocTaBuMBI (Tabm. 1). BomemmHCTBO omepupo-
BaHHBIX OBUTH MY)KYUHBI, CPEIHUH BO3pACT B 1-i rpymme —
33,00 et [27,00; 41,001, Bo 2-#1 rpymimne — 35,00 net [27,00;
44,001, p=0,26. OcHoBHas hopma TyOepKyJie3a y Orepupo-
BaHHBIX — (hUOPO3HO-KaBepHO3HbII TyOepkyne3 (87,85%
B 1-i1 u 84,69% Bo 2-i1 rpynne, p=0,36) (Tabm. 1).

OpmHaKo 0 HEKOTOPHIM TOKA3aTEeNsSIM OIEPaly y Ta-
UeHTOB 1-i rpynmnsl uMenn OONBINNI PHUCK peakTHBa-
nun TyOepkyne3a. B ocHOBHOI Tpymme wbame BcTpe-
YaJlUCh JIByCTOPOHHHE NeCTpYKIuu B Jerkux (41,12%
B 1-ii u 21,30% Bo 2-if rpynne, p<0,001), yame orme-
YaJIUCh PA3INYHbIC BUABI JIEKAPCTBEHHONW YCTOMYMBOCTU
MBT (92,52% wu 66,72% cootBercTBeHHo, p<0,001),
B ToM yucie IJTY (45,79% u 19,13% cOOTBETCTBEHHO,
2<0,001), ocnoxHeHWE JETOYHOTO MPOLIECCa IMITUEMON
(44,39% u 34,28% coorBercTBeHHO, p=0,008), Hapy-
menne mutanus ¢ UMT umxe 18,5 (32,24% u 22,79%
cootBeTcTBeHHO, p=0,02), Hu3kue nokazarenu JKEJI
u O<1)B1 1o oneparuu — menee 50% (44,86% u 39,10%
COOTBETCTBeHHO, p=0,14), BBIIOJIHEHUE ITHEBMOHAIKTO-
MMH TI0 TIOBOJTY TTOCJIeOIepalmoHHOro peruansa (42,99%
u 35,27% cootBercTBeHHO, p<0,001).
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Tabnuuya 1
CpaBHeHue 00IIMX XapakTepucTuk 1-if u 2-if rpynn
Table 1
Comparison of main characteristics of groups 1 and 2
1-s1 rpynna 2-1 rpynmna s
CpaBHHBaeMble apaMeTpbI (n=214) (n=601) y
Cpennuii Bo3pact 33,00 35,00 0,26
P P [27,00; 41,00] [27,00; 44,00] ’
CoOTHOIIEHHE MYXYUH/KEHIIMH 1147100 379/222 0,01
y 53,27%/46,73% 63,06%/36,94% ’
CpenHsist JUINTeNbHOCTh 3a00J1€BaHUS 10 XUPYPrHYECKOTO 67,00 73,00 0.43
nedeHust (Mec.) [21,00; 96,00] [24,00; 98,00] >
Dopmbl TyOepKyesa:
OKT 188 (87,85%) 509 (84,69%)
KaBepHo3HbIi 4 (1,87%) 24 (3,99%) 0,36
Kazeosnas mHeBMOHUS 18 (8,41%) 45 (7,49%)
HuppoTraeckmii 4 (1,87%) 23 (3,83%)
PacnpocTpaHeHHOCTS:
OIHOCTOPOHHUN AECTPYKTHBHBIN 25 (11,69%) 137 (22,80%) <0.001
JIByCTOpPOHHMI A€CTPYKTHBHBII 88 (41,12%) 128 (21,30%) ’
JIByCTOpPOHHUI C KaBEPHOI C OJHON CTOPOHBI 101 (47,19%) 336 (55,90%)
BakTeproBbIIeICHHEe HA MOMEHT OTepaIiii 211 (98,59%) 576 (95,84%) 0,02
Hanmuune npe-1IJTY u HIJTY MBT 98 (45,79%) 115 (19,13%) <0,001
Hamnane MJTY 75 (35,05%) 208 (34,61%) 0,02
CymmMmapHas yactora Bcex BuoB JIY 198 (92,52%) 401 (66,72%) <0,001
OcJ10’KHEHHUE JIETOYHOTO NpoLecca IMIUEMOH TIIEBPBI 95 (44,39%) 206 (34,28%) 0,008
OcI10’)KHEHUE JIETOYHOTO TPoLiecca KPOBOXapKaHbEM 31 (14,49%) 144 (23,96%) 0,004
OCNOXXHEHHUE JIETOYHOTO Mponecca — AeUIUT TUTAHUST o o
(MMT <18,5) 69 (32,24%) 137 (22,79%) 0,02
Oclo)XHEHHE JIETOYHOro Ipolecca BoipakeHHoi JITH o o
OKEJT 1 wn ODBI <50% K 10mkHoi) 96 (44,86%) 235 (39,10%) 0,14
TyOepkyne3 rmaBHOTO OpoHXa 53 (24,77%) 112 (18,63%)
0,19
CTeHO3 IITaBHOTO OpOHXA 14 (6,54%) 37 (6,15%)
OcTpoe mporpeccupoBaHue TyOepKyiesa mepej onepamnueit 58 (27,10%) 149 (24,79%) 0,51
YacToTa conmyTCTBYIOLIEH ATOJIOTUH 211 (98,59%) 558 (92,84%) 0,002
Yacrora XOBJI 1 xpoHHYEeCKOTO OpPOHXHUTA 188 (87,85%) 406 (67,55%)
UacroTa cepieyHON NATOJIOTUU 127 (59,35%) 353 (58,73%) 0,003
Yacrora caxapHoro quadera 14 (6,54%) 50 (8,31%)
YactoTa renaruToB U LUPpPO3a IEUYEHU 52 (24,29%) 119 (19,80%) <0,001
HapxoMaH¥st 1/Wn aIkoTOIA3M 31 (14,49%) 52 (8,65%) 0,21
VYKJIOHEHHE OT JICUCHUSI B aHAMHE3E 108 (50,47%) 327 (54,40%) 0,31
[TocneonepanoHHbI penuInuB 92 (42,99%) 212 (35,27%) <0,001

Ilpum.: * — ypoBeHb H0CTOBepHOCTH 10 KpuTepuio % OKT — dhubpo3Ho-kaBepHO3HBINH TyOepkyne3; JIY — jgekapcTBeHHAs
ycToiuuBocTh; MJIY — MHOKECTBEHHAs JIEKAPCTBEHHAs yCTOMUMBOCTh; npe-1IJIY — mpe-mupoxkast jiekapcTBEeHHAsl yCTONYH-
BocTb; IIIJIY — mmpokas nexapcTBeHHas yctoituuBocts; IMT — unnexc maccsl tena; J{H — npixarenbHas HEAOCTaTOYHOCTD;
JKEJI — »xu3HeHHast eMKocTh Jerkoro; O®B1 — o6bem (opcupoBaHHOTO BbIIOXA 3a MEpBYIO ceKyHy Bbl1oxa; XOBJI — xponu-
Yyeckast 00CTpYKTHBHAs 0OJIE€3HB JICTKHX

Note: *, level of confidence according to the y* test; ®KT, fibrous-cavernous tuberculosis; JIY, drug resistance; MJTY, multidrug
resistance; mpe-1JTY, pre-extensive drug resistance; IILUTY, extensive drug resistance; UMT, body mass index; JI1H, respiratory
failure; JKEJI, vital capacity; O®BI, forced expiratory volume in the first second of expiration; XOBJI, chronic obstructive
pulmonary disease
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BATC otcpouenHass KOppUTHpYIOIIas TOpakoIia-
CTHKa y OOJBHBIX 1-f TPyNIbl BBITOIHIACH IO METO-
nuke J1.b. Tunnepa [2] uyepe3 3 Hemenn mociie MTHEBMO-
HAKTOMHUU U3 MUHH-OCTYTA C IIOMOIIBIO BUACOTOPAKO-
ckomna. B monokeHnu 00JIbHOIO Ha KMBOTE BHIITOIHSIIOT
paspe3 6—8 cM mapaBepTeOpaIbHO MapauIeIbHO MEIH-
aJIbHOMY Kparo JIOMATKH OT YPOBHS OCTUCTOTO OTPOCTKA
IIT rpynHoro no3BoHka. B otnuune oT TpaaUIIMOHHOTO
IOCTyMa Jisi TOPAKOIJIACTUKH, MPU KOTOPOM IIUPOKO
paccexaroTcs BCE MBIIIIEI MEAUATbHES JTOMATKH, MPe-
JIOKEHHBIN JIOCTYI MOJAPa3yMEBAET PACCEUEHHE TOJIb-
KO HEeOOJBINON YacTH TparennBHIHOW, IWpOoYaiIieit
MBIIIIBl CIIUHBI U OOJBIION POMOOBUIHON MBIIIIIBL.
YacTUYHO pacCeuCeHHBIC MBIl W JOMATKy OTCJIau-
BaIOT OT HAPY>KHOU MOBEPXHOCTU pedep B MPOEKIUU
MIPEACTOSMICH TEKOCTAIINN U OTBOIST B CTOPOHBI M Ha-
PYXy IIHPOKHMH KpPIOUYKaMH, TaKUM oOpa3oM co3ma-
€TCS TIOJIOCTh WIIN MPOCTPAHCTBO IS XUPYPTHUCCKUX
MaHHITYJISIITAH MKy OOJIBIIIMMHE CKEJICTHBIMHU MBIIIIIIA-
MH U peOepHBIM KapkacoM. B 3Ty mosiocTh 4epe3 oT-
JEJIBHBIM MPOKOI Ha 2 CM BBIIIE BEPXHETO yTIiIa PaHbI
YCTaHABINUBAIOT TOPAKOIIOPT, BBOAST BUACOTOPAKOCKOIT

U JaJIbHEUIInE MAaHUITYJISAIUU BBIITOJHAIOT IIOA BUIACO-
TOPAKOCKOTIMYIECKUM KOHTPOJIEM.

PesynbraTthbl

HenocpencTtBeHHble pe3ynbTaThl M3y4eHBI Yy BCEX
OOJIEHBIX HA MOMEHT BBITIMCKH U3 cTannoHapa. B la mox-
rpynmne u3 25 NalueHTOB, HE HMEBIIUX MATOJIOTUU
B OCTaBIIEMCS JIETKOM, ITOCIICONEePAIIMOHHBIX OCIIOXKHE-
HUI 1 JIETaIbHOCTH 3apETHCTPUPOBAHO HE OBLIO, BCE BBI-
MIUCaHbI C TIOJIHBIM KIMHU4YecKnM 3¢ ¢dextom. B 2a nox-
rpynne u3 137 nanueHToB nocaeonepaluoHHbIe OCI0X-
HEHUs pa3BUIKCh B 35 (25,55%) cinyuasx, rocnuTalbHas
JeTadbHOCTh — B 4 (2,92%) ciydasx u momHsi 3¢ dexr
nocturHyt y 124 (90,51%) nauuenrtos (p<0,001).

B 16 moarpymme u3 101 mamuenTta, IMEBIINX OYaro-
BOe 0OCEMEHEHHE OCTaBIIErocs JIETKOro 0e3 pacrajioB
B JICTOYHOM TKaHU, HEIIOCPEICTBCHHBIC PE3YNIBTAThI CIIe
6oJtee 3HaYMMO OTIMYAINCH OT 20 MOATPYIIHI B JIyUIIYIO
cTopony (Tadm. 2).

Ho nau6onee 3Ha4nMMBbIe pa3inydusi OTMEYAINCH B MO-
rpynnax 1B m 2B NpU HaJUYMU KAaBEPH B OCTaBILIEMCS
nerkoM. IlocneonepanoHHBIE OCIOXHEHUS PAa3BUINUCH

Tabnuua 2

HeHOCpeZICTBeHHLIe pe3yabTarbl IHEBMOHIKTOMUHU 110 IIOBO1Y Tyﬁeplcy.ne3a, B 3aBUCUMOCTH

ot npuMeHenns BATC-TopakoniacTuku

Table 2
Short-term outcomes of pneumonectomy in tuberculosis patients, based on the use of delayed VATS thoracoplasty
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— § ’ (1,1%) (89,8%)
2 205/214
0, 0,

Bcero 214 |7 (3,3%) 0 6 (2,8%) 0 (0.9%) 0 0 0 0 0 0 0 (95.8%)
NEES 137 35 14 13 9 10 1 0 1 6 2 4 4 124/137
(25,6%) | (10,2%) | (9,5%) [(6,6%) | (7,3%) [(0,7%) (0,7%) | (4,4%) 1(1,5%)[(2,.9%)| (2,9%) | (90,5%)
§ Ouaru*** | 336 84 33 26 25 13 3 2 4 17 9 16 24 | 305/336
E (25,0%) | (9.8 %) | (7.7%) [(7.4%) | (3,9%) 1(0,9%)[(0,6%)| (1,2%) | (5,1%) [(2,7%)[(4.8%)| (7,2%) | (90,8%)
B ov e | 28] 53 23 19 7 14 | 4 0 3 15 | 9 [ 12 | 17 |84/128
N (43,0%) | (18,0%) | (14,8%) | (5,5%) [(10,9%) [(3,1%) (2,3%) 1(11,7%) (7,0%)[(9,4%) | (13,3%) | (65,6%)
Bcero 601 174 70 58 41 37 8 2 8 38 20 32 45 513/601
(29,0%) | (11,7%) | (9,7%) [(6,8%) | (6,2%) [(1,3%)](0,3%) [ (1,3%) | (6,3%) [(3,3%)[(5,3%)| (7,5%) | (85,4%)

IIpum.: * — 5(h(eKTHBHOCTH HA MOMEHT BBIITMCKH COIVIACHO KpuTepusiM MuHuUCTepcTBa 3apaBooxpanenus Poccuiickoit deje-
parwm; N** — Ge3 marojoruu B €IUHCTBEHHOM JieTkoM; Odaru™** — ouaru B emuHCTBEHHOM JierkoM; CV (+) **** — xapepHa
B equHCcTBeHHOM JlerkoM; OPJIC//IH — ocTphIif pecnimpaTopHbIi ANCTpecc-CHHAPOM/ IbIXaTenbHast HeJocTatouHocTh; XCH —

XpOHUYIECKasA CEpACYHAA HEAOCTATOYHOCTDH

Note: *, effectiveness at discharge according to the criteria of the Ministry of Health of the Russian Federation; N**, no patho-
logy in the remaining lung; Ouarn®**, foci in the remaining lung; CV (+) **** cavities in the remaining lung; OPZAC//1H, acute
respiratory distress syndrome/respiratory failure; XCH, chronic heart failure
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y 5 (5,68%) nanwenToB B 1B 'y 55 (42,97%) B 2B noa-
rpylmnax, TOCHHTalbHAs JIeTaJbHOCTh OTCYTCTBOBAJA
B 1B moarpymme u cocrasmia 13,28% Bo 2B moxrpymre,
MOTHBIA 3P exT gocTurHyT B 89,77% u 65,63% ciydaes
cootBeTcTBeHHO (p<0,05).

[Ipu 3TOM, ecii B OCHOBHOM TPYTIIIE OTIEPUPOBAHHBIX
Takue HanOosiee TPO3HBIE OCIIOKHEHUS KaK OpOHXHAIb-
HBbIC CBHIIM M IMPOTPECCHpOBaHKE TyOepKyie3a Ha CTa-
[UOHAPHOM ATaIle TOJIHOCTBIO OTCYTCTBOBAJIH, TO B KOH-
TponbHO# rpyme 6sum yacteiMu (11,68% u 6,32% coot-
BeTcTBeHHO, p<0,05).

B nenom B 1-i rpyrime ocnoKHEHUs MOcie onepaiuu
ormeueHbl y 7 (3,27%) OONBHBIX, JETaIbHOCTH OTCYT-
CTBOBaJIa, a HEMOCPE/ICTBEHHAs! A(PPEKTUBHOCTh XHPYP-
rU4eckoro JiedeHus cocraBmwia 95,79% (205 manuen-
ToB). Bo 2-i1 rpymnme st moxasarenu cocrasuin 28,95%,
7,49% u 85,36% cootBercTBeHHO (p<0,05).

OTnancHHbIC PE3yABTAaThl XUPYPTHUCCKOTO JICUCHUS
B cpoku oT 1 no 20 ner uzyuens! y 206 (96,26%) na-
[IUEHTOB OCHOBHOM rpymmbl U 392 u3 556 BBINTMCAHHBIX
(70,50%) KOHTPOIBHHOM TPYIIIHL.

B 1-i1 rpymme apdexruBHOCTS Uepes 1, 3 u 5 net nmocie
BBIMKMCKH cocTaBuia 98,54%, 95,51% u 93,20% cootBeT-
CTBEHHO, PEIMJIUB HJIM [IPOrpeccCUpoBaHue TyOepKysie3a
ormeueH y 32 (15,53%) mammenToB, ymMepian oT TyOepKy-
ne3a 3a epuon Hadmoaenus 8 (3,88%) manueHToB, mo3-
HUE OpPOHXOIUICBPAIBHBIC OCIIOXKHEHHSI TOCIE BBITHCKA
ormeuensl y 11 (5,24%), 5-Tu neTHAS BBIKHBAEMOCTh
coctasuia 93,96%, BoccTaHOBICHHE TPYIOCIOCOOHOCTH
orMeueHo 113 u3 177 nmauenTos (63,84%) Tpymnocmnocoo-
HOTO BO3pacTa, HAXOMUBIIHMXCS IO/ HAOIIOICHHEM Oolee
3-x set, u3 69 KeHILKH B Bo3pacTte J10 35 JIeT MmocJe ore-
parun poxanu 13 (18,84%) genosek (p<0,05) (Tabm. 3).

OTtnajneHHble pe3yibTaTbl BO 2-i TpyIIle 1O BCeM
BBIIIICTIEPEYHCICHHBIM KPUTEPHUAM ObLTH HIKe. D dek-
THBHOCTB uepe3 1, 3 u 5 JieT mocie BBIMUCKU COCTaBUIIA
91,33%, 89,81% u 87,28% COOTBETCTBEHHO, PEIUIANB
WIM TPOTPECCHpOBaHME TyOepKyne3a OTMEYeHHl y 74
(18,88%) manmeHTOB, yMEPIH OT TyOepKyse3a 3a mepu-
on HaOmoneHus 34 (8,67%) manueHTa, mo3aHue OpOHXo-
TUIEBPAJIbHBIE OCIIOKHEHHSI TIOCIIE BBIMKUCKH BBISBICHBI
y 42 (10,71%), 5-Tu neTHsAsS BBIKUBAEMOCTh COCTaBUIIA

Tabnuua 3

OTZ[aJ'leHHl)Ie pe3yabTarbl IHEBMOHIKTOMMUHU 110 TIOBO1Y Tyﬁeplcy.ne3a, B 3aBUCUMOCTH

ot npuMeHennst BATC-TopakoniacTuku

Table 3
Long-term outcomes of pneumonectomy for tuberculosis, based on the use of delayed VATS thoracoplasty
o | & o
= = Q - o —~ =
H~ SIS 58| 2 N
2 E é e\e ) E{ Ef g &\/ E < < E
E| E ES| . am | = _|&| & Z&| 5~| E .S | ER
S| 5, |55 ES | ES | EE | B8 |z|E| 28| 28| ¢ | g8 | AT
5 S| 28 |Ss| E5 | 2= | 55 | 25 |E|%| 22| %:z| §E | 28 | £
= | 2| 35 |EZ| EE | EF | EB | Bl |g|d|5E| 35| & | £ | G&
= 8| o2 |EE€| E= | Em | Ew | B2 |E|2| 85| 28| & 23 | 9§
= E| 285 | g=| 33 3 o 39 SE2|EIE| Pa| ©% 2 g S ° a
2 S =) - 2 = o = 2 5y 5| @ = 23 2 5 = SO
|2 Sg| &¢ S & =g ES |8|E| 5| ©= = S8 e =]
=| £ $E| AT | AF | 6F | 28 5| 2% | g8 ; 25 | 8
g| 3 |E% & |&lg| gE| 3 5 = | 57
= g = 2lg| =3 | 2 = =
22| "7 % | ¢ >
N os| o5 | 24 | 24 23 19 2 L1 ] 2 19 19/22 | 3/11
96) | (100) | (100) | (100) | (83) 83) | (100) | (86,4) | (27.3)
= 94 | 93/94 | 78/81 | 63/67 | 12 3 5 | 64/67 | 53/79 | 427
£ | Ouwarn™ 101} 101 193 13| (989) | (963) | 94,0) | 12.8) | * |3 | 32 | ¢3) | 055 | 67.1) | (148
>
& 88 | 86/88 | 69/74 | 55/61 | 18 5 4 | 57/63 | 41/76 | 6531
ot
o Xl : , 5 57) | (45 5 | (53, ,
| CVETEI88 88 100y | (9 933) | 902) | 05)|>|°© 4 90 3.9) | (194
Beero |14l 214 | 206 [203/206[170/178[137/147] 32 [ [ 4| 8 11 [140/ 149 113/ 177 | 13/69
(96,3)] (98,5 | (95,5 | (93,2) | (15,5 (3,88) | (5,3) | (93,9) | (63,8) | (18,8)
N+ 137 133 | 100 [94/100 [ 73/81 | 6270 [11/100] [ [7/100 |12/ 100] 64/70 | 42/83 | 522
(75,2)| (94,0) | (90,1) | (88,6) | (11,0) (7,00 1 (12,00 | 014 | (50,6) | (22,7)
= . 211 |197/211|164/ 175 141/ 155 | 35/ 211 14/211]20/ 211|143/ 168| 104/186 | 6/51
5| Ouarn™ 336) 312 1(67,6)| (93.4) | 93.1) | 90.9) | (166) |27 | 6.6) | 9.5 | 5.1 | (55.9) | (11.8)
B v oyees| 128|111 | 8L [ 6781 | sase8 | a4/s8 | a8/81 [ [ CT13/81[ 10781 [ 47/59 | 26/66 | 4125
N (73,0)] (82,7) | (794) | (75,9) | (34,6 (e, 1) | 24 | (7197 | (394 (16)
Beero 601|536 | 392 [358/392(291/324 | 2477283 [ 745392 | ;| |, [34/392] 42392 2541297 | 172/335 | 15/ 98
(70,5)] (91,3) | (89,8) | (87,3) | (18,9) @7 | (10,7) | (855 | (51,3) | (5.3

Ipum.: N* — Ge3 marojgorud B CIUHCTBEHHOM JierkoM; Ogaru** — ouaru B eauHCTBeHHOM Jierkom; CV (+) *** — kaBepHa

B CIMHCTBCHHOM JICI'KOM

Note: N*, no pathology in the remaining lung; Ogaru**, foci in the remaining lung; CV (+) ***_ cavities in the remaining lung
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85,52%, BocCTaHOBIIEHUE TPYAOCIIOCOOHOCTH OTMEYEHO
172 u3 335 marmenTos (51,34%) TpymocmocoOHOTO BO3-
pacTa mpocieXeHHbIX Ooinee 3 jet, u3 98 KeHIIUH B BO3-
pacte no 35 ser nocne onepaunu poxanu 15 (15,31%)
(p<0,05).

Hanbornee 3HaYMMBIMU OBUIM OTIMYMS OTHAJICHHBIX
pe3ynbratoB 1B M 2B mOATpyIN OOJIBHBIX, MIMEBIINX Jie-
CTPYKIHH JIETOYHON TKAaHW B OCTaBIIEMCS IOCJE ITHEB-
MOHYKTOMHH JIETKOM.

O6cyxaeHue

Jlonst MHEBMOHAKTOMHUH TpH TyOepKyiesze He mpe-
BbImaeT 3% W COMPOBOXKIACTCS HAMOOJBITUM KOJIH-
YECTBOM I'PO3HBIX IOCICONEPALIMOHHBIX OCIIOXHEHHH
U JIOCTAaTOYHO BBICOKUM YpPOBHEM JeTalbHOCTH [3].
Hamu naiineno 22 my6nukanuu ¢ 2000 mo 2018 r., roe
OMHCaHbl pe3ynbTaTsl 1494 MHEBMOHAIKTOMUN y 00Ib-
HBIX TyOepKyine3oM (Tabm. 4). [Tockonbky 60NBITMHCTBO
paboT OBUIO MOCBSIIEHO XHPYPTHUYECKOMY JICYEHHUIO

Tabnuua 4
Pe3ysabTaThl NTHEBMOHIKTOMUM 10 MOBOAY TYOepKYyJie3a
Table 4
Outcomes of pneumonectomy for tuberculosis
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T.M. Kapues u coasr. [4] 2000 60 |25(41,7%) |13 (21,7%) | 4 (6,6%) | 45 (75%) H/1 H/It H/1
Y. Shiraishi u coast. [5] 2000 | 94%** | 15 (16,0%)| 5(5,3%) | 8(8,5%) 91% 33,2 89% 83%
FO.M. Pernus u coasr. [6] 2001 71 | 17(23,9%) | 9 (12,7%) | 8 (11,3%) |55(77,5%)| w/n H/1T H/IT
T.M. Kapues u coasr. [7] 2002 | S1* |21 (41,2%) |13 (25,5%)| 7 (13,7%) |39 (76,5%) | 5 (11,4) | 37 (84,1) H/1T
I'A. ®ponos u coasr. [§] 2002 12 [10(83,3%)| 6(50%) | 2 (16,7%) H/1T H/1T H/1T H/1T
H.I" I'pumenxo u coasr. [9] | 2003 22 8 (36,4%) H/1 5(22,7%) H/IT H/IT H/IT H/IT
K. . Epum6eros [10] 2003 14 | 3(21,4%) | 3(21,4%) H/IT H/I H/IT 701 H/IT
Y.T. Kim u coasr. [11] 2003 94 120(21,3%)| 7(7,5%) | 1(1,1%) H/I H/IT H/1T 94%
A.B. EnbkuH 1 coasr. [12] 2004 | 68* [26(37,9%) |15 (21,7%) | 11 (16,2%) | 50 (74%) H/IT 44% 60%
A.B. EnbkuH u coasr. [13] 2005 | 312 | 59 (19%) H/I 2 (6%) 85-92% 15% H/11 H/11
Y.T. Sherwood u coast. [14] | 2005 | 26* | 12 (46%) | 7 (27%) 6(23%) |14 (53,9%)| w/n H/IT H/1T
3.P. 'apudynmn u coasr. [1] | 2009 43 112 (27,9%) | 7 (16,3%) 3 (7%) H/IT H/IT H/1 H/IT
O.H. Otc u coasr. [16] 2009 | 129 |43 (33,3%) |19 (14,7%)| 5 (3,9%) H/IT H/IT H/1T H/IT
HI1.FO. Cabupos u coasr. [17] | 2009 98 139(39,8%) |23 (23,5%) | 19 (19,4%) | 69 (70,4%) | w/n H/1T H/IT
Y. Shiraishi u coasr. [18] 2009 22 H/ 1T 1(4,8%) - 21 (95,5%) H/1T 21 (95,5) H/1T
M. Kang u coasr. [19] 2010 23 H/11 - 1 (4,3%) H/11 H/11 H/11 H/11
M.N. Ilepenbman 1 coast. [1] | 2011 168 |52 (30,9%) |21 (12,5%) | 7 (4,2%) H/IT H/IT H/1 H/IT
M. Papiashvili u coasrt. [20] | 2012 8 2(25%) | 1(12,5%) | 1(12,5%) | 6(75%) H/1 6 (75%) H/1
X. Hu u coasr. [21] 2013 46 |16 (34,8%)| 7(15,2%) | 3,68%** H/1 H/TT H/1 H/TT
C.H. Cxoprsios u coast. [22] | 2015 | 35 |13 (37,1%) | 8 (22,8%) | 3 (8,6%) |18 (51,4%)| 8327 | 17ws27 |
(29.6) (62,9)
O.P. PazakoB u coasrt. [23] 2017 70 |17 (26,9%)| 4(5,7%) | 3 (4,2%) |65 (92,8%) H/IT H/IT H/IT
G.Y. Marfina u coast. [24] 2018 28 H/11 4 (14,3%) - H/11 H/11 H/11 H/11

Ipum.: * — 3aKIIOYNTEIbHBIE THEBMOHAIKTOMUY; ** — 136 MHEBMOHAIKTOMHMH, TOOPOKaueCTBEHHBIX 3a001€BaHNH, BKIFOYas Ty-
Oepkynes; *** — 13 94 MIeBPONHEBMOHIKTOMHH 88 BBITIOIHEHBI 110 IOBOAY TYOEpKyJe3a; /11 — HET JaHHBIX

Note: *, final pneumonectomies; **, among 136 pneumonectomies with benign diseases, including tuberculosis; ***, among
94 pleuropneumonectomies, 88 patients had tuberculosis; u\1, no data available
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TyOepKysie3a ¢ MPUMEHEHHEM pPa3InYHbIX BHUJIOB OIIe-
panuii 1 3PPEKTUBHOCTE XHPYPTHUUYECKOTO JICUEHUS
MIPUBO/IMIIACH Ha BCE OIepanu, 0e3 BbIIEICHHS ITHEB-
MOHIKTOMHUH, B Tabnuie 4 HEKOTOpbIe Ipadbl OCTAIUCH
HE3aIOJTHEHHBIMHU.

CpenHsist yacToTa XUPYpruuecKux OCIOKHEHNH Moce
1421 nmaeBmonsKkTOMIH cocTaBmia 28,9% (410 cirydaes).

YacToTa pa3BUTHA HECOCTOSTEIFHOCTH KYJIBTH OpOH-
xa BapbupoBasia oT 0 1o 50% u cocraBuna B cpeaHeM
14,9% (173 u3 1160), 1 Mo JaHHBIM OOJBITMHCTBA ABTOPOB
OblTa CyIIECTBEHHO BHIIIE, YeM IOCIIe THEBMOHIKTOMUMN
npu pake Jierkoro. [ToceonepanonHas JeTalbHOCTh KO-
nebanack ot 0 10 23%, B cpemaeM — 6,6% (98 u3 1480).

[Tony4yeHHbIe HAMU PE3yJbTaThl Y OONBHBIX 2-i TPyTI-
TIBI MAJIO OTIIMYAJINCH OT CPETHUX MOKa3aTesel OCI0KHe-
HUH ¥ JIETATBHOCTH JIAHHBIX JIUTEPATYpPbl, HO OBUIM 3Ha-
YMMO MEHBIIMMHU B 1-i rpyIine, onepupoBaHHbIX C MPH-
MEHEHHEM OTCPOYEHHOI TOPaKOTIACTHKH.

[Tonyuennsle maHHble 00 3()p(HEKTUBHOCTH ONEpaIiu
B OTJAJICHHBIA NEPHOJ y MALUEHTOB |-i IpyMNIbl TaKkxke
JIEMOHCTPHPOBAJIH MPENMYIIECTBA IO CPAaBHEHHIO C pe-
3yJIbTaTaMy JICUCHHsT OOJIHBIX 2-1 TPYIIIIBI M JTUTEPATYP-
HBIMH JTAaHHBIMHU.
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Abstract

Background: Proximal ulna fractures, such as olecranon and Monteggia fractures, can be challenging to treat.

Objective: To assess the effectiveness of locking compression plates (LCP) in stabilizing and promoting early mobilization in these
fractures.

Materials and methods: This is a prospective study conducted at Saveetha Medical College and Hospital from January 2022 to
December 2023. Patients with compound fractures, pediatric fractures, proximal bilateral forearm fractures, and those considered
medically incompetent for surgery were excluded from the study.

Results: Of 20 patients with olecranon and Monteggia fractures, the majority had comminuted olecranon fractures. Most cases did not
have associated injuries, while a few had radial head or coronoid injuries. Fracture union times varied, with some cases taking 12, 16,
or 18 weeks to heal. Most patients achieved good elbow range of motion, exceeding 100° in 75% of cases. One patient experienced an
exposed implant, one developed an infection, and 3 cases had restricted terminal pronation and supination. Functional outcomes assessed
using the Mayo Elbow Performance score were excellent in 16 patients and good in 4 patients.

Conclusions: That comminuted olecranon and proximal ulna fractures can be effectively treated with LCP, resulting in good union
and excellent clinical outcomes.

Keywords: proximal ulna, Monteggia fracture, locking compression plate, fracture, Mayo score
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Peziome

AKTya/IbHOCTB: JleueHne nepesoMoB MIPOKCUMAIBHOTO OT/AENA JIOKTEBOM KOCTH (IIepeioMa JIOKTEBOIo OTPOCTKa U repesioma MoH-
TEIDKH) MOXKET BBI3bIBAThH CIIOKHOCTH.

Heap uccaenoBanusi: OueHnTh 3PPEKTHBHOCTh NPHUMEHEHHS IUIACTHH C yroBoW crabuibHocThio (locking compression plates,
LCP) mns crabunuzanuu JaHHBIX IEPEIOMOB M PaHHEH MOOWITHN3AIUH.

MarepuaJsl 1 MeToAbI: [IpocriekTHBHOE HCCIeJOBaHUE IPOXOIMIIO Ha 6a3e MeauIMHCKOro Komeaka 1 0oinpHuLbl CaBuTa B IEpH-
ox ¢ staBapst 2022 1. o nexadppb 2023 1. Kpurepnn HCKITIOYeHNs: OTKPBITHIC IIEPETIOMBI, IEPEIOMEI y IETeH, TBYCTOPOHHHUE MTEPETOMBI
MIPOKCUMAJIBHBIX OT/IENIOB TPE/IJICYbsl M OTCYTCTBHE MEAMIIMHCKHIX MPOTHBONOKA3aHUIT [JIsl OTIEpallvH.

PesyabraTel: B nccnenoBanuu npusann ydactue 20 MalueHTOB ¢ MEPEIOMaMH JIOKTEBOTO OTPOCTKA U MeperoMaMu MOHTEKH,
y OOJIBIIMHCTBA YYaCTHUKOB OBbLIN OCKOJIBYATBIC MEPEIOMBI JIOKTEBOTO OTPOCTKA. B GONbIIMHCTBE cilydaeB He ObLIO COUETAHHBIX 10~
BPEXJICHNH, HO Y HECKOJIBKUX MAallMEHTOB HAOIIONAINCh MOBPEXK/ICHUS FOJIOBKHU JIy4eBOW KOCTH WIIM BEHEYHOT'O OTPOCTKA JIOKTEBOM
kxocTr. CpoKH KOHCONMAANUH TIEPEIOMOB BaphHPOBAIH: B HEKOTOPBIX CiIydasx morpedosanock 12, 16 wmu 18 Henens. Y GompmmH-
CTBa MALMEHTOB YJaJOCh JIOCTUYb XOPOLIEH aMIUIUTY/AbI JBHKEHUs B JIOKTEBOM cycTaBe: y 75% mnanueHToB oHa npessimana 100 °.

Qoo
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Y HEKOTOpBIX MAIMEHTOB HAONOIAINCH OCIOKHEHHs: HHPHUIMPOBAHUE MM OOHAXKEHHE UMILIAHTOB M OTPaHMYCHHAs MPOHALHMS.
@OyHKIMOHAIILHBIE PE3yJIbTaThl OLeHHBaH 110 1Kaine Mayo Elbow Performance Score: y 16 nanneHTOB ObUTH OTIMYHBIC PE3YIIBTATHI,

a'y 4 — xopomiue.

3akiouenne: OCKOIBIATHIC MIEPEIOMBI JIOKTEBOTO OTPOCTKA U TIEPEIOMBI ITPOKCUMAIBHOTO OT/ENA JIOKTEBOH KOCTH BO3MOXKHO 3(-
(dexTuBHO ne4nTh ¢ momotibio LCP u mocturars xoporieil KOHCOMUIANH EPEIOMOB M OTJIMYHBIX KIMHUUECKHX PE3YJIbTaTOB.
Kntouessie cnosa: TpOKCUMAIBHBIN OT/IEN JIOKTEBOH KOCTH, repeioM MOHTE/IKH, ITACTHHA C YIVIOBOI CTaOMIBHOCTBIO, IEPEIIOM, IIKa-

11a Mbiio
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MaX IPOKCHMAJIBHOTO OT/IENa JIOKTEBOI KOCTH: MCCIleloBaHUe (DyHKIMOHAIIBHBIX Pe3yabTaTtoB. Munosayuonnas meouyuna Kyoanu.
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Introduction

Olecranon fractures are common orthopedic injuries
typically caused by motor vehicle crashes, assaults, or
sideswipe injuries. They account for 10% of all elbow frac-
tures.! Treatment protocols for olecranon fractures vary
depending on the severity, ranging from simple transverse
fractures to comminuted and unstable fractures.? Commi-
nuted fractures result from direct trauma, while indirect
fractures are caused by falls on an outstretched hand. These
fractures are less common in children compared with su-
pracondylar humerus fractures due to the strength of the
olecranon in children.

Monteggia fractures arise from a fall on an out-
stretched hand with extreme pronation, resulting in
a fracture of the proximal third of the ulna along with
dislocation or fracture-dislocation of the radial head. In
children, conservative treatment may be sufficient, but
adults often require surgical fixation.? The mechanism
of injury typically involves a fall with hyperpronation
or hyperextension, leading to the biceps pulling the ra-
dial head out of the radiocapitellar joint and causing
a fracture of the ulna. Rigid internal fixation of the ulna
along with closed reduction of the radial head demon-
strated superior outcomes in these fractures. Continued
radiocapitellar instability is commonly due to malre-
duced or comminuted ulna fractures that fail to restore
the ulnar length, necessitating examination of the ra-
diocapitellar joint for soft tissue interposition or liga-
ment repair.

This study aims to assess functional outcomes of
treating proximal ulna fractures (olecranon and Monteg-
gia fractures) with locking compression plates (LCP).

Methods

This prospective study was conducted in the Depart-
ment of Orthopaedics at Saveetha Medical College and
Hospital from January 2022 to December 2023 and in-
cluded 20 male and female adult patients with commi-
nuted olecranon fractures and Monteggia fractures.

Patients with compound fractures, pediatric fractures,
proximal bilateral forearm fractures, and those considered
medically incompetent for surgery were excluded from
the study. All the participants provided written informed
consent. A total of 20 patients underwent surgery, and
their functional outcomes were recorded.
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Surgical Procedure

A midline posterior incision is used for fixation of
proximal ulna. Incision extends from 2.5 cm proximal to
olecranon and curved laterally at olecranon and contin-
ued distally along the subcutaneous border of ulna. Dis-
tal end point depends upon the fracture. Monteggia frac-
tures have longer incision than comminuted olecranon
fractures. Subcutaneous tissue cut and retracted. Fascia
opened along the line of incision and plane of dissection
deepened between flexor carpi ulnaris and extensor carpi
ulnaris and fracture site exposed. Fracture hematoma was
evacuated. Fracture site was exposed and ends cleared.
Accurate anatomical reduction was achieved using
clamps or provisional k wires. Then the olecranon lock-
ing compression plate was applied on the posterior sur-
face and fixed with minimum of 3 proximal and 3 distal
screws. Thorough wash was given and wound closed in
layers with suction drain.

Plate Specifics

The plate is side-specific, available with 5-11 holes
(5, 7,9, or 11). Notches can be contoured to adapt to
the bone anatomy. Combination screw holes can accept
both locking and nonlocking screws. Proximal locking
screws enable locking in the proximal cancellous bone.
There are 2.7-mm locking screws for the notches and
3.5-mm locking and nonlocking screws for the plate
shaft (Figure 1).

Figure 1. Contoured olecranon locking compression plate
Pucynox 1. Ilpemooenuposantas niacmuna Oisi 10KMe8020
OMPOCMKA € Yen080U CMabUuiIbHOCIbIO
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Follow-up

Rehabilitation and physiotherapy are crucial for
achieving optimal range of motion, strength, and func-
tion of the elbow after surgery. During the first follow-
up at 3 weeks after the surgery, the surgical scar was
examined for swelling, discharge, or tenderness, and the
range of motion of the joint was assessed. The promi-
nence of the implant on the ulna, being a subcutaneous
bone, was also checked during the follow-up visits. The
patients were instructed to perform elbow mobilization
exercises and active flexion-extension and pronation-
supination without putting too much strain on the joint.

The second follow-up was scheduled at 6 weeks, and
radiological evaluations and elbow performance scor-
ing were conducted. The third follow-up took place
at 12 weeks, and the patients were clinically and radiolog-
ically assessed. Subsequent follow-ups were scheduled at
6 and 9 months, and at the end of one year to monitor the
progress and ensure optimal recovery. The patient’s clini-
cal outcome were evaluated by the Mayo Elbow Perfor-
mance score, which considers the range of motion, pain
during activities, elbow joint stability, and daily living
activities.

Results

The study population comprised 16 men (80%) and
4 women (20%), yielding a male-to-female ratio of 4:1.
The patients were classified into 3 age groups: 20-40 years
(10 patients, 50%), 40-60 years (9 patients, 45%), and
over 60 years (1 patient, 5%) (Figure 2).

Of 20 cases, 11 (55%) fractures occurred on the right
side, while the remaining 9 (45%) cases occurred on the
left side. Ten (50%) patients were injured in road traffic
accidents, 7 (35%) patients were injured in falls, and
3 (15%) patients were injured in assaults (Table 1).

Fractures were categorized as comminuted olecra-
non (75%) and Monteggia (25%). In this series, 14 cases
(70%) did not have any associated injury; 4 cases (20%)

1 case, 5%

10 cases, 50%

0,
9 cases, 45% = 20-40

= 40-60
More than 60

Figure 2. Age distribution
Pucynok 2. Pacnpedenenue nayueHmog no 03pacmy

Table 1

Mode of injury

Tabnuua 1

MexaHu3M TPaBMbI

Mode of injury No. of cases Percentage (%)

Road traffic accident 10 50
Fall 7 35
Assault 3 15

were with a radial head injury; 1 patient (5%) had a coro-
noid injury, and in 1 case (5%) there was polytrauma.

The majority (90%) of patients underwent surgery
within the first 14 days since admission, while only 10%
had surgery after this period due to complex polytrauma
conditions. The mean time to surgery was 9 days, rang-
ing from 3 to 28 days. There were 9 cases with a fracture
union time of 12 weeks, 6 cases with a fracture union time
of 16 weeks, and 5 cases with a union time of 18 weeks.
We observed no cases of nonunion (Figure 3).

In this series, 15 patients (75%) had elbow range of
motion exceeding 100°, while the remaining 5 cases (25%)
had range of motion between 50° and 100°. The 5 cases

Time of union

18 wk, 25%

12 wk, 45%

16 wk, 30%

Figure 3. Fractures union time
Pucynox 3. Cpoxu konconuoayuu nepenomos

/a

Figure 4. Preoperative X-ray: olecranon fracture
Pucynox 4. Ilpedonepayuonnas penmeenocpamma: nepeiom
JIOKIMe8020 OMpOoCmKa
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with limited range of motion were only 6 months old during Complications were observed in the treatment of some
follow-up. Figure 6 shows an olecranon fracture fixed patients, including infected implants, exposed implants,
with LCP, and Figure 8 demonstrates a patient’s functional and pronation restrictions (Figure 9). Statistical data re-
outcome. vealed that three-fourths of patients did not experience any

h

Figure 5. Preoperative 3-dimensional computed tomography of the in- Figure 6. Immediate postoperative result
Jjured elbow Pucynok 6. Henocpeocmeennulii nocieonepayu-
Pucynox 5. I[lpedonepayuonnasn 3D komneromepras momoepaghus mpas- OHMbBIU pe3yIbmam

MUPOBAHHO20 1OKMA

Figure 7. Implant exit after

18 months
Pucynox 7. Cmewenue naac- Figure 8. Assessment of postoperative range of motion
munbl cnyems 18 mecsyes Pucynox 8. Oyenxa nocieonepayuonHou amniumyosbl 08UICEHUL
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Figure 9. Postoperative complication: exposed implant
Pucynox 9. Ilocreonepayuonnoe ocnodicHenue: oOHadiceHue
NAACMUHbL

complications (Table 2). Among the few who did, three had
pronation restriction, one had a superficial infection, and one
had an exposed implant. Patients with infected implants re-
ceived one week of intravenous antibiotics and regular dress-
ing, leading to the resolution of the infection. The patient
with an exposed implant had the implant removed after it
was observed at the 12-month postoperative period. Three
patients had pronation and supination restrictions and under-
went physiotherapy, which resulted in positive outcomes.

Patient’s clinical outcome was assessed by the Mayo
Elbow Performance score (Table 3) based on their arc
range of motion, pain during activities, stability of elbow
joint, and activities of daily living.

Discussion

Treatment of proximal ulna fractures can be challeng-
ing due to the need for articular reconstruction and main-
taining joint congruity. Conservative treatment may lead
to post-traumatic arthritis and stiffness in the elbow. To
avoid these issues, a stable joint with early mobilization
is essential. Stable restoration of the joint line, longitudi-
nal and rotational axes, and prevention of early-onset os-
teoarthritis are the main objectives of surgical treatment.
This also creates the best possible environment for early
functional rehabilitation.

Certain types of fractures, such as comminuted olec-
ranon fractures, Monteggia fractures, and fractures proxi-
mal to the sigmoid notch, cannot be effectively treated
with tension band wiring (TBW).

TBW is a commonly employed technique for the re-
pair of displaced olecranon fractures, particularly those
exhibiting transverse fracture patterns.** TBW is con-
strained by inadequate reduction and compression, to-
gether with the activation of contractions in the sigmoid
notch.>S These fractures impede the transformation of ten-
sile stresses into compressive forces in the elbow and ne-
cessitate stabilization with anatomical plates.

Table 2
Complications
Tabnuua 2
OcJ10:kHeHUs
Type of complications No. of cases Percentage
No complications 15 75%
Infected implant 1 5%
Exposed implant 1 5%
Limied pontion ;
Table 3
Results based on Mayo Scoring
Tabnuua 3
Pesyabrarsl no mkagne Maiio
Mayo Elbow No.
SN Perforlzllance Score of patients OIS
1 Excellent 90-100 16 80%
2 Good 75-89 4 20%
3 Fair 60-74 0 0%
4 Poor <60 0 0%

Moreover, implant-related problems, including chron-
ic pain or skin perforation caused by the K wires, were
observed in 20% to 75% of patients,” resulting in hard-
ware removal rates exceeding 80%.%!1%-12

In these instances, plate osteosynthesis proved to be
more advantageous, offering enhanced stability in frac-
ture fixation.'*!7 Despite the availability of various plate
types, the one-third tubular plate, low-contact dynamic
compression plate, reconstruction plate, and LCP are
the most frequently employed. The AO has launched the
Olecranon Limited Contact Dynamic Compression Plate
(LC-DCP) to address the fixing difficulties related to
these complex fractures. This plate offers a solution for
attaining stable fixation and facilitating appropriate heal-
ing in challenging fractures.

Wegmann et al (2016)'® demonstrated that a locked-
angle plate system provides superior biomechanical
stability in the treatment of comminuted fractures of
proximal ulna compared with a one-third tubular plate or
a 3.5-mm reconstruction plate. Moreover, cadaveric study
conducted by Buijze et al (2010)" indicates that the LCP
functions as a “internal fixator,” optimizing decreased
loss while improving stability at the fracture site. Egol
et al (2004)* have previously addressed this issue.

The mean duration for union in our sample was
14.7 weeks, with a range of 12 to 18 weeks. In another study
by Khann Gagan, radiographic union occurred within 9 to
26 weeks. 75% of patients had more than 100 degrees’ arc of
motion in flexion, and 90% did not experience pain during
movements. Instability was rare, and 85% of patients were
able to perform all their routine daily activities.

Our study encountered some complications. One pa-
tient had an exposed implant and required an exit pro-
cedure. Three patients experienced restricted pronation
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and supination, which were managed with mobilization
and physiotherapy. The majority of cases (75%) did not
have any complications during their final follow-up.
In a study by Papagelopoulos and Morrey, only two cases
of non-union were reported out of 196 fractures treated at
the Mayo Clinic over a 10-year period. In our investiga-
tion with restricted sample size, we did not find any oc-
currences of non-union in the fractures.

Conclusions

Our study found that comminuted olecranon and prox-
imal ulna fractures can be effectively treated with LCP,
resulting in good union and excellent clinical outcomes.
Fracture reduction is achieved through a posterior mid-
line incision while maintaining articular congruity and
anatomical alignment. Triceps insertion is preserved, and
bone grafting was not required in any of our cases. Early
mobilization is possible as the extensor mechanism is
not disturbed. Aggressive postoperative mobilization and
physiotherapy are essential for achieving optimal out-
comes and preventing joint stiffness. Plating eliminates
the need for postoperative casting and reduces the risk of
fracture displacement. Patients in our study achieved an
average elbow flexion of 110°, allowing them to resume
daily activities and return to normal life quickly. While
our study included a small group of 20 patients, further
research with a larger sample size and longer follow-up
will provide more comprehensive insights into benefits
and drawbacks of this treatment approach.
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Pesrome

Heab: OueHnTh BAIMIHOCTD Pa3padOTaHHbIX YIBTPA3BYKOBBIX KPUTEPUEB HAJIMUMS SHTEPOKOJINTA, BbI3BaHHOTO Clostridioides (pa-
nee Clostridium) difficile (C. difficile) na pone COVID-19 u 6e3 TakoBoro.

Marepuasnbl u MeToabl: O6cnenosano 253 genoBeka (85 MykunH u 168 sxeHmuH) B Bo3zpacte oT 18 1o 100 et ¢ aHTHOMOTHK-acco-
LUMPOBAaHHOI nuapeeid. JlnarHos sHTepokosuTa, BeizBanHoro C. difficile, Obin Bepupuumposad y 86 u3 136 nauuentos ¢ COVID-19,
ny 75 u3 117 nanuenros 6e3 COVID-19. Mcnonp3oBanuch pa3paboTaHHbIE paHee KPUTEPUH YIBTPa3BYKOBON MAarHOCTHKH HAINYUS
SHTEpoKoNUTa, BhI3BaHHOTO C. difficile, npy aHTHOMOTHK-aCCOLMMPOBAHHON uapee. BHyTpeHHss BaquIalnus MOpOroBbIX 3HAUCHNH
YABTPa3BYKOBOI'O I1OKA3aTelisi TOJIIMHBI CTEHKM TOJCTOM KHIIKH IpOBOAMIack MetonoM Oyrcrpen (bootstrap) ¢ mcrosnb3oBaHHEM
OCHOBHOM Ipynimbl B cooTBeTcTBUH ¢ pekoMeHanusmu TRIPOD u anroputmom PROBAST.

Pe3yabratei: [Ipu npoBeeHnN BHYTPEHHEH BajMJalliy yCTAHOBJICHO, YTO ONPEJICIICHHBIC TOPOTOBbIC 3HAYCHHS TOJIINHBI KHIIEY-
HOW CTEHKH YCTOMYHMBBI K U3MEHEHHUIO JAaHHBIX B 1I€JEBOW MOMYISANMUA. DTH PE3yJbTaThl HOATBEPKAAIOT XOPOLIy0 00001aonyo
CHOCOOHOCTH MPEATIOKEHHBIX TIOPOTOBBIX 3HAYCHUH TONIIMHBI CTEHKU TOJCTOM KUILKH.

3akJil04eHHe: YCTaHOBJICHHBIC YIIBTPa3BYKOBbIC KPUTEPUHU HAIWYUS dHTEpOKonuTa, Bbi3BaHHOTO C. difficile, BKItOUaronye yTos-
LIEHHE CTEHKH TOJICTOH Kuiiku Oosnee 4,0 MM y MalMeHTOB ¢ aHTHOMOTUK-accolMupoBaHHol auapeei Ha pone COVID-19 u Gonee
3,2 MM y NalMEHTOB C aHTHOMOTUK-acCOIMUpoBaHHON quapeeit 6e3 COVID-19, sBistorcst BaTMIHBIMUA U MOTYT 3 (EKTHBHO MpU-
MEHATBCS B YCIOBUSIX PEaIbHON KIIMHUYECKOH NPaKTHKH.
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Abstract

Objective: To assess the validity of developed ultrasonographic criteria for diagnosing Clostridioides (formerly Clostridium) difficile
(C difficile) colitis in COVID-19 and non-COVID-19 patients.

Materials and methods: We examined 253 patients (85 men and 168 women) aged 18-100 years with antibiotic-associated diarrhea
(AAD). The diagnosis of C difficile colitis was verified in 86 of 136 COVID-19 patients and in 75 of 117 non-COVID-19 patients.
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We used the developed ultrasonographic criteria for diagnosing C difficile colitis in the patients with AAD. Internal validation of cut-
off values of colon wall thickness was performed by means of a bootstrap method using the main group according to the Transpar-
ent Reporting of a Multivariable Prediction Model for Individual Prognosis or Diagnosis guidelines and the Prediction Model Risk
of Bias Assessment Tool algorithm.

Results: The internal validation revealed that the determined cutoff values of colon wall thickness were resistant to data variation
in the target population, confirming great generalizability of the proposed cutoff values.

Conclusions: The established ultrasonographic criteria for diagnosing C difficile colitis (colon wall thickness greater than 4.0 mm in
COVID-19 patients with AAD and greater than 3.2 mm in non-COVID-19 patients with AAD) are valid and can be effectively used
in clinical practice.

Keywords: ultrasonography, antibiotic-associated diarrhea, Clostridioides difficile, colon, validation
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BBepeHune

Ha coBpemeHHOM »Tarme pa3BUTHA MEAUIUHBI OTME-
Y4aeTcsl aKTUBHBIA CUMOMO3 JIe4eOHO-TUArHOCTHIECKOTO
mpolrecca ¥ METOJIOB MaTeMAaTHIECKOM CTaTUCTUKH U MO-
JIEIMPOBAHUS B YaCTH KOJMUECTBEHHOTO aHAIHM3a JAHHBIX
MEIMIIMHCKHUX HcciaenoBanuii [1]. Bee aTo 00ycioBieHO
HEOOXOUMOCTHIO OOBEKTUBU3AIMH METOIUK, PEKOMEH-
JOBAaHHBIX K TPUMEHCHHIO B KIMHUYECKOH MpPAKTUKE.
Takum o0Opa3om, B paMKax MOHATHS <«JI0Ka3aTeTbHON
MEIWIIMHED BBIICNISICTCS MEXaHU3M IPEIBAPUTEIHLHON
MIPOBEPKH  PE3YJIETATOB MEIUITUHCKUX HCCICTOBAHUN
WM Bamaanu [2, 3]. DTOT BOPOC 0COOCHHO aKTyaJIeH
B OTHOIICHHHM METOAOB MEIHUIIMHCKOW BH3yalHU3alluH,
B TOM YHCJIE YABTPa3ByKoBoro uccienosanus (Y3W), roe
MIPOLIECC TMOYICHUS M 00PaOOTKU TaHHBIX SBISCTCS OTIC-
parop-ammapar- W MalueHT-3aBUCUMBIM, U ITOITOMY Ba-
JUAHOCTE TPEJIaraeéMbIX HOBBIX METOMIOB JUATHOCTHKU
B HMJICJIbHOM BapuaHTe SIBISIETCS 00s3aTeIbHBIM 3TalloM
HCCIIEIOBAHUSI.

B nacrosiiee BpeMs sxorpadus UMeeT LeIbld Psi
NpOQMIBHBIX HAIPABICHUN, BBIMONHSIONINX OIpPEIe-
JIEHHBIC, YeTKO IMOCTaBIEHHBIC, 3aaud B peaTu3aluu
JeueOHO-THarHOCTHIECKOTO mporiecca. OIHOM U3 TaKuX
3a/1a4 SIBJSICTCS paHHEE BbISBICHUE MAaTTEPHOB, MO3BO-
JISOIIMX TPOBOJUTH O0Jiee TOYHYIO U CBOCBPEMEHHYIO
T PepeHIUaNIbHY0 TUATHOCTHKY Pa3IUYHbIX 3a00I1e-
BaHU. B yacTHOCTH, HA CETONHSIIHUN N€Hb NEPCIEeK-
TUBHBIM W OBICTPO pPa3BHBAIOIIMMCS HaIpaBICHUEM
SIBJISICTCSI WHTECTUHANbHAST 3XOoTrpadus, yxe IoKa3aB-
mast cBOK A(PQPEKTUBHOCTh B JIHArHOCTHKE BOCHAIN-
TEJIbHBIX 3a00JeBaHMi KueyHuka [4, 5]. YuuTbiBas
IIMPOKOE PACHpPOCTPAHCHUE M 3HAYUMBIM COIMATBHO-
9KOHOMHYECKNH ymepO, akTyadbHOW MpoOIeMoi co-
BPEMCHHON MEIWIIMHBI SIBISIOTCS AHTHOMOTHK-aCcCO-
nuupoBanHele nuapen (AAJl) m Hambomnee TSHKEBIH
WX BapHaHT — SHTEPOKONUT, BbI3BaHHBIA Clostridioides
(panee Clostridium) difficile (C. difficile), nnu niceBmo-
MemOpano3ubid konuT (IIMK). 3ametnslit poct uncna
AA]Jl, 1, B 4aCTHOCTH, KJIOCTPHUIUATHHON HH(EKINU
(KAW), ormeuancs Bo Bpemsa mangemun COVID-19,
KOTJIa TPUMCHCHHE aHTHOAKTCPHANBHBIX IIpErapaTroB
OBLIO TOBCEMECTHBIM, 3aTParuBajIo BCE ATAIBI OKa3aHUs
MEIUIIMHCKOM MOMOIIM M 3a4acTylo SBISJIOCH HE00O-

CHOBaHHBIM [6]. DHTepokonuT, BeI3BaHHEI C. difficile,
B 0COOCHHOCTH IPH TSKEIIOM M OCIOKHEHHOM TEUCHUU,
MMeeT MOTEHIMAIBbHO HebOjaronpusTHblil ucxoxd. I[lo-
sromy panHee BoisiBiieHue KJIU aBisieTcs BaxKHON Mpak-
TUYECKOM 3anauel. brmarogapsi cBOeBpeMEHHO HayaToOM
aJIeKBaTHOM Tepamuu B OONBIIMHCTBE CIy4aceB yHAceTCs
JNOOUTHCS KIMHHYECKOTO BBI3ZIOPOBJICHHS, MHUHUMHU3HU-
pyercst puck pa3Butus Tsokensix Gopm [IMK u ero pe-
uMaMBa B fanbHeimem [7—10]. YapTpa3ByKkoBbIE KpHUTE-
puu, no3Bonstomue BoAenaTe KW cpenn AAJL, B Tom
gucie Ha Goue COVID-19, pa3paboraHbl, 0OHAKO HX
BaJIMAAIMS He rpoBoauach [11].

Llenb nccnepgoBaHuns

[enb 1aHHOTO MCCIIEIOBAHUS 3aKIIF0YAIACh B POBEP-
K€ BaJIUJHOCTH YCTAHOBJICHHBIX YIBTPA3BYKOBBIX KpH-
TEPHEB HAJIWYHS SHTEPOKONINTA, Bhi3BanHoro C. difficile,
Ha pone COVID-19 u 6e3 TakoBoro.

MaTepuanbl u metTopbl

J1J1s1 BBITTOTHEHN S TIOCTABICHHOM IIeIH OBLIH HCTIONB30-
BaHbI BEIOOPKH, NIPE/ICTABICHHBIC B KAY€CTBE 00yYarOIINX
TIPY OTIPEZEIICHHIHN YABTPa3BYKoBbIX (Y3) KpUTEpUEB HaJIH-
gqust KJIW y marmentoB ¢ AA/l Ha ¢pore COVID-19 u 6e3
takoBoro [11]. Bce o0cnenoBanHbIe moanucain HHOOPMH-
pOBaHHOE COTMIacHe Ha yYacTUE B HEM.

BrimroueHre MaMEeHTOB B HCCICIyeMbIC BBIOOPKH
MIPOBOIMIOCH TIPH HAJIMYUH CICTYIOIINX KPUTCPUEB: BO3-
pact 18 net u crapiuie, ocTpas 1uapesi, IpueM aHTHOAK-
TEepPUATBHBIX NPENapaToB B aHAMHE3E, COXPaHHAs Mpo-
XOIIMMOCTh MarucCTPaJbHBIX ME3CHTCPUATBHBIX COCYIOB
o gaHaeM Y3MU.

Hanmune BocmanuTeNbHBIX MU OIMyXOJEBBIX 3a0o0Ie-
BaHHUW KHIIEYHHKA, BEPU(DUIIMPOBAHHON HEKIOCTPUIH-
QITPHON KUIICYHOH MH(EKINH, a TAKXKe MPOYUX COCTOSI-
HUil [4], KOTOpBIE MOTJIH ObI CYIIECTBEHHO U3MEHUTh YITb-
TPa3BYKOBBIC XapaKTEPUCTUKH TOJICTOU KHUIIKH, SIBUIHUCH
KPUTEPUSMU UCKITIOUCHHUSL.

CrnygaiiHas BBIOOpKA TMAIUCHTOB OCYIICCTBISLIACH
¢ HosOpst 2020 mo mronb 2024 1. Ha 6aze Y3 «Burebckas
obnacTHas KJIMHUYECKas WH(EKITMOHHAS OOIBHUIIAY.

B uccnenoBanve ObUH BKITFOUCHBI 253 manuenTa ¢ AAJ],
pasneneHHble Ha 2 BBIOOPKH, B 3aBUCHMOCTH OT HAJTHIHS
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COVID-19: nmonoxwurensaas Beidopka (¢ COVID-19) co-
cTosia 3 136 manMeHToB, B TO BpPeMsl KaK OTPULATEIIb-
Hast BeIOOpka (6e3 COVID-19) Brimrouyana 117 marmeHToB.
B cTpykType KaxKmoii i3 3THX JBYX BEIOOPOK OBLTH BhIJIEIIC-
HBI TPYIIIHI MAMEHTOB ¢ Ja00PaTOPHO BEPUPUITTPOBAHHON
K11 u 6e3 Hee.

[onmoxkutenpHasi BHIOOpKa ObLIa MPENCTaBICHA TPYII-
namu 1-COVID u 2-COVID. I'pynna 1-COVID cocro-
sma w3 50 nmauuentoB ¢ AAJl Ha dorne COVID-19 npu
OTPUIATEIHHBIX JIA0OPATOPHBIX TECTaX Ha WHQEKITUIO
C. difficile (17 myxuuH u 33 >KCHIIMHBI) B BO3pacTe
ot 24 no 89 ner. CpegHuil BO3pacT NalMEHTOB COCTABUII
63,0£11,9 ner. I'pynma 2-COVID Bxirodana 86 manu-
eHToB ¢ AAJl 1 BepupUIMPOBAaHHBIM SHTEPOKOIHUTOM,
Bb3BaHHbIM C. difficile, na pone COVID-19. B rpymmy
2-COVID Bxoamnu 31 myx4rHa 1 55 *KEHIIUH B BO3pac-
Te oT 19 no 100 net, cpeaHmii BO3pacT MalueHTOB COCTa-
BuJI 68,3+£16,1 net. VI3 Hux ¢ TsoxeapiM TeueHuem [TMK
6bu1 31 MaIMeHT, ¢ HeTSHKENIbIM (JIETKUM I CPEAHETS-
KEIbIM) TEUCHHEM — 55 TarmeHnToB. | pymibsl ObUIH CO-
nocraBuMbl 1o noiy (p=0,8120) u Boszpacry (p=0,0710).
[onoxxnrensHas BeIOOpKa (136 denmoBeK) MCIONB30BaA-
Jlach B Ka4yecTBe 0OyYarollel MpHu OnpeieIeHnd oporo-
BOTO 3HAUCHUS TOJIIWHBI CTCHKH TOJCTOW KHWIIKH, YKa-
3pIBafOIIEero Ha To, yTo AAJ] o0ycioBieHa WHQeKIHen
C. difficile, y mattuentoB ¢ COVID-19.

Otpunarensas 1o COVID-19 Bwibopka Obuia
npexacrasieHa rpynnamu 1 u 2. B 1-10 rpynny Bxonu-
nu 42 manuenta ¢ AAJl npu oTpUIIATENBHBIX Jadopa-
TOpHBIX TecTax Ha uHbpekuuio C. difficile (14 mMyx4nn
u 28 xeHiuH) B Bo3pacte oT 18 mo 89 ner. CpenHuii
BO3pACT MalHUeHTOB cocraBmn 62,1+17,6 met; Bo 2-10
rpynmy — 75 manueHtoB ¢ AAJ| ¥ BepuduImMpoBaH-
ot K/IW (23 myxuuHBI M 52 KEHIIMHBI) B BO3pacTe
o1 20 10 92 net. CpegHuii BO3pacT MaueHTOB COCTABUII
64,3+18,1 net. 13 Hux ¢ TsokenbiM Teuenrem [IMK Ob110
23 mamueHTa, ¢ HeTSOKEIBIM (JISTKHM WJTH CPEIHETSIKE-
JIBIM) TeueHHeM — 52 manueHTa. ['pynmsl ObTH como-
craBuMbl 110 oty (p=0,7695), u Bo3pacty (p=0,4083).
Otpunarensnas mo COVID-19 Bri6opka (117 yenoBek)
WCIIOh30BaJIaCh B KadecTBe OOydJarolied MpH ompene-
JIEHUU TIOPOTOBOTO 3HAYCHUS TOJIIMHBI CTCHKU TOJICTON
KUIIKHW, CBUACTEILCTBYIOIMM O TOM, uTo AA]J] 00y-
cnosiena undexuueit C. difficile.

JlabopaTopHbie MeToAbI

Bepudukamus amarsoza COVID-19 mnpoBomunach
nytem Bbiienenus PHK SARS-CoV-2 metogom nonume-
Pa3HOM NEMHOM peakuu UM aHTUITEHA BUPYCa CO CIIU3H-
CTOH 000JIOYKN BEPXHHX JBIXaTEIbHBIX MyTeH C HCIOIb-
30BaHHEM HaOOpOB Mpou3BoacTBa «Ansrumen Tpeim»
(bemapycr), ACON Biotech (Hangzhou) Co., Ltd. (KHP),
Abbott Rapid Diagnostics (I'epmanmus).

Wndexuuro Clostridioides difficile BBISBISIIN ¢ TTOMO-
b0 UIMMYHOXPOMATOTpahuIecKoro Tecra ¢ onpezaese-

42

HHUEM B KaJie manueHToB TOKkcuHOB A u B Clostridioides
difficile nabopamu mpomsBoactBa OO0 «MymbTi/Iaby»
(bemapycs), a Takxkxe BioMaxima S.A. (ITonpmia).

OmnpeseneHue HATUYHAS W OICHKA CTENCHH TSKCCTH
KW ocymecTBIsIINCh O KIMHUYECKUM H J1adopaTop-
HBIM TIOKa3aTellsiM COINIAaCHO peKoMeHjanusM Poccuii-
CKOH TacTpOIHTEPOJIOrn4ecKoil acconuanuu [7].

YnbTpasByKoBoOe nccnegoBaHme

VY31 sBemonHsm Ha ammapatax Logiq E9 (GE
Healthcare, CIIIA) u Mindray M7 (Shenzhen Mindray
Bio-Medical Electronics Co., Ltd, KHP) ¢ ucnosnb3oBa-
HHEeM KOHBEKCHBIX 3,5—4,0 MI'1t u nmuueiasix 10,0 MI'mq
JMATYNKOB, CTICMAIbHASI TOATOTOBKA MAIIMEHTOB K UCCIIe-
JIOBAHUIO HE NPOBOAMIIACH.

UccnenoBanue  yubTPa3BYKOBBIX — XapaKTEPUCTHK
CTEHKH TOJICTOH KHIIKH OCYIIECTBISIIOCH B MPOAOIb-
HOM CEYEHHMM COIIACHO pPeKOMeHJauusMm EBporneickoit
(benepamuu oOLIECTB yNBTPa3ByKa B MEIUIIMHE U OWO-
norum (European Federation of Societies for Ultrasound
in Medicine and Biology) mo o0menpuHsATHIM MpaBu-
nam [5, 12, 13]. 3mepeHue TOIIIUHBI KHIIIEYHOW CTEeH-
KH TIPOBOAMIIOCH 2—4 pa3a B KaXJOM H3 OTAEIOB 000-
JIOYHOM KHUIIKH (CIIeTIOM, BOCXOJSIICH, MOMEPEUHOM,
HHUCXOMSIICH, CUTMOBHIHON). JIJISI CTaTHCTHYECKHX
pacUYeTOB HCIIOIH30BATIOCH €€ MAKCUMAIHLHOE 3HAUCHHE.

CraTnctnyecknim aHanmns

[Ipu onpenenennn xapakrepa pacrpeeneHns KO-
YECTBEHHBIX IEPEMEHHBIX HCIIONB30BANNCH KPUTEPUU
cornmacua Ilanupo-Yunka, Kommoroposa-CMmupHOBa,
C yueToM 00beMa BEIOOPOK, HOPMaTbHO-BEPOSITHOCTHBIN
rpaduK ¥ NaHHBIC OMUCATEIBHOW CTATHUCTHKHU OIS U3-
y4JaeMbIX ToKazarenel. Eciau ucciaeayeMble TpU3HAKU
MOMYUHSUTICh HOPMAalbHOMY 3aKOHY pacIpeaeleHus,
aHaJIU3 MPOBOJIUJICS C UCHOJB30BAaHUEM HapameTpuye-
CKHX METOJIOB CTATUCTHUKHU (t-KPUTEPHIL), TSI OTIHCAHMS
LEHTPAIbHOW TEHJCHIMU U BapHAIlMH aHAIU3HPYEMO-
TO CTaTHCTHYECKOTO PacIpelesIeHus] HCIOIb30BAINCH
cpelHee 3HaueHHE BBIOOPKM M aucriepcud. B cmyuae
pacrpenesaeHusl IepeMEHHBIX OTIIMYHOM OT HOPMaJIbHO-
TO TPUMEHSITUCH METOABI HElapaMeTPUIECKOW CTaTH-
CTHUKHU, B yacTHOCTU U-kputepuit ManHa- YuTHH J1J1s He-
3aBUCUMBIX BBIOOPOK, JaHHBIC MPEICTABISIIUCH B BHIIC
CpeIHEero 3HAYCHUS, CTAHIAPTHOTO OTKJIOHEHUS U Me-
JuaHbl ¢ 95%-M 10BEpUTENBHBIM UHTEPBAJIOM, a TAK)KE
C yKa3aHWeM MUHUMAJIbHOTO M MAaKCUMAJIBHOTO 3Hade-
HUM BBIOOPKH.

Hcnonp3oBasinch paHee pa3paboTaHHBIE HaMU Y3
KpUTEPUH, MO3BOJISIONINE MPEANONAraTh HAIHIUE KIIO-
CTpUIUAIbHON WHOeKkuu B cTpykType AAJl. Takumu
MOKA3aTeNsIMU SIBUJINCh 3HAUCHUS MAaKCHUMAaJbHOU TOJ-
IIMHBI CTEHKH TOJCTOW Kuiiku Ooinee 4,0 MM y marm-
€HTOB C HOBOW KOpOHaBHPYCHOH WH(pekumei, n Oomee
3,2 mm y mamuentoB 6e3 COVID-19 [8, 11]. Ognaxo,
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YUUTBIBAsl UCIIOJIL30BAHHBIA JUIA TIOCTPOCHUs Tpaduka
ROC-kpuBoit OTHOCUTEIBHO MaJbIi pa3Mep 00yJaroNix
BBIOOPOK (117 m 136 yemoBek), MOTpeOOBAIOCH MTPOBEIC-
HUE BAIMJAINH TOTYyYCHHBIX TaHHBIX [2, 3].

[Ipn oneHKe BaMAHOCTH pa3paboTaHHBIX Y3 KpHUTe-
pueB Hanuuust K npuMeHsuicss TpUHIUIT BHYTPEHHEN
MIPOBEPKH, YTO TTO3BOJIMIIO OMPEIEITUTh PErpe3eHTaTHB-
HOCTH IOJyUYCHHBIX paHee Pe3y/lbTaToB Ha HOBBIX JaH-
HbIX TOM ke nonymsiuuu [14, 15]. BuyTpennss Banuia-
1M1 KICKOMBIX ITOPOTOBBIX 3HAUECHUH YIBTPa3BYKOBOI'O MO-
Ka3aTesl TONIIUHBI CTCHKH TOJICTOW KUK MTPOBOIMIIACH
C MOMOIIBI0 MeTOAMKHU OyTcTpen (bootstrap) Ha 1 ThIC.
CIIy9aliHO CTCHEPUPOBAHHBIX, HA OCHOBE H3yYaeMBIX
Tpy1m, BEIOOPOK, cortacHo pekomerpanmsaMm TRIPOD [2]
u nporokonry PROBAST [3]. IIpuauun BeIOpaHHOTO Me-
TOZa 3aKIII0YalCs B TOM, YTO M3 MCXOJHOM oOydarommei
BBIOOPKH CIyYalHBIM 00pa3oM T€HEpUPOBAIUCH | THIC.
COBOKYITHOCTEH, YTO TO3BOJISUIO KaXJIOMYy OOBEKTYy MO-
BTOPHO y4acTBOBaTh B ()OPMUPOBAHHU HOBBIX BHIOOPOK.
B xax1moit n3 CO3aHHBIX COBOKYITHOCTEH C TIOMOIITHIO 00-
HICTIPUHATOTO Teceiver operating characteristic-anamu3za
(ROC-ananm3a) mpoBOMWINCE pacdeThl OCHOBHEIX CTa-
TUCTUYECKHUX XapaKTEPUCTUK AJIsl yCTAaHOBJIECHHOTO MOPO-
TOBOTO 3HAYCHUS MPHU3HAKA, B YACTHOCTH, YYBCTBUTEIIb-
HOCTH, CIICTIU(UIHOCTH U 3HAUEHU TuTomaan mog ROC-
kpuBo# (II1K), kak mokazaTesnst kauecTBa MOCTPOESHHOMN
Maremarudeckoir Mozaenu [16]. Pesymeratsl 00paboTKH
MIOyYEHHBIX CTAaTUCTHUECKUX METPUK MPEACTABISUINCH
B BHJIC CPETHUX 3HAYCHUU W CTAHIAPTHBIX OTKIIOHCHHUU
KaXIO0T0 M3 HUX, a TaKkKe mapaMmerpoB uuuekca FOnena
JUIsl IMarHOCTUYECKOro Tecta ¢ 95%-M J0BEpUTEIBHBIM
untepBaigoM (95%J11), 4To MO3BONUIIO OLICHUTH BapH-
aTUBHOCTb M HalEXKHOCTh Y3 kpurepus Hammuus KU
mpu AAJL.

Craructudeckas 00paOOTKa TONYyYEHHBIX JaHHBIX
BBITIOJTHSAJIACH HAa TEPCOHAIBHOM KOMITBIOTEpE C IpH-
MEHEHHEM CTaHJapTHOIO MakeTa mporpamm Statistica
10,0 (StatSoft Inc., CIIIA), Microsoft Office Excel 2019
(Microsoft Corp., CIIIA), MedCalc 18.9.1 (MedCalc
Software Ltd., bemprus) m SPSS Statistics 26.0.0.1.
(IBM Corp., CIIIA), a Takxe sA3bIKa TPOrpaMMHUPOBAHUS
Python. Ilpu Bcex pacuerax pe3yibTaThl CYUTAINCH 3HA-
YUMBIMH NpU 3HaYeHUH ypoBHS p<0,05.

PesynbTraTtbl

B xone npoBesieHus Oy TCTper-BaIuIAI[K TIOPOTrOBOIO
3HAYCHUS TOJIIUHBI CTEHKH TOJICTON KUIIKH, CBUICTEIb-
CTBYIOILIEM O KJIOCTPUINAIBHOMN STHOIOTHH aHTUOUOTHK-
accormupoBanHoil muapen Ha (one COVID-19, 6puio
YCT@HOBJICHO, YTO ONTHMAaJbHBIM Y3 KpUTEpUEM SBIIS-
JIach TOJIIMHA CTEHKH TOJCTOH KuIku Oojee 4,0 [95%
AN >3.8 — >4,7] mMm, unnekc FOneHa npu 3ToM cocTta-
Bun 0,7488 [95% 11 0,6040-0,8327], I1I1K 0,927+0,022,
p<0,001. TIpu orcyrctBuu COVID-19 ontumanbHbIM
V3 kputepuem Hanumuust K/ sBisiack TOMIMNUHA CTEHKH

toncto kumku Oonee 3,2 [95%AN >2,2 — >3,9] mm,
ungeke lOpena mpu stom coctaBun 0,7286 [95%/1U1
0,5558-0,8029], IIIIK 0,919+0,023, p<0,001. Cpen-
HUE TOKA3aTeH YyBCTBUTEIHBHOCTH M CHENH(DPUIHOCTU
JUTSL TAHHBIX TUATHOCTUYECKUX KPUTEPUEB, a TaKXkKe Ka-
YECTBCHHBIC XaPaKTEPUCTUKH MO TpPeICTaBICHBI
B TaOmuie 1, Ha pucyHkax 1 u 2. B xauecTBe nMpuMepoB
JUTSI CPaBHEHHUsS YKa3aHbl OJNHM3KHE 3HAYCHHS TOJIIUHBI
KHILEYHOHN CTEHKH, B Anana3zone =0,2 MM OT yCTaHOBJICH-
HBIX IOPOTOBBIX 3HAUYCHUH.

Taonuua

IToka3zaTesn GyTcTpen-paanJaluu OPOTOBbIX 3HAYEHMIA
TOJILIUHBI CTEHKH TOJICTOI KUIIKH /151 NanueHToB ¢ AAJL,
BbI3BaHHoM C. difficile, na ¢pone COVID-19 u Ge3 Hee
Table

Bootstrap-validated cutoff values of colon wall thickness
for COVID-19 and non-COVID-19 patients

with antibiotic-associated diarrhea caused

by Clostridioides difficile

BriGopka KAU+COVID-19 KU
Toporosoe >4,0(>38|>42(>32]>30(>34
3HaYEHHUE, MM

quCTBHTeHBHOCTB

PR 8524 | 90+3 | 794 | 8045 | 834 | 7745
CrienuduuHOCTh

G 0% 9044 | 80+6 | 924 | 9324 | 866 | 95+3

Ipum.: KW — suTepokonut, Bei3Banublil C. difficile, | —
cpenHee apudMeTHUeCcKOe 3HAUCHUE MApaMeTPOB, MOJIYYCH-
HBIX MIPU OyTCTPEIIIHMHIE; G — CTaHAaPTHOE OTKJIOHEHHUE

Note: KIIN, C difficile-associated enterocolitis; |, population
mean; o, standard deviation

Receiver Operating Characteristic

True Positive Rate
= = s

o
S

o
o

— ROC curve (AUC=0,927, p=0,000

0,0
0,0 0,2 04 0,6 08 1,0

False Positive Rate

Pucynox 1. I'pagpux ROC-kpueoii npu bymcmpen-eaiudayuu
nOP0208020 3HAYEHUs MONUUHBI CIMEHKU MOICMOU KUlll-
Kku >4,0 mm ons nayuenmos ¢ AA/, svizeannou C. difficile,
Ha ¢pone COVID-19

Figure 1. Receiver operating characteristic (ROC) curve
during bootstrap validation of the cutoff value of colon wall
thickness greater than 4.0 mm, COVID-19 patients with
antibiotic-associated diarrhea caused by C difficile
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Receiver Operating Characteristic

True Positive Rate
= 1] &
(=2} [=-) o

o
~

o
N~

— ROC curve (AUC=0,919, p=0,000
0,0
0,0 0,2 04 06 038 1,0
False Positive Rate

Pucynox 2. Ipagux ROC-kpusoti npu 6ymcmpen-eaiuoa-
YUU NOPO20BO2O 3HAUEHUSL TNOTUUHBL CINEHKU MOICMOU KU~
xku >3,2 mum onsa nayuenmos ¢ AAJ], svizeannou C. difficile,
6e3 COVID-19

Figure 2. ROC curve during bootstrap validation of the cutoff
value of colon wall thickness greater than 3.2 mm, non-
COVID-19 patients with antibiotic-associated diarrhea caused
by C difficile

[Ipn AAJ] Ha dpone COVID-19 moporosoe 3Ha4eHNE
TOJIIIMHLI CTEHKH TOJICTOM KHUIIKK Oonee 4,0 MM 00J1aga-
110 B cpeqHeM 85%-it 4yBCTBUTENbHOCTHIO (+4%) 1 90%-i
crenupuIHOCThIO (+4%) B OTHOIICHHWU MPOTHOZHUPO-
BaHMs HAJMYHUS dHTEPOKONMUTa, BhI3BaHHOTO C. difficile,
y JaHHOM KaTeropuy MaIeHTOB. [Ipu TONIMHE CTEHKH
6omnee 3,8 MM YyBCTBUTEIBLHOCTh COCTAaBHJIA B CPEIHEM
9043%, cnerupuyrocth — 80+6%. [Ipu ToNIIKUHE CTCHKH
6onee 4,2 MM 4yBCTBUTENIFHOCTh PaBHSIACH B CPEIHEM
79+£4%, ciemupuIHOCTH — 92+4%,.

[Ipu uzonupoanHoit AAJ[ nmoporoBoe 3Ha4YeHUE TOJI-
IIMHBI CTEHKHM TOJCTOM KHUIIKH 0ojee 3,2 MM 00J1a1aj10
B cpeaHeM 80%-it 4yBcTBUTENBHOCTBIO (+£5%) U 93%-i1
cnenn(pudHOCTBI0 (¥4%) B OTHOIIGHHHM IPOTHO3MPO-
BaHMs HAJMYUS dHTEPOKONIUTa, BhI3BaHHOTO C. difficile,
Yy JJAHHOM KaTeropuu nanyeHToB. [Ipu TosuHe CTeHKH
6omnee 3,0 MM Y4yBCTBUTEIHLHOCTh COCTAaBHJIA B CPEIHEM
83+4%, crienupuanocts — 86+6%. [1pu Tonmmae cCTeHKH
Oonee 3,4 MM 9yBCTBUTEIBHOCTh COCTABHJIA B CPECIHEM
77£5%, criermupuaHOCTh — 95+£3%.

Bricokue 3nauenus unnekca KOnena B o6oux cirydasx
YKa3bIBaIOT HA TO, YTO MPEJIOKCHHBIE TUATHOCTHYCCKHE
KPUTEPUU HMEIOT BBICOKYIO 3(D()eKTUBHOCTH B HUICHTH-
(hMKaIMu TAIMEHTOB C KJIOCTPHUIUATHHON WHGEKINEH
cpenu nanueHToB ¢ AA/I, mpu 3ToM obecTiearBasi MIAHH-
MaJbHOE KOJMYCCTBO JIOKHOITOIOKHUTEIBHBIX U JIOKHOO-
TPUIIATEIbHBIX PE3YILTATOB.

O6c¢cyxpeHue

[Ipn pa3paboTke Mopenel MPOrHO3MPOBAaHUS B Me-
JUIHMHE KIIOYEBBIM NPUHLUIIOM SIBIISETCSl pElpe3eHTa-
TUBHOCTb TIOJIyUYEHHBIX PE3yJbTaToB B OOLIEH IeseBoi
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MOMYJISILUY NAlMEHTOB. Y3 KPUTEPUU HAIMUUS SHTEPO-
konuTa, BbI3BaHHOTO C. difficile, B KOTOpPTE MAallUCHTOB
C aHTHOMOTHK-aCCONMUPOBAHHON Muapeell OBLIH paspa-
00TaHBI HA OCHOBE BBIOOPOK, BKJIIOYAIOIIMX HEOOJIBIIOE
KoJn4uecTBO pecrnoHaeHToB (136 u 117 yenosek). Cornac-
HO IMPOTOKOITY PEKOMEHIANNH O TIPEICTABICHUIO PE3YITb-
TaTOB JIMATHOCTUICCKUX U MTPOTHOCTHICCKUX HCCIICIOBA-
Huii B meaunuae TRIPOD [2], anroputmy OleHKH pH-
cka ommOKu mporHoctuaeckoil mogenmn PROBAST [3],
a TaKk)Ke yUUTHIBas 00beM 00ydaromeil BEIOOPKH, ITOTpe-
00Baj0Ch MPOBEACHUE MPOBEPKH MOTYyUCHHBIX TAHHBIX.

B nacrosiee BpeMst MPUMEHSIOTCS J1BA TUIIA TIPOBEP-
K¥ (BaJMIAIIAN ) MOJICICH MEIUIIMHCKOTO ITPOTHO3HPOBA-
HUS — BHYTPEHHSS U BHEUIHss. CUUTAETCs, YTO BHYTPCH-
HSISI BAAJAINS OCOOCHHO MOJIe3Ha Ha Ha9aIbHBIX dTarmax
pa3paboOTKH MOJIETICH B METUITMHE U TOJKHA TTPOBOTUTH-
Csl IPEK/E, YEM MEPEXOAUTh K BHEIIHEH BaIu 1AM, OCO-
OCHHO B YCJIOBHSIX OTPAHMYCHHBIX NAHHBIX, YTO YACTO
BCTpEUaeTCsl B MEIMIIMHCKUX HccneaoBanusx [17].

g mpoBepKkH PEenpe3eHTaTUBHOCTU PE3YNBTaToB,
MOTYYEHHBIX TpH pa3paboTke Y3 KpUTEpHEB HATUUUS
KIIOCTPUIUAIEHON WHQPEKIIUN HCIIOIB30BAICS METOI
OyTcTpern, KOTOPBI Hapsay C METOJOM TepeKpecTHOMH
mpoBepku (cross-validation), cumraercs TydImIuM BapH-
AQHTOM BHYTpPEHHEH BaJIMIAIMH MPHU Pa3padOTKE MPOTHO-
CTUYECKUX Mojened B menunuue [14, 15] u pexkomeHn0-
BaH JJISl MPUMEHEHHS COTYIACHO MOAMYHKTY 5-TO IyHKTa
10b cranmapra TRIPOD [2] u mpotokomy PROBAST [3].
B npuBeaeHHBIX TOKyMEHTaX OroBapuBaeTCsl, YTO UMCH-
HO TakoW BapHWaHT BaJlWJALIMM SIBISIETCSI OCHOBOM MpO-
BEPKH PE3YIETATOB MPOTHOCTHUECKOTO MEIUIIMHCKOTO
WCCIIeIOBaHUs, OCOOCHHO NMPH OTCYTCTBHH TPOBEACHUS
BHEIIHEH MpoBepKU Mozeneil. Meron OyTcTpen Bamuaa-
AU TIOyYMJI HIMPOKOE PACTIPOCTPAHCHHIE B COBPEMCH-
HBIX uccienoBaHusax [18], MOCKONbKY TpH OrpaHuye-
HUU PECYPCOB 3APABOOXPAHCHUS MO3BOJISET TOCTATOYHO
TOYHO OIICHUBATH MPOU3BOIUTEIHFHOCTD pa3pabOTaHHBIX
nporuoctTudyeckux mojeneit [19]. B To xe Bpems BHeII-
Hsis BajMJAlMsl SBISETCS Ooliee CTPOTUM KPUTEPUEM
OIICHKH PETPE3CHTATHBHOCTH PE3yJIbTaTOB IMPOTHOCTHU-
JecKuX uccienoBanuid. s ee peanuzanun He0OXOIMMO
MIPOBOANUTH OTOOP W aHAJHM3 JaHHBIX MAI[HEHTOB, OTIpa-
HUYCHHBIX OT 00ydaromeil BBIOOPKH TEepPUTOPUATHHO
(H-p, TAIMEHTHl APYTUX MEIUIUHCKUX YUPEKICHUN)
WM BO BPEMEHH (H-P, TOCIUTAIU3UPOBAHHBIE 10 WM IO-
cie mpoBeneHus uccnenosanus) [17]. Omnako Ha cerom-
HAITHAA MOMEHT HET OJJHO3HAYHOTO MHEHHUS O IEJIeCO0-
Opa3HOCTH ee MPOBEICHUS Ha ATare pa3paboTKH MOACITU
nnu auarsoctuaeckoro kpurepus [17, 19-21]. Cornacuo
PEKOMEHIANNAM psiia IKCTIEPTOB, BCE JOCTYITHBIC TaH-
HBIE CIEQYET BKJIIOUATh B 00ydarollylo BBIOOPKY, a Mpo-
W3BOAUTEIHHOCTh MIPOTHOCTHYECKON MOMETH OICHUBATH
C TOMOIIBI0O BHYTPEHHE-BHEIIHEH MEePEKPECTHON Mpo-
Bepku (internal-external cross-validation) [19]. YcmoBus
MIPOBEACHUS BHEUTHEH BaTUAALNHU B IIEJIEBOM MOMYIALNUN
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JOJDKHBI  CYLIECTBEHHO OTJIMYAaThCid OT HCXOAHBIX,
HE TOJBKO IO reorpaguyeckoMy M BPEMEHHOMY INPHH-
LUy, Ui 00jice OOBEKTUBHOM OICHKH d(PPEKTUBHOCTH
MoOJIeNH. JTO BO3MOXKHO, HAIIPUMED, KOTAAa MOJECIb, pa3-
paboTaHHast U1 B3POCIBIX, TECTUPYETCS Ha ICTSIX B JIPY-
TOM HCCJICOBAaHUH WM KOTJA ONpPEeIeHUs MPEIUKTopa
WIIH pe3ynbTaTa (BKIII04asi BpeMEHHOW TOPHU30HT) OTIINYa-
10TCs (HarmpuMep, MOAETH ISl TPOTHO3UPOBAHUS PE3YIIb-
TaTa 3a OWH TOJl, HO OIEHEHHas /IS pe3yabrara 3a JiBa
roga) [19, 22]. Takol BuJ NPOBEpKH cuuTaercs Oosee
3¢ QeKTUBHBIM, TaK KaKk HE 3aBUCHT OT PETHMOHA, yCTa-
HOBJICHHBIX JIeYeOHO-IMarHOCTUYECKHUX CXEM U BPEMEH-
HOTO Tepuona. B mpoTuBHOM ciyuyae, BHEUTHsS Baluma-
U TPENCTABISIET COOOH JIMITE MOMEHTAIBHBIA «Cpe3»
JUIsl KOHKPETHOM LEIEBOM ayIUTOPUH, B ONPEIECIEHHOM
reorpauaeckoM MecTe, B OJTHOM BPEMEHHOM HHTEpBa-
JIe ¥ HE MOXET IMPETeHI0BATh Ha BOCIPOHM3BOIUMOCTH
3a IpejeraMu 3TUX YCIOBHM. YTBEpkKIarhb, UTO MOEIb
MIPOLIIA YCTICUTHYIO «IIPOBEPKY» Ha OCHOBAHUU ITHX pe-
3yIBTaTOB HelenecooOpasHo [22].

Takum 0Opa3om, OlleHKa HaJEKHOCTH paHee pa3pado-
TaHHBIX HAMHU KPUTEPUCB C UCIIOIH30BAaHIEM BHYTPCHHEH
BaJIMIallMd COOTBETCTBYET COBPEMEHHBIM alrOpUTMaM
MIPOBEPKH PE3YNIBTaTOB IPOTHOCTUYECKUX HCCIEeI0Ba-
Huil. [lony4eHHbIe B X0/I€ BaJMIallNU CPEJHNE 3HAYCHUS
MoKa3aTesieii YyBCTBUTEIBHOCTH U CIICIIU(UIHOCTH B OT-
HOIIICHNH YCTaHOBIIEHHOTO ITOPOTOBOTO 3HAYECHUS TOJIIIN-
HBI CTEHKH KHUIIKH TO3BOJISIIOT YTBEPKIATh, UTO pa3pado-
TaHHAs MPOTHOCTHUYECKAs MOJENb MOKa3bIBAET JIOBOJb-
HO CTaOWJIbHBIC PE3yJbTaThl NMPHU PAa3TUYHBIX BBIOOPKAX
1 YKa3bIBaeT Ha PEIPE3eHTAaTHBHOCTH TAaHHBIX B IIEJIEBOM
MOMYJSALUHU. DTO 3aKJIIOYCHUE CIIPABEUINBO AJIS MAI[UCH-
ToB ¢ AAJ], mpoTekaromeit kak Ha pore COVID-19, Tax
u 0e3 Hee. Bricokue 3nHauenus cpenanero K npu ana-
JI3€ CTeHEPHPOBAHHBIX OyTCTPEN-BBIOOPOK, a TaKXkKe
HeOoIbIINe 3HAYCHUS] CTAHIAPTHBIX OTKJIOHEHHWH 3TOTrO
MOKa3aTelsl YKa3bIBAalOT Ha TO, YTO MOIEIN YCTOWYIHBBHI
K M3MEHEeHHIO JaHHbIX. ClenoBarenbHO, MPOTHOCTHYE-
CKHE TIOKa3aTenu OyayT OTHOCHTEIBHO CTaOWIHHBIMU
B PEaJbHBIX YCIOBHSIX.

[Ipu yBenrueHNH KOIUYECTBA MALUEHTOB U HIMPOKOM
MIPUMEHEHNH pa3pabOTaHHBIX KPUTEPHEB MOXET MOTpe-
OoBatbcst iepeoOydenue moaenu [23]. [Toaromy B mep-
CTIEKTHBE IIEJIecO00pa3HO MPOBEACHNE TAK)Ke BHEIIHEH
MYJIBTHIIEHTPOBOI BaJMJaluu JUIs OIIEHKH pa3pado-
TaHHBIX HAMHU KPUTEPHUEB KIOCTPUAUATIHHON ITHOIOTHUU
AAJl [22]. D10 TI03BOIMIIO OBI TIPOBEPHUTH PEIPe3CHTA-
TUBHOCTB PE3YIBTATOB B PAa3HBIX LEIEBBIX MOMYJSIIUIX
HE3aBUCHMO OT PETMOHAPHBIX OCOOEHHOCTEH BBITIOJHE-
uHus Y3U u teuenns KU [24].

BbiBOAbI

[Ipu npoBezieHNN BHYTPEHHEN BATMIAINH YIIBTPa3By-
KOBBIX KPUTEPHEB HAJIUYUS SHTEPOKOINTA, BBI3BAHHOTO
C. difficile, xax Ha pore COVID-19, Tak u 6e3 Hee meToO-

J0M OyTCTpeI YCTaHOBJIEHO, YTO OIIPEACIICHHbIE IIOPOTo-
BbIC 3HAYEHHs TONLIMHBI KUIIEYHOW CTEHKH YCTOWYHBBI
K M3MEHEHUIO JaHHBIX B IEJIEBOH MOMYJSANH, YTO TO-
TBEPXKIAET MX XOPOIIYI0 00OOIIAONIyI0 CITIOCOOHOCTS.
CrenoBareibHO, TPEAIOKEHHBIE YIBTPa3BYKOBBIE KpH-
TepUM HaJIMYUs SHTEepoKonuTa, Bei3BaHHoro C. difficile,
BKJIIOUAIOIINE YTOJIIIEHNE CTEHKH TOJICTON KUIIKK Ooiee
4,0 MM B TpyIIe MAlMEHTOB C aHTHOMOTHK-aCCOITUIPO-
BaHHOW muapeeit Ha poHe COVID-19 u Gomee 3,2 MM
B IpyHIE NalUCHTOB C AHTUOMOTHK-aCCOLMMPOBAHHON
nuapeeir 6e3 COVID-19, moryt addextuBHO mnpume-
HATHCS B YCIOBUSX PeaTbHON KIMHUYIECKON PaKTHKH.
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bone3sHb Xmpasama n TpaBMaTnyecKkasa mmenonaTusa:
BO3MOXHOCTU 1 ponb MPT B cyae6HO-MeANLIMHCKON NpaKTUKe
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Pesrome

Heanb: Onpenenenue KioueBbIX AU epeHINaIbHBIX PaJIHOIIOIMYECKUX IPU3HAKOB, TO3BOJISIONIMX OTJMYUTH TPABMATHYECKYIO MH-
esonatuio ot 0ose3Hu XupasMa B HHTepecax Cy1eOHO-MeIMIIMHCKON SKCTIEPTH3bI.

Marepuansl 1 MeToabI: B nccnenoBanue BrimoveHs! 17 manueHToB (Bo3pact 17-26 net) ¢ muenonarueit Ha ypoHe C5—C7 mocne
JTII. Beigenens! ABe TpyIIbl: MalUEHTHI ¢ TpaBMarndeckoi muenonarneit (n=11) u maruenTs, y kotopsix MPT-n300paxenus me-
MOHCTPHPOBAJIH Ipu3HaKu Oone3Hn Xupasma (n=6). Bce nauuents! npouun MPT mieliHoro otaena no3BoHOYHHUKA B pexumax T1,
T2, STIR, DWI, a taxxe AMHAMUYECKOE MCCIICIOBAaHNUE B MOJIOKEHUH CruOaHus 1ed. AHAIM3UPOBAIUCH CIIEAYIOLIME MapaMeTphl:
HaJINYUE KOMIIPECCUH CIIMHHOTO MO3T'a, aTpodus EepeHUX POroB, IMHAMHYECKHE H3MEHEHNUS, CHMMETPHUYHOCTD IIOPAYKEHUS, BEHO3-
HBI CTa3.

Pesyabrarel: TpaBMaTHuecKas MUEIONATHS XapaKTepPU3yeTCsl O4arOBBIMU 30HAMU TUIIepUHTeHCUBHOCTH Ha T2-BU, orexoM Msarkux
TKaHEel, HapyLICHUEM LEJIOCTHOCTH MEXIIO3BOHOYHBIX JUCKOB U OTCYTCTBHEM HM3MEHEHMH Npu crudaHuu meu. bonesns Xupasma
MIPOSBIIACTCS CUMMETPUYHOM arpodueil mepeHuX poroB CIIMHHOTO MO3ra, BEHTPAJIbHBIM CMELICHHEM 3aJHEH CTEHKH IypajbHOTO
MeIlIKa MpU Cru0aHuM, TUIIEPUHTEHCUBHOCTBIO 3ITHIyPaIbHOTO BEHO3HOro cruiereHus Ha T2-BU, oTcyTcTBHEM KOMIPECCHOHHBIX
W3MEHEeHNH B HEUTpaIbHOM ToNIoKeHNH. CpeaHss IIOoMIa b MOPayKeHHS P TPAaBMAaTHUECKON MUeNonaTnu coctasmia 12,4+1,3 Mm?,
pu 6one3nu Xupasma — 8,24+0,9 mm? (p=0,03). UyBcTBHUTEeNbHOCTS quHaMuueckoro MPT B muarHoctuke Oone3Hu XupasiMa cocTa-
Buia 85%, creruduanocts — 92%.

Oocy:xnenue: J(ubdepeHimanbaas IUarHOCTHKA MEXIy TpPaBMaTHYSCKOM MHUeNomnaTtHed W Ooyie3Hpl0 Xupasma KpahHe BakHa
UL CyeOHOM SKCIIEPTH3bI, TOCKOJIBKY PaIHOIOrHYeCKUe IIPU3HAKU MOTYT ObITh cXOKuUMHU. JJuHamudeckoe MPT BeIssBHIIO KiTrode-
BbIE PA3IMYMs, TO3BOJIAIONINE TOUHO OTIMYATh 9TH cOCTOsiHUA. bone3np Xupasma BCTpeuaeTcst y MOJIOABIX MAlUueHToB (10 25 ser),
MIPOSIBIIICTCSI XapaKTEPHBIMU N3MEHEHISIMU TIPU CTHOAHWH IIEU U HE CBSA3aHA C TPAaBMATHUECKUMHU BO3ACHCTBHSIMU.

3akJouenne: TpaBMaTHuecKas MUEIIONATUS U O0JIe3Hb XHpasMa UMEIOT NIepEeCeKaroIUecs paJuoIOTHYECKHUE MTPOSIBICHHS, HO pa3-
JIMYAIOTCS 110 PsAAY KIIOUEBBIX NPU3HAKOB. BeHTpasbHOE cMeleHe JypaibHOro MEIIKa M BEHO3HBIH CTa3 Ha AuHaMuueckoM MPT
SIBISIIOTCSL crieuduueckumMu Mapkepamu Oone3Hn Xupasma. bonesHs Xupasma He UMEET CBSI3M C TPaBMATHYECKUM SIH300M,
YTO HEOOXOMMO YUHUTHIBATh MPHU CyIeOHON OIeHKE TpaBMaThdeckoi stuonoruu. Junammdaeckoe MPT momKkHO OBITH BKIIOYEHO
B CTaH/APT JMarHOCTHKKM MHEJIONATUH JJIS TOBBILICHHUS TOYHOCTH TU(depeHInaTIbHON AUArHOCTHKH.

Knrwouesvie cnosa: cyneOHO-MEIMIMHCKAs SKCIIEPTH3a, KOMIPECCUOHHAs MHeJIONaTus, 0one3Hp Xupasma, cyaeOHO-MeUIHCKAs
9KCIIEPTH3A )KUBBIX JIUIL

Lumuposamys: Mensenesa H.A., Ceposa H.C. Bone3ns Xupasima 1 TpaBMaTn4eckasi MHEJIONaTHs: BO3MOXHOCTH U poiib MPT B cy-
JNeOHO-MEIMIMHCKOM npakTHKe. MHHosayuonnas meduyura Kyoanu. 2025;10(2):47-53. https://doi.org/10.35401/2541-9897-2025-
10-2-47-53

Hirayama Disease and Traumatic Myelopathy:
Capabilities and the Role of MRl in Forensic Medicine
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Abstract
Objective: To determine key radiological features for differential diagnosis between traumatic myelopathy and Hirayama disease
for the sake of forensic medical examination.
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Materials and methods: The study included 17 patients (age, 17-26 years) with myelopathy at the C5-C7 level following traffic
collisions. The patients were grouped into those with traumatic myelopathy (n=11) and those with signs of Hirayama disease on mag-
netic resonance imaging (MRI) (n=6). All the patients underwent cervical spine MRI in the T1- and T2-weighted, short tau inversion
recovery, and diffusion-weighted imaging modes, as well as dynamic MRI in the neck flexion position. We analyzed the following:
spinal cord compression, anterior horn atrophy, dynamic changes, lesion symmetry, and venous stasis.

Results: Traumatic myelopathy is characterized by focal T2-hyperintensities, soft tissue edema, impaired intervertebral disk integrity,
and no changes in neck flexion. Hirayama disease is manifested by symmetrical atrophy of the anterior horns, ventral displacement
of'the posterior dural sac on flexion, hyperintensity of the epidural venous plexus on T2-weighted images, and no compression changes
in the neutral position. The mean lesion area in traumatic myelopathy was 12.4+ 1.3 mm?, whereas in Hirayama disease, 8.2+0.9 mm?
(P=.03). The sensitivity and specificity of dynamic MRI in the diagnosis of Hirayama disease was 85% and 92%, respectively.
Discussion: Differential diagnosis between traumatic myelopathy and Hirayama disease is critical for forensic medical examination
due to similar radiological features. Dynamic MRI revealed key differences, allowing to accurately distinguish between these condi-
tions. Hirayama disease occurs in young patients (<25 years old), has characteristic changes in the neck flexion, and is not associated
with traumatic effects.

Conclusions: Traumatic myelopathy and Hirayama disease have overlapping radiological findings but differ in some key features.
Ventral displacement of the dural sac and venous stasis on dynamic MRI are specific markers of Hirayama disease. Hirayama disease
is not linked to a traumatic episode, which should be taken into account during forensic assessment of the traumatic etiology. Dynamic
MRI should be included in the standard for myelopathy diagnosis to improve the accuracy of differential diagnosis.

Keywords: forensic medical examination, compressive myelopathy, Hirayama disease, forensic medical examination of living persons
Cite this article as: MedvedevaNA, Serova NS. Hirayama disease and traumatic myelopathy: capabilities and the role of MRI in fo-

rensic medicine. /nnovative Medicine of Kuban. 2025;10(2):47-53. https://doi.org/10.35401/2541-9897-2025-10-2-47-53

BBepeHune

B cyneOHO-MeanIMHCKO TIpaKTHKE KpaitHe BayKHO TPO-
BOAUTh H(PEepeHINaNbHYIO JHArHOCTUKY 3a00JieBaHUi
U TPaBMATHYECKUX TOBPEKACHHI, TOCKOIBKY OT TOTO 3a-
BHCHT OOBEKTHBHOCTH DKCIICPTHBIX 3aKTIOueHUH. B manHon
pabote paccmarpuBatorcst ocooeHHoctit MPT-auarnoctiku
TpaBMaru4yeckoi muenonaruy Ha ypoHe C5-C6-C7 y mur,
MOCTPAIABIINX B JTOPOKHO-TPAHCIIOPTHOM TPOHCIIICCTBHU
(ATII), u 6one3nn Xupasima, KOTOpasi UMEET CXOKUE PaIHO-
JIOTWYECKUE MPU3HAKH, HO HE CBS3aHa C 0OCTOSITEILCTBAMU
TpaBMBI. TpaBMaTHdecKass MHCIIONATHS SIBIISICTCS PACIIpO-
crpaneHHbIM niocneacteueM JTII u apyrux BUIOB Mexa-
HUYECKOW TPaBMBI TIO3BOHOYHHUKA. OMHMM W3 KIFOYEBBIX
METOJIOB JTMarHOCTUKH TPaBM IO3BOHOYHHKA M CIIMHHOTO
MO3ra B CyneOHO-MEIUIIMHCKOM IMPAaKTHKE SIBISCTCS Mar-
HHUTHO-pe3oHaHcHas Tomorpadus (MPT), mosBomstrormas
BBISBIISITH XapaKTep MOBPEXKICHUH CITMHHOTO MO3Ta U TU(]-
(epeHIMpoBaTh UX OT BPOXKICHHBIX MM JICTCHEPATUBHBIX
3a0oneBanmii [1].

Bonesnp Xupasima — 3T0 peAKoe HEBPOJIOTHUYECKOE 3a-
OoneBaHme, XapaKTepU3YIOIICECs XPOHMYECKOM Mporpec-
CUpYIOILIEH MUEIONaTHeN B IEMHOM OT/IeJie TO3BOHOUYHUKA,
yaiiie Bcero Ha ypoBHe C6—C7 [2]. Panuonornyecku naHHas
TIATOJIOTHS MOYKET UMHUTHPOBATH TIOCIISICTBUS TPaBMAaTHUC-
CKOTO ITOBPEKICHHS, UTO CO3ACT CIIOKHOCTH TIPH CYIeOHO-
MEIUITMHCKON SKCTIEPTH3€E TOCTPaIaBIIuX JinIL [3].

LUenb nccnepgoBaHuns

OnpezeneHue KIOYeBbIX, TUPPEPEHITHATBHBIX paTi-
OJIOTUYECCKUX HpI/I3HaKOB, IIO3BOJISFOIIIUX OTJIIMYUTH TpaB-
MaTHYeCKyI0 MHEJIONaTHIo OT Oosle3HN Xupasima B HHTe-
pecax cyneOHON IKCTICPTH3HI.

Martepuanbl n metogbl
B uccnenoBanue BKIIOUEHBI 17 MAaMEHTOB (BO3pacT
17-26 ner), npoxomuBmux MPT mocne HATIL. ¥V Bcex
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MAIMEeHTOB OblIa TMarHOCTUPOBaHA MHUEJIOATHS Ha yPOB-
He C5-C6-C7. bbuiu BbIJICJICHBI JIBE TPYIIIIHI:

e I'pynma 1 (n=11) — manueHTsl ¢ MOATBEPKACHHON
TpaBMAaTU4YECKON MHUEIIONIATHEH.

* I'pymnma 2 (n=6) — marmenTsl, y KoTopsix Ha MPT-u30-
OpaKeHUSIX HaOITIOAITNCE JTydIeBbIe PU3HAKHN O0Je3Hn XH-
pasima.

Bce norepnesmme nponuin MPT mieiinoro otaena no-
3BoHOYHMKA B pexumax T1, T2, STIR u DWI. Ananuzu-
POBAJINCH CIEIYIONINE PATUOIOTHIECKHE TTapaMeTphI:

1. IIpu3HaKu KOMIIPECCUOHHOTO MOBPEXKICHUSI CITHH-
HOTO MO3ra.

2. Hannuue M BEIpaXKEHHOCTH arpouH IepeTHIX PO-
TOB CIIMHHOTO MO3Ta.

3. JluHaMu4eckue U3MEeHEHHs IpU CTUOAHHUH IIEH.

4. CHUMMETPUUYHOCTb OPAKEHUS.

PesynbTratbl

MPT-npuznaku mpagmamuieckon Mueionamuu

VY nanueHToB ¢ TpaBMAaTHYECKOH Muenonatueid ObuH
BEISIBIICHBI CJICYIOIIHE XapaKTePHBIC TyUeBBIC TPH3HAKM:

1. OuaroBble 30HbI TOBBIIIEHHOTO CUrHaJa Ha T2-B3Be-
meHHbIX n3oopakenusx (T2-BU1). Ha T2-BU Buzyammsupo-
BaJIMCh OYaru TMIIEPUHTEHCUBHOTO CUTHAJA, YTO yKa3bl-
BaJI0 Ha HAJMYHE OCTPOrO MM XPOHUYECKOTO MOBPEKIC-
HUSI TKAaHW CIIMHHOTO MO3Ta. JTH odard ObUIH JIOKAJTN30Ba-
HBI B Pa3JIMIHBIX OTIENIAX CIIMHHOTO MO3Ta, B 3aBHCUMOCTH
OT YPOBHS TPAaBMBI U TOYEK MPHIIOKCHUS CHITBI.

2. B akcuanbHOH MJIOCKOCTH Ha ypOBHE MHEJOIa-
THUU ONPEAeSICS TUIHYHBIA MPU3HAK B BUIE «COBHHBIX
ma3» Ha T2-BU (puc. 1).

3. OTek MSrKuUX TKaHEd M HapylIEHWs CTPYKTYypHOU
HEeI0CTHOCTH auckoB. MPT-uccienoBanue BBIIBHIO OTEK
MSTKUX TKQHEH BOKPYT CLIMHHOTO MO3ra, a TaKKe Hapylle-
HUSI LIEIOCTHOCTH MEXKIIO3BOHOUHBIX IHMCKOB, YTO CBHJIC-
TEJILCTBOBAJIO O TPABME U MOCICAYIOIIEM BOCIIAICHUH.
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Pucynox 1. MPT wieiino2o omoena no360HOYHUKA, Ca2ummanbHas RI0CKOCb, UMRYIbCHAA nociedosamenvrocms 12 B (a, 6),
aKcuanbHas niockocms (8). Anomanvno evicokuii cuenan ¢ T2 BU wetinoeo omoena cnunnoeo mozea na yposue C4-C5-C6-C7.
Lletinviii omoen CnuHHO20 M032a KOMIPUMUPOBAH MENCOY 2PbIAHCEBLIMU 0ePOPMAYUAMU MENCNOZB0HKOBHIX OUCKOS (a, O — 3e-
Jenwlll 06an). Benmpanvnoe cy6apaxnouoanbHoe npocmpancmeo CmeHo3upo8anHo, MOPUIHO OKA3bLEAsL MEXAHUYecKoe 0asie-
HUe HA CHUHHOL MO32, A MAKce OMEepCmus 05 8bIX00d CNUHHOMO3208b1X Kopeuikos. Ha yposnsx C4-C5-C6-C7 6 axcuans-
HOU RIOCKOCMU HAOII00AemCst AHOMATIbHBIIL CUSHAL CRUHHO20 MO32a 8 BUOE «COBUHBIX 21A3» (8 — dHcenmblil Kpye)

Figure 1. Cervical spine magnetic resonance imaging (MRI), sagittal plane, T2-weighted imaging (a, b), axial plane (c).
Abnormally high signal on T2-weighted images of the cervical spine at the C4-C5-C6-C7 level. The cervical spine is compressed
between the herniated intervertebral disks (a-b, green oval). The ventral subarachnoid space stenosis exerts secondary
mechanical pressure on the spinal cord and foramina. At the C4-C5-C6-C7 levels, the “owl’s eyes” sign, an abnormal signal
of the spinal cord (c, yellow circle), was observed in the axial plane

4. OtcyTcTBUE 3HAYMMBIX W3MEHEHUI TIpU CrHOaHNU
mweu. Ilpu nposenenun puHamuueckoro MPT-uccne-
JIOBAaHUA B IIO3ULIMKA CruOaHus He HAOII0IAI0Ch 3HAYU-
TEJIHBIX M3MEHEHUH B 00JacTH MOpakeHHs MpH cruda-
HUM IIEH, YTO YKa3bIBAJIO HA CTAOMIIBHOCTH MOBPEKIACHHUS
U OTCYTCTBHE IIPOTPECCUPOBAHMSI KOMIIPECCUU CIIMHHOTO
MO3Ta, a TaKke MPOTHBOPEUMIIO TeHE3y BepTeOpPOreHHOMH
KOMITPECCHH 3 CUET BEHTPAJIIbHOTO CMELEHUSI 1Y PATIBbHO-
rO MeIKa.

MPT-npusnaxu oonesnu Xupasama

VY nmanmeHToB ¢ 6one3Hpi0 XupasMa ObUTH BBISBICHBI
CIIEIYIOLIHUE JTyUeBble IPU3HAKY:

1. CuMMeTpUYHOE TMOpaXXeHHE IEpPeHUX pOroB
criuHHOTO Mo3ra. Ha T2-BU BusyanusupoBaiock cuMMe-
TPUYHOE MOpAKEHUE MEPETHUX POTOB CIIMHHOTO MO3Tra,
YTO SABJIAETCS XapaKTEPHBIM ITPU3HAKOM ITOTO 3a00JeBa-
Hus (puc. 4).

2. llpu3Haku arpoduy ¥ THIIEPHUHTEHCHBHOCTH
0e3 BBIpaXEHHOH KoMIpeccHd. B oTmmume oT TpaBma-
TUYECKOW MHEJIONaThuy, Mpu Oone3Hn Xupasma He Ha-
0JII01a710Ch BBIPAKCHHON KOMIPECCUU CIUHHOTO MO3Ta,
a arporyeckre U3MeHeHHs Ol 00Jiee paBHOMEPHBIMHU
Y CHMMETPUIHBIMH.

3. OrcyTCTBHE KOMIIPECCUU B HEUTPAJILHOM MOJI0XKE-
Huw (puc. 2, 3).

4. Ilpu dnekcuonHor auHamuveckoii MPT — BeH-
TpaJbHOE CMEIICHUE 3aIHEH CTEHKU JyPalbHOTO MEIKa
Y KOMIIpecCHsi CIUHHOTO MOo3ra criepent (puc. 3).

5. Jeranusanust 30MIypagbHOr0 BEHO3HOTO CILIETE-
HUS B BUJIC 30HBI FUNEepUHTeHCUBHOCTH Ha T2 BU B mo-
JokeHuu crudanus (puc. 2, 3).

6. OTCyTCTBHE CBSI3U C OOCTOSITENHbCTBAMU TPAaBMBI.
B ominume oT TpaBMaTH4eCKOW MUEIONATHH, Yy Malu-
€HTOB ¢ O0Jie3HBbI0 XHpasma He OBLIO BBIABICHO CBSI3U
MEXIy TOSBICHUEM CHMIITOMOB W IIPEIIICCTBYIOIICH
TPaBMOM, YTO yKa3bIBaeT Ha JET€HEPAaTUBHBIN XapakTep
3a00neBaHusl.

JJis OLEHKH CTATHCTUYECKON 3HAYNMOCTH BBISBIICH-
HBIX pasIUudil MEXIY TPYINaMHU MAIUEHTOB OBLI IPO-
BEJICH CPaBHUTENIbHBIN aHAIN3 CPEIHUX IIJIOIIAel nopa-
JKEHUSI CIIMHHOTO Mo3ra. CpellHsas MIIONIa/lb MOPaKEeHUs
MUEJIONATUH Yy MAlKUEHTOB C TPaBMAaTUUECKOH STHOJO-
rueit cocrapmwia 12,4+1,3 MM?, Torna Kak mpu OOJE3HH
Xwupasma — 8,2+0,9 mm? (p=0,03). IlonyueHnsle 1aHHBIE
YKa3bIBAIOT Ha 0oJiee 3HAYUTEIHHOE MOBPEKIACHNE CITHH-
HOT0 MO3ra y MalieHTOB ¢ TPaBMaTUYECKON MUEJIONaTH-
eil o cpaBHeHHUIO ¢ Ooje3Hpr0 Xupasima. CpaBHHUTENb-
HBbI€ JTy4YeBbI€ MPU3HAKU MIPEICTABICHBI B TAOIHIIC.

Taxke OBUT TMPOBENCH AaHAIU3 YYyBCTBUTEIBHOCTH
U cneruduaHOCTH MeToAa AuHaMu4deckoro MPT B moso-
JKeHHH cTuOaHus. YyBCTBUTEIFHOCTh METOIa COCTABIIIA
85%, 4TO 03HAYAET, YTO OH CIIOCOOEH BBISBIISTH HAJIMULE
MaTOJIOTMYECKUX N3MeHeHuH B 85% cirydaeB. Cnenngud-
HOCTb MeToz1a cocTaBuia 92%, 4To 03HaYaeT, 4To OH CIO-
co0eH MAEeHTUPUIIPOBATH OTCYTCTBHE MATOIOTHUECKUX
n3MeHeHuit B 92% ciy4aes.
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Pucynox 2. MPT wetinozo omoena no360HOYHUKA, CASUMMANbHASA NIIOCKOCMb, UMNYIbCHAA nocledosamenvrHocms T2 BU. Knaccu-
yecKast yKIaoKa (@), 6 noLONCeHUU MAKCUMANbHO20 ceubanust (0, 8). Acummempuynas ampoghus CnuHHO20 M032a, 2UNEPUHINEHCUG-
HOCMb NAPEHXUMbL CHUHHO20 Mo32a 6 obnacmu e2o ampopuu C6-C7 3a cuem muenonamuu, UsMeHeHue aAHAMOMUYECKO20 KOHMYpa
(Kpachas cmpenka). B nonosicenuu Kiaccuueckotl YKIaoKu 6blsigleHO HOPMAIbHOE NOLOJICEHUE 3A0Hel CIEHKU OYPATbHO20 MEWKA
U meepool M0320601L 0OONOYKU. B nozuyuu makcumanbno2o caubanus ommeyaemcs yeenuienue pasmepa 3a0He20 InUdypaibHO2O
NPOCMPANCINGA ¢ 6EHMPATLHBIM CMEUjeHUeM OYPATbHOZ0 MEWKA U KOMAPECCUel CHUHHO20 MO32a (HCeNmast CMpeKa)

Figure 2. Cervical spine MRI, sagittal plane, T2-weighted imaging. Classic positioning (a), maximum flexion (b, c¢). Asymmetric
spinal cord atrophy, hyperintense spinal cord parenchyma in the area of its C6-C7 atrophy due to myelopathy, changes in the
anatomical contour (red arrow). In the classic positioning, the posterior dural sac and dura mater were found to be in a normal
position. On the maximum flexion, there was an increased posterior epidural space with ventral displacement of the dural sac and
spinal cord compression (vellow arrow)

Pucynox 3. MPT wetinoco omoena no360HOUHUKA, CAZUMMATbHAS NIOCKOCb, UMNYIbCHAS nociedosamenvhocmy STIR. Knac-
cuyeckas yKuaoka (a), 8 NOI0NCeHUU MAKCUMAanIbHO20 ceubanus (0, 8). Acummempuunas ampous CRUHHO20 MO32d, 2UNepuH-
MEHCUBHOCMb NAPEHXUMbL CNUHH020 Mo32a 6 obnacmu e2o ampoguu C6-C7 3a cuem mueronamuu, usMeHeHue anamomuye-
CK020 KOHMYpa (Kpachasi cmpeixa). B nonoowcenuu knaccuueckotl ykaaoKku 6bisieeHo HOPMAIbHOe NONONCEHUe 3A0Hell CIEHKU
0ypanbHO20 MewKa 1 meepool Mo32060ti 0bonouku. B pescume STIR 6 nosuyuu MakcuManbHo2o c2ubanus 00Cmo8epHo onpeoe-
JISLEMCsl 6eHMPANbHOE CMeweHue OYPAIbHO20 MEUKA ¢ NOSUYUOHHOU KOMAPECCUel CRUHHO20 MO32a (JHCenmast CmpeKa)

Figure 3. Cervical spine MRI, sagittal plane, short tau inversion recovery (STIR). Classic positioning (a), maximum flexion
(b, c). Asymmetric spinal cord atrophy, hyperintense spinal cord parenchyma in the area of its C6-C7 atrophy due to myelopathy,
changes in the anatomical contour (red arrow). In the classic positioning, the posterior dural sac and dura mater were found to
be in a normal position. In the STIR mode on maximum flexion, there was ventral displacement of the dural sac with positional
spinal cord compression (yellow arrow)
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Pucynok 4. MPT wetinozo omoena no360HOYHUKA, AKCUALbHASL NJIOCKOCMb, UMNYIbCHAS nociedosamenviocms T2-BH. B axcu-
anvrotl nrockocmu Ha yposrue C6-C7, 20e 0bi1 6bisi61eH NPOOONbHBLU NOBIUEHHBIU CUSHAIL, OMMEYAencsl 2UNePUHIMEHCUBHBIL
CUSHATL 8 YEHMPATbHBIX OMOENAX CHUHHO20 MO32a HA YPOBHE NEPEOHUX PO208 CNUHHO20 MO32d. Bviasien cumnmom «enasz coguly
3a cuem uwieMuu 8 nepedHell CNUHAILHOU apmepuu (a, 6 — Jcenmblil 08a)

Figure 4. Cervical spine MRI, axial plane, T2-weighted imaging. In the axial plane at the C6-C7 level with a longitudinal
elevated signal, there was a hyperintense signal in the central parts of the spinal cord at the level of the anterior horns.
The “owl's eyes” sign indicated ischemia in the anterior spinal artery (a-b, yellow oval)

Taonuua

CpaBHuTeIbHAS TA0JMIIA JyYeBbIX NIPU3HAKOB
Table

Comparison of radiological signs

Jly4eBble NpU3HAKH

TpaBMaaneclcaﬂ MHUeEJI0NATHUSA

bonesns Xupasama

Jlokanu3zanus MOopaXXeHUus

C3-Thl

C6-C7 (4are oTHOCTOPOHHEE)

dopma nopaxeHust

Heperynsaphsie ouaru

JuddysHoe mopaxeHne IepeHNuX pOroB

CI/IMMeTpI/I‘IHO CTb

‘{ame ACUMMETPHUYIHOC

CuMMeTpuvHOe

V3MeHeHus B THHAMHUKE
(npu crubaHuy 1IeH)

OrtcyTcTBYyeT

Kommpeccust nta MPT B monoxxennu
crubanus

OTek MATKMX TKaHeH

Yacto BbIpaXkeH

OTtcyTcTBYyeT

l'unepunrencusHocts Ha T2-BU

30Ha oTeka + ovar HeKpo3a

JIokanbHOE MOBBIIIIEHHE CUTHAJIA

Atpodus nepesHUX poroB CIUHHOTO MO3Tra

OtcyTcTByeT

Bripaxkennas arpodust

HpI/ISHaI(I/I KOMITPECCUU CIIMHHOI'O MO3ra

BeripaxeHHbIE KOMIIPECCHOHHbIE
HU3MEHEHUS

Her siBHBIX KOMITPECCUOHHBIX U3MEHECHU N

JuddysHoe unu ouaroBoe NopakeHue

Ouarosoe

Juddysnoe

Hanuuue cocynuctbix n3MeHEHUN
(BEHO3HBIN CcTa3)

He xapaxrepno

BenosHsrii cras mpu crubanuu men

Bnusinue Ha KOpeuky HepBOB

Kopemiku moryT ObITh
MOBPEXK/ICHBI BCICJCTBHE TPABMBI

BanstHue MuHUManbHOE, HO BO3MOYKHBI
HelposierenepaTuBHbIE N3MEHEHUS

O6cyxpeHune

Juddepennmanbaas IUATHOCTHKA TPaBMATHICCKOM
MHUEJIONaTH W OOJe3HW XupasMa TPEICTaBIIeT COoOOU
CIIOKHYIO W aKTyaJIbHYIO 3a/1ady B OOJIaCTH JTyueBOM Ha-
THOCTHKH M CyfeOHOW MeaunuHbl. O0a COCTOSIHUS MOTYT
MIPUBOAUTH K IOPAKEHHIO TIEPEIHIX POTOB CIMHHOTO MO3Ta
Y BBI3BIBATH CXONHBIC KIMHUYECKUE TPOSBICHUS, UTO 3a-

TPYAHSET OCTaHOBKY TOYHOIO AMarHosa. B cBsi3u ¢ atum
0COOYH0 3HAYMMOCTh MPUOOPETACT MCIOIB30BAHNUE COBPE-
MEHHBIX METOJIOB HEMPOBU3yaIU3alMy, B yactHoctd, MPT,
TTO3BOJISFOIICH BBISIBUTD CIICI(DUICCKUC TIPU3HAKA KaXKI0-
IO U3 pacCMaTPUBAEMBbIX M1ATOJIOTMYECKUX ITPOLIECCOB [6].
Pe3yibTaThl TIPOBEICHHOTO HWCCIICIOBAHUS TTOITBEPHK-
JIAl0T, 4TO O0JIe3Hh XUpasiMa BCTPEUACTCSI HCKITFOYUTETEHO
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y MaIMEHTOB B BO3pacTe 10 25 JIeT, Tora Kak y JIMII cTapIie-
T0 BO3pacTa U3MEHEHHs B LIIEHHOM OT/Iele CIIMHHOTO MO3ra
Yalle COOTBETCTBYIOT TPaBMaTHMYECKOM MHENIONaThu. OTH
JAaHHBIC KOPPEIMPYIOT C Pe3yibTaTaMd pPaHee OIyOJINKO-
BaHHBIX paboT, B KOTOPBIX NMOAYEPKUBACTCS KITI0UEBasi pOJib
¢ysaxronansHoro MPT B BEIABICHNH XapaKTepHBIX IWHA-
MHUYECKIX U3MEHCHUH Mpu Oote3Hu Xupasma [7].

Ananu3z MPT-1aHHBIX MalMEHTOB C TPaBMAaTHYECKOM
MuesonaTieil U 6one3Hp0 Xupasma TMO3BONMIT BBISIBUTH
yetkue auddepeHnnanbabie KpuTepun. TpaBMaTHndeckas
MHEJIONATHs XapaKTepU3yeTCsl O4aroBbIMHU 30HAMH ITOBBI-
IIEHHOTO CHTHAJIA HA T2-B3BEUIEHHBIX H300paKEHHAX, OT-
€KOM MSITKUX TKaHEH, HAJIMYKMEeM INIM03a U MOCTTPABMAaTHU-
YeCKHUX U3MEHEHUI, a TalkKe OTCYTCTBUEM AMHAMUUECKHX
M3MEHEeHnH npu crubanuy men. B To jxe Bpems 0one3Hb
XupasiMa TpOSIBISETCS CHMMETPHYHBIM TIOPAKEHNEM TIe-
PEAHUX POTOB CIIMHHOTO MO3ra, arpo(duei U TUIIepUHTEH-
cuBHOCTHIO Ha T2-BU Ge3 BeipaxkeHHOM komnpeccun. Cta-
TUCTUYECKHUH aHANIN3 TAHHBIX [TOKA3aJ1 HAJIMYNE 3HAYMMBbIX
pasnuuuii MeXIy 3THMH IpyNIaMH HallUeHTOB, YTO I0-
3BoJisieT paccmarpuBarb MPT Kak OCHOBHOM MHCTPYMEHT
muddepeHnnanTbHON THarHOCTUKH paccMaTpUBaeMBIX CO-
CTOSIHUH y MAalMEHTOB IOCIE TPaBMAaTUYECKOTO 3MU307a
B paMKax yCTaHOBJIEHUs BPE/ia 3/10POBBIO.

[TpyHIMTIFATEHO BaYKHBIM JUTS CyICOHO-MEIUIIHCKOM
9KCIEPTU3BI SABIIETCA OLICHKA CTENEHN TSHKECTH Bpesia 3710-
POBBIO IIPU YEPETTHO-MO3TOBBIX TPaBMax M B CIIydasix, CBs-
3aHHBIX C TIOPAXXEHWEM CIHMHHOTrO Mo3sra [8]. B curyarmn
TPaBMaTHYECKOH MHEJIONAaTHH yCTAaHOBIEHHE HMPHYMHHO-
CJIC/ICTBEHHOM CBSI3M C TIEPEHECEHHOM TpPaBMOl OCHOBBI-
BaeTCA Ha XapaKTepHBIX MOP(OIOTHIECKUX H3MEHEHUSX,
BBIBIIEMBIX ¢ nomowpro MPT, a Tarke KIMHMYECKUX
JTAHHBIX, TOATBEP)KAAIOIINX HaJIM4YMe TPaBMaTHUECKOTO
srm3ona B anamuese. [Ipu 6onesnn Xupasma maroreHes 00-
YCJIOBJIEH UIMONATHYECKON KOMIIPECCUEN MEpeHUX POroB
CIMHHOTO MO3ra BCJIE/ICTBHE BEHTPAJILHOTO CMELICHUS dy-
PaJbHOTO MEIIKa MPH CTHOAHWH IIeH, YTO MCKITIOYAeT BO3-
MOKHOCTb YCTAHOBJIEHHsI CBSI3U C BHELIHHUM IIOBPEXIA0-
M (axropom. Crie0BaTeIbHO, IPU JaHHOM 3a00JICBaHHN
HEBO3MOYKHO JOCTOBEPHO ONPEAEIUTh HAIUYKE BPesa 3710-
POBBIO, CBSI3aHHOTO € TPaBMOM, YTO MUMEET CYLECTBEHHOE
3Ha4YEHUE B KOHTEKCTE CYIEOHO-MEIUIIMHCKON IKCIIEPTU3bI
1 OLICHKH MOTEPH TPYAOCTIOCOOHOCTH TTAIUEeHTA.

Takum 00pa3oM, MarHUTHO-pe30HAaHCHas ToMorpadus
SBIISIETCS] BHICOKOMH(OPMATUBHBIM HHCTPYMEHTOM T de-
PEHIMATBHON TUATHOCTUKH TPaBMATHUECKOH MHUEIONaTHH
n Oome3nn Xupasiva. OCHOBHBIMH TTPHU3HAKaMH ITOCIIETHEH
SBILSIIOTCS. IMHAMUYECKUE M3MEHEHUs NpU (DYHKLMOHAIb-
HoM MPT, BeHTpanbHOE CMELIEHUE IyPalbHOIO MEIlKa
U PacILIUPEHNE BEHO3HBIX COCYAOB. [laHHBIE HCClIeI0BaHUs
MOJUEPKUBAIOT HEOOXOOMMOCTh KOMIUIEKCHOTO OIXOAA
K aHaJIu3y KJIMHUYECKOW KapTUHBI U JAHHBIX HEHpOBU3ya-
JIM3ALUY JUISl TOYHOM TOCTAHOBKH JTUATHO3a U KOPPEKTHBIX
CyneOHO-MEIUIIMHCKUX SKCIEPTHBIX BBIBOOB IIPU OIpEsie-
JIEHHBIX 00CTOATEBCTBAX.

52

3aknovyeHne

1. TpaBMaTHUecKass MHEIIONIATHSI M OOJIE3HL XUpasMa
HUMEIOT CXOXKUE PATUOJIOTHUECKIE TMPOSIBICHUS, YTO TPe-
OyeT TmarenbHON quddepeHITnaTbHON THAarHO CTUKY.

2. Kiio4eBbIM OTJIMYUTENBHBIM NPU3HAKOM SIBIIET-
Csl AMHAMUYECKOE M3MEHEHNE KOH(PUTYPAUU CITUHHOTO
MO3ra TpHU CTUOAHWU IIIEH, XapakTepHoe s OOJIe3HU
Xupasama.

3. bone3np Xwupasima He CBS3aHA C 0OCTOSITEITHCTBAMHI
TPaBMAaTUYECKOTO SIMU30/1a, [TO3TOMY BBISBICHHBIC MPH-
3HAKH y 6 MAIUEHTOB HE MOTYT OBITH HCIIOJIb30BAHBI B CY-
NeOHOM OICHKE TPaBMATHIECKOM STHOJIOTHH.

4. HNuuamudeckass MPT pomkna OBITH CTaHAZAPTOM
JTUATHOCTHKH B 3KCIIEPTHOH MPAKTUKE, TIOCKOJIBKY ITOBBI-
1aeT TOYHOCTh AUATHOCTUKY MUEJIONATHH.
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Abstract

Background: In anthropology age of skeletal remains can be estimated without specific equipment by the degree of serrate suture
obliteration; however, standard methods of obliteration measurement cannot be used to calculate age of a skull with a fragmented or
damaged calvaria, which significantly complicates age estimation.

Objective: To assess validity of a new method for age estimation relying on data of lambdoid suture obliteration on skulls of both
sexes from the craniological collection at the Department of Normal Anatomy of Kuban State Medical University (Krasnodar, Russian
Federation) and compare with that of a conventional method.

Materials and methods: We determined sex and age of 41 skulls using craniometry. Based on the sex and calvaria condition, the
skulls were divided into 2 groups and further subdivided by sex: male and female skulls with preserved calvariae (age was estimated
by Zvyagin’s standard regression equations [N=20]) and male and female skulls without calvariae (age was estimated by a new
equation taking into account lambdoid suture obliteration [N=21]). The skulls with calvariae were subjected to double independent
craniometry to find absolute and relative errors. Quantitative indicators of suture obliteration and the estimated age were assessed
for normal distribution using the Kolmogorov-Smirnov test. Data collection, correction, and systematization were conducted using
Microsoft Access 2016 and Microsoft Excel 2016 (Microsoft Corp, USA). Statistical analysis was performed using Statistica 10.0
(StatSoft Inc, USA).

Results and discussion: We determined age and sex of 36 skulls (87.80%) using craniometry. When comparing age values calculated
using the standard regression equations and the new equation for the lambdoid suture, the absolute and relative errors for male skulls
were 3.05% and 6.09%, respectively. For female skulls, the absolute and relative errors were 9.39% and 19.42%, respectively.
Conclusions: Equations that take into account lambdoid suture obliteration enable to estimate age of male and female skulls, including
fragmented skulls, and can be used in anatomical and paleoanthropological studies, as well as in medical and forensic identification.
Keywords: craniometric age estimation, suture obliteration, lambdoid suture, age estimation, regression equations

Cite this article as: Baybakov SE, Bakhareva NS, Gordeeva EK, et al. Craniometric method for age estimation by the degree of lamb-
doid suture obliteration. Innovative Medicine of Kuban. 2025;10(2):54—62. https://doi.org/10.35401/2541-9897-2025-10-2-54-62
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Pezrome

AKTyaJbHOCTB: Vcrons3yemMoe B aHTPOIOIOTHIECKON TIPAKTHKE OIPEeTICHNE BO3pacTa 110 CTENeHN OOIUTepanuy 3y0uaThIX IBOB
CBOJIa TO3BOJISIET 0e3 creruduueckoro 000py10BaHUs UArHOCTUPOBATh BO3PACT IO CKEJIETHBIM OCTAHKaM, OJJHAKO CTaHJapTHBIC
METOJIbI U3MEPEHHUST OOTUTEPALIMH HE MO3BOJIAIOT BBIYMCINTD BO3PACT Yeperna ¢ (parMeHTUPOBAHHBIM WIIH Pa3pyIICHHBIM CBOJIOM,
YTO 3HAYUTEIFHO YCIOXKHSIET ONpe/IelICHHe BO3PACTHON IIPUHAJICIKHOCTH.
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Hesab: OueHka BaIMIHOCTH HOBOTO CIIOC00A OTIpE/IeTICHHUS BO3PACTHOW ITPUHA/ICKHOCTH I10 IAHHBIM 00U TEpaIiH J1aMOIOBUIHOTO
1IIBa 110 CPABHEHUIO C TPAAUIIMOHHBIM METOJIOM, IIPUMEHSEMbIM IIPH METPUYECKON JHArHOCTHUKE, Y YePerioB 000HX M0JI0B U3 KPaHH-
OJIOTHUECKOH KoJuTeKnu Kadeapsr HopManbHoit anatomun GI'BOY BO KyoI'MY.

MarepuaJibl 1 MeTO/bI: Bb110 ITPOBEEHO KPAHMOMETPUUECKOE OIIpe/Ie]IeHUE TT0JI0BOM U BO3PACTHON ITpUHAIIe)KHOCTEH 41 ueperna.
Ha ocHOBaHMH yCTaHOBIICHHOTO T0JIA M COCTOSIHUSI KOCTEH CBOJIa 00BEKTHI ObUIN pa3/ieeHbl Ha 2 IPYIIIbI, pa3Ie/CHHbIC Ha TOATPYII-
ITBI 110 MOJIOBBIM XapaKTEPUCTUKAM: Yepera 000HX MOJIOB C COXPAHUBILMMCS CBOJIOM M BO3PACTOM, ONPECISIEMBbIM MO CTaHIaPTHBIM
perpeccuoHHbIM ypaBHeHusiM B.H. 3paruna (n=20); yepena o6oux 1nosoB 6e3 KOCTEH CBOA W BO3PACTOM, OIPEJIEieMbIM HOBBIM
YpaBHEHHEM C y4eToM OOJIMTepaluu JJaMOIoBUIHOTO 1Ba (n=21).

UYepera co cBOJOM MOJBEPrajuch JBOWHON HE3aBUCUMON KPaHHOMETPHH C IIEJIbIO BBIBEACHMUS AOCOMIOTHON M OTHOCUTENIBHOM MOrpen-
Hocreil. KonmuecTBeHHbIE MToKa3aren OOMUTEepallii U IHarHOCTHPOBAHHON BO3PACTHON MPHHA/IICKHOCTH OLICHUBAIICH HA TIPEIMET CO-
OTBETCTBHUSI HOPMAIILHOMY PACHpEASICHHIO ¢ MOMOIIIBI0 Kputepust Konmvoropoa-CmupHoBa. HakorieHne, KOppeKTHpOBKa, CHCTeMaTH3a-
LS KCXOHOW MH(OPMALIMK OCYIIECTBIUIUCH B 0a3ax naHHbIX Microsoft Access 2016 u snekrponnsix Tadbmumax Microsoft Excel 2016
(Microsoft Corp., CIIIA). CrarucTidecKkuii aHaIu3 IPOBOMIICS C UCTIONB30BaHUeM mporpammel Statistica 10.0 (StatSoft Inc., CILA).
Pe3yabTarel n o6cyskaenne: I1o pesynprataMm KpaHHOMETPUH OBLT OTpeaesieH Bo3pacT u nox 36 gepenos (87,80%). [Ipn cpaBHeHNN
3HAYCHUI BO3PACTOB, PACCYUTAHHBIX MO CTAHJAPTHBIM PErPECCHOHHBIM YPABHEHUSM U HOBOMY YPaBHCHHIO JUIsl JIaMOJOBHUIHOTO
1IBa, BEJTMYUHA a0COIOTHON U OTHOCHTENIBHOW MOTPEIIHOCTEH JIsi MyKCKUX uepernoB coctaBisuin 3,05 u 6,09% COOTBETCTBEHHO.
JIist )KEHCKHX 4eperoB 3Ha4eHHs1 aOCOIIOTHON M OTHOCHUTEIbHOMU TorperHocTeld coctaisim 9,39 u 19,42% cooTBeTCTBEHHO.
3axJrouenne: Vcrnonb3oBaHue ypaBHEHHH ¢ y4eTOM OOJIMTEpaliy JIJaMOJOBH/IHOTO IIIBA MTO3BOJISIET YCTAHOBUTH BO3PACTHYIO NPH-
HAJUICKHOCTh YeperioB 000ux 1oJoB. [IpuMeHeHre ypaBHEHMI Kak aJbTepHATHBHOIO CrOco0a OnpeesieH s Bo3pacta pparMeHTH-
POBaHHBIX YEPENOB MOXKET HCIIOJIb30BAThCSl B aHATOMHYECKHUX, MMaJICOaHTPOIOIOTHYECKUX UCCICAOBAHUSIX, & TAKKE PH MEIUKO-
KPUMHUHAJIUCTUYECKOM NACHTU(DHUKAIMN TUYHOCTH.

Kniouesvie cnosa: KpaHnomMeTpudecKkas AMarHOCTHKA BO3pacTa, oOJIMTepaIys 1LBOB, JaMOJOBHU/IHbIH I110B, BO3PACTHAS IPUHAIICHK-
HOCTb, PErPeCCHOHHBIC YPaBHEHHS
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MPUHAUISKHOCTH (IO cTeneHu obnuTepanuu JamOaoBuaHOTO 1mBa). Munosayuonnas meouyuna Ky6anu. 2025;10(2):54-62.
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Introduction

Osteometry is one of the fundamental methods for de-
termining age, sex, and race. It also enables to assess indi-
vidual characteristics of the human body based on involu-
tional changes of bones. Resultant osteobiography plays
an important role not only in theoretical anthropology and
archaeological studies of burial grounds and settlements,
but also in forensic examinations of skeletal remains.'

Age estimation is the most challenging aspect of osteo-
biography due to a large number of available methods and
proprietary techniques, as well as inherent variability in es-
timated age ranges, depending on the accuracy of calcula-
tions.® Lack of universal guidelines and variety of diagnos-
tic methods significantly complicate practical age estima-
tion. Certain methods require mathematical refinement and
additional standardization to ensure reliable age ranges.®®

One of the key elements in osteometric age estimation
is the skull, particularly varying degrees of cranial suture
obliteration as part of age-related involution, allowing for
reliable osteobiography formulation.’ This craniometric
method is relatively simple and does not require expen-
sive specialized equipment, making it preferable to histo-
chemical and radiological methods.>!

Zvyagin’s scoring system for suture obliteration most
accurately reflects the correlation between age and the
degree of cranial suture closure. However, this regres-
sion-based approach relies on data from 3 cranial sutures,
which can pose difficulties when estimating age of skulls
with fragmented or damaged calvariae—whether due to
postmortem changes or antemortem trauma.®!"!2

Anthropological studies indicate that among all the cra-
nial sutures, the lambdoid suture is the last to undergo syn-

ostosis. According to Pashkova’s monograph," the mean
age of lambdoid suture closure in both sexes is approxi-
mately 60-70 years. Furthermore, Zaichenko et al’s review
highlights a sexual dimorphism in aging: men exhibit pro-
nounced thinning of the cranial bones near the lambda,
whereas women show bone thickening in this area.!* De-
layed lambdoid suture closure on both inner and outer sur-
faces of'the skull is particularly valuable for age estimation,
as it allows for identification of advanced age of the skull.
Moreover, it can help adjust an estimated age range based
on the principle of suture closure from within outward.®!3!

Our study aims to investigate a craniometric method
for age estimation relying on mathematical data of lamb-
doid suture obliteration in male and female skulls from
the craniological collection at the Department of Normal
Anatomy of Kuban State Medical University (Krasnodar,
Russian Federation).

Methods

We estimated sex and age of 41 skulls from the cranio-
logical collection using craniometry. Sex was determined
anthroposcopically by standard diagnostic features.® Age
was calculated using regression equations based on the
cranial suture obliteration data (Zvyagin, 1998)." For
each skull with a preserved calvaria, we measured longi-
tudinal and transverse diameters using a spreading caliper
and calculated the cranial index.®!* Based on the sex and
calvaria condition, the skulls were divided into 2 groups
and further subdivided by sex:

* Male and female skulls with preserved calvariae and
age determined by Zvyagin’s standard regression equa-
tions (N=20);

55



VIHHOBaLmOHHas MegunumHa KybaHu. 2025;10(2):54-62 / Innovative Medicine of Kuban. 2025;10(2):54-62

* Male and female skulls without calvariae (horizon-
tal cross sections), with age determined by a new equation
taking into account lambdoid suture obliteration (N=21).

Obliteration measurements were taken from the norma
verticalis in the skulls with calvariae and from the norma
occipitalis in the skulls without calvariae. Quantitative in-
dicators of obliteration and the estimated age were assessed
for normal distribution using the Kolmogorov-Smirnov
test. Data collection, correction, and systematization were
conducted in Microsoft Access 2016 and Microsoft Excel
2016 (Microsoft Corp, USA). Statistical analysis was per-
formed using Statistica 10.0 (StatSoft Inc, USA).

The new lambdoid suture equation was derived from
the sum of standardized functions representing “regres-
sion series,” where the x-axis corresponded to obliteration
values on the outer and inner surfaces of the calvaria, and
the y-axis, to the skull’s age. The coefficients were de-
termined through regression analysis of the mathematical

models and standardized for the sample to improve accu-
racy. The skulls with preserved calvariae were subjected
to double independent craniometry using the standard and
new methods to find absolute and relative errors in the
calculated age.

Results

Age and sex were estimated for 36 skulls (87.80%)
using craniometry. Among the skulls with preserved cal-
variae (N=20), 10 were classified as male and 10 as fe-
male. In the group of the skulls with fragmented or absent
calvariae (N=21), 11 were classified as male and 5 as fe-
male. Five skulls from the craniological collection were
categorized as indeterminate in terms of sex and age due
to poorly expressed diagnostic features. For 20 skulls with
preserved calvariae, age was calculated for both sexes as
the mean derived from 4 regression equations incorporat-
ing the cranial index (Figure 1 and Figure 2).

Age estimated by R1, R2, R4, R5 (male skulls)
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Figure 1. Age estimated by 4 Zvyagin s standard regression equations (male skulls)
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Figure 2. Age estimated by 4 Zvyagin s standard regression equations (female skulls)
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For both sexes, the functions were derived based on
the data of the lambdoid suture obliteration from the outer
f(x1) and inner f{x2) surfaces of the calvaria, as well as
the averaged age. When constructing graphs, we selected
the functions with the highest coefficient of determination
(R*=0.7016 and R*=0.8444 for f(xI) and f(x2), respec-
tively, for the male skulls; R>=0.7948 and R>*=0.6585 for
ftx1) and f{x2), respectively, for the female skulls) (Fi-
gure 3 and Figure 4).

Given that the same age value was obtained by 2 dif-
ferent functions, f{x/) and f{x2), corresponding to the out-
er and inner surfaces of the calvaria, we can equate these
functions, forming a complete lambdoid suture at the junc-
tion of the squamous part of the occipital bone. Based on
this principle, we proposed a general equation expressed as
the sum of the lambdoid suture obliteration values from the
outer f(x/) and inner f{x2) surfaces for both male and female
skulls. During the regression analysis of the mathematical

model, the following equations were formulated, with co-
efficients later standardized according to the age values of
the sample (Figure 5 and Figure 6).

To determine the absolute and relative errors in the
group of skulls with preserved calvariae, an additional in-
dependent measurement of the cranial suture obliteration
was conducted on both surfaces. Age was calculated us-
ing 4 standard regression equations and the newly derived
lambdoid suture equation as an alternative. The absolute
and relative errors of the second measurement are given
in the Table below.

Based on the values of absolute and relative errors, we
can conclude that the findings of the control and experi-
mental craniometric studies by 2 different methods are
quite similar. Using the newly formulated equation for
the skulls with fragmented calvariae and intact lambdoid
sutures, we calculated the age for the second study sample
for each sex (Figure 7).

Function of obliteration dispersion L (male skulls) X Y
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Figure 3. Function f{x1), demonstrating the dependence of age (vears) on the obliteration of the lambdoid suture from the outer
surface of the calvaria (L), and function f(x2), demonstrating the dependence of age (years) on the obliteration of the lambdoid

suture from the inner surface (L’), male skulls

Pucynok 3. @yuryus f(x1), ompasicarowas 3asucumocms ozpacma (7em) om oonumepayuu 1amo008UOHO20 UBA C HAPYICHOLL
nosepxnocmu ceooa (L), u f(x2), ompascarowas 3agucumocms gospacma (iem) om obnumepayuu 1amMO008UOHO20 WBA CO BHY-

mpenHetl nosepxHocmu ceooa (L’) onsa uepenos mysicckozo nona
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Function of obliteration dispersion L (female skulls) X2 Y
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Figure 4. Function f(x1), demonstrating the dependence of age (vears) on the obliteration of the lambdoid suture from the outer
surface of the calvaria (L), and function f(x2), demonstrating the dependence of age (years) on the obliteration of the lambdoid
suture from the inner surface (L’), female skulls

Pucynok 4. @yuxyus f(x1), ompasicarowas 3asucumocms sospacma (7iem) om oonumepayuu 1amO008UOHO20 UEA C HAPYHCHOLL
nosepxnocmu ceooa (L), u f(x2), ompasxcarowas 3asucumocms ospacma (iem) om obaumepayuu 1amMO008UOHO20 WEA CO BHY-
mpenHetl nogepxnocmu ceoda (L’) dnst uepenog dcencrkozo nona

Y=a><f(X1)+bX(X2) =
= 0.99 x (—0.0071X} + 0.4517X} — 8.3145X; + 93.536 + 0.01 X (0.1869 x e(0-038xX2))

Y = —0.00703X} + 0.4472X} — 8.231X; + 92.6 + 0.01 x (0.1869 x e(0-038%X2))

Figure 5. Equation for age estimation, which is based on the lambdoid suture obliteration data for male skulls, with coefficients
standardized for the craniological collection, where Y is age of the skull (vears); X, is lambdoid suture obliteration on the outer
surface; X,is lambdoid suture obliteration on the inner surface

Pucynok 5. Cocmasnennoe 6o3pacmnoe ypasnenue, 0CHOBAHHOe HA OAHHBIX 0OIUmepayuu 1amo008UOHO20 WEA 0151 MYAHCCKO2O
nona ¢ Kosghguyuenmamu, CMmaHOAPMUUPOSAHHLIMU 051 KPAHUOLO2UYECKOU KolLlekyuu, 20e Y — o3pacm uepena (1em), X, —
obnumepayusi yuacmros 1amo008UOHO20 WEA C HAPYICHOU NOBEPXHOCIU €004, X,— 0bnumepayus y4acmros 1amo008UOHO20
wea ¢ BHympenuel NO8ePXHOCHIU C800d
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Y =cxf(X)+dx X)) =

= 0.01 X (0.0046X? — 0.2677X% + 5.3615X; + 15.35) + 0.99 x (—0.394XZ + 21.955X, — 249.78)

Y = 0.000046X;7 — 0.002677X% + 0.053615X; — 0.39X% + 21.735X, — 247.1285)

Figure 6. Equation for age estimation, which is based on the lambdoid suture obliteration data for female skulls, with coefficients
standardized for the craniological collection, where Y is age of the skull (vears); X, is lambdoid suture obliteration on the outer
surface; X, is lambdoid suture obliteration on the inner surface
Pucynox 6. Cocmasnennoe gospacmmuoe ypasuenue, 0CHOBAHHOE HA OAHHBIX 00TUMepayuu 1amM0008UOHO0 WBA 051 HCEHCKO20
nona ¢ Kodghuyuenmamu, cmaHOApMU3UPOSAHHLIMU HA KPAHUOIO2UYECKOU Koanekyuuy, e0e Y — ospacm uepena (nem), X, —
obnumepayus yuacmkos 1am00068UOHO20 W6 ¢ HAPYICHOU NOGEPXHOCMU 8004, X, — obnumepayus y4acmro8 1amo008UOHO20
Wea Ha eHympeHHell No8epXHOCIL c800d

Table

Absolute and relative errors of the second measurement using standard and new methods (skulls with calvariae).
Comparison of the second and first craniometric studies

Tabnuua

ADCOJIIOTHASI M OTHOCUTEJILHAS MOTPEHTHOCTD MO pPe3yabTaTaM BTOPOT0 U3MEPEHNHA, BLINMOJTHEHHOTO CTAHAAPTHBIM
M HOBBIM CIIOCO0aMH Yy uepemnon CoO CBO/IOM. CpaBHeHne BTOPOT0 KPAHUOMETPHICCKOI'0 HCCJICTOBAHUSA C MEPBBIM
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Figure 7. Age determined by the new equation for the lambdoid suture in male and female skulls with fragmented calvariae
Pucynox 7. Onpedenennviii no HOBOMY YPAGHEHUIO 803PAC OISl TAMOOOBUOHO20 WA Y MYACCKUX U JHCEHCKUX Yepenos ¢ gpae-
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Discussion

It is well known that men and women have different
obliterations of sagittal and coronal sutures. Our study
also confirmed this. However, sexual dimorphism of the
lambdoid suture (different obliteration values and differ-
ent thickening of areas adjacent to calvarial bones) can be
found only in the lambda region. The obliteration values
of the suture parts located dorsolaterally in the asterion
region were similar in both sexes. Figure 3 and Figure
4 show that male and female skulls have reciprocal coef-
ficients of 0.99 and 0.01 before the functions f(x/) and
f(x2) in the new equations. An explanation has been pro-
posed that men exhibit more suture obliteration between
ages 25 and 60 years than women. However, by age 60,
the rate of obliteration becomes equivalent in both sexes,
and after age 60, obliteration is more intense in women.
In men, bone thickening and more intensive sagittal and
lambdoid suture obliteration start at age of 40-49 years.
With age, there is a gradual thinning of the calvarial bones
in the lambda region (lambdoid suture), whereas in the re-
gion of the vertex (sagittal suture) bones thicken (starting
at age 70). Obliteration in women occurs in 2 stages (30-
49 years; 70-86 years) with gradual thickening of the cal-
varial bones in the lambda and bregma (coronal suture).!*

In men the thinning of the calvarial bones in the lamb-
da region along the lambdoid suture with age can be at-
tributed to slowing down of lambdoid suture obliteration
from the inner surface. In women, on the contrary, the
thickness of the bones in the lambda region increases due
to more intensive obliteration from the inner surface after
age of 60 years. A more pronounced correlation between
age values and scores of obliteration from the inner sur-
face of the calvaria than that from the outer surface was
also reported.®'

1 1

Yaazs = 0.99 X Loy + 0.01 X Ly,

1 1

Yrgmare = 0.01 X Loge + 0.99 X Lin,

1 - Weighting coefficient
1— Adjustmemt coefficient

Figure 8. Reciprocal coefficients for male and female variants
of new equations, where L is obliteration of the lambdoid suture
on the outer surface of the calvaria (function f(x1)), L’is oblitera-
tion of the lambdoid suture on the inner surface (function f(x2))

Pucynox 8. Ompaosicenue 63aumno obpammuuix kod3¢hduyuenmos
OJ51 MYJICCKO2O0 U MHCEHCKO2O HOBO20 COCMABILEHHO20 YPABHEHUS,
20e L — obnumepayus 1amO008UOHO20 WBA C HAPYICHOU NO-
sepxHocmu ceooa (Qyuxyus fix1)); L’ — obrumepayus namo-
008UOHO20 WBA ¢ BHYMpenHell nosepxHocmu (pynkyus f(x2))
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Thus, the coefficient near the function f{(x2) of the con-
ditionally internal obliteration of the lambdoid suture is de-
terminant (weighting) and shows that with age the score
of internal calvarial obliteration decreases in male skulls
and increases in female skulls, which is expressed in thin-
ning/thickening of the calvarial bones in the lambda region.

The coefficients near the function expressing the ex-
ternal obliteration of the lambdoid suture (L), selected by
regression analysis and standardized for the craniological
collection, are adjusting and should fit the condition in
which the coefficients are reciprocal (Figure 8).

The research has shown that osteometric aspects of an-
thropology require further mathematical refinement and
systematization of the acquired knowledge of new meth-
ods under development for successful practical formula-
tion of human osteobiography.

Conclusions

The proposed method of age estimation has all the
characteristics of classical methods and additionally al-
lows for studying fragmented skulls. The evaluation
of the results demonstrated the advantage of using the new
method in the age estimation, ie, less sexual dimorphism
of the lambdoid suture and the minimum number of vari-
ables required for the construction of sex-age equations.
This method can be used for age estimation in cranio-
metric studies in developmental anatomy and can also be
an additional clarifying method in paleoanthropological
and archaeological excavations or in medical and forensic
identification of skulls with damaged calvariae or facial
skeleton. The study has shown the importance of creating
mathematical models to modernize existing craniometric
methods in order to reconstruct the most complete human
osteobiography.
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Peszrome

AKTyanbHOcTh: KapanoBackymspHas TUCOYHKIHS M CENTHIECKas KapJHOMHOINATH — OCHOBHBIC NIPUYUHBI JICTAIBHBIX HCXOHOB
MIpY CENTUYIECKOM IIIOKE y JeTeH.

Heap nccaexoBanus: M3ydntb 0cOOEHHOCTH FeMOIMHAMHYECKOTO CTAaTyCca MPU CENTHYECKOM IIOKE Y JIeTell B IIePBbIC CYTKH Jiede-
HUS B OT/JCJICHUH PEaHUMAallMi U HHTEHCUBHO Tepariy, B 3aBUCUMOCTH OT UCXO/a.

MarepuaJbl U MeToAbI: [{13aiiH — peTPOCIIEKTUBHO-TIPOCIEKTUBHOE 00CEPBAIlMOHHOE OJJHOLIEHTPOBOE nccienoBanue. O6ciaenosa-
HO 55 nereil ¢ cenTUyeckuM 1OKOM B BoszpacTe 1—18 ser. OcHOBHAas MpuunHA Cerncuca — BHEOOIbHUYHAS THEBMOHUS U TIEPUTOHMUT.
OueHuBany NoKaszaTesly CepAEeUHOro HHAEKCa, 001Iero nepudepuaecKoro CONpoTUBICHUS COCYA0B, MOAU(UINPOBAHHOIO IOKOBOTO
HHJIeKCa, YpOBeHb TpornoHuHa I, kpearundochokunazsl MB, Harpuiiyperndeckoro nentuaa (NT-proBNP) u nakrara, ocobeHHOCTH
KaTeXOJIAMMHOBOM TOJ/ICPKKH B IIEPBBIC CYTKH JICUCHHS B OTACICHUN PCAaHUMAIMK 1 HHTCHCUBHOW TEpaIuu.

PesyapTarei: O6mas nerampHOCTh coctaBmia 21,8% (n=12). CambiM HEOMaronpusaTHeIM B IporHocTHYeckoM mmane (p=0,00015)
COOBITHEM SIBISIIOCH COYETAHUE BHICOKOTO MIEPU(EPUISCKOTO COCYAUCTOr0 conpotuBieHus (>1411 muaxc/cM’/M?) ¢ HU3KUM U TaxKe
HOPMAJIbHBIM CepACYHBIM HHICKCOM (<3,5 1i/Mun/M?). lauusie ypoBHs NT-proBNP 6onee 3263 HI/T IpOIeMOHCTPHUPOBATIN BEICOKOE
COOTHOIIICHHE IIIAHCOB U BEPOSTHOCTh BOSHUKHOBEHUS JieTalibHOTO Mcxoaa (odds ratio 128,3; p=0,004). [Ipumenenue Ba3onpeccop-
HBIX 7103 JIONIAMHHA K KOHILy NepBbIX cyToK JieueHust B OPUT acconunpoBaHO ¢ BEICOKMM OTHOLIEHHEM ILIAHCOB JIETAIbHOTO MCX0/1a
(odds ratio 71,5; p<0,0001). CraTucTHYECKH 3HAUYMMBIX PA3INYUI 110 00BbEMY KHIKOCTHON Harpy3KH Kak B IEPBBIi 9ac, Tak U B Iep-
BBI€ CYTKH, BbIsBIECHO He ObU10 (p=0,820 1 p=0,211 coorBeTcTBeHHO). CyTOUHBIH OanaHC XKUIKOCTH B NIEPBBIC CYTKU JICUCHHS ObLT
conocTaBuM B obeux rpymmnax (p=0,970).

3akarouenne: CeleKTUBHAS I'eMOJMHAMHUYECKas MOJAEP)KKA, HANpaBIeHHAs Ha HOPMAJIW3alMI0 CEpACYHOro MHuekca (Oosee
3,5 n/mMun/M?) 1 001Iero MeprdepuIeckoro cocymuctoro comporusiaenus (800—-1400 auuxc/cm/M?), SBISETCS OCHOBHBIM (DaKTO-
POM Teparuy, CHUKAIOUUM JIETaIbHOCTb IIPU CENTHUECKOM LIOKE Y JIeTEH.

Kniwouesvie cnosa: centudeckuii oK, A€TH, CEPACUHBIN HHIEKC, CACTEMHOE COCYAUCTOE CONPOTUBIIEHUE, HATPUITypeTHiecKuii ner-
tua NT-proBNP, muokapauasibaas aucyHKIus
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Abstract

Introduction: Cardiovascular dysfunction and septic cardiomyopathy are the main causes of mortality in children with septic shock.
Objective: To investigate characteristics of the hemodynamic status of children with septic shock on day 1 of pediatric intensive care
unit (PICU) stay, depending on the outcome.

Materials and methods: Our single-center, retrospective and prospective observational study included a total of 55 children (age, 1 to
18 years) with septic shock. Sepsis was mainly caused by community-acquired pneumonia and peritonitis. We evaluated the cardiac
index, systemic vascular resistance index (SVRI), modified shock index, levels of troponin I, creatine phosphokinase-MB, N-terminal
pro-brain natriuretic peptide (NT-proBNP), and lactate, and characteristics of catecholamine support on day 1 of PICU stay.
Results: Overall mortality was 21.8% (n=12). In terms of the outcome, the most unfavorable combination (P=.00015) was high
SVRI (>1411 dyn's/cm*m?) with low or even normal cardiac index (<3.5 L/min/m?). The NT-proBNP level above 3263 ng/L
showed a high odds ratio (OR) and high likelihood of death (OR, 128.3; P=.004). Vasopressor doses of dopamine above 5 mcg/
kg/min by the end of day 1 were associated with a high OR of death (OR, 71.5; P<.0001). There were no significant differences
between fluid loading both in the first hour and on day 1 (P=.820 and P=.211, respectively). Fluid balance on day 1 was compa-
rable in both groups (P=.970).

Conclusions: Selective hemodynamic support to normalize the cardiac index (>3.5 L/min/m?) and SVRI (800-1400 dyn-s/cm’/m?)
is the key management factor that reduces mortality in children with septic shock.

Keywords: septic shock, children, cardiac index, systemic vascular resistance, NT-proBNP, myocardial dysfunction
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BBepeHune

l'umoniepdy3ust U HAPYIICHUS OKCUTCHAIIMHA TKaHEH
SIBIISIIOTCSL KITIOYEBBIMU MEXaHU3MaMH MEXaHU3MOM DPa3-
ButHsl centuueckoro moka (CII) u monuopraHHon auc-
¢ynkun [ 1]. Kapaunosackynsapras qucdynknus mpu CLI
y IeTeil — OCHOBHAsI MpUYMHA HEONIarOmpHUITHBIX HCXO-
JIOB, YTO CBUETEILCTBYET O HEOOXOIUMOCTH €€ PaHHEeTO
BBISIBJICHUS ¥ IICJICHAIPABIICHHOTO JICUCHISI, TTOCKOIBKY
MMEHHO 000CHOBaHHASI TEPATIHSI SBJISICTCSI OCHOBOM YITyd-
menus ucxonos CIII y gereii [2].

B narorenese kapauoBacKyIsIpHOW TUCHYHKITUH 3HA-
YUMYIO POJIb UTPAIOT apTepUANTbHAS THIIOTCH3HSI HA (POHE
Ba3oMJIaTALlMH/BA30ILICI MK, MHOKapAHaIbHas TUCHYHK-
WS ¥ I3MCHEHUS B TIpeIHArpy3Ke.

VY nereli, B omM4Me OT B3POCHBIX, UMEHHO HM3KHI
Cep/IeuHbIi BBIOPOC, @ HE HU3KOE COCYIUCTOE COMPOTHUBIIC-
HUE, Yallle BCETO CBs3aH C JeTalbHBIM rcxozoM npu CILI,
9T0 TpeOyeT MPOBEACHUS PACITMPEHHOTO TEMOIMHAMUYC-
CKOTO MOHUTOPHHI'A C LIEJIBI0 ONTHMHU3AINU UH(Y3MOHHON
Teparnuy ¥ KaTexoJaMHUHOBOM MoIepkKH [3].

M.M. Parker u coant. (1984) BriepBbie onmcany auc-
¢dbyukmo Muokapa mpu cerncuce u CII y B3pocbix [4],
B TIOCJEIYIONIeM OBUIO yCTAHOBJIEHO, YTO CHCTOJIHYE-
ckast mucyHKnus Betpedaercs y 33-37% nmereit ¢ cem-
CHCOM, XOTS €€ CIenu(puuecKas IpUINHAa OCTACTCs He-
sscHo#t [5, 6]. EcTh mpeamosiokeHue, 4to oOparuMas
JIETIpeccus MUOKap/a SIBISeTCS aJalTHUBHOM peakuuen
Ha UIIEMUIO U THIOKCHIO [7].

[lepBonauanshast crparerus yedenus CII B nenuma-
TPUYECKOM MPAKTHKE HAMpaBlIeHA HAa arpecCUBHYIO WH-
(Y3MOHHYIO TEpAITUIO TI0/I KOHTPOJIEM IIEHTPaJIbHOTO Be-
HO3HOTO JABJICHUS, OIHAKO M30BITOYHAS] BOJIEMUYECKAs
Harpy3ka MOXKET CTaTh NPUYMHON IMPOTPEeCCUPOBAHUS
CHUCTONMMYECKOU AUCHYHKIUU MUOKapaa [7].

Haunbonee nHpOpMaTHBHBIMU TIapaMeTpaMu Te€MOJIU-
HaMUKH, TIO3BOJISTFOIIIAMH IIPOBOAUTE IEJICHATIPABICHHYIO
Tepanuio, ABJAIOTCS cepaedHslii BeiOpoc (CB) u obmiee
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nepugepruveckoe CoCyIucToe conpoTusieHue 8], omHa-
KO YHCIIO paboT, TTOCBSIIEHHBIX OIEHKE JJAHHBIX ITOKa3a-
teneit y nereit ¢ CLLI oTHOCUTENIbHO HEBEIHKO.

B HemaBHHMX nyOnMKanuMsX yAeIsNIOCh BHUMaHHE
Monu(uIHpoBaHHOMY IIOKOBOMY uHAekcy (MILN)
(UCC/cpennee AJl) Kak IPEAUKTOPY JIETAIBHOTO HCXO-
Jla TIPH CETITHIECKOM IIIOKEe y JIeTeH, 3HaYeHUsI KOTOPOTO
HE 3aBHCST OT BO3pacTa M B HOpMe HaXOSATCS B JUara-
3one 0,7-1,3 [9]. Kpome 3TOTO, /111 AMArHOCTUKH JIHC-
(GYHKIMM MHOKapia TakKe HCIOJB3YIOTCS Pa3iuuHbIe
O6uomapkepsl, Takue kak TponoHuH I, KOK-MB, BNP
n NT-proBNP, yBenuueHue ypoBHSI KOTOPBIX CBHJE-
TEIHCTBYET O HAJUYNU CEPIEYHON HEeIOCTaTOYHOCTH
1 aCCOLIMUPOBAHO C HEOJAronpHUATHBIM TeUEHUEM 3a00-
JIeBaHUS, OTHAKO OJHO3HAYHOE MHEHHE O Lesiecoobpas-
HOCTH WX NPUMEHEHMs B TeIUaTPpUYECKOil MpaKkTHKe
B HACTOSIIEE BPeMsI OTCYTCTBYET, UTO SIBUJIOCH OCHOBA-
HUEM JUTsI IPOBEACHUS HACTOsIIeH padoTsl 5, 10, 11].

Lenb nccnegoBaHmns

N3y4unTh 0COOEHHOCTH I'eéMOANHAMHUYECKOTO CTaTyca
MIPH CENTUYECKOM IIIOKE y JeTel B MepBBIE CYyTKH Jiede-
HUS B OTJICJICHUH peaHNMAIli 1 UHTEHCUBHOH Tepanuu
(OPUT), B 3aBHCUMOCTH OT UCXOJIA.

MaTtepuanbi n metogbli

JuzaiitH — peTpoCIeKTHBHO-POCTIEKTHBHOE 00Ocep-
BaIllMOHHOE OTHOIICHTPOBOE HAOIIONATEIHHOE HCCIIEI0-
BaHUe, BhIMONHeHHOe Ha 0a3e ['BY3 «/lerckas kpaeBas
KIIMHUYeCcKast OONbHHIIA» MUHHUCTEPCTBA 3ApaBOOXpaHe-
Hus Kpacnomapckoro kpas (JIKKB).

Kpurepun BKiIIOUeHHS: NETH B Bo3pacte OoT | roma
1o 18 met, y xotopeix 0su1 quarnoctuposad CII. luar-
HOCTHKA CETICHCa W MTOKa OBUTHM OCHOBAaHEI Ha MPOEKTE
Poccuiicknx pekoMeHAauuil Mo JHarHOCTHKE W Jede-
HUIO CeTlcHca y JIeTed, a Takke Ha OCHOBE MEXIYyHa-
POIHBIX KPUTEPHEB C MCIOIb30BaHMEM IIKanbl Phoenix
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Tabnuua 1
XapakTepucTHKa JeTel ¢ CeNTUYeCKUM LIOKOM
Table 1
Characteristics of children with septic shock
|} PE— BbikuBmue Ymepmue
. (n=43) (n=12) p
Manpuuku, n 21 5
JleBouku, n 22 7
Bospact mansuukos (jiet) m (Q1-Q3)” 3 (2-5) 8,8 (3-13) 0,147
Bospact nesouex (;ret) m (Q1-Q3) 4,7 (1-7) 8,7 (4,5-13) 0,052
Macca tena (kr) M (Q1-Q3) 16 (12-25) 18 (15-52,5) 0,293
Cpoxu noctymnenus B OPUT JIKKD ¢ momenTa rocnurannzanun
B IIEHTpaJIbHbIE paiioHHbIe OoNbHUIEL, cyTKH M (Q1-Q3) 4(2-35) 3,5 (2,5-12) 0,144
Orenka 1o mkane pSOFA, Ganib 5(3-8) 7,5 (5-9,5) 0,114

Hpum.: *M — menuana; m — cpennee 3HadeHne; Q1—-Q3 — MEKKBAPTUIBHBIN HHTEPBAT MEKIY MEPBBIM M TPETHUM KBAPTHIIb-
HbeIM 3HaueHneM; OPUT — otnenenue peannMaruu u nateHcuBHoM Tepanuu; JIKKB — JleTckas kpaeBast KITHHUYECKast O0JIbHU-
ua; pSOFA — nenuarpuyeckas MIKajia OlleHKH OpraHHOM HEe0CTaTOYHOCTH

Note: *M, median; m, mean; Q1-Q3, interquartile range; OPUT, intensive care unit; JIKKB, Children’s Regional Clinical
Hospital; pSOFA, Pediatric Sequential Organ Assessment score

Sepsis Score [12, 13]. Kpurepun HEBKIIOYCHUS: BPOXK-
JNEHHBIC HaApyIICHUS MeTa0onu3Ma; HeoOXOIUMOCTh
B IPOBEACHUM 3aMECTUTEIBbHON IIOYEUHOH Tepanuu
IO TIOYEYHBIM ITOKa3aHUsAM B TE€UEHHE MEePBBIX 6 9 Jiede-
HUS B CTalloHape.

Bcero o6cnenoBano 55 nereit, 46 (83,6%) n3 KOTOpBIX
MIPOBEJICHA OILIEHKa T€MOAUHAMUKHU TPH MOCTYIUICHUU
¢ onpenenenneM cepaeuanoro nanekca (CH) u obmero me-
pudepmnueckoro cocyaucroro conporusienus (OIICC).
Mennana Bo3pacTta MaasIuKoB (n=26) coctaBmia 3 (1-7)
roma, a nesouek (n=29) — 4 rona (3—11) net. [NarmenTHI
nepesonunuck B OPUT JIKKB B pasHbie Cpoku OT MO-
MEHTa TOCHHUTAIN3ALUU B MEPBUYHBIN cTannoHap (IeH-
TpasbHbIE paifoHHbIE OOTBHUIIBI). OOIIast XapakTepucTH-
Ka JieTell mpecTaBieHa B Tadmure 1.

CrarucTuyeckd 3HAYMMBIX Pa3IMYUil [0 BO3PaCTY,
Macce tena u cpokam nocrymienus B OPUT JIKKB, B 3a-
BucumocTtu ot ucxosa CIII, BeisiBIeHO He OBLIO.
[Mpuuunoii cencuca Gonee, yeM B 50% ciydaeB siB-

Jl1sl OLIeHKH CTeNeH! MOBPEeXJIeHU MHOKapAa U BbI-
Pa’k€HHOCTH TMITOKCHUH MCCIEA0BAIN YPOBHH TPOIOHMHA
I (n=23); MB-¢pakuun kpeatnapochoknnazsl — KOK-
MB (n=32), marpuityperudeckoro nernruaa — NT-proBNP
(n=23) u naxrara (n=55) B BEHO3HOW KPOBH B TIEPBBIE
cytku jiedeHuss B OPUT.

IIpoBenen cpaBHUTENBHBIN aHATN3 BOJIEMUYECKON Ha-
IPY3KH, TeMOJIMHAMUYECKON MOJIEPKKN U BOTHOTO 0a-
JlaHca B nepBble cyTku JieueHus: B OPUT, B 3aBucumoctu

ot ucxozna CIII moxka.

ITepBUYHBIM UCXOJIOM SBJISUIACH 28-AHEBHAS JIETallb-

HOCTb.

Cmamucmuyeckuil aHanu3
IIpoBepka Ha COOTBETCTBHE NEPBUYHBIX JAHHBIX 3aKO-
HY O HOpMaJIbHOM paclpeaesICHUH TPOBOAUIN C IOMOILBIO

kputepus Llamupo-Yuika. ITockonbky pacnpeneneHue us-
Y4acMbIX [MOKa3aresei OblJI0 OTIIMYHBIM OT HOPMAJIbHOTIO,
JJAHHBIE TPEJCTaBIECHb] B BUJE MEIUAHbl C MEKKBAPTHUIIb-
HBIMHA UHTEPpBaJlaMU CPEIHNX U CTaAaHJAPTHBIX OTKJ]OHeHI/Iﬁ,

nsiach BHEOONBHUYHAS IMMHEBMOHHSA, MPHONU3UTEIHHO
y 25% manueHToB pa3BHiCS a0JOMUHAIBHBIA CETICHC
Ha ¢oHe mepuToHNTa. YacToTa pa3BUTHSA cercuca, o0y-
CJIOBJICHHOTO MH(EKITUIMH KOXKH, MSITKHX U KOCTHOH TKa-
Hell, CHHyCUTaMH U SIBICHUSIMUA TPaBMaTHYECKOH Ooles-
Hu He npesbimana 10%. Camoit peakoi mpuunHON ObLIa
MHQEKIHM MOYEBBIBOAAIINX IyTeH (puc. 1).

Cepmeunslii WHACKC W 00mee mepudepuaeckoe co-
MIPOTHBJIEHUE COCY/IOB OIIEHUBAJIU C ITOMOIIBIO dXOKap-
muorpadpun (n=46) nu meroma PiCCO (n=18), xoTopsiii
WCTIOJIB30BAJIH JIMIIb B KPallHE TSHKEIBIX Cliydasix (HeoO-
XOJMMOCTh TIOCTOSTHHOIM WH(Y3UH ABYyX U OoJiee Ba30ak-
THUBHBIX TpenapaToB). Taxke HccaenoBaH MOIUPHUIIIPO-
BaHHBINA IMIOKOBBIN HHICKC (N=55), KOTOPBIA PacCUUTHIBA-
mu o popmyie: MIIN = UCC/cpennee A/l [8].

M [HeBMOHUA

M leputoHut
VIHdeKumu KocTeil 1 MATKNX TKaHe
CuHycuTbI

W TpaBMatuyeckas 60ne3Hb

VHeKuma MoyeBbIBOAALLMX NyTeld

Pucynox 1. Dmuonoeus cencuca y oemeu (%), 6KIOUeHHbIX
6 ucciedosamue
Figure 1. Etiology of sepsis in the examined children (%)
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MIPOLICHTOB MJIM YacTOT, B 3aBUCUMOCTHU OT XapaKTEPUCTH- PesynbraTtbl nuccnepoBaHuns

KU Tpu3Haka. HenpepbIBHbIE TEpeMEHHBIE CPaBHUBAIHU JleramsHOCTE cocTtaBmna 21,8% (n=12). [loka3zaremnmu re-
¢ ucnonp3oBaHueM U-Tecta MaHHA-YUTHH, COYETaHME MOJAMHAMHYECKOTO MPOMUIS IPEICTaBIEHBI B TabmIie 2.
TeMOJMHAMUYCCKAX HAPYIICHUH CPAaBHHUBAIH C HCIONb- YCTaHOBJICHO, YTO CTAaTUCTUYECKU 3HAYMMBIC PA3IHUMs
30BaHHeM TecTa ¥’. JIByctopoHHue 3HaueHus p<0,05 cuu-  mesxay rpynmnamu Obuii xapakTepHbsl Tonbko s OINCC.
TalUCh CTAaTUCTUYECKH 3HAYMMBIMH. J[MCKpUMUHAIIMOH- C omormpio ROC-ananu3a yCcTaHOBICHO, UTO HY OJWH

HyI0 CIIOCOOHOCTH pa3IMuYHBIX IOKa3aTeleidl ompenens- W3 rmokasareiell He HMEET JOCTaTOYHOM JAMCKPHMHHALI-
JN TyTeM BBIYMCIIEHUs IUIONIAAM TOf KPHBOHM (receiver OHHOM CHOCOOHOCTH Ul POrHO3UPOBAHUS JIETAILHOIO
operating characteristic curve, ROC). Craructuueckue wucxona (ta6i. 3).

pacueThl MPOU3BOAMWINCH C UCIOJIb30BAHUEM IPOrpaMM- Cepneunsiit uanexc 1 OIICC umMeroT yMepeHHy o npo-
Horo obecneuenuss MedCalc (MedCalc Software Ltd, rHOCTHUECKYIO LIEHHOCTD, B OTJIMYUE OT YPOBHS JAKTAaTa
benprus). U MOAM(UIIMPOBAHHOTO IIIOKOBOTO HHIEKCA, KOTOpBIC
Taonuuya 2
OCo0eHHOCTH TeMOTMHAMHYECKOT0 PO HIIsi, B 3aBHCHMOCTH OT HCX0/1a CENTUYECKOI0 IIOKA
Table 2
Hemodynamic profile, depending on the outcome of septic shock
Iloxka3arean BbeikuBIIne Ymepmiue p*
CH, n/munxm?, M (Q1-Q3) 42 (3,7-6,15) 3,4 (2,6-4,15) 0,058
OIICC, muuxc/em’, M (Q1-Q3) 1130 (741-1311) 1568 (1181-1857) 0,008
Jlaxrar, Mmons/1, M (Q1-Q3) 1,6 (1,2-2,1) 2,2 (1,75-2,5) 0,520
MILIU, M (Q1-Q3) 1,8 (1,5-2,1) 1,7 (1,38-1,95) 0,484

IHpum.: CU — cepueunsiii maaekc; M — Mennana; * — kputepuit ManHa-Yutan; Q1-Q3 — MeXKBapTHIBHBIN HHTEPBAT MEKIY
MIEPBBIM U TPETHUM KBapTUIbHBIM 3HaueHueM; OIICC — obmree nepudepuyeckoe cocynucroe conporusnenue; MIIN — moan-
(ULIMPOBAaHHBIH IOKOBBIH HHJIEKC

Note: CH, cardiac index; M, median; *, Mann-Whitney test; Q1-Q3, interquartile range; OIICC, systemic vascular resistance;
MIIIHN, modified shock index

Tabnuua 3

Onpenenenue tuckpuMuHanuonHoii cnocooHocT CHU, OIICC u KOHIIEHTPAIUHU JaKTaTa

NPU NOCTYIUIEHHH /1151 OIIEHKH BEPOSITHOCTH JIETAJILHOIO HCX0/1a

Table 3

Discriminatory power of the cardiac index, systemic vascular resistance, and lactate concentration
on admission in estimating the likelihood of death

3HauYMMOCTh MOKAa3aTeJIei
Iokasarenn AUC AcconuMpoBaHHbII YyBCTBUTEIBHOCTD CnenuduyHocTb
)4 J-nHgexc o o 5
ROC KpUTepHuil %o %o
CHU 0,763 0,0008 0,436 >3.5 85,3 58,3
OIICC 0,759 0,0019 0,466 <1411 88,2 58,3
Jlaxrar 0,681 0,065 0,424 >2 75,8 66,7
MIIIN 0,568 0,481 0,201 >1,7 53,5 66,7

Ipum.: AUC ROC — nnmomans nog ROC-kpusoit
Note: AUC ROC, area under the receiver operating characteristic curve

Tabnuua 4

CpaBHeHHe rpynn yMepIIUX U BBIKHBIINX J€Teil ¢ CeNTHYECKUM HIOKOM HA OCHOBAHMH COYETAHUS
reMOIMHAMUYECKUX U3MEHEHU PU MOCTYIIEHHH

Table 4

Comparison of survivors and nonsurvivors with septic shock based on the combination

of hemodynamic changes on admission

Bapuant coyeranus Ymepine nanueHTsl, n BbrkuBIINE TALMEHTHI, N P
Hopmansasrit CU u Beicokoe OIICC 10
Hopmansnsiit CU u #uzkoe OIICC 2
Hopmansnsiit CU u nHopmansaoe OIICC 7 0,00015

Huskuii CH u Beicokoe OIICC
Bricokuit CU n Huzkoe OIICC

(=N Ko N Ranl I NG I NN

11
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Tabnuua 5

IToxa3zaTenu ﬁnomapkepon MOBPEKIACHUA MUOKApAAa, B 3AaBUCHMOCTH 0T UCXO0AA CCNITHYECCKOI0 MIOKa

Table 5

Biomarkers of myocardial injury, depending on the outcome of septic shock

Mokazarens BbrkuBIINE HAMEHTHI Ymepine nanueHThI P
(n=22) (n=10)
K®K-MB, ME/n1, M (Q1-Q3)* 19 (12-36) 56 (40-81) 0,0007
NT-proBNP, ur/n, M (Q1-Q3) 1685 (754-2150) 6400 (4224-8432) 0,0012
TpononnH I, ar/mi, M (Q1-Q3) <0,03 (HOpM™Ma) 0,08 (0,02-0,18) 0,480

Ipum.: *M — menuana; * — kputepuii Manna-Yutau; Q1-Q3 —

THJIBHBIM 3HAYCHHUCM

MEKKBAPTUIbHBIM UHTEPBaAJI MEKIY IIEPBbIM U TPETbUM KBap-

Note: *M, median; *, Mann-Whitney test; Q1—-Q3, interquartile range

Tabnuua 6

Onpenenenue tuckpuMuHanuonHoi cnocooHocTn KOK-MB, NT-pro BNP u tpononuna I

TPH ON€HKE BEPOATHOCTH JETATBHOI0 HCX0AA
Table 6

Discriminatory power of creatine kinase MB, NT-proBNP, and troponin I in estimating the likelihood of death

3HauuMoCTh NOKa3aTeei
ITokasarein AUC J- AccounnpoBaHHbIN YyBCTBHTEJILHOCTH CneundguyHocTb
ROC 4 L KpuTepuii % %
K®K-MB 0,882 <0,0001 0,627 <32 72,7 90
NT-proBNP 0,989 <0,0001 0,944 <3263 94,4 100
TpomonuH 1 0,800 0,0143 0,600 <0,02 100 60

HE MPOJEMOHCTPUPOBAIN AUCKPUMHHAIMOHHON CHOCO0-
HOCTH. B CBsI3M ¢ 3THM TpoBeieH aHAJIN3 0COOEHHOCTEH
TeMOINHAMUYECKOTO CTaryca B MEpBBbIE CYTKH JICUCHHUS
B OPUT, B 3aBuCcHUMOCTH OT Hcxoma (Ta0. 4).

CamMbIMH HEONaronpusiTHBIMA B TIPOTHOCTHYECKOM
IUTaHE SBIISUITUCH COYETAHUS BHICOKOTO MEepUepruieckoro
COCY/IMCTOTO COMPOTHBIIEHUS C HU3KUM M J1aXKe HOpMaJlb-
HBIM Cep/eYHBIM HHeKCOM. [Ipn mpoBeaeHny cpaBHEHUS
METOJIOM BBIYUCIICHHS > OblIa MOMyYeHa CTaTHCTHICCKH
3HauMMas pPa3HUIA MEXIy YMEpPIIMMH W BBDKHBIINMH
MAUEHTaMH 110 MPU3HAKY COUETAHUSI YPOBHS CEPIACUHO-
T'O UHJIEKCa U 00ILero nepudepuyecKoro CoCyIucToro co-
MIPOTUBJIEHUS] OTHOCUTENIFHO X HOPMAJbHBIX 3HAUEHHH.
Taxke OBIT Tarkke MPOBEACH CPABHUTEIBHBIN aHAIN3
YPOBHSI MapKepOB TOBPEXKICHU MUOKapa (Tadi. 5, 6).

Harpuitypetnueckuii nentun (AUC ROC 0,989; ac-
COLIMMPOBAHHBIA KpHUTepHil Oonee 3263 HI/I) mokasan
MIPEBOCXO/IHYI0  TUCKPUMHHAIMOHHYI  CIOCOOHOCTh
MEX/y BBDKUBIIMMH U yMepiinMu nanueHtamu ¢ CIII,
KOK-MB (AUC ROC 0,882; accomuupoBaHHBIN KpH-
tepuii 6onee 32 ME/JI) mpomeMOHCTpHpOBAIl XOPOIIYIO
JUCKPUMHUHAIIMOHHYIO CIIOCOOHOCTh. CrenupuIHOCTh
W YyBCTBUTEJIHHOCTh TPONOHHMHA | Oblla 3HAUYUTEIHHO
Xy’Ke, HO HEOOXOJIMO yKa3aTh, YTO JIOCTOBEPHOCTh Pa3-
smunii TponioHnHa I ¢ NT-proBNP u KOK-MB cocrasuia
0,1025 1 0,1050 cooTBETCTBEHHO.

i nomyueHHbIx kputHyeckux 3HadeHuit KOK-MB,
tpononuna | u NT-proBNP Obutn paccurTaHbl OTHOIICHHUS
LIAHCOB U BEPOSITHOCTD PA3BUTHUS JIETAILHOIO UCXO/A.

Haubonee BrICOKOE COOTHOIIEHUE IIAHCOB U BEPOST-
HOCTh BO3HHMKHOBEHHS JI€TaJbHOTO HCXOa MPOJEMOH-

ctpupoBait NT-proBNP (OR 128,3; p=0,004), naumens-
it — TpononuH I (OR 37,0; p=0,033), ograko Bce Omo-
MapKepbl TOBPEXACHUS MHOKapAa ITOKa3ald BBICOKOE
OTHOIIEHHUE IIAaHCOB BOSHWKHOBEHUS JIETAIEHOTO MCXO0/1a
JUTSl BBISIBJICHHBIX KPUTHUECKUX 3HaYeHUH (puc. 2).
AHanu3 BONEMMYECKOH Harpy3Kd IO3BOJMI YyCTa-
HOBHTB, YTO CTaTUCTUYECKH 3HAYMMas Pa3HUIA MEXIY
ymepmiuMH ¥ BbpKHBIIMMH AeTbMu ¢ CIII no ypos-
HI0O WH(QY3WOHHOW HAarpy3KH Kak B TIEpBBIH dYac, Tak
U B IepBble CyTKH oTcyTcTBoBana (p=0,820 u p=0,211

NT-proBNP
TponoHwH |
KOK-MB |
CH ‘ —_—
oncc T T
nakrar ‘ T T T
MLL —_—
1 L ||\|\||1| L aaul sl L | i e |
0,1 1 10 100 1000 10000
Odd_ratio

Pucynox 2. Omnowenue wancog 1emanbHo2o ucxood npu cen-
MUYECKOM WoKe y demell, 8 3a6UCUMOCIU Om noKazamerell
2eMOOUHAMUYECKO20 NPOPDUTIA U YPOGHEL MAPKEPOS NOBPEIC-
OeHUsi MUOKAPOa

Figure 2. Odds ratio of death in children with septic shock, de-
pending on the hemodynamic profile and levels of myocardial
injury markers
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coorBercTBeHHO). CyTOUHBIN OasaHC JKUIKOCTH B IIEp-
Bble cyTku JiedeHuss B OPUT Obut Taxke comocTaBUM
B 00eux rpymmax (p=0,970).

[Ipu onienke reMogMHAMUYECKON NOAIEPIKKH MPHU I10-
crymuiennn B OPUT ycranosnenHo, uto 89,1% (49) nereit
nonyganu gonamuH, 4 (7,3%) pebeHKka — HOpaapeHAINH
u 2 pebenka (3,6%) — nobyTamuH.

B 3aBucMMOCTH OT MCHOJB3YEMBIX CHUMIATOMHMETHU-
KOB B JIMHAMHUKE BcE ACTU ObUIM pa3feNieHbl Ha 5 TPYIIIL.
B 1-ro rpynmny BOLIM MAaLUEHTHI C HEU3MEHEHHOW UHO-
TPOITHOH MOAEPIKKOH (TIPOJ0IIKaIN BBEICHHE JIOTTAMIHA
B MHOTPOITHBIX /103X 0e3 WX YBeJWYEHHUs 00 MEHSITH
JIOTIAMHH Ha JOOyTaMuH). 2-5 IPyIIa; IeTH, KOTOPBIM I10-
TpeOOoBajIOCh yBeIMUEHHE JI03bI JONaMUHA JI0 Ba30Ipec-
COpHBIX 3HaueHuil. B 3-10 rpymy BOIIN AETH, KOTOPHIM
YBEIMYMBAJIACh 71032 JOTMIAMUHA (HE BBIXOAS 32 MPEesTbl
WHOTPOITHBIX 3HAYCHUH) ¢ JOOABIICHNEM, B KAUECTBE Ba-
30IIPECCOPHOIO Mpenapara HOpaJpeHaJuHa B cCllydae
CHIDKEHHSI CPEIHET0 apTepHalbHOTO JIABICHHS W 00IIe-
ro nepuepuvyeckoro COCYJMCTOIO CONPOTHBIICHHS.
4-s rpynmna — NaIMeHThl, KOTOPhIM HE M3MEHsJIach 103a
JIOTIAaMHHA C MOMEHTA ITOCTYIIJICHNs, HO JUIA TOAJIepKa-
Hus iepdys3un 1o6aBIsIN HOpaapeHanuH. B 5-1o rpynmy

BOIILJIM JIETH C 3aMEHOI JomaMuHa Ha Ipyroil MHOTPOII-
HBIH npenapat (1o0yTaMuH, aApeHaNrH, JeBOCUMEHAAH)
B KOMOHWHAIIMU C Ba3OINPECCOPHBIM IpernaparoM (Hopa-
IpeHaNINH). AHaTN3 UCXOAA MPEACTABICH B Ta0MI. 7.
MunnManbpHAS JTeTATFHOCTh OBUTA B TPYIIIE JETEH, KO-
TOPBIM HE TpeOOoBaJIach KOPPEKIIMS TeMOANHAMIIEKOH TTO/I-
JIEPKKM ¢ MOMEHTa TocTyrieHus: (1-a rpymma), a Takxke
B TpyIax CEJICKTUBHOW TOMICPKKH (4-1 U S5- rpymmna).
BrusiBieHa CTaTUCTUYECKHU 3HAYMMAS pa3HUIA MEXKITY YMEp-
MU ¥ BBDKUBIIAMH TTAIEHTaMH, B 3aBUCHMOCTH OT Ba-
pHaHTa UCTIONTB3YEMOH KaTeX0IaMIHOBOH TTOIEPIKKH.
Taxoke OBUTO paccUNTaHO OTHOIIEHHE IIIAHCOB U BEPO-
SITHOCTB JIETAJIBHOT'O UCX0/1a y IeTEH BCeX IPYIII IPU MPH-
MEHEHHUH KaTeXOJaMHHOBOM MOIACPKKH (Tad. 8).
[IpuMeHeHne Ba3OMPECCOPHBIX 103 AomMaMuHa (Kak
B MOHOTEPAINH, TaK U C HOPAIPCHATNHOM) K KOHITY TIep-
BbIX CyTOK JiedueHHus B OPUT umeeTt BBICOKOE OTHOLICHHE
IIIAHCOB W BBICOKYIO BEPOSTHOCTH JIETAJIHHOTO HCXOA.
Camo 1o cebe mpuMeHeHHUe JIoNlaMiHa 0e3 ydeTa J103bl,
a TakKe MPUMEHEHHE HOpaJIpeHaJInHa UMEET HU3KHUE OT-
HOILIGHUE IIAHCOB M BEPOSITHOCTH JICTAIILHOTO HCXOJA.
IIpu cpaBHeHUM TpylIl C KOPPEKLHMEH IeMOAMHAMUKU
JBYMsI TIpeTapaTaMyi UMEET MECTO BBICOKOE OTHOIICHHE

Tabnuua 7
Oco0ecHHOCTH KATeX0JIAaMHHOBOI IO/IeP:KKH B NepBble cyTkHU JedeHuss B OPUT, B 3aBucumMocTu ot Hexoaa
Table 7
Characteristics of catecholamine support during day 1 of pediatric intensive care unit stay, depending on the outcome
. Ymepmue BorxuBmiue o
BapuaHT KaTex0,1aMHHOBON HOJIePKKH P
NMAlNMenThl, N TAIHEHTHI, N
[TpomosmkeHre HHOTPOITHOM MOIACPKKN 0€3 YBEIMUYCHHUS 103bI TIPETapaTroB 0 16
‘VBenuueHue 1035l JOTIaMUHA /10 Ba30MPECCOPHBIX 103 B MOHOTEPAITUU 2 0
VYBenudeHue 1036l JOIaMHUHA JI0 Ba30IPeCcCOPHOro ¢ dexra + HopaapeHaIH 9 3
[TocTostHHAst HHOTPOMHASL 103a TOMAMHUHA C MOMEHTA MOCTYIUICHHS + 1 14 <0,0001
HOpaJpeHAINH
[TonmHas 3ameHa KaTeXxoJaMHUHOBOH MONIEPKKN: HHOTPOITHBIN TIperapar
(moOyTaMHH WK aJpeHaINH, WK JICBOCUMEHJIaH) + Ba30IPECCOPHBI 1 9
npenapar (HOpaapeHaH)
Ipum..: *kputepuii >
Note: *, y* test
Tabnuua 8

OTHoOlIEHNe AHCOB U BEPOSATHOCTD JIETAJTBHOIO UCX0AA Y JieTel ¢ cenTuYeCKUM IOKOM

NP NPUMEHEHNN KATEX0JJAMHHOBBIX MPENapaToB
Table 8

Odds ratio and likelihood of death in children with septic shock in case of catecholamine use

3HayeHUs MoKa3areJsiei
IToxa3arean
OR 95% CI D
TIpuMeHeHne Ba30NMpPEeCCOPHBIX /103 TOMaMUHa (>5 MKI/KT B MUH) 71,5 10,6-482,96 <0,0001
[TpumeHeHue qonamuHa 0e3 ydeTa J03bl 3,27 0,37-38,64 0,284
IIpumenenne HopaapeHannHA 3,38 0,66-17,28 0,143
Bazonpeccopnasi j103a JIonaMUHa + HOpaApeHaTHH™ 34,5 4,9-242 0,0004

IIpum.: OR — orHOmeHne mancos; 95% CI — 95%-it noBepHUTENBHBIN HHTEPBA; *CpaBHEHNE TPYTII C KOPPEKINEH TeMO/IIHA-

MUKH JIByMs Tpenaparamu (3—5-s rpyIisI)

Note: OR, odds ratio; 95% CI, 95% confidence interval; *, comparison of groups with hemodynamic management using 2 drugs

(groups 3-5)
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LIAHCOB U BBICOKAs BEPOATHOCTB JIETAIbHOCTH ITPU YBEIH-
YEHHH J03bI JOIMAMUHA JI0 Ba30IPECCOPHBIX J03 IO CPaB-
HEHUIO ¢ rpynIamH, rae TapreTHO NPUMEHSUIN HHOTPOII-
HBIH U Ba30IPECCOPHBIN areHTHL.

O6cyxpaeHune

l'emomuHaMuYecKre HAPYIICHHUS TP CETICHCE YKIIAbI-
BAaIOTCS B pa3iiniHble QEeHOTHITHI U uX KoMOuHaruu. Co-
[IACHO MEXIYHAPOTHBIM PEKOMEHIANUSAM, OCHOBAaHHEM
utst muaraoctuku CIII sBIsSFOTCS reMOTUHAMUYIECKHE pac-
CTpOICTBa, KOTOpBIE OTpakeHbI B IKane Phoenix Sepsis
Score — HEOOXOAMMOCTD KaTE€XOJIAMHHOBOW TOIECPIKKH,
runepiakrateMusi U cHwkenue cpeadero AJl [12]. B to
JKe BpeMsI HAMH BBISABJICHO, YTO KOHIICHTpAITHSI JIaKTara
B KPOBH HE MMEJa CTaTUCTHUECKU 3HAUUMBIX Pa3IMYHi,
B 3aBucumoctu oT ucxona CII y nereit, XoTs B Henas-
HUX HCCIEIOBAaHMIX YCTAHOBJICHA «TOYKA OTCEUCHUS» —
3,3 mmodn/a [14].

ITokazarenu CHU u OIICC nponeMOHCTpUPOBAIU XO-
poIIyI0 TUCKPUMHHALMOHHYIO CIIOCOOHOCTH. OOparaer
Ha ce0s BHUMAaHHE TO, YTO B TPYIIE BBDKUBIIHMX JCTEH
OIICC 0Op110 B cpegHeM HUXKE (Ha’Ke HIKE HOPMAJIBHOTO
3HAYCHHUS), YeM B TPYIIIC YMEPIIUX MarueHToB. Huskuit
CH npu nocTyruieHuH SBIsIIcs (GakTopoM pucka HeOa-
TONPUATHOTO UCXOA.

bonee wunTEepecHble pe3yabTaThl ObUTHM  MOJYYEHBI
npu aHanuze usmeHenuid CH1 u OIICC B mepBble cyT-
ku, B 3aBucuMoctu or mcxoxa ClII. Cambiv HeOmaro-
MPUATHBIM ObUTO codeTanue Beicokoro OIICC ¢ Hu3kumM
wi HopMmanbHBIM CU, a caMbIM OJaronpusiTHBIM — CO-
yetanne Beicokoro CU u auskoro OIICC.

Pexomenmanmu pykoBojgcTBa KaMmimaHum BBDKHBa-
emoct mpu cemncuce (Surviving Sepsis Campaign)
2020 r. mpussiBatoT noaxaepkuBarh 3HaueHus OIICC
B npexenax 800—1600 gunxc/cm’/m?, a CU B auanasone
3,5-5,5 a/mun/m? [8]. B HameM ucciaeq0oBaHHM MaKCH-
ManbHO# BepxHel rpanuieit OIICC sBissioch 3HaYCHHE
1411 quaxc/em’/m?, a CU — He Huxke 3,5 1/MuUH/M?.

Takum 00pa3oM, MOXKHO MTPEATIONOKHTE, YTO HeOIaro-
MIPUSITHEIM TEeMOIMHAMUYECKIM BapHaHTOM HAPYIICHUN
npu CI y nereii siBisercss MHOKapAHaibHas AUCHYHK-
1S, IPU KOTOPOIl HEBO3MOXKHO KOMIICHCATOPHOE YBEIH-
YeHHe CEePACYHOTO BHIOPOCa, 8 KOMIIEHCAIHS TIPOUCXOANUT
Ha HauaJlbHBIX dTanax 3a cuet yBenuueHust OIICC.

[MonmuopranHass AUCOHYHKITHUS, SBISIOMASCS OCHOB-
HOU MPUYUHOM JIETATBLHOTO UCX0/1a TIPU CETICUCE, HATIPsI-
MYIO CBSI3aHA C T€MOJWHAMHYECKIMH PacCTPONCTBAMH,
MIOATOMY MHOTHE HKCIEPThl PEKOMEHAYIOT MPOBOIUTH
paclIMpeHHbIA TeMOJUHAMUYECKUII MOHUTOPUHT, HE TI0-
Jlarasich JUIIb Ha ypoBeHb AJl, 4aCTOTy ceplaeuHbIX CO-
KpaleHu# U caTypanuio KPOBH KHCIOPOIOM B IICH-
tpanbHoi BeHe. Onenka CU u OIICC momoraer BbI-
SIBUTh TEMOIMHAMHUYECKYIO HECTaOUIBLHOCTh HA PAaHHUX
JTarax U BOBPEMs BHIOpATh COOTBETCTBYIONIYIO TapreT-
HYIO Tepanuio [2].

ITpu rccneoBaHUM NIPOrHOCTUUECKON 3HAYUMOCTH Map-
KEPOB TOBPESKACHIS MUOKapAa BBISIBIICHO, YTO MUHUMAITh-
Hasl TUCKPUMUHAITMOHHAS CIIOCOOHOCTh ObITa XapakTepHa
IUTSL TPONOHMHA |, Iy 9TOM B TPyTITe YMEPIIHUX MAMCHTOB
€ro IoKa3areNy ObUIM B TIpeneniax HopMbl B 60% cirydaes.
IIporunocruyeckas LEHHOCTh TPOIIOHMHA | y B3pOCIIBIX Ma-
nueHToB ¢ CIII He scHA, OHAKO UMEOTCS UCCIIEA0BAHUS,
B KOTOPBIX TPOIIOHUH | OBLT aCCOLMMUPOBAH C MHOKapIHallb-
Ho# aucdynkmei npu CIL moxke y nereii [15, 16].

NT-proBNP npogeMoHCTpUpoBad CTaTUCTUUYECKHU
3HAYAMEBIC Pa3IIUIUs MEXKIY YMEPIIUMHU M BBDKUBIINMU
MaUEHTaMHM, YTO COIIOCTABUMO C IaHHBIMU JIPYTHX aBTO-
poB [17]. Henp3st HE OTMETUTH U TO, UTO ITOT ITOKA3ATEINb
HU y OHOTO IMaIieHTa He ObUT B Ipesenne pedepeHCHBIX
3HaYEHUH, YTO CBUJETENBLCTBYET O €r0 AUATHOCTUUECKOM
3HAYMMOCTH KaK MapKepa CTCICHU TSHKECTH CepACUHON
negocratounoct npu CHI. ¥V Becex ymepmux Aetel ero
KOHIIEHTpAanys Y MOCTYIICHNH MTpeBbimana 3263 Hr/m.

Taxke HaMu ObUIa MPOAHATU3UPOBAHA TEpanus, Ha-
MIpaBlIeHHAs HA KOPPEKITUIO0 CHCTEMHOW THUIONEPQY3HH.
OOpamaer Ha cebs BHHUMaHHE TO, YTO YKHJKOCTHAs Ha-
rpy3Ka Kak B IEPBBIA Yac, TaK U B MEPBBIC CYTKHU JIeUe-
HUSL HE TPOAEMOHCTPUpOBaja JOCTOBEPHOW pa3HUIBL,
B 3aBHCHMOCTH OT MCXO[a. Y TOAABISIONIETO YHCIA Ta-
[MEHTOB TOKA3aTeNN MOJIOKUTEILHOTO BOIHOTO OajaHca
HE BBIXOIWIH 33 KpuTHueckoe 3HaueHue B 10% macce
TeNa, KOTOPOEe U3BECTHO KaK He3aBUCHMEIH (DaKTOp prcKa
netaigpHOTro ucxona [18].

Panee mHamMu OBUIO YCTAaHOBJICHO, YTO BAa30AKTHUBHO-
WHOTPOIHBIN HHAEKC (vasoactive-inotropic score, VIS)
HE TMPOAEMOHCTPUPOBAT TUCKPUMIHAIIMOHHON CTI0CO0-
HOCTH NP IPOTHO3UPOBAHUH JIETAIBHOTO MCXO0/1a B MEp-
Bble 4 cyT. seueHuss B OPUT, gocturnys npornocrude-
CKOM 3HAYMMOCTH JIMIIIb K 5-M cyT. [16, 19].

CaMbIM IPOTHOCTHUYECKH OJIArOMPUSTHHIM BAPHAHTOM
KaTeXOJIaMHHOBOW TIOICPIKKH SIBUJIACH TapreTHas (B 3a-
Bucumoctu ot ypoBHs CH u OIICC) cenexTuBHas Kop-
PEKIUsT TeMOINHAMUYECKIX HAPYIICHUH — MPUMCHCHHE
WHOTPOITHON M Ba30MPECCOPHON MOJNEPKKUA OTJEIbHbI-
MU TIperapaTamMu.

[IpuMmeHeHne nomaMuHa C YBETHUYEHHUEM €ro JI03bI
JI0 Ba30TPECCOPHBIX 3HAYCHUHN SIBISTIOCH HEOIATOIIPHIT-
HBIM (DAKTOPOM B OTHOILIEHHH MCXOZa, YTO MOATBEPIKIA-
€TCsl JaHHBIMU APYTUX aBTOpoB [20-21].

BbiBOAbI

1. Cepneunslii uHAeKC HIOKE 3,5 J/MuH/M2, obmiee
nepudepudeckoe COCYIUCTOE CONPOTUBICHHE Oolee
1411 auuxc/cm’’mM®> u ypoBeHb NT-proBNP Bbimre
3263 ur/n B nepsbie cyTku jedenus B OPUT cBuperens-
CTBYIOT O BBICOKOH BEPOSTHOCTH JIETAIBHOTO HCXOJa
CENTHYECKOTO IIOKa y JIETEH.

2. IlocrosHHas wuHQY3Hs JToMaMHHA B 03¢ Oosee
5 MKI/KI/MHH acCOIMMPOBaHa C BEPOATHOCTHIO JIETANb-
HOTO UCXOJa CeNTHYECKOro LI0Ka y JeTeH.
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3. CenekTvBHAs TeMOJHHAMHUYECKAs TOICPIKKA, HA-
MpaBICHHAS HA HOPMAIH3AIUIO CEPACYHOTO HHICKCA
(6omee 3,5 a/MuHXM?) U 00MIEr0 TIEPU(EPUUECKOTO CO-
cymucroro comporusinerns (800-1400 mumxc/cm’/m?),
SABJISICTCA OCHOBHBIM (l)aKTOpOM TCparnu, CHUKAIOIHUM
JIETANBHOCTD MPHU CENTHYECKOM IIOKE Y ETEH.
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Pesrome

BBenenne: OcTanoBKa KpPOBOTEUEHHSI U3 MAPEHXMMATO3HBIX OPTraHOB OPIOIIHON TOJOCTH B HACTOSIIEE BPEMS OCTACTCS aKTyalslb-
HOU mpoOnemoil abnoMuHanbHOU XUpypriuu. DPQeKTHBHBIII reMocTa3 B COBPEMEHHON ONEPALMOHHON JOCTUTACTCS TOCPEICTBOM
MIPUMEHEHHUS PA3IMYHBIX JIOKAJIbHBIX KPOBOOCTAHABIMBAIOIIMX CPEJICTB, 3a4acTyI0 MPEICTABIAIOINX COO0H MHOTOKOMIIOHEHTHYIO
CHUCTEMY.

Hean: ViccnenoBarb CTpyKTypHbIE OCOOCHHOCTH HOBBIX 00Pa3Ii0B MHOTOKOMIIOHEHTHBIX Ty0OUaThIX KPOBOOCTAHABIMBAIOIINX CPEJICTB.
MarepuaJibl U MeTOIbI: B KauecTBe MarepraaoB MCCICIOBAHUS HCIIOIb30BAIN 00pa3Ibl HOBBIX I'yOUaThIX KPOBOOCTAHABIUBAIO-
LIMX CpPeACTB (Ha OCHOBE MOPCKOTO KOJUIAr€Ha, B Pa3HbIX COOTHOILCHHUSX [0 MAacce ¢ HaTPUEBOW COJIBIO0 KapOOKCHMETHIILEIUIIONO-
361 (15/85, 25/75, 50/50), pa3paboTaHHBIX KOJUICKTHBOM aBTOPOB, B CPABHEHUU C HCIOJB3yeMbIMU B KIMHUYecKoU npaktuke MKC
(Bcero 7 rpymmn uccienoBanus). Bce 00pasisl H3ydannch B MPOXOAAIIEM CBETE ¢ MUKPO(GOTONPOTOKOIMPOBAHUEM U ITOCIEIYIOIIECH
MopdomeTpreii. PacTpoBasi MEKPOCKOIIHSI TIPOBOAMIIACH HA CKAHUPYIOIIEM 3JIEKTPOHHOM MHKpOCKore. M3Mepsiiach TONIINHA BO-
JIOKOH (MKM), TLTOMIA b TT0p (MM?).

Pesyabratei: [Ipu onieHke monamy nop ucciaeayeMsix 00pa3oB Haubosee BHICOKHE 3HAYCHHS BBISBICHBI B TPYIIIIE C UCIIOIb30Ba-
HHUEM 00pa3LoB, pa3pabOTaHHbIX aBTOPAaMH (C HAMMEHBILUM COZIEPKaHHEM MOPCKOT0 KoutareHa — 15%), 4to Bbllie, YeM B rpynnax
C y’Ke BHEIIPEHHBIMU B KIIMHUYECKYIO IIPAKTHKY Matepuanamu (B 1,5 paza — B rpynmnax 4 u 7, B 2,7 pa3a — B rpynne 6). B ciaydae
HCCIICZIOBAHUS TONIIIUHBI BOJIOKOH 00pa31ioB 0OHAPYKEHO, YTO HanOOIbIINe 3HAYCHNSI JaHHOTO 1T0Ka3aTelis 0OHapyKeHbI B rpymie 3
(paBHoe cootHomenue Na-KMI] u Mmopckoro koiuiaresa).

BriBoabl: OnTMalibHBIM COOTHOLIEHHEM KostareHa 1 Na-KMI] B ryGuaTbix KpOBOOCTaHABIMBAIOLIUX CPEJICTBAX, [0 HAIIEMY MHe-
HUIO, SABJISETCSA UX PABHOE KOJIMYECTBO, YTO NMPHUBOAUT K JOCTATOYHOM NMOPUCTOCTH U ONTHMAILHON TONIIMHE BOJOKOH. YKa3aHHBIC
0COOEHHOCTH CTPYKTYpBI 00pa3iia O0Ka3ajiu ero BHICOKYH0 3 (EKTUBHOCTb B AKCIIEPHMEHTE Ha J1a00PAaTOPHBIX KMBOTHBIX.
Knitouegvie cnoga: TpaBMa IIeUCHH, TeMOCTaTHIECKHE I'YOKH, ITIOJUMEPHI, SKCIIEPUMEHT, KPOBOTEUECHHE, KOJUTareH
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Abstract

Introduction: Hemostasis in parenchymal organs remains an issue in abdominal surgery. Effective hemostasis in modern operating
rooms is achieved by various local hemostatic agents, which are often composite.

Objective: To investigate structural characteristics of novel composite hemostatic sponges.

Materials and methods: We compared samples of novel hemostatic sponges (with different weight ratios [15:85, 25:75, and 50:50]
of marine collagen to sodium carboxymethylcellulose [Na-CMC]) developed by our team with local hemostatic agents used in clinical
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practice. There was a total of 7 study groups. All the samples were studied in transmitted light and underwent microphotography
with subsequent morphometry. We performed scanning electron microscopy and measured fiber thickness (pm) and pore area (mm?).
Results: The largest pore areas were found in the group of samples developed by our team (with the lowest content of marine col-
lagen, 15%), which was higher than in groups with sponges already introduced into clinical practice (1.5 times higher compared with
groups 4 and 7 and 2.7 times higher than in group 6). In terms of fiber thickness, the highest values were observed in group 3 (Na-
CMC/marine collagen ratio of 50:50).

Conclusions: The optimal ratio of collagen/Na-CMC in hemostatic sponges is 50:50, resulting in sufficient porosity and fiber thick-

ness. Owing to these structural characteristics the sample demonstrated its high efficacy in animal studies.

Keywords: liver injury, hemostatic sponges, polymers, experiment, hemorrhage, collagen
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BBepeHune

OcraHoBKa KpOBOTEYEHUS IIPH TPaBME IAPEHXNMATO3-
HBIX OPTaHOB KakK OPIOIIHOH MOJOCTH (TI€YeHb, CEeNe3eH-
Ka), TaKk W 3a0pIOMIMHHOTO MPOCTPAHCTBA (TIOYKH) OCTa-
€TCSl 0 KOHIIA HEpEeIIeHHOW MpoOIeMOl COBPEMEHHOMN
xupypruu u yponoruu [1]. TpaBMbl, KOTOpBIE NPUBOAST
K Pa3BUTHIO KPOBOTEUEHUs, MOTYT BO3HUKATh B IMOBCE-
HEBHOH JKU3HU, HAIPUMEP, MIPHA AOPOKHO-TPAHCIIOPTHBIX
MIPONCIIIECTBHUSAX, 3aHATUAX CIIOPTOM, HECHACTHBIX CITyda-
SIX Ha TIPOU3BOJICTBE, & TAKKE TIPH PAaHEHUSX, TIOJTyYeHHBIX
Ha 1ojie 00s1 B X0/¢ BOCHHBIX KOH(MKTOB [2]. [IpH 3TOM
CpeAr TPaKTAHCKOTO HACENCHUs MpPH TpaBMax >KUBOTA
KpoBoTeueHue npumepHo B 80% ciydaeB SIBISETCS BEIy-
el npuauHOi cmeptu. 1lo maHHBIM 3apyOeKHBIX aBTO-
poB, 3a nocaegHue 150 geT cMEPTHOCTH coaT Ha MoJe
60st cocraBmia okoso 20%, 13 KOTOPBIX MTOJIOBMHA CITyda-
eB 00yCJIOBJICHAa MAacCHBHOM KpoBomotepei [3]. [ToaTomy
pa3paboTKa HOBBIX METOZOB, HHCTPYMEHTOB M MaTepHalioB
JUIL OCTAaHOBKH KPOBOTEUEHUS SIBIISICTCS MEPCIEKTUBHBIM
HampaBlIcHIEM OMOMEIUITMHCKUX UCCIIeNOoBaHui [4].

CoBpemeHHBIE TeHACHINH 3(p()EeKTHBHOTO remMocTasa
OCHOBBIBAIOTCS HA TPUHIUIIAX MUHUMAaJIbHOW MHBA3WB-
HOM XHUPYpPruu U KOHCEPBAaTUBHOI'O BEICHUS MAllUCHTOB
NpHu CTaOMJIBHBIX TOKazarelsax [S5]. A B ciydasx, Koraa
OINEPaTHBHOE BMEIIATEIBCTBO HEOOXOAMMO, KITHOYe-
BBIM SIBJIIETCSI MAKCHMAJIFHOE COXpAaHEHNE OpTraHa U €ro
(YHKIIMHM TTyTeM anIUIMKaIllid MECTHBIX KPOBOOCTAHAaB-
mmuBaronx cpencts (MKC) [6]. Cpenn Beeit maccst MKC
W31 HAa OCHOBE LIEJUIIOJI03bI MPEAICTABISIOT BaXKHBIN
KJ1acc OMOCOBMECTHMBIX U PE30pOHPYEMBIX CPEICTB, KO-
TOpBIE TIPEJICTABISIOT OCOOBIA MHTEpEC B BUJY psijia UX
MMO3UTUBHBIX XaPaKTEPUCTUK, OOYCIOBICHHBIX, B IEp-
By10 ouepenb, ocHoBo MKC [7]. B nocnennue necs-
tunetuss MKC Ha OCHOBE 1IEJUTIOJIO3bI IIMPOKO MPHUMe-
HSIOTCS B Pa3jIMYHBIX XUPYPrHUECKHUX CHELHUATBbHOCTSIX
(TpaBMmaronorusi, ypoJjorus, abIoOMHHAJIbHAs XUPYpPrus,
TUHEKOJIOTHS W TIp.) TIPU OCTAaHOBKE KpoBOTEUEHHMs [8].
Takne MKC ycrenHo KOHKypUpPYIOT TakKe C JaBHO W3-
BECTHBIMH H3/IEHIMH Ha OCHOBE KOJIJIareHa (TaKuMH,
kak Tachocomb) [9]. OnHako HAMOONBITHI HHTEPEC TIPE-
cTaBisA0T MHOrokomnoneHTHsle MKC, B cocTaB KOTOPBIX
BXOJAT pa3Hble MONMMMEPHL. B CBsI3u ¢ 3TUM HacTosIee
WCCIIEIOBAHNE TIOCBSIIEHO M3YYECHUIO HOBBIX 00pa3lioB
MKC wu3 HarpmeBoil comm KapOOKCHMETHIILEIITIONO036I
(Na-KMII) u xommareHa riryOOKOBOJIHOTO KaJIbMapa.

Uenb

HccienoBaTh CTPYKTYpHBIE OCOOCHHOCTH HOBBIX 00-
pa3noB MHOTOKOMITOHCHTHBIX l"y6T-IaTI>IX KpPOBOOCTaHaB-
JINBAIOIIUX CPEACTB.

MaTtepuanbl n meTopbl

B xauecTBe MarepuasioB MCCIeOBaHUS MCIIONIb30Ba-
71 00pa3nbl HOBBIX I'y0YaThIX MOJMMEPHBIX KPOBOOCTA-
HaBiuBaromux cpeacts (I'TIKC) («I'y6ka kpoBoocra-
HaBJIMBAMOIIAs KOMOMHHPOBAHHAA», 3asgBKa Ha MATEHT
P® Ne 2023123284 ot 07.09.2023 1.), XapaKTepUCTHKA
KOTOPBIX TpeAcTaBieHa Huxke (Tabm. 1) (rpymmsl wc-
CJIEJIOBaHMs), a TaKXKe HCIOIb3yeMbIX B KIMHUYECKOH
MIPaKTHKE KPOBOOCTAHABIMBAIOIINX CPEACTB (TPYIIIHI
CPaBHEHN).

Bce 00pa3siiel n3yuasirch B POXOSILEM CBETE U IIPU
OJIMHAKOBOM BO BCEX CIllydasx OOKOBOM OCBEIICHUH
C MHKPO(OTONMPOTOKOJIMPOBAHNEM M TOCIETyIOIei
Mopdomerpueii. PacTpoBas MEKPOCKOIIHS IPOBOMIIACH
Ha CKaHHWPYOIIEM DJIEKTPOHHOM MHKpockore (COM)
Quanta 650 FEG (FEI Company, CIIIA) co cremyio-
MMM [TapaMeTPaMH: YCKOPSIOIIee HalpsKeHUEe MydyKa
(high voltage, HV) 6,0 kV, pazmep myuka — 3,0, n300pa-
KEHHS BCeX 00pa3IoB OBIIH MOTYyYEHBI B PEKHME BTO-
pUYHBIX 2JeKTpOoHOB (secondary electrons, SE). beuio
BhITIONTHEHO 70 miccnenoBanwmii (1mo 10 B kaXkI0# Tpyrme)
MIpH KaXJI0M M3 yKa3aHHBIX BapHAaHTOM MHKPOCKOIIHH.
Ha mnonydeHHbix (oTtorpadgusx oOpas3oB H3MEpPsIn
TOJIIMHY BOJIOKOH (MKM), TUIOMIA(h TTOp (MM?).

Onpenensiin Takue MoKa3aTeau ONUCaTeIbHOU cTa-
TUCTHKU Kak Menuana (Me), 25%-it u 75%-i1 xBapTu-
mu — [25; 75]. BBuny HeOONbIIUX pa3MepoOB BHIOOPKHU
B OKCTIEPUMEHTAJBHBIX TPyMIax uccienoBanus (n<30)
U OTIMYAIOLIECTOCS OT HOPMAIbHOTO pacIlpeieiacHus
MPU3HaKa MPH BBITIOJIHEHUH PAaCcYeTOB OBUIO MPHUHATO
pemienre 00 WCHONB30BAaHWH B KadyeCTBE OCHOBHOMU
METOJIMKH OMpEe/IeJICHUs] YPOBHS CTaTHCTUYECKOH 3Ha-
YUMOCTH OTJIMYUH HenapaMeTpUYecKOoro KpUTEpHs
Kpackena-Yomnuca. IIpu onieHke CyliecTBEHHOCTH OT-
JTUYUN CUUTATH IOy CTUMOHN ISl SKCTICPUMEHTAIBHBIX
MEIUKO-OMOJIOTUYECKUX HCClIeIoBaHUM omuoky 5%
(ypoBerb p<0,05). CTaTUCTHYSCKUH aHAJIN3 IPOBO-
WU C TIOMOIIBIO mporpammer Statistica 10 (StatSoft,
CILA).
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Tabnuuya 1
XapakTepucTHKa HCC/lelyeMbIX MATEPHAJIOB U TPy HCCJIEJOBAHMSA
Table 1
Characteristics of the study materials and groups
Ne Ha3panue IIpousBoguren Cocras
Na-KMI[ + komnaren 3%~ cyCIIeH3Hs KOJUIareHa NIyOOKOBOIHOTO KaJlbMapa,
1 (85/15) 1%-i1 Tenb HaTpHeBOH COMH KapOOKCUMETHIIIIEILTIONO3HI,
JlaGoparopust . CoorHomurenue: kosutared/Na-KMI, paBHoe B % macc. 15/85
IKCIIEPUMEHTATBHON
XUPYPTUH U OHKOJIOTHH 3%-s1 cycrieH3usl KoJuTareHa TiTyOOKOBOIHOTO KajubMapa,
- —+ o o
2 ?% /12%\;[]_[ KoJareH HUN 5M KI'MY, 1%-i1 resb HaTpHEBOH COMM KapOOKCUMETHIILIEIIIIONO03HI,
r. Kypck, Poccus CootHomenue: kostaredn/Na-KMLI, pasaoe B % macc. 25/75
Na-KMII + komnaren 000 «AC PC», 3%-4 cycnieHsus KojareHa nryboKoBOJHOIO Kalbmapa,
3 (50/50) r. Kanunnnrpap, 1%-11 renb HATPHEBOMH COMM KAPOOKCUMETUIILIEIIIONO3BI,
Poccrist CootHomrenne: komtaren/Na-KMLI, paBroe B % macc. 50/50
4 | Na-KMI| 1%-# renb HATPUEBOW COJIM KAPOOKCHMETHIIIICIUTIONIO3bI

00O «Jlyxcknii 3aBog

5 I'yOka kostareHoBas
«benko3un», Poccust

remocraruyeckast (I'KT')

KoJu1areH, HUTpogypai, OOpHas KUCIIoTa

Cpencrso Johnson & Johnson,
6 | KpOBOOCTaHABIHMBAIOIIIEE
; o CHIA
Surgicel Fibrillar

CEeMHUCIIONHBIA TeMOCTAaTHYECKUI MaTeprall Ha HETKaHOM OCHOBE
OKCHJIMPOBAHHOM U PETeHepUPOBAHHON IEIITION03bI

7 | Tachocomb Takeda, ABcTpust

KOJUTareH U3 CyXOXKUIIMIA Jiotau; pudodiiaBuH;
TMO(GUIN3UPOBAHHEIN (PMOPHHOTCH YeNI0BEKa; TPOMOUH; allPOTHHIH

PesynbraTtbl n 06cyKaeHne

B GonpimHCTBE CiyvyaeB U3y4eHHbIe 00pa3Iibl IPEACTaB-
JSFOT cO0O0M TIOPHCTYHO (TYOUaTyt0) CTPYKTYPY, COCTOSIILYIO
W3 Xa0TUYHO PaCHpE/ICNICHHBIX BOJIOKOH U BO3YILIHBIX MH-
Kkpornonoctelt (puc. 1, 2). HekoTopbie 00pasiisl UMEIOT TEH-
JICHITIO K (hOPMUPOBAHHIO BOJIOKHUCTBIX TsDKer. CpencTBO
KkpoBoocTaHapnmBaromee Surgicel Fibrillar mpencrasmser
co00lf MHOTOCJIOWHYIO BSI3aHYIO CTPYKTYpPY, COCTOSIIYIO
13 MO ITAMEHTHBIX BOJIOKOH. MOHOJIUTHAST HEpaBHOMEP-
HO OyTpHCTasi TIOBEPXHOCTH TUIACTHHBI KPOBOOCTAHABIINBA-
torreit Tachocomb nmeeT sKenThIi BET ¥ XaOTUYHO pacipe-
JICJICHHBIC TIOPbI, KOTOPbIE OOHAPYKUBAIOTCS YIKE TP CBE-
TOBOM MMKPOCKOITMH, a KOJIITareHCOIEp KAl TyOdaThIid
CIIOH TpecTaBisieT cO00i MEIKOBOJIOKHHCTYIO CTPYKTYPY,
COCTOSIIITYIO U3 XaOTHYHO PaclpeielIeHHbIX BOJIOKOH.

[Ipu omenHke ImIomanyd MOp HCCISTyeMbBIX 00pa3IoB
HanOoJIee BRICOKUE 3HAYCHHUS BISIBIICHBI B rpymie 1 (pas-
padorannsie aBropamu ['TIKC ¢ HanmeHbIIHM conepxa-
HHUEM Mopckoro koyuiareHa — 15%), uro B 1,5 Bblle, uem
B rpynme 2 u B 2,7 pasa Bblllle, 4eM B rpymre 3, B 1,2 paza
BhIIIIE, YeM B Tpymne 4 u 7, B 1,3 pa3 BrIlIe, 4eM B TPyTI-
ne 5 u B 2,7 pa3a Bblie, 4eM B rpymne 6 (tadm. 2). B ciy-
yae CpaBHEHHS TOJIIMHBI BOJOKOH 00pa3ioB OOHApy-
JKCHO, YTO HAWOOJBININE 3HAYCHUS JAHHOTO ITOKA3aTells
nmerores B rpymme 3 (I'TIKC na ocHOBe HaTpueBoii comu
KMII B paBHOM COOTHOIIICHUH C KOJUIAT€HOM) — B 2 pa3
BBIIIIE, 4eM B rpynne 1, B 2,6 pa3 Bblllle, YeM B rpymme 2,
B 1,4 pasa Boile, ueM B rpytie 4, u B 1,9 pa3s Bhiie, uem
B rpymnme 5, B 2,3 pa3a Bblllle, 4eM B IpyTie 6 u B 2 paza
BBIIIIE, YEM B Ipy1ie 7.

Tabnuua 2

CTpyKTypHbIe XapaKTEePUCTUKH UCC/IeayeMbIX 00pa3uoB, Me[25;75]

Table 2
Structural characteristics of the study samples, Me[25; 75]

Ha3BaHue rpynmnst

Toamuna BOJIOKOH, MKM

Inomans nop, Mm>

1 | Na-KMI] + xomnaren 15%

22,35 [18,58; 25,5]

1,22 [0,92; 1,56]

Surgicel Fibrillar

18,6 [17,28; 23,08]

0,46 [0,28; 0,56]

Tachocomb

2 | Na-KMII + xomnaren 25% 16,6 [15,28;18,88] 0,84 [0,79; 0,93]
3 | Na-KMLI + xomraren 50% 42,5 [34,25; 54,75] 0,45 [0,4; 0,57]
4 | Na-KMII 31,5 [27,25; 37,45] 1,05 [0,83;1,13]
5 | TKT 22,7[18,63; 26,8] 0,97 [0,81;1,14]
6
7

20,35 [19,55; 21,63]

[
0,98 [0,92; 1,03]
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Pucynok 1. Pezynemamot c6emogoti MUKPOCKONUU UCCNe0YeMbIX
obpazyoe; A— Na-KMI][ + xonnaeen (85/15), B— Na-KMI] + kon-
naeen (75/25), B — Na-KMI] + xonnaeen (50/50), I'— Na-KMI],
M —I'KT, E — Surgicel Fibrillar, K, 3 — Tachocomb

Figure 1. Light microscopy findings, A, sodium carboxymethyl-
cellulose (Na-CMC) +collagen (85:15); b, Na-CMC + collagen
(75:25); B, Na-CMC + collagen (50:50); I, Na-CMC; Ji, colla-
gen hemostatic sponge; E, Surgicel Fibrillar; JK-3, Tachocomb

CornacHO TONY4YEeHHBIM B XOJ€ MCCIEIOBAHUS pe-
3yJbTaTaM MOKHO CeNiaTh BBIBOJ O TOM, YTO YBEIHYe-
HHUE KOJIMYeCTBa KoJlareHa B cTpykrype oopasma I'TIKC
MIPUBOANT K CHIDKEHHIO €r0 MOPHCTOCTH (YMEHBIIEHHUIO
IUIOMIA I TI0p) 3a CYET YBEJIMYSHHMsS TONIIMHBI 00pasy-
IOIIAX MX BOJIOKOH. HO 3TO TOJIOKHUTENHHO CKa3bIBACTCS
Ha KpoBoocTtanapiuBaromux cBorictBax [ TIKC (cHmkeHme
0o0beMa KPOBOIIOTEPH M BPEMEHH KPOBOTEUCHHS 33 CUET
YBEJIMYCHUS BIHTHIBAIOUICH CIIOCOOHOCTH HMIUIAHTA),
YTO TIONTBEPIKAACTCS pe3yasTaTaMi COOCTBEHHBIX HCCIe-
JIOBAaHUW B OCTPOM DKCIIEPUMEHTE in vivo (TIpU TpaBMe
neueHH ¥ celie3eHKH) [10]. YUnuThIBask BBIMICH3IIOKCHHOE,
MOYKHO yTBEp)KJaTh O MEPCIEKTHBHOCTH pa3pabOTKH IT0o-
JOOHBIX M37IETMH BBUIY WX BBICOKOH 3(dexTuBHOCTH,

Pucynox 2. Pesynomamor COM uccnedyemvix 0bpaszyos;
A — Na-KMI] + xomnnaeen (85/15), b — Na-KMI] + konnaeen
(75/25), B — Na-KMI] + xonnaeen (50/50), I' — Na-KML], /] —
I'’KT, E — Surgicel Fibrillar, K — Tachocomb

Figure 2. Scanning electron microscopy findings, A, Na-
CMC +collagen (85:15); B, Na-CMC+collagen (75:25);
B, Na-CMC + collagen (50:50), I, Na-CMC; ]I, collagen hemo-
static sponge; E, Surgicel Fibrillar; K, Tachocomb

KOTOpasi JOCTHUTACTCSl PaBHBIM COOTHOIIICHHEM KOJUTareHa
u Na-KMII npu mzroronenuun ['TIKC. Ilpu 3tom ocrta-
HOBKA KPOBOTEUEHHUS TIPH HCIIOIH30BAHUN TyOUaThIX H3/IC-
JUA BKJIIOYAET JBA OCHOBHBIX KOMIIOHEHTA: (DU3NYIECKHUU
(3a cuer BrmThIBaromied crocobHoctr I'TIKC, xotopas
3aBHCHUT OT €T0 CTPYKTYPBI: KOJTHYCCTBA TOP M BOJIOKOH)
Y XUMUYECKUH (OCHOBAHHBINA HETIOCPEICTBCHHO HA COCTA-
Be I'TIKC) [11, 12]. KonnareH siBasieTCsl OMHUM U3 OCHOB-
HeIX KoMmroHeHTOB ['TIKC, HemocpeacTBeHHO BIIHSFOIINX
Ha 3aIyCK Kackaga 00pa30BaHUs CTyCTKa KPOBH, UTO ITO-
3BOJISICT MTOBBICHTH 3 HeKTUBHOCTE u3zeus [13, 14].
Ham onbIT UCTIONb30BaHUs B SKCIIEPUMEHTE U3/CITHI
Ha ocHoBe Na-KMI] a1t ocTaHOBKM KPOBOTEUEHUS U3 Ta-
PEHXUMATO3HBIX OPTraHOB MO3BOJISICT YTBEPXKIATh 00 UX
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BBICOKOW OmoJorndeckoil mHeptHocTH. [lommMo 3TOTO,
ryodatsie reMocTaTuku Ha ocHoBe Na-KMII (momydyentsie
MyTeM JTHO(QHIBHOTO BBICYIIMBAHHA), KaK ITPaBUIIO, 00JIa-
JTAIOT BBICOKOM MOPO3HOCTBIO M OBICTPO OCTAHABIUBAIOT
KPOBOTEUEHHE 32 CUEeT KalMUIAPHBIX CBOWCTB 00pa3na, Ko-
TOpBIE YBEJIMYHMBAIOT BITUTHIBAIOIIYIO CIIOCOOHOCTH KHJ-
KOU 4acTH KPOBU M KOHIIEHTPUPYIOT HA MIOBEPXHOCTU 00-
pasima ee popMeHHEIe AeMeHTsI [15, 16]. OqHako, HECMO-
Tps Ha TO, yTo Takue KomrnoHeHThl [ TIKC, kak komtarexn
u Na-KML, nocTarouyHO H3y4eHbI, paHee B JIMTEpaType
He OBbIIM OTIMCaHbI BapUaHTHl KOMOMHUPOBAHHBIX U3/IEITHH,
KOTOpBIE Obl BKITFOUAITH BCE WX TIO3UTUBHBIC CBOICTBRA.

3akniovyeHune

Taxum 006pa3zom, najabHeHIas pa3padoTka ¥ TeCTHPO-
Banue ['TIKC Ha ocHOBEe HATpUEBOW COIMHM KapOOKCHMeE-
TUJILEIUTIONO03Bl U MOPCKOTO KOJJIareHa MpeaCcTaBIIsAeTCs
MEePCIEKTUBHBIM HalPaBJI€HUEM COBPEMEHHOW MMILIAH-
TOJIOTUH, a0JOMUHANBHON Xupypruu. Pa3paboraHHBIC
aBTOPaMU U3JENHS MPEACTABISIOT CO00M MOPUCTHIE Ty0-
yaTble KOMIIO3UIIUU C Pa3IMYHON CTETEHbIO MOPUCTOCTH
Y TOJILHUHOM BOJIOKOH, KOTOPBIE BapHUPYIOT B 3aBUCUMO-
CTH OT cocTaBa obOpasma. [Ipu 3ToM MoBkIIICHIE KOHIICH-
TpalKy KoJiJIareHa B U3JIeJINH YBEJIMYMBAET TONIIHUHY €To
BOJIOKOH M YMEHBIIIAET IUIomaab mop. Takum obOpazom,
ONTUMAJIBHBIM COOTHOIIEHHUEM Kosutarena u Na-KMI]
B ['TIKC, no HamemMy MHEHUIO, SIBISIETCS UX PABHOE KO-
JINYECTBO, TEM CaMbIM JOCTUIAETCs BbICOKAas remMocTa-
THYECKasi akKTHBHOCTD 32 CUYET 0COOCHHOCTEH CTPYKTY-
PBI ¥ BEICOKOTO COAEPKaHUA KOJIareHa.

Bkuan aBropoB

Konyenyus u ousatin uccredoganus: B.A. Jlunaros, C.B. JlazapeHko
Coop, oopabomra u ananuz mamepuana: J{.A. CeBepruHOB,

T.K. Kynmabyxosa, C.B. Jlazapenxo, T.H. KynpsiBuesa,

A.B. Crrues, A.A. Jlenucon

0630p numepamypoi: A.B. Ceraes, T.K. KynaGyxosa

Hanucanue mexcma: J1.A. CeBepunos, A.A. Jlenncos
Peoaxmuposanue mexcma: B.A. Jlunaros, T.H. Kynpssuesa
Ymeeporwcoenue okonuwamenvrozo eapuanma cmamou.

B.A. Jlumatos, T.H. KynpsBresa

Author contributions

Concept and design: Lipatov, Lazarenko

Acquisition, analysis, or interpretation of data: Severinov,
Kulabukhova, Lazarenko, Kudryavtseva, Sychev, Denisov
Literature review: Sychev, Kulabukhova

Manuscript drafting: Severinov, Denisov

Manuscript revising: Lipatov, Kudryavtseva

Final approval of the version to be published: Lipatov,
Kudryavtseva

Jintepatypa/References

1. Iapxucenko 10.A., Bopounos A.K., Boponnos K.E., bes-
aNTHIHHBIX A.A. AHaiu3 pe3yabTaToB XUPYPrUUECKOro JICUCHUS
MAlMEHTOB C TPAaBMATHMYECKUMM MOBPEXKICHUSAMHU TeueHu. [lep-
cnexkmugvl nayku u oopazosanus. 2018;(1):245-250.

Parkhisenko YuA, Vorontsov AK, Vorontsov KE, Bezaltyn-
nykh AA. Analysis of the results of the surgical treatment of

76

patients with trauma of the liver. Perspectives of Science & Edu-
cation. 2018;(1):245-250. (In Russ.).

2. Hwang S, Na BG, Kim M, Won DH. Rescue fibrin glue-
infiltrating hemostasis combined with hepatorrhaphy to control
intractable postoperative bleeding from the liver cut surface.
Ann Hepatobiliary Pancreat Surg. 2021;25(4):517-522. PMID:
34845124. PMCID: PMC8639305. https://doi.org/10.14701/ah-
bps.2021.25.4.517

3. Herliana H, Yusuf HY, Laviana A, Wandawa G, Cahyan-
to A. Characterization and analysis of chitosan-gelatin composite-
based biomaterial effectivity as local hemostatic agent: a system-
atic review. Polymers (Basel). 2023;15(3):575. PMID: 36771876.
PMCID: PM(C9920696. https://doi.org/10.3390/polym15030575

4. Jlumaro B.A., Hunenko K.C., [lerncoB A.A., Konmako-
Ba [1.J]. K Bompocy uzyuenust 3ppekTHBHOCTH KPOBOOCTaHABIH-
BAIOLINX CPEICTB MECTHOIO NEHCTBHS B IKCIEPUMEHTE in Vivo.
Hnnosayuonnas meduyuna Kybanu. 2023;(2):34-39. https://doi.
org/10.35401/2541-9897-2023-26-2-34-39

Lipatov VA, Tsilenko KS, Denisov AA, Kondakova PD.
Studying the efficacy of local hemostatic agents in vivo. Innova-
tive Medicine of Kuban. 2023;(2):34-39. (In Russ.). https://doi.
org/10.35401/2541-9897-2023-26-2-34-39

5. Chiara O, Cimbanassi S, Bellanova G, et al. A systematic
review on the use of topical hemostats in trauma and emergency
surgery. BMC Surg. 2018;18(1):68. PMID: 30157821. PMCID:
PMC6116382. https://doi.org/10.1186/s12893-018-0398-z

6. Hickman DA, Pawlowski CL, Sekhon UDS, Marks J,
Gupta AS. Biomaterials and advanced technologies for hemo-
static management of bleeding. Adv Mater. 2018;30(4):10.1002/
adma.201700859. PMID: 29164804. PMCID: PMC5831165.
https://doi.org/10.1002/adma.201700859

7. Park YM, Seo HI, Kim JH, Yoon SP, Lee H, Lee MS.
Clinical application of a new hemostatic material using mussel-
inspired catecholamine hemostat: a pilot study. Ann Hepatobiliary
Pancreat Surg. 2022;26(1):98-103. PMID: 34840145. PMCID:
PMC8901974. https://doi.org/10.14701/ahbps.21-077

8. Huang H, Chen H, Wang X, et al. Degradable and bioad-
hesive alginate-based composites: an effective hemostatic agent.
ACS Biomater Sci Eng. 2019;5(10):5498-5505. PMID: 33464069.
https://doi.org/10.1021/acsbiomaterials.9b01120

9. Tompeck AJ, Gajdhar AUR, Dowling M, et al. A compre-
hensive review of topical hemostatic agents: the good, the bad, and
the novel. J Trauma Acute Care Surg. 2020;88(1):e1—e21. PMID:
31626024. https://doi.org/10.1097/TA.0000000000002508

10. JlunaroB B.A., Jlazapenko C.B., CesepunoB J[.A., [leHu-
coB A.A., Uynaxun E.I', Anuckuna E.H. CpaBHuUTEIHHBIH ananmms
3G GEKTUBHOCTH HOBBIX O00Pa3IOB MECTHBIX TI'€MOCTATHUECKUX
cpenctB. Meouyuna sxempemanvivix cumyayuti. 2023;25(4):131—
136. https://doi.org/10.47183/mes.2023.063

Lipatov VA, Lazarenko SV, Severinov DA, Denisov AA, Chu-
pakhin EG, Aniskina EN. Comparative analysis of efficacy of the
new local hemostatic agents. Extreme Medicine. 2023;25(4):131—
136. (In Russ.). https://doi.org/10.47183/mes.2023.063

11. Simpson A, Shukla A, Brown AC. Biomaterials for hemostasis.
Annu Rev Biomed Eng. 2022;24:111-135. PMID: 35231178. PMCID:
PMC9177659. https://doi.org/10.1146/annurev-bioeng-012521-101942

12. Ucmannos B.A., CagsikoB P.A., Kum O.B. I'emocTarnye-
CKHUI1 MIMIUTIQHTAT U3 TPOM3BOJHBIX LEIUTIONIO3bL. DKCHEPUMEHMATb-
Has u KauHuyeckas eacmposumeponoeusi. 2019;(9):56-61. https:/
doi.org/10.31146/1682-8658-ecg-169-9-56-61

Ismailov BA, Sadykov RA, Kim OV. Hemostatic implant based
on cellulose derivates. Experimental and Clinical Gastroenterol-
ogy. 2019;(9):56-61. (In Russ.). https://doi.org/10.31146/1682-
8658-ecg-169-9-56-61



OpuruHanbHble ctatbi / Original articles

13. JlunmaroB B.A., Jlazapenko C.B., CeBepunoB [I.A., Yma-
HOB A.A. HccnenoBanue 0COOCHHOCTEH TOBEPXHOCTH alITHKALH-
OHHBIX TEMOCTATHUECKUX UMILIAHTOB. Becmuuk sKkcnepumenmaib-
nott u xaunuyeckou xupypeuu. 2019;12(4):261-265. https://doi.
org/10.18499/2070-478x-2019-12-4-261-265

Lipatov VA, Lazarenko SV, Severinov DA, Ushanov AA. Study of
the special features of the surface of application hemostatic implants.
Journal of Experimental and Clinical Surgery. 2019;12(4):261-265.
(In Russ.). https://doi.org/10.18499/2070-478x-2019-12-4-261-265

14. JleronnkoBa O.A., BacunbeB B.I"., Acanosa JI.IO. Uccie-
JIOBaHUE HKCIUTYaTallHOHHBIX CBOWCTB MOJIMMEPHBIX MIEPEBI30YHBIX
cpenctB. Panvl u panesvie unghexyuu. Kypnan um. npogh. 5.M. Ko-
cmiouénka. 2015;2(2):32-39. https://doi.org/10.17650/2408-9613-
2015-2-2-32-39

Legon’kova OA, Vasil’ev VG, Asanova LYu. Investigation of poly-
meric wound dressings’ operational properties. Wounds and Wound
Infections. The Prof. B.M. Kostyuchenok Journal. 2015;2(2):32-39.
(Tn Russ.). https://doi.org/10.17650/2408-9613-2015-2-2-32-39

15. Lu X, Li X, Yu J, Ding B. Nanofibrous hemostatic materi-
als: structural design, fabrication methods, and hemostatic mecha-
nisms. Acta Biomater. 2022;154:49-62. PMID: 36265792. https://
doi.org/10.1016/j.actbio.2022.10.028

16. Brown KGM, Solomon MJ. Topical haemostatic agents in
surgery. Br J Surg. 2024;111(1):znad361. PMID: 38156466. PM-
CID: PMC10771136. https://doi.org/10.1093/bjs/znad361

CBepeHMns 06 aBTOpax

JlunaroB BsiuecsiaB AJiekcaHapoBHY, /1. M. H., TIPodeccop, mpo-
(eccop xadenpsl OrnepaTuBHON XUPYPruu U TONorpaduueckoi aHa-
TOMUH, 3aBEIYIOLINH J1aO0paTopueil SKCIIEpUMEHTAIBHOW XUPYPriun
1 OHKOJIOTHH HAay4YHO-HCCIIEIOBATEILCKOTO MHCTUTYTA 3KCIICPUMEH-
TaJbHOW MeUIHBL, Kypckuii rocynapCcTBEeHHBIN METUIIMHCKUN YHU-
BepcuteT (Kypck, Poccust). https://orcid.org/0000-0001-6121-7412

Jlazapenko Cepreii BukropoBu4, K. M. H., IOLEHT Kapeapbl
yponoruu, Kypckuil rocyrapcTBeHHbIH MEIMIUHCKUN YHUBEPCH-
tet (Kypck, Poccust). https://orcid.org/0000-0002-7200-4508

CeBepunoB /IMutpuii AuapeeBuY, K. M. H., IOIEHT KapeIpbl
JIETCKOM XUpYpruu U nexuarpur MHCTHTYTa HENpepbIBHOTO 00pa-
30BaHusA, Kypckuil rocyaapcTBEeHHbIH MEUIIMHCKUI YHUBEPCUTET
(Kypck, Poccust). https://orcid.org/0000-0003-4460-1353

JlenucoB ApteM AjeKcaHAPOBHY, aCCHCTEHT Kaeapsl orme-
paTUBHOW XHMPYpruu ¥ Tomorpaduyeckoil anaromuu, Kypckuid
rocynapcTBeHHbIH MemunuHCKui yauBepcutet (Kypck, Poccns).
https://orcid.org/0000-0001-5034-8580

KynpsBueBa Tarbsina HukonaeBHa, k. XuM. H., JOIEHT, CTap-
Ml Hay4HBIH COTPYAHUK Hay4YHO-MCCIIENOBAaTENbCKON Jlaboparo-
pUM OpraHUYEcKOro cuHTe3a, Kypckuii rocyjapcTBeHHBINH yHHUBEp-
curet (Kypck, Poccust). https://orcid.org/0000-0003-1009-3004

CpiueB Anexcanap BaagumupoBuy, Miaamuii HayqHbIH CO-
TpyaHuK, HayuHo-uccnenoBarenbckuii IEHTp (GU3UKN KOHJICHCH-
poBaHHOTO cocTosHus, Kypckuii rocynapcTBeHHbIH yHUBEPCUTET
(Kypck, Poccns). https://orcid.org/0000-0002-6116-6915

KynadyxoBa Tarbsaina KoncTaHTHHOBHA, CTyIEHT 6-T0 Kyp-
ca yieueOHorO (hakynbrera, Kypckuii rocyaapcTBeHHbIH MEANIMH-
ckuii yausepcuret (Kypcek, Poccus). https://orcid.org/0009-0003-
8629-7334

Kondummkr unrepecon

Aemopul 3a:a61510m 06 OMCYyMCmMeUU KOHPAUKMOE UHMEPECOs.

Author credentials

Viacheslav A. Lipatov, Dr. Sci. (Med.), Professor, Professor
at the Department of Operative Surgery and Topographic Anatomy,
Head of the Laboratory of Experimental Surgery and Oncology,
Scientific Research Institute of Experimental Medicine, Kursk
State Medical University (Kursk, Russian Federation). https://or-
cid.org/0000-0001-6121-7412

Sergey V. Lazarenko, Cand. Sci. (Med.), Associate Professor
at the Department of Urology, Kursk State Medical University (Kursk,
Russian Federation). https://orcid.org/0000-0002-7200-4508

Dmitriy A. Severinov, Cand. Sci. (Med.), Associate Profes-
sor at the Department of Pediatric Surgery and Pediatrics, Institute
of Continuing Education, Kursk State Medical University (Kursk,
Russian Federation). https://orcid.org/0000-0003-4460-1353

Artyom A. Denisov, Assistant Professor at the Department
of Operative Surgery and Topographic Anatomy, Kursk State Medi-
cal University (Kursk, Russian Federation). https://orcid.org/0000-
0001-5034-8580

Tatyana N. Kudryavtseva, Cand. Sci. (Chem.), Associate Pro-
fessor, Senior Researcher, Research Laboratory of Organic Syn-
thesis, Kursk State University (Kursk, Russian Federation). https://
orcid.org/0000-0003-1009-3004

Alexander V. Sychev, Junior Researcher, Research Center
for Condensed Matter Physics, Kursk State University (Kursk,
Russian Federation). https://orcid.org/0000-0002-6116-6915

Tatyana K. Kulabukhova, 6th Year Student, Faculty of Medi-
cine, Kursk State Medical University (Kursk, Russian Federation).
https://orcid.org/0009-0003-8629-7334

Conflict of interest: none declared.

77



VIHHOBaLmOHHas MegmnumHa KybaHu. 2025;10(2):78-86 / Innovative Medicine of Kuban. 2025;10(2):78-86

https://doi.org/10.35401/2541-9897-2025-10-2-78-86

Qoo

78

'.) Check for updates

CoBpemeHHble TeXHONOruu B IeYeHN 6poHXMaNbHbIX CBULLEN

©N.C. lNonakoe™? U.B. l'uneeuy’?, B.P. YepHoeaHoea'?, A.J1. KoeaneHko',
B.A. lNopxaHoe'?, B.4. Mapwun®*

"HayuHo-nccnefnoBaTenbCckmin MHCTUTYT — KpaeBad KnvHuyeckaa 6onbHuua N2 1 um. npod. C.B. Ouanosckoro, KpacHopap,
Poccua

2Ky6aHCKuiA rocyaapCTBEHHbIN MeAULIMHCKUI yHUBepcuTeT, KpacHoaap, Poccua

3HaunoHanbHbI MeaVLMHCKNIA NCCNefoBaTeNIbCKMI LEHTP GTU3MOMYIbMOHONIOMMUN U MHPEKLMOHHbIX 3aboneBaHuin, Mocksa,
Poccusa

4Poccuiickas MeanUMHCKas akageMmsa HenpepbiBHOTO NpodeccroHanbHoro obpasosaHusa, Mocksa, Poccusa

* .B. TuneBuuy, HayuHo-nccnegoBatenbCckuii MHCTUTYT — KpaeBasa KnnHnyeckas 6onbHmua N2 1 um. npod. C.B. Ouanosckoro,
350086, KpacHogap, yn. 1 Mas, 167, giliv@list.ru

Mocmynuna 8 pedakyuto 2 mapma 2025 2. VicnpasneHa 26 mapma 2025 2. [IpuHama Kk nedamu 27 anpena 2025 e.

Peszrome

AxTyansHocTh: bponxuanbuele ceuim (BC) SBIAIOTCS ONACHBIM OCIOKHEHHEM TOPAKaJIbHBIX ONEPAIMii ¢ BBICOKUM YPOBHEM JIe-
TanpHOCTH. [lnTesibHOe KoHcepBaTuBHOe jieueHne bC He umeeT BbICOKO 3(h(hEeKTUBHOCTH, @ XUPYPTrUUECKHE BMEIIATEIbCTBA MOTYT
IIPUBECTHU K IIOBTOPHBIM OCIOXKHEHUAM. KileTounas Tepanus, npu3HaHHAs 0€30IacHBIM U 3()(HEKTHBHBIM METOLOM CTUMYJISIIMH IPO-
LIECCOB PEreHePalUy, IPUMEHSETCS BO MHOTHX 00NACcTsIX MEAULIUHEL, HO B TOPAKAIbHONW XUPYPIUH OIBIT €€ IPUMEHEHHS OTPAHHYCH.
Heanb uccnenoanmsi: OueHnTs 3QGEKTUBHOCTD KJIETOYHOTO Mpernapara, COAEPIKaIlero ayToJIOrHuHbIH JIN3aT TPOMOOIIMTOB U aJlIo-
reHHble GUOpoOIacTsl, 11 yinyuiieHus 3axusieHus bC 1 noka3arh 6€301MacHOCTb €ro UCIIOIb30BaHUS.

MarepuaJjibl M MeTobI: B ncciaenoBanue 0bu1 BKitoueH 91 6ombHOM 13 Topakansabix otaenernit HUM — KKB Ne 1, nanmenTs! Ob11m
pasliesieHbl Ha 2 TPYIIIbL: cTaHgapTHas Teparnust (34 nanueHTa) u KieTo4Has repanus (57 nanueHToB).

Pe3syabraTbi: B rpynne ¢ npuMeHeHHEM KJICTOYHOM Teparvy 3a)KUBJICHHE OpPOHXMAIBHBIX CBHIIEH OTMeueHO y 93% mnauumeHToB
(Ge3 eTalIbHBIX UCXO/0B), B KOHTPOJILHOM TPYIIIE 32)KUBJICHUE CBHUIIEH HACTYIHJIIO TOJIBKO Y MOJIOBHHBI TAIIUCHTOB, U3 HUX — Yy 59%
I10cJIe MOBTOPHOM OIepalyy, a o01as JIeTalbHOCTh cocTaBmia 35,3%. Ha npoTspkeHnu Bcero neprojia HaOIroaeH|s: OTMEYaioch OT-
CYTCTBHUE IIPOrPECCUPOBAHMS OHKOJIOTHUECKOTO rpouecca y 47,4% nanueHToB 0CHOBHOM rpymiisl 1 20,6% — KOHTPOJIBHOM, 4TO MO~
TBEpIKIaeT 0€30MaCHOCTh U OTCYTCTBUE OHKOTGHHOCTH KJICTOUHOTO IIperapara.

BoiBoabl: OnricaHHbIe Pe3y/IbTaThl CBUAETEIBCTBYIOT 00 3()()eKTUBHOCTH KJIETOYHOIO IIperapara B pereHepanuy TKaHel 1o cpaB-
HEHHUIO C KOHTPOJbHOW rpynmoii. ITomydeHHble taHHbIe 0 6e30macHOCTH M 3(PGEKTUBHOCTU MOI'YT CTaTh OCHOBOHM Ul OymylIux
MacHITaOHBIX UCCIIEIOBAHUH C IIETIBIO YIIyUIICHUS KIMHUUECKUX PE3Y/IbTaTOB JICUCHUS.

Kniouegvie cnosa: GpOHXHAIIBHBIN CBHIL, KJIETOYHAS TEPaINus, aJNIOreHHbIe (GUOPOOIACThL, IM3aT TPOMOOLUTOB

Humuposamu: [lonsxos U.C., ['mnesuu U.B., Uepnosanosa B.P., Kosanenko A.JIL., [Topxanos B.A., [Tapmmn B./]. CoBpemeHHbIE TEX-
HOJIOTHH B JIeUEHUH OPOHXUANBHBIX CBUICU. Munosayuonnas meouyuna Kyoanu. 2025;10(2):78-86. https://doi.org/10.35401/2541-
9897-2025-10-2-78-86

Modern Treatments of Bronchial Fistulas
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Abstract

Background: Bronchial fistulas (BF) are a dangerous complication of thoracic surgery accompanied with a high mortality rate. Long-
term conservative treatment of BF is ineffective, and surgery can lead to repeated complications. Although cell therapy is considered
a safe and effective method for stimulating regeneration and has found its use in many fields of medicine, its application in thoracic
surgery is limited.
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Objective: To evaluate effectiveness of a cell product (autologous platelet lysate+allogeneic fibroblasts) in enhancing BF healing
and to prove its safety.

Materials and methods: Our study included 91 patients from thoracic units of the Scientific Research Institute — Ochapovsky Re-
gional Clinical Hospital No. 1 (Krasnodar, Russian Federation) who were divided into 2 groupes: standard therapy (34 patients) and
cell therapy (57 patients).

Results: In the group receiving cell therapy, BFs healed in 93% of the patients, with no death cases. In the control group, BFs healed
only in 50% of the patients (59% of them, after reoperation), and the overall mortality was 35.3%. During the follow-up, no cancer
progression was observed in 47.4% of the main group patients and 20.6% of the controls, proving safety of the cell product and ab-
sence of an oncogenic effect.

Conclusions: Our findings indicate that the cell product is effective in tissue regeneration compared with the standard therapy.
The data on its safety and effectiveness can lay the foundation for future large-scale studies to improve clinical treatment outcomes.
Keywords: bronchial fistula, cell therapy, allogeneic fibroblasts, platelet lysate

Cite this article as: Polyakov IS, Gilevich IV, Chernovanova VR, Kovalenko AL, Porhanov VA, Parshin VD. Modern treatments

of bronchial fistulas. Innovative Medicine of Kuban. 2025;10(2):78-86. https://doi.org/10.35401/2541-9897-2025-10-2-78-86

BBepeHune

Bpouxuaneueie cBumy (bC) ABASIOTCS TPO3HBIM OC-
JIO’)KHEHUEM TOCJIE OTKPBITHIX TOPAKAJIBHBIX OMEPAIIHiA,
B YaCTHOCTHU, ITHEBMOHAKTOMHH, C BBICOKHM ypPOBHEM
netansHOoCcTH [1]. Cpenu ¢axropoB, mpenpacronara-
omux K pasButuio bC, BBEIACNAIOT OlepaTHBHBIC, Ta-
KHe KaK METOJ| YIIUBAHUS KyIbTH OpoHXa, Upe3MepHas
TUCCEKIHS JINMM(ATHISCKUX Y3JI0B, HAIMYUE OCTATOY-
HOW ONyXOJH B KyJbTe OpoOHXa, JJIMHA KYJIbTH OpOHXa
¥ TTHEBMOHIKTOMUS;, U HEOIEpaTHBHBIC — BO3PACT, Ha-
IUYRe aTUMEHTapHON HETOCTaTOYHOCTH, TUII0ANb0yMHU-
HEMHH, TPOBEACHHAS HEOATbIOBAaHTHAS XUMHUOTEPAITHs
(XT), nyueBas tepanusi (JIT) wnu To u apyroe, a Tak-
e COITyTCTBYIOIIME 3a00JeBaHMSA: CaxapHBIH Inaber,
XpoHHYeCcKas 00CTpyKTUBHAs 00j1e3Hb Jierkux (XOBJI);
JUTATENIbHAS WCKYCCTBCHHAS BEHTWISALUS JIETKHUX, TY-
Oepkyie3 B aHaMHe3e, IMpelolepaloHHbIe pecrupa-
topuble uHMeknuu [1-3]. HecMoTps Ha TO 9TO Ha Cce-
TOAHSIIHUN ICHb YAAN0Ch CHU3UTH KOJTUYECTBO CIIy4YacB
HECOCTOSTEIBHOCTH KYIBTH OpoHXa ¢ 28 mo 3—4% (mo
JIAHHBIM HaIero 1eatpa — 2,4%), mocineacTBUs TaHHOTO
OCJIO)KHCHIHSI MOTYT OBITh CEPbE3HBIMHU — PA3BUTHE M-
MUEMBbI IIJIEBPBI, TpeOyoliel MOBTOPHOTO XUpPyprude-
CKOTO BMEIIATENbCTBA, WU ITHEBMOHUS CIMHCTBEHHO-
ro jgerkoro [4]. JletaJbHOCTb BapbUPYETCS B IMIMPOKOM
nuanaszone — ot 12,5 mo 71,2% [4].

OCHOBHBIMH MaTOI€HETUYECKMMU MEXaHW3MaMH pas-
BuTHs bC SABISAIOTCS HapyIIeHHe MECTHOTO KPOBOCHAOMXKe-
HUSl U MIIEMHYCCKUA HEKPO3 OpOHXHMATBHON CTeHKH. M3-
BECTHBIC HAa CETOAHSIIHUN JEHb METOIBI XUPYPTHIECKOTO
neyeHnss bC MMEIOT BBICOKHE PUCKH OCIIOXKHEHUH U HU3-
Ky10 3 PEeKTUBHOCTH [4], a MaJJOMHBA3UBHBIC YHIOCKOIIH-
YeCKre TEXHUKHU BBEJICHUS B IEEKT KyIbTH (puOpHHOBOTO
KJISI, OKKJTFOZICPOB, 3aMTYIICK U IPYTUX BEIIECTB MOAXOISAT
JUIs maiueHToB ¢ pazMepamu bC menee 5 MM [5]. B ciyya-
SIX CYIIECTBOBAaHUS OOJiee KPYIMHBIX CBUIICH BEPOSITHOCTH
HX 3aKPBITHS OCTAETCsl HU3KOM [6].

B mocnennue roael oco0oe BHUMAHHE YACTSCTCS
KJICTOYHOHM Tepanuu, HANpPaBICHHOW Ha CTUMYJISITUIO
MIPOIIECCOB pereHepannuy TKaHeH, BKIII0Uas HEOaHTHOTe-
HE3, YTO MOXKET CTaTh IEPCICKTHBHBIM HaIpaBICHUEM
B neuennu bC [4].

MaTtepuanbi n meTopbl

Knunuueckue oannvie

OrpaHudeHHOE KIMHUYECKOE OIHOIICHTPOBOE HCCIe-
JIOBaHHE C IIEMEHTaMH MPOCIEKTHBHOTO OITUCATEIIEHOTO
aHanu3a OBUIO BBIIOJHEHO B COOTBETCTBUHU C IPOTOKO-
JIOM, OJOOpPEHHBIM JIOKAIBbHBIM J3THYECKHM KOMHTETOM
(mportoxkon 3aceqanus Nell3 ot 28.03.2019 1) u npuns-
THIMH HOPMAaTHUBHBIMU TOoKyMeHTamu Poccuiickoit Deme-
parum.

B nccnenosanue Ol BKITIOUeH 91 manueHT Topakaib-
Hbix otnenenuit HUM — KKB Ne 1. BonbHbie Obutn pac-
TIpEIeIICHEI Ha 2 TPYIIBL: OCHOBHAS TPYIIA — MAIlUECHTHI
¢ BC, mposnedeHHble ¢ MOMOIIBIO KICTOYHOW Teparvu,
KOHTpOJIbHAs rpynna — nauueHTsl ¢ bC, nposedeHHble
110 CTaH/IAPTHOM TEpamuu.

Kpurepuu BxitoueHust B rpymnmy s jgedeHust bC:
Bo3pacT 18—80 jet; myxkckoi u xxeHckuit on; bC mro-
0011 TaBHOCTH, JIIOOOTO pa3Mepa, BKIIFoUas MOTHYIO He-
COCTOSITEIILHOCTh KYJIBTH OpPOHXA; MAIlEeHTHI, TIPOIIIE]I-
mue ctannaptayio Tepanuu bC 6e3 a¢dexra; OombpHBIC
C HECOCTOSATEIbHOCTBIO TPAXCOOPOHXHANBHBIX aHACTO-
MO30B, OpOHX0-OpOHXUAEHBIX aHACTOMO30B; HATNINE
0(pOpMIICHHOTO MH()OPMHPOBAHHOTO COIJIACHUS; OTCYT-
CTBHE JMArHOCTHPOBAHHOIO TICHXHYECKOTO 3a0oie-
BaHMUSI.

Kputepun HEBKITIOUEHUS: 3MOPOBBIC BOJIOHTEPHI, Ma-
LIUEHTHI C MHUILEBOJHBIMHU, TPAXCOMUILIEBOAHBIMU CBUIIIA-
MU; TIAIIUCHTHI C aKTUBHBIM HH(EKITMOHHBIM ITPOIIECCOM,
BBI3BAHHBIM FeMOTPAaHCMUCCHBHOM MH(EKINEHt; HaTn4ne
37I0Ka4€CTBEHHOTO 3a00JI€BaHMsI KPOBH; IPOTPECCUPOBA-
HUE OHKOJIOTUYECKOIo Mpoliecca; MHAWBUIyaJIbHAsl He-
MIEPEHOCUMOCTh KOMITOHCHTOB Mperapara; TEePMUHAIb-
HBIE COCTOSIHUS MAIlMEHTOB; OEpEeMEHHOCTh, KOPMJICHHE
TpyAbIO; MAIUCHTHI, TIOANKCABIINE OTKA3 OT MPOBEACHUS
MaHUTTYJISIINN.

Ilpuzomognenue KOMROHEHMOG K/1€MOUHO20 NPEna-
pama

Knerounslii nmpenapar cocTtosn U3 2-X KOMIOHEHTOB:
AyTOJIOTMYHOTO JIM3aTa TPOMOOIIMTOB M aJUIOTEHHBIX (hU-
OpobmactoB. Bce paboThl MO MOMYyYEHUIO KOMIIOHEHTOB
KJIETOYHOTO TperapaTta ObUIM BBHIITOJHEHHI B Jlaboparo-
pUU Ha TEPPUTOPHUU KOMIUIEKCA YUCTHIX TOMEIICHUN.
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Ilpuzomosnenue aymonozuunozo auzama mpomoo-
uumos

B nenp BeisiBiieHHss BC mociie MPUHATHS PEIICHUS
0 BKJIIOUEHUM TallMEHTa B IPOTOKON HCCIICAOBAHUS
MPOM3BOAMIH 3200p mepudeprudecKkoil KpoBU A MPH-
TOTOBJICHHS ayTOJOTHYHOTO JH3ara TpoMOouToB. [1ep-
BBIM 3Tal COCTOSUT M3 MOJYyYEHUs] ayTOJOTHYHOU TIjIa3-
MBI, oboramenHon TpomOormramu (OOTII). Jlns aToro
MpOOHUPKY C KPOBBIO IIEHTPUDYTHPOBaAIN 2 pa3a B pas-
HbIX pexumax: 15 mun — 2000 06/MuH, 3atrem 10 MUH —
3500 o6/muH. Ilocne mocienHero neHTpU(YTrupoOBaHUSL
n3 OOTII orOupany aqmUKBOTHI IJIS UCCIICIOBAHUMN: 00-
HICKIMHUYECKUI aHadu3 KPOBU M MHUKPOOMOJIOTHYE-
CKyI0 KOHTaMHHanuio. [0ToByr0 mpoOMpKy MOMeIIanu
B MOPO3UJIbHYIO KaMepy npu Temmneparype 80 °C, mocie
OOGTII pasmopaxkupanu nipu t 37 °C a1t HoTydeHUs Jn-
3aTra TPOMOOIHTOB (2- 3TaIT), AIMKBOTHPOBAIIH 10 2 MIT
u xpanwiu npu t —20 °C. B neHb MaHUNYJISIIUN aTUKBO-
Ty ObICTpO pa3mopaxkuBanu npu t 37 °C, ynakoBbsIBaIu
B CTEPUIIBHYIO yIIaKOBKY.

IIpuzomosnenue aniozeHHbIX 0EPMATLHBIX PUOPO-
onacmogs

B mabopatopuu B 1eHs BBEAEHUS Ipernapara TOTOBHU-
JIM B3BECh NOJYYEHHBIX M3 OMOOAaHKa aJUIOT€HHBIX (H-
O6po0nacToB, K KOTOPBIM IMPHJIATAJCS MACHOPT KYJIBTYPHI.
Jonopckue amropudpoOIacTsl MOMYYaId C TTOMOIIBIO
MeTo/la KYJIBTHBHPOBaHHS W XpaHWIM B KpPUOBHAJaX
B konmuecTBe 2% 10%m mpu Temmeparype —176 °C B yc-
JoBUsIX KpuoxpaHwinnia. Ilepen npuMenenuem 3 kpu-
OoBHAJIBI pazMopakuBaiy npu t 37° C B BomsHOU OaHe.
PasMoposkeHHYIO B3BECh OTMBIBAIIM OT KPHUOIIPOTEKTOPA,
pecycrieaaupoBand B 0,9%-m ¢dusmonorngeckoM pac-
tBope NaCl. 'otoByto B3Bech (puOPoOIACTOB 0OBEMOM
2 MII B IPOOUPKE YIAKOBBIBAIN B CTEPUIHHYIO YIAKOBKY
M BMeCTe C TIepBBIM KOMIIOHEHTOM TeperaBai IS McC-
TMOJIH30BaHMS B OT/IEJICHUE.

Beeoenue knemounozo npenapama npu OpoHxXua1b-
HOM ceuuye

KieTtounslii mpemapar HCIIONIb30Balid Ui BBeJle-
HUS BO BpeMsi (UOPOOPOHXOCKONUU MOCHE MOATOTOB-
KM manuenTta. Yepe3 kaHaim OpOHXOCKOMA C MOMOIIBIO
OpOHXOCKOITMYECKOTO HWHBEKTOpPa B MOJCIHU3UCTHIN
CJIOW BBOJIWIM KOMIIOHEHTBI, IPEIABAPUTEIILHO CMe-
[IaHHBIC B IIIPHIIEC, KOTOPBIA TMOMCOSAUHSIIN K WHB-
extopy [5]. [Iponenypy BBeneHUs BBITOJIHSIN MaKCH-
MallbHO ISATUKpATHO Ha 1-i, 3-#, 5-#, 7-i, 9-i1 neHs ne-
YCHUS.

Cmamucmuyeckuii anaau3z

Jiia cratuctuueckoil 00padOTKH AAHHBIX HCIIONB30-
BaJIM KaK TapaMeTpUYecKue, TaK W HelapaMeTpHIecKre
KPUTEPHUH W OCYIIECTBISUIM C HCIOJIB30BAaHHEM TIPO-
rpammHoro obecrieuenus GraphPad Prism (GraphPad
Software Inc., CIIA). 3nauennss 10CTOBEpHOCTH pa3iH-
YHs BEIPAKAINCH B BHIE «p», Te p<0,05 cuuranock cra-
TUCTUYECKH JIOCTOBEPHBIM.
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Pesynbratbl

Bcero B wmcciemoBanne ObUT BKIIOUEH 91 demoBek
¢ nuarHoctupoBaHHbM BC, u3 HUX 57 marnueHTam BbI-
MIOJTHEH KyPC SHAOCKOMUYECKOTO BBEACHUS KIETOUYHOTO
mpemnapara (OCHOBHas rpymmna). B rpymmy koHTposs 6110
BKJIIOYEHO 34 yenoBeka. OCHOBHBIE XapaKTEPUCTUKH Ma-
IUCHTOB TIPENICTaBlIeHbl B Tabnuie. B obenx rpymmax
OCHOBHYIO YaCTh COCTABJISUTU MALIMEHTHI MYKCKOTO 1071,
CPEIHMIA BO3PACT IS KXKIOH TPYIITEI OBLT TaK)KEe COTIO-
CTaBHM, Pa3lIM4Mi MEXIy rpymrnamu He Obuto, p>0,05.
50% y4acTHUKOB OMBITHOMH (47%; n=27) 1 KOHTPOIBbHOMI
(44,1%; n=15) Tpynm HaXOAWINCH B BO3PACTHOW KaTero-
puu ot 61 o 70 yer (Tadm.).

N3 57 yenoBek OCHOBHOW Tpynmbl 46 TallMeHTOB
(81%) mmenu comyTCTBYyIOIKE 3a00IE€BaHUs, MIPH ITOM
B Tpymme KoHTposs 23 marenta (68%) Takxe MMenu
koMopOuaHbIA QoH (Tadn.). Hambonee wacto BcTpeda-
Jlach TaTojorusi cepiaeyHo-cocyauctoi cuctemsl (MBC,
OHMK, T3JJIA), 3aboneBanus mepupepuIecKux COCy-
noB — 52,6% (30 denoBek) B ocHOBHOH rpymme u 47%
(16 genoBek) B KOHTPOJIBHOH. B moonepanronHom nepu-
0JIc B OCHOBHOM TpyTIIie y OJHOTO MAaIleHTa OBbLI IPOBe-
JIeH KypC XUMHOTEPAITHH, €I Y OTHOTO — PaANOTEPAIHH,
y 3-X manuMeHToB HaOIlfoNanoch KpoBoXapkaHse. B KoH-
TPOJIBLHOMU TPYIIIE XUMUOTEPAIUs IPOBOIWIACH Y OJHOTO
MAIUECHTA, CIIIe Y OTHOTO MarueHTa ObLI0 KPOBOXapKaHbE.

OcCHOBHBIM 3a00J€BaHUEM, TI0 TTOBOTY KOTOPOH BEI-
MOJTHEHO TIEPBUYHOE OINEpaTHBHOE BMEIIATEIhCTBO, OB
pak Jerkoro: B OCHOBHOH rpymme — 52 ciuydas (91%),
B Tpynmne KoHTpois — 32 cmywas (94%). Ilpu stom
B IpyMIIE€ ¢ IPUMEHEHUEM KJIETOUHOH Tepanuel 16 uerno-
Bek (30,8%) umenu omyxons T2, 23 yenoeka (44,2%) —
omyxonb T3, u T4 — 9 uenosek (17,3%); B KOHTPOIBbHOI
rpymme — omyxonb T2 (52,9%, n=18). Ilpu orenke peru-
OHAJILHBIX JIMM(DATHUCCKHX y3II0B y 23 uenoBek (44,2%)
13 OCHOBHOM rpymmbl U y 21 uvenoseka (61,8%) koH-
TPONBHOW IpynIbl He ObIIO BBIIBIEHO MeTacTa3oB (NO).
Tax:xe He OBUTO BBISBICHO OTIATCHHBIX MeTacTa3oB (MO)
y 51 yuactHuka (98%) ocHoBHO# rpymmbl 1y 30 genoBex
(88,2%) u3 rpynmsl kouTpons. Ilpu ananuse oCHOBHOI
TpyTITEl OBUTO BBISBIICHO, UTO OOJBINAs YacTh MAIUEHTOB
umenu craguro 11 — 18 6ompabIX (31,6%) U cragmro 111 —
24 genoseka (42%), B TO BpeMsl KaKk B TPYIIIEe KOHTPOJIS
OBUTM TUATHOCTUPOBAHBI HaYalIbHbIe cTaauu paka (I cra-
st — 31%, n=10; Il cramus — 34%, n=11). 6 denoBek
(19%) nmenn craamto 111, a IV cranus 3apeructpupona-
Ha y 5 uenoBek (16%). Tem He MeHee, B LIEJIOM TPYIIIbI
OKa3aJIUCh COTMOCTABUMBI 10 CTAIUSIM OHKOJIOTUYECCKOTO
mporecca. [Ipu mMopdomorndeckoil Bepudukanmuu ory-
X0 B OOJNBIIMHCTBE CiIydaeB Kak B OCHOBHOH (61%,
n=35), TaKk ¥ B KOHTPOIbHOH (63%, n=20) rpynmax Obu1
JUArHOCTHPOBAH TUIOCKOKIICTOYHEIHN pak, p>0,05 (Tabm.).

OmnepaTHBHBIC BMENIATEIHCTBA BBITOJHEHBI B OCHOB-
HOM rpymnme y 29 uenoBek (51%) ¢ mpaBoil CTOPOHBI,
y 28 (49%) — ¢ neBoil. AHAJIOTUYHO B IPYIINE KOHTPOJISL
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Tabnuua
CpaBHHUTeIbHASI XapaKTePUCTHKA 00eHX IPYII
Table
Comparative analysis of both groups
Moxasarean KOJII/I'-[BCTIEO YyeJi0BeK Ko.unqecTnovqeﬂonelc p
B OCHOBHOIi rpynie, n B KOHTPOJILHOM rpynme, n
Bospact 61,2+8,6 61,9+11 >(,05
ITon
MY>KYHHBI 51 33 >0,05
JKCHIIIMHBI 6 1 >(,05
KomopOuaslit on
Ha 46 (80,7%) 23 (67,6%) >0,05
Her 11 (19,3%) 11 (32,4%)
OcHoBHOE 3a0011€BaHNe
OHKoJorHst 52 (91%) 32 (94%) >0,05
Ty0Gepkyie3s 2 (3,5%) 1(2,9%)
IIpoune 3 (5,5%) 1(2,9%)
Craausi OHKOJIOIMYECKOT0 3a00JIeBaHuUs 52 gen. = 100% 32 gen. = 100%
I 9 (17,3%) 10 (31%)
11 18 (34,6%) 11 (34%) >0,05
I 24 (46,2%) 6 (19%)
v 1 (1,9%) 5 (16%)
Mopdonoruueckuii 1uar{os 52 yen. = 100% 32 gen. = 100%
TJIOCKOKJIETOYHBIN 35 (67%) 20 (62,5%)
aJICHOKapIMHOMA 14 (27%) 10 (31,25%) ~0.05
Jpyrue 3 (5,8%) 2 (6,25%)
OrnepupoBaHHasi CTOPOHA
[paBas 29 (51%) 18 (53%) >0,05
JleBas 28 (49%) 16 (47%)
XUpyprudeckoe BMEIaTeIbCTBO
ITHeBMOHIKTOMUS 40 (70%) 14 (41%) <0,05
JloOaxTOoMuS 17 (30%) 20 (59%)
OCOOEHHOCTH B MOCIICOTIEPAIITIOHHOM IIEPUOJIC 48 =100% 20 =100%
OcraTodHas TuIeBpaIbHast MOJIOCTh 6 (12%) 2 (10%)
[NepBuunas smnuema ¢ nocnenyomum bC 9 (19%) 1 (5%)
ITneBMOHMS 6 (13%) 6 (30%)
JIuxopaaka 4 (8%) - 0,05
I'emotopaxc - 2 (10%)
ITHeBMOTOpaKC 6 (13%) -
Wmemus Kynstu 13 (27%) 2 (10%)
Harnoenue /0 paHsl 3 (6%) 6 (30%)
Jpyroe 1 (2%) 1 (5%)

Ipum.: BC — GpoHXHaTBHBIN CBHUII, TI/0 — MOCICONEPAITHOHHBIN

Note: BC, bronchial fistula; /o, postoperative
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OnepupoBaHHasA CTOPOHA rPYAHOI KNeTKH

29 28
I i I 16

npaBasn NleBas

KonnuectBo uenosek

M onbiT M KOHTDOMb

Pucynox 1. Jluazpamma pacnpedenenus nayuenmos no pyn-
nAM, 8 3aBUCUMOCIU 0N ONEPUPYEMOTL CMOPOHbL

Figure 1. Distribution of patients, depending on the operated
side

y 18 wenoek (53%) — cnipaBa, y 16 genoBex (47%) — cie-
Ba, p>0,05 (puc. 1).

B ocHOBHOII TrpyIine MTHEBMOHAKTOMUS C JIUMQOIKC-
ceknuell OpuTa BBIOMHEHA Yy 29 uenosek (51%), B KOH-
TPONBHOW TPYIIE CaMBIMH pPAacHpPOCTPAHEHHBIMH OIIe-
parusiMi ObUTH ITHEBMOHAKTOMUS C JTHUMQOAUCCEKIIHEH
(41%, n=14) n BepxHsis JTOOIKTOMHS C TUM(OTUCCEKIIN-
eit (59%, n=20), p<0,05. /Insa ymmBaHus Kyt OpOHXa
B OCHOBHOH T'pyIIIe Yalle BCEro MCIOJb30BAIUCH allia-
parubie Bk (71%), a uMeHHO d1enoH (22%) u yumBa-
Hue o6ponxa (31%). OTaenpHBIE MIBBI Ha KYJIBTIO OpOHXa
ObUTH WCTIONB30BaHEl B 12 cimydasx (22%), coderaHue
0OBHBHOTO IIBa HA MEMOPAaHO3HYIO YacTh U OTIEIEHOTO
IIBa HAa XPSIIEBYI TKaHb ObUIM MPUMEHEHBI B 4-X CITy-
yasix (7%). YkpenseHnue KyabTH OpoHXa OBIIO HCIIOJb-
30BaHO B 12 cimywasx (22%), B Ka4ecCTBE YKpPEIUIIIOIIE-
TO MaTepuasia IPUMEHSIIH: JIOCKYT IUIEBPHI, IepUKapaa,
nmuadparmsl Wi MexpebdepHoil Mpimsl. Hanbonee ga-
CTO OBLT UCIIONB30BaH JIOCKYT MEepHKap/aa — B 9 ciydasx

= lo3-x qyr.
W47 .
w814 qr.
m15-30 gy,

M bonee 1 mec.

(16%). B rpynre koHTpos 4Yalie BCEro MCIOIb30BaJICST
anmaparseiii mwoB (71%), B wactHOCTH, 3mIenoH (42%).
OtnenpHBIE MBI HA KYJIBTIO OpOHXa OBUIM MCIIOIB30Ba-
HEI B 6 cirydasx (19,3%).

B ocHOBHOI TpyImIe B paHHEM IMOCIEONEPAUOHHOM
niepuoze y 84% (48 GONbHBIX) OBUTH BBISBIEHBI OCIIOXK-
HEHUSl, CPEIU KOTOPBIX MIIEMUS KyJabTH — B 27% ciyda-
eB (n=13) u nepBuyHas smMnuemMa c¢ nocienyomum bC —
B 19% ciyuaeB (n=9). IIpu 3TOM B KOHTPOJBHOH IpyI-
e TTOCIICOTIePAIIIOHHBIE OCIIOKHEHUS! OBITH BBISBICHBI
y 58,8% OonbHBIX (20 GONBHBIX), CPEIU KOTOPBIX ITHEB-
MoHus BeTpedanach B 30% ciaydaeB (n=6) M HarHOEHHE
rocJeonepanuonHoi paasl — B 30% (n=06) (Tadu.).

B ocnoBHoli Tpynme B 35% (n=20) natmronenuit 6C
ObUT TMarHOCTUPOBaH Ha 8§—14-e cyT. mocie omepanuy,
B 32% (n=18) cirygassx BC ObL1 BBIsSIBIIEH uepe3 4—7 CYT.
(puc. 2A), a B KOHTpONBHOI rpymme B 41% (n=14) Hadro-
nenuit bC 6pu1 quarnoctuposan Ha 8—14-e cyT., B 23,5%
(n=8) — wepe3 15-30 cyT. (puc. 2b).

JuameTpsl nedeKkToB y MAIMEHTOB B OCHOBHOM
rpymne Obun cieaytomue: y 20 nanuentoB (35%) nua-
MeTp aedekra coctaBmi 2—5 MM, y 18 genosek (31,6%)
nmuametp cBuma 0bu1 5—10 MM, BC 6omee 10 MM ObuH
nuarHoctupoBanbl y 9 yenosek (17,3%). B 12 cayyasx
(23%) n3 52 ObLTN BBIIBICHBI MHOKECTBEHHBIC T€(DEKTEHI.
[IpaBbrif u J1eBBIi T1aBHBIE OPOHXHM OKa3alMCh Hanboee
4acThIM MecTOM oOpa3zoBaHusi cBuma — 29,8% (n=17)
n 42,1% (n=24) cooTBeTcTBeHHO. B rpymme KOHTpoOIs
OoutbIre, YeM y TIOJIOBHHBI TantuenTos (52,7%, n=19) aua-
MmeTp nedekra npesbiman 10 mm. [Ipassrit (29,4%, n=10)
u 1eBblil (23,6%, n=8) maBHbIE OPOHXU TaKKe ObUTH HaM-
Oosee yacTo JIOKaTU3aIeH.

JlpeHupoBaHue IUIEBPAJIbHOM IIOJOCTH, KaK METO[
SKCTPEHHOTO JICUCHHUS, MPOBOAUIOCH MAaIMEeHTaM o00e-
ux rpynn. 12 mamumentam (35,3%) u3 TpymImbl KOHTPOIS
OBUTIO TIPOBEIEHO IOBTOPHOE XUPYPIHYECKOe BMeIlla-
TeNbCTBO JUIst yerpanenus bC, u B OonbIIMHCTBE Cily4aeB

1 lo3-xqr.
W47 oy
m8-14qr.
m15-30 ¢yr.

M bonee 1 mec.

Pucynok 2. Kpyeoswvie duacpammor epemenu 8o3nukrosenus BC: A) ocnosnas epynna; b) konmponsnas epynna
Figure 2. Bronchial fistula onset: A, main group, b, control group
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(72,7%) omeparueii BeIOOpa cTano IOylajleHUE JIETKOTO
IO THITY THEBMOHA3KTOMHH.

B ocHOBHOI rpymire BceM OONBHBIM KIIETOYHAS Tepa-
1Sl IPOBOAMIACK ocie BolsiBienus bC B Teuenne 1-2-x
JIHEH, cpe/iHee KOJMYEeCTBO BBEJIEHUN cocTaBwio 3,8.
B »710i1 rpynmne Tonpko 0OAHOMY MALUEHTY JOTOJIHUTENb-
HO OBIJIO TIPOBEJCHO YIIMBaHHE Je(eKTa depe3 TOpakKo-
TOMHBIN JTOCTYII.

B ocnoBHolt rpynmne 3axusinenne bC Hactynuio y 53
genoBek (93%), uz xotopeix y 15 (28%) — Ha 4-7-¢ CyT.
OT Havajia KJIETOUHOM Tepanuy, y 8 yenosek (15%) — B Te-
YeHue 2-X Heelb, Yepe3 Mecsll OTCyTCTBOBAIN MPHU3HA-
ku bC eme y 8 yenosexk (15%), a 6onee, yem uepes 1 me-
cia — y 22 dgenosek (42%) (puc. 3A). Y ocraBmmxcs
4-x OONBHBIX KIIETOYHAS Teparus He BBI3BAJA JIOJKHOTO
s dekra. Bece manueHThl ¢ HE32)KHMBLIMM CBHUIIIOM Ha-
XOJMITUCH TIO/l HaOIIOZIEHNEM U UM OBUTO TIOKa3aHO JUTH-
TEJNBbHOE APEHAKEHOCHUTENBCTBO. M3 57 uenoBek He ObLIO
3aperucTPUPOBAHO HU OJHOTO CIIydas JIETAIbHOCTH.

B koHTponpHOW rpymie u3 34 ManUeHTOB Jedeo-
Has TakTuKa Obuta »ddekrtuBHa B 17 cayuasx (50%),
mpu 3ToM B 10 ciay4asx ObUIH BBITTOJTHEHBI ONlepaTHBHBIE
BMelIarenbcTBa s yerpanenus bC. YV 7 denoBek mo-
BTOpHasl oneparys ObUIa BBITIOIHEHA B TeUEHHE 3-X CYT.
rociie BBISBIGHMS, Yy 2-X 4eJoBeK — Ha 4-7-e cyrT.,
emie y onHoro — B nepuof ot 15 mo 30 mueit (puc. 3b).
B nanpneitmenm y atux OonpHBIX perunuBoB bC He Ha-
0JI10/1J10Ch, OIHAKO OBLIO 3a(DMKCUPOBAHO 2 JIETAIBHBIX
MCXOJa: y OTHOTO TalMeHTa BCIEACTBHUE IepeOpatbHOi
HEJOCTaTOYHOCTHU, BOSHUKIIEH MOCe UHCYNBTA, Y APY-
rOro MaIMeHTa AUATHOCTUPOBAHA NECTPYKTUBHAS ITHEB-
MOHHS, TIOBJIEKIIast 32 cOOOI Cercuc M MoJIMOPTaHHYI0
HEOCTAaTOYHOCTh. Y 2-X MAlMEHTOB TaKKe ObUIM BbI-
MTOJTHEHBI OMEPaTHBHBIE BMEMIATEIhCTBA MO THITY «IO-
yAaJIeHUs» JIETKOTO, OJIHAKO Y OIHOTO OOJIBHOTO B TIO-
CJICOTIEpPAIIMOHHOM TIeproe pa3Bmics HOBBIA BC ¢ mo-
CJIEIyIOLIUM JIETAJIbHBIM UCXOOM.

047 yr.*
m3-14qyr.*
m15-30 cyr.*

M bonee 1 mec.

Cpeny maryeHTOB KOHTPOJBHOW TPYHIIBI, KOTOPBIM
He NMPOBOAMIIACh TIOBTOpHAs omepanys (22 desoBeka), 3a-
PETUCTPUPOBAHO 9 JIeTANBHBIX UCXO/OB, & TaKkKe 7 CIIy-
YaeB CaMOCTOSATENFHOTO 3aKPhITHS CBHUIIA (B OJHOM CITy-
gae — Ha 4—7-¢ CcyT., B 3-x cirydasx — Ha 8—14-¢ cyT., emie
B O7lHOM ciydae — Ha 15-30-e cyT., y 2-X 4eNoBeK — CITy-
ctst 2-3 mecsma (puc. 3b). OcranpHble 6 YeTOBEK OBLTH
BBINKCAHbl C HE3KUBIIMMH CBUIIAMH Ha JUIMTEILHOM
JPEHaKEHOCUTEIIHCTBE.

B pesynsrare B rpymnme KoHTpons 3axusieHne bC
npousonuio y 17 uenosek (50%), cpean KOTOpbIX 7 ciy-
4aeB CaMOCTOSITENIbHOTO 3aKpbITHs cBuila u 10 cioydaes
BBH/Iy TIOBTOPHOH onepariuu. Y apyroi monoBussl (50%,
n=17) 3axuBneHus nedexra He IPOU30IILI0. 3apPEerHCTPH-
poBaHo 2 penmmuBa, 12 netambHBIX HUCX010B (35,3%),
Cpeau KOTOphIX 2 ciaydast 3akpouIBimxcst bC.

OtnaseHHbIe Pe3yNbTaThl C LENbI0 OLEHKH TEUEHHS
OCHOBHOTO 3a00JIeBaHMS MAalMEHTOB HaOmomanmi Oosee
6 Mec. (10 5 ner). B Teuenue 6 mec. moclie onepanun
MIPOTPECCHPOBAHNE OITyXOJIEBOTO MpoIecca B OCHOBHOM
rpymme orMedanoch y 3-x yenosek (5,3%) n 'y 3-x gerno-
BeK (8,8%) KoHTposIbHOM TpynIbl. Yepes 6 Mec. mporpec-
cupoBanue ormedeHo y 11 6ompuBIX (19,3%) ocHOBHOM
rpynnsl 1y 5 nanuentoB (14,7%) rpynisl KOHTPOJIS.
B ocuoBHoi1 Tpynme u3 57 6onbHBIX Y 27 (47,4%) ot-
CYTCTBOBAJIO IIPOTPECCUPOBAHNE B TEUCHNE BCErO CPOKa
HaAOIOZICHUs, ¥ B KOHTPOJILHOHM Tpyrie y 7 MalueHTOB
(20,6%) u3 34 yenoBEK MPOTPECCUPOBAHUE TAKKE HE TTOJI-
TBepAWiIoch. Jlanupix emie mo 16 manuenTam u3 o0emx
TpyII He OBUIO MONYYEHO, TaK KaK Ha KOHTPOJIbHBIE OC-
MOTpHI TTAITUCHTEI HE SIBUJIVICH.

O6cyxaeHune

BpoHxuanbHbIE CBUILM — OJTHO U3 HanboJee Cephe3HbIX
OCIIOKHEHUH ITOCIIE TOPAKATLHBIX OTIEPAIINil, BCTPEIAIOTCS
¢ vactoToit 1,5-20% [1, 2], mo JaHHBIM HAIIETO IIEHTpPA —
2,4% [4]. Cpennee Bpems nosisnenust bC nocne onepauun

= lo3 gr*
W47 gyr*
m8-14qr*
W 15-30 yr.*

M bonee 1 mec.

Pucynox 3. Bpems zaxcuenenusi 5C. A) ocnosnas epynna; B) konmponvhas epynna
Figure 3. Bronchial fistula healing time. A, main group, b, control group
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coctapisieT npumepHo 20 aueit [7]. Puck pazButus bC
Bo3pacraeT y nanueHToB ¢ XOBJI, y GONbHBIX C OHKOJIO-
TMYeCKIMH 3a00JI€BaHUAMH Ha HEO0AABIOBAHTHON XUMHO-
W paguoTepanvy, NpH HaJUMYUW ITHEBMOHHH, OCTaTo4-
HOM OIyXOJIM, CaxapHOM Jaualere W JPYTHX COCTOSHHUSIX.
TexHmueckne acreKkThl, TaKue KaK BHIOpaHHAs METOIMKA
YIIUBaHUSI OPOHXOB M YKPETUICHHS KYJIBTH, TAK)KE BIUSIOT
Ha BeposATHOCTh Bo3HMKHOBeHHUs1 BC [2—4]. CymecTByro-
I1e KOHCepBaTUBHBIE MeToabl JedeHust bC manopesyns-
TaTUBHBI W TIPOIODKUTENBHBI, XUPYyPTUUECKHE — PUCKO-
BaHHBI U COTPSIKCHBI C BBICOKOM JIETAILHOCTHIO (110 71%),
a ycrex MaJIOMHBAa3MBHBIX JHJOCKOMWYECKNX TEXHHK 3a-
BHCHT OT pa3Mmepa nedekra [5, 6].

Knerounas Tepamusi ¢ MprUMEHEHHEM ayTOJOTHYHBIX
KJIETOK, BKJIFOYasi ME3CHXHMAJbHbBIE CTBOJIOBBIC KIIETKH
koctHOro Mosra (MCK) m nmepmanbuble (puOpoOIacTsI,
JIEMOHCTPHUPYET TOTEHIMAN B YIYYIICHUH pereHepariuu
TkaHel. Ilo manueM mureparypsl, MCK, BBOAnMBIE J10-
KaJbHO B KYJBTIO OpPOHXa, MUTPUPYIOT K OpOHXHAIBHON
CTEHKE, CIIOCOOCTBYIOT 3Q)KUBIICHHIO, YMEHBIICHUIO
craek u Bocnanenus [8, 9]. KynsruupoBaunusie Gpuodpo-
07aCTBl CTUMYIHPYIOT PETEHEPAITUIO 33 CUET MPOIYKINU
MMMYHOJIOTHYECKH aKTUBHBIX (aktopoB [10]. TTomumo
aTOoro, B ucciuenoBanuu M. Vitacolonna u coast. (2017)
MOKa3aHO, YTO TPAHCIUIAHTHPOBaHHBIE (PHUOPOOIACTHI
JIOKaJbHO YYaCTBYIOT B 3Q)KMBJICHUH PaH OpPOHXHAIBHO-
rO aHaCTOMO03a, MUTPHUPYS U3 MAaTpPUKCa B TKaHb OpoHXa
u mpopomkas npoiudepuposarsd nokansHO [11]. C mpu-
meHennem OOTII Taxke HOKa3aHO MOJIOKUTEIHFHOE BIIH-
SSHAE Ha IMPOIECChl 3a)KHBICHUS, KOTJA MPOUCXOUT
YMEHBIIEHHE BOCHAJICHHS, YIydIIEHHEe pereHepanun
TKaHell U yckopenue snutenusanuu [12, 13]. B uccne-
nosanuu S.P. Rioseco m coaBr. (2015) Ha ocHOBe Kiu-
Hudgeckoro ciydas npumeHenns OO0TII g 3axxuBienus
Ne(eKTOB Tpaxen MpoJeMOHCTPHPOBaHa dPPEKTUBHOCTh
u O6e3omacHoCTh MeTona [14].

AHaNOTHYHBIE YCHENIHbIE pPEe3yJabTaThbl MOTy4eHBI
¢ ucnonp3oBaHneM MCK, Apyrux KIETOYHBIX KYJIBTYD,
OOTII u marpukca, 3acessHHOTO KieTkamu [6, 7, 15, 16,
19], omHako B pszie cirydaeB, 0COOEHHO, y MOXKHIIBIX Ta-
[IUEHTOB M TTAIIMEHTOB C TSHKEIIBIM KOMOPOHTHBIM (DOHOM,
MPUMEHEHUE ayTOJOTUYHBIX KJIETOK 3aTPYJIHEHO BBUJIY
MOTYYEHHUs] HEIOCTATOYHOTO KOJMYECTBA KIIETOYHOTO
Marepraia U pucka TpaHC(HOpPMAIH KIETOK MPHU OHKO-
gorun [5]. IlpuMmeHeHHE auIOreHHBIX (GHOPOOIACTOB
SBIISIETCS  aJIbTEPHATUBHBIM IIOJIXOZIOM, CIIOCOOCTBYIO-
MM 32)KHUBJICHUIO paH IyTeM MHTpAliy 1 Tnpoiudepa-
UM KJIETOK-XO035I€B, TEM CaMbIM YCKOPSIsl SIIUTEIN3AIUI0
u popMupoBanue rpanymanuii [17, 18].

B Hamewm nccnenoBaHNM y9acTHHKaM OCHOBHOH TPyTI-
mbl (57 4enoBeK) BBOAWIM KJIETOYHBIH IPOIYKT, COCTO-
SIMIA W3 B3BECH ayTOJIOTHMYHOIO JM3aTa TPOMOOIMTOB
Y aJUTOTEHHBIX IepMabHBIX (prdpodmactoB. KonTpomipo-
BaJIOCh cojiepkanue TpombonuToB B kpoBu U OOTII (He
menee 1,0x1079/m) u mpoBoxuics GaKTepHONOrHYECKUI
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KOHTpOJb. PHOPOOIACThl KyIBTHBUPOBAINCH B CTEPHIIb-
HBIX ycloBusX B cootBeTcTBUM ¢ 'OCToM u cTangapramMu
GMP. Jlnst orteHkn 0e30MaCHOCTH TOMYYEHHON KYIIBTYPBI
KJIETOK TPOBOAMIIOCH HCCIEIOBAHUE HAa CTEPUIBHOCTb,
KyJABTYpa MOP(OIOTHYECKA COOTBETCTBOBAIA JACpPMaib-
HBIM (pubpobmactam ¢ JKHU3HECIIOCOOHOCTBIO HE HIDKE
80%, WMMYHO(MEHOTHIT COOTBETCTBOBAT ME3CHXUMHO-
My TPOUCXOKICHHIO, ObLTa MCKIIIOUYCHa TyMOPOTCHHOCTh
Y MyTareHHOCTb JI0 Havaja MpUMEHEHUs. Tarxoke poBoIH-
JIMCh OOLIEKIIMHUYECKIE UCCIIEIOBaHMS ISl OIIEHKH 0e3-
OTIACHOCTH Ha OPTaHU3M IaIllUCHTA.

Hacrosmee umccimemoBanue BKIOYaao 91 demoBeka,
CpeI KOTOPBIX IPEBATUPOBAI MYKCKOM mon — 92,3%,
CpeIHHIA BO3pacT OOIBHBIX cocTaBmi 61,5+9,6 ner, a oc-
HOBHOU HO30s0THEH OBLT pak jerkoro (92,3%). Pacmpe-
JIeTIeHHe TI0 CTaIUsIM OHKOJIOTHYECKOTO Iporiecca OBLIO
HEOIHOPOHBIM, CBHII Pa3BHBAJCS Ha JFO0OW CTaJHH.
IIpu mopdonornueckoit BepuduKauu OMyXonn B 00Ib-
IIMHCTBE CITy4aeB ObUT TMArHOCTHPOBAH TUIOCKOKIETOY-
HblI pak (60,4%, n=55). [Tomumo 3TOT0, 76% MalUEHTOB
(69 dvenoBex) mMenu KOMOPOWIHBIM (POH, Yalie BCEro,
MIATOJIOTHIO CEPIIeYHO-COCYNMCTON cuctembl. Hanbomee
pacrpocTpaHeHHBIM BapHaHTOM OIlepaluy ObLIa TTHEB-
MOHIKTOMHA ¢ JuMpoauccekuuet — 46,2% ciydaes
(42 genoseka u3 91).

B nureparype onucano, yto bC pa3zpuBaetcs yarie
MocCJIe MPaBOCTOPOHHEH MTHEBMOHAIKTOMUH [3]. B Hamem
WCCIIEZIOBAaHNH OBUIH MTOTyYeHBI HHBIE TAaHHBIE, JIOKAJIH-
3aruio bC HabroqaM Kak ¢ MpaBoil, Tak | C JICBOU CTO-
poHbl. [Ins ymmBaHus KyabTH OpOHXa yalle BCETO HC-
MIOJIB30BAJICS anmaparHelil moB (67%, n=61). [lamuenTs
ObUIH pa3jiesieHbl Ha 2 TPYIIBl — OCHOBHYIO, C IIpHUMe-
HEHHEM KJICTOYHOM Tepanuu (57 4eIoBeK), U KOHTPOJIb-
Hyt0 (34 "enoBeka), cpefHee BpeMs BBISBICHHUS CBHINA
B KOTOpO# cocTaBuiio 19 nHe# nocie nepBUYHOMN onepa-
uuu. Pasmepsr BC BappupoBanu ot 1 10 10 MM u Gotee,
BKJIIOYAsI TIOJTHYIO HECOCTOSATENBHOCTh KyJIbTH OpOHXa.
Haubonee vactoit mokaau3anuell CBHUIA OBUTH MPABBIT
U JICBBIH IMIABHBIC OPOHXH.

ITo pesynbraTam HccleOBaHMS, B OCHOBHOH IpyI-
ne BC 3akpeuics y 93% mnanuentoB (53 dyenmoBeka),
y 28% (15 uenoBek) u3 KoTopbix Ha 4—7-¢ cyT., y 15%
(8 wenoBex) — uepes 2 memenn, y 49% (26 denosek) —
gepe3 12 mec. (puc. 4). B KOHTPOIBHOH TpyIIie CBHII
3akpbuics y 17 uenoBek (50%), U3 KOTOphIX y 7 camo-
crosTensHo Uy 10 Omaromapsi MOBTOPHOW OmHEparny.
B ocHoOBHOI Tpymie He OBUIO 3apETHCTPHUPOBAHO JIe-
TaJIbHBIX MCXO/OB B TEUEHHUE 3 MEC. MOCce NEePBUUHON
ofiepanui, B TO BpeMs Kak B KOHTPOJIbHOH — 12 ciyuaeB
nmetanbHOCTH (35,3%), cpeam KOTOpHIX 2 ciydas 3a-
kpbiBInxcs bC.

B o0eux rpymnmax mporpeccupoBaHHE OHKOJIOTHYE-
CKOTO TIpoliecca HaOoaioch B OCHOBHOM 4epe3 6 Mec.
u Oonee, 0e3 pa3nu4uil MEXIy I'PYNIIaMH H B COOTBET-
CTBUH C OOLICTIPUHATHIMU JAHHBIMH IO PaKy JETKOTO.
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TakuM 00pa3oM, MOJIYYCHHBIC IAHHBIC YKa3bIBAIOT
Ha 3(QQPEKTUBHOCTh KICTOYHON Teparnuu OpOHXHAIbHBIX
CBUILICH pa3HBIX Pa3MEpPOB U JIOKAJIHM3ALWHU, HEMaIOBaXK-
HBbIM ACIIEKTOM SBIIICTCS HM3ydeHHe 0e30IacHOCTH Tepa-
UM, KOTOpasi JIEMOHCTPUPYET OTCYTCTBUE YBEIUYCHUE
PHUCKa IPOTPECCUPOBAHUS OHKOJIOTHUECKOTO TPOIIecca.

OrpaHudeHUsIMU HCCICIOBAHUSA CTald (akThl OT-
CYTCTBUS TaHHBIX O 16 mamuenTax u3 00enx TPy, TaK
KaK Ha KOHTPOJBHBICE OCMOTpPHI OOJNBHEIC HE SIBIISUIHCH,
B CBSI3U C YEM BEIOBLIN U3 HAOIIONCHMU.
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Pe3ynbrarhl Halero ucciea0BaHusl CBUACTEIbCTBYIOT
0 MEPCIIEKTUBRAX UCIIOIB30BaHMSI KJIIETOYHBIX TEXHOIOTUI
JUTSL JIeYeHUs1 OpOHXOIICBPAIbHBIX CBUIeH. HecMorps
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THH, a TaKke Ha UX OTPAaHUYCHHOCTH, OOYCIOBICHHYIO
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Pesziome

Heaw ucciaenoBanus: [IpoBecTH CpaBHUTENBHYIO OLICHKY KIMHHKO-3KOHOMHYECKOH 3(p(heKTUBHOCTH Moienell peaOuITNTaIiH Malu-
€HTOB C HEeJIePKAHUEM MOYH MOCIIE PaJuKaIbHON IPOCTAaTIKTOMUHU.

MarepuaJsl 1 MeTOABI: Hamu aHa olieHKa NpsIMBIM pacxojiaM Ha peaOMIMTALUIO B paMKax CYILECTBYIOIIETO ITOAX0/a Y HallHeHTOB
C HeAEp)KaHUEM MOYH IOCI/Ie PAJUKAIBLHOM MPOCTATIKTOMUHU B SIpociaBckoil 001acTH, a Takke pa3paboTaHa KIMHHKO-IKOHOMH-
YyecKas MOJEJb CTPaTerud peabMINTaluK THX MAlMEHTOB IyTeM MMIUIAHTAllUM UCKYCCTBEHHOro c(uHKTepa yperpsl. IIpoBeneH
CPaBHUTEIBHBIN aHAN3 TPSIMBIX PACXOIOB MEKAY CTPATETUSIMH.

PesyabraTbl: Vcnons3oBaHue B KauecTBE CPEACTB peaOMIMTALMU a0COPOUPYIOIINX CPEICTB y MALUEHTOB C HEJCp)KaHUEM MOYU
Iocje paJuKaibHOH IPOCTaTIKTOMHUM TpedyeT cpenHero ¢guHaHcupoBaHus B pazmepe 293,3 Thic. pyOneil exeroqHo Ha nanueH-
Ta, MpU3HaHHOrO MHBanuaoM. Crparerus peaOWINTAMK MyTeM MMIUIAHTAIMH MCKYCCTBEHHOTO MOYEBOIO C(UHKTEpa 0OXOmUTCS
B 486 215 THIC. pyOIeit 1 B IEpBBIi TO MPUBOINT K YBEIWYCHHUIO 3aTpat Ha 65%. OmHaKo yKe BO BTOPOI T0J] pean3aliiiy IporpaM-
MBI peaOHIMTAIMH OYEBUIHBIM 3KOHOMHYECKAM MPEHMYIIECTBOM YK€ 00J1aaeT MOAXO0A C MMIUIAHTAIUEeH UCKYyCCTBEHHOTO C(HUH-
KTepa ypeTpsl, a 3a 10 jier 5KoHOMUsI Oro/pKeTa Ha peadMINTALUI0 OTHOTO MAalMeHTa TPYAO0CIOCOOHOTO BO3pacTa MOXKET COCTAaBUTh
2,44 wutH pyOneii 6e3 yuera HHQISAIUOHHBIX OXKHIAaHHUH.

3akJoueHune: BHeapeHnue mporpaMMbl peabMINTalUK MALMEHTOB C HeJlepKaHUeM MOYH MOCIIe PaJMKaIbHOW MPOCTAaTIKTOMHUH ITy-
TEM YCTaHOBKH ypeTpaJbHOTO CUHKTEpa 007IaqaeT HE TOJIBKO 3HAYMMBIM COIUAIBHBIM 3()(PEKTOM, HO U SBISCTCS SKOHOMUYCCKU
000CHOBaHHBIM.

Kntwoueswie cnosa: pak npeacTarebHOM jkesie3bl, peaduInTalysi OHKOYyPOJIOTHYECKHUX TAI[HEHTOB, KITIMHUKO-9KOHOMUYECKHIH aHAITH3,
HMILTaHTALUS HCKYCCTBEHHOT'O MOYEBOTO CUHKTEPA

Lumuposamy: Yxapckuii A.B., Jloce M.C., Hecrepos I1.B., lllax-ITaponssui FO.C., Kocernko M.B. Kiimanko-sxoHOMUUECKHi aHa-
JIU3 CTpaTeruy peabMINTAIMHU MAIMEHTOB MOCIIe XUPYPrHUYECKOT0 JICUCHHS paKa MPeACTaTeNIbHOM jKele3bl. MHHOB8ayUOHHASA MeOuyu-
Ha Kybanu. 2025;10(2):87-95. https://doi.org/10.35401/2541-9897-2025-10-2-87-95
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Abstract

Objective: To compare cost-effectiveness of rehabilitation models for patients with urinary incontinence following radical pros-
tatectomy.

Materials and methods: We evaluated direct costs of rehabilitation as part of the existing approach in patients with urinary incon-
tinence following radical prostatectomy in the Yaroslavl Region and developed a rehabilitation strategy (artificial urethral sphincter
placement). We conducted a comparative analysis of the direct costs of the strategies.

Results: The use of absorbent products for rehabilitation of patients with urinary incontinence following radical prostatectomy re-
quires an average of P293300 (US $2650) per patient annually. The rehabilitation strategy with artificial urinary sphincter placement
costs P486215 (US $4420) and results in a 65% increase in costs in the first year. However, in the second year of the rehabilitation
program, artificial urinary sphincter placement has an obvious economic advantage, and within 10 years rehabilitation of a working-
age patient using this strategy can save 2400000 (US $22 244) (inflation expectations were not accounted for).

Conclusions: The implementation of the rehabilitation program involving artificial urinary sphincter placement for patients with
urinary incontinence following radical prostatectomy has significant social and economic impacts.

Keywords: prostate cancer, rehabilitation of urologic cancer patients, cost-effectiveness analysis, artificial urinary sphincter placement
Cite this article as: Ukgarskiy AV, Los MS, Nesterov PV, Shakh-Paronyants YS, Kosenko MV. Cost-effectiveness analysis of re-
habilitation strategies for patients after prostate cancer surgery. Innovative Medicine of Kuban. 2025;10(2):87-95. https://doi.

org/10.35401/2541-9897-2025-10-2-87-95

BBepeHune

AKTYyaJbHOCTh IPOOJIEMBl YBEIMUYCHUS KOJIUYECTBA
OHKOJIOTMUECKUX 3a00JICBaHUN HE BBI3BIBACT COMHE-
Hui. [IoMHMO CIIOKMBLIEHCS CUTyallUd BBICOKOM pac-
MPOCTPAHEHHOCTH U CIIOKHOCTH JICUEHUS, B HACTOSAIIEE
BpeMsi HaOIIonaeTcss TeHACHIHNS pOCTa YHCia MalueH-
TOB TPYIOCHOCOOHOTO BO3pacTa W, Kak CIEICTBUE, —
WHBaJUAU3aIMH OOJNBHBIX. JIOMONHUTEIbHBIE CIIOXKHO-
CTU BO3HUKAIOT B BOIPOCAX IKCIEPTU3BI TPYAOCIOCO0-
HOCTH W PAIlMOHAIBHOTO TPYAOYCTPOMCTBA, COCTABIIS-
IONUX OCHOBY COIMAIBHO-TPYIOBOW peadINTAIINN
0onpHEIX [1, 2].

Pak mpencrarensbHo xenesbl (PITK) — ogHO 13 caMbix
pacrpocTpaHeHHBIX 3a00JIeBaHUl y My>K4WH. B cTpyKTYy-
pe 3a0051eBaeMOCTH 37I0Ka4eCTBCHHBIMI HOBOOOpa30Ba-
Husvu y Mykaut PIDK 3aanmaer Bropoe mecto (14,5%)
mociie paka jgerkoro u 6pouxos (17,4%). [Ipu stom PITK
SIBIIICTCSL BTOPOU 10 YacTOTE NMPUIMHON CMEPTH, OIATH
ke, TTOCJIe paka Jierkoro u 0ponxos [3, 4]. Pak mpocra-
THI SIBJISIETCS BO3PACT-aCCOIIMUPOBAHHBIM 3200JI€BaHUEM,
YTO 0C000 aKTyaJbHBIM BBUIY CTapeHHS HaceneHus Poc-
cuiickoit ®eneparuu (PO) [5].

3a nocnenHue aecsatb jget B PO ormeuaercs mno-
cTOsHHBIA pocT 3aboneBaemoctn PIDK, koropsri co-
craBun 28,8% (40,02 na 100 teic. Hacenenus B 2010 1.
1o 56,22 na 100 ThIc. HaceneHus B 2020 1), U cTas «JIu-
JIEPOM» 10 TEMIIaM yYBEIMYCHUS CPEIU OHKOIOTUYECKIX
3abonesanwmii [6]. B 2023 . B P® BrisiBieno 57 373 Ho-
BbIX ciydaeB PITK [7].

braromapss OTKPBITHIO IPOCTATHYECKOTO Crenuu-
YECKOr0 aHTUI€Ha B KpOBH, B 80-X IT. Hayayucs BCILJIECK
BoisiBIsieMocTd PIDK ¢ pocTom monmu nokagnM30BaHHBIX
¢dbopM, U, KaK CICICTBUE, YBEITUYCHUEM S5-TU JICTHEU BBI-
JKMBa€MOCTH TAllMCHTOB C JIAHHBIM 3a00JieBaHuEeM [8].

Pamukanpras npocraraokromun (PIID) sBusercs on-
HUM U3 OCHOBHBIX METOIOB PaJUKAJILHOIO JICUCHHS JIO-
kamu3oBaHHBIX Gopm PIDK mpum oxumaemoin mpomos-
YKUTENBHOCTHU XHU3HU Oosiee 10 JIeT U BBICOKOHM OHKOIIO-
rudeckoil 3(pPpeKTUBHOCTH, TOATBEPIKIECHHOW MHOTUMU
uccienoBanusmu [9-11].
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Kpome cTammapTHBIX MOCICOMEPANUOHHBIX OCIIOXK-
HEHUH, paAuKaIbHas POCTATIKTOMISI IMEET PSIT Xapak-
TEPHBIX TOJIBKO JUTSI TAHHOW OTEpaIlyl OTIAJCHHBIX CO-
CTOSIHUH, K KOTOPBIM OTHOCSITCSI IPEXkKAE BCETO CTPUKTYpa
YPETPBL, SPEKTHIIbHAS TUCHYHKIMS 1 HEJep)KaHUEe MOYH
(HM) pasHoii cTenieHu BeIpaxkeHHOCTH [ 12—-14].

HecMotpst Ha TO 9TO OCHOBHBIM KPUTEPHUEM YCIICII-
HOCTH JICUCHHSI OHKOJIOTHYECKOTO ITalleHTa SIBIISIOTCS
o0ImIasi MPOTOIDKUTEITFHOCTD KU3HU U PAaKOBOCIEIIU(DH-
YeCKasi BBKMBAEMOCTh, B OTJJAJICHHOM IIEPUOJIC HE MEHb-
IIYI0 3HAYUMOCTh TPUOOpETaroT (DYHKIIMOHAIBHBIE pe-
3yABTaThl. Y TAIMEHTOB C PAKOM MPOCTATHI MOCTE Mepe-
HecenHoi PIID kagecTBO KU3HU B OCHOBHOM OIPEICIIS-
€TCs ABYMSI KPUTEPHUSIMHU: TIPOSIBIICHUE CUMIITOMOB HeZlep-
YKaHVSI MOYH U KaU4eCTBO dPEKTUIbHON (yHKIHH [15-18].
[Ipu 3TOM UMEHHO HeAepKAHUE MOUHM SIBISIETCS BELYILUM
(haKTOpOM HETaTHBHOW OILIEHKU Ka4ecTBa KU3HU IaIleH-
Ta ¥ IPUYUHON €ro ColMaabHOM Je3aJanTalnuu, Aernpec-
CHUH ¥ BBIOBIBAHUS MY>KYHHEI U3 dKOHOMHYECKON JIESTCIh-
HocTH [19-22]. BaxHO TO, 4TO ¢ POCTOM XUPYPrHUECKON
arpeccun npu PIDK yBennuuBaercst u pacnpocTpaHeH-
HOCTb CJIy4yaeB HejlepKaHus Mouu [23, 24].

3acmyKMBaIOT BHUMAHHUS PE3YJBTaThl OMPOCa MYKYHH,
COINIACHO KOTOPOMY C TOTEHLUMAJIbHOW 3PEKTUIBHOW IHC-
¢ynkmueii mocne P11 rotoss! cormacutees 6omnee 80% marm-
€HTOB, a HeZIepKaHUEe MOYH KKIBIN MAITEHT BOCIPIHHIMACT
C BbIpaXeHHbIM HerathBoM [25]. Bosuukiiee HM oka3biBa-
€T OTPULATENbHOE AMOLMOHAIBHOE BO3ICHCTBUE HE TOIBKO
Ha TallMeHTa, HO 1 Ha ero CyNpyTra Wix ofnekyHa [26].

[To maHHBIM pa3HBIX aBTOPOB, YACTOTA BCTPEUAEMOCTH
HEeACP KaHUS MOYH MTOCIIE PATUKATBHON MPOCTATIKTOMUN
cocrapiseT oT 6,8 10 90,2%. Ctonp mupokuil pazdopoc
SIBIISIETCST CIICJICTBUEM PA3IIUYHBIX METONOB THATHOCTH-
KM, OLICHKM CTENEHH TSDKECTH, Pa3lIUYHOIO KauyecTBa
MPe0CTaBIsIeMON HHPOPMAITMH U HEIOCTaTOYHO pa3pa-
OOTaHHBIX KPUTEPHUEB MOHATHUS «HEACPKAHNE» MEHTAIb-
HOTO cTaryca manueHTa [27-33].

CouunanbHO-3KOHOMUYECKAs JIe3aianTalrs nauyMeHTa
C HeJlep)KaHueM MouM Tociie nepeHeceHHor PIID B ko-
HEUYHOM CY€Te HAXOAUT CBOIO pEaln3alli0 B CTOHMKON
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yTpare TpyIoCIOCOOHOCTH U PUCBOEHHUH I'PYIIIHI MHBA-
muaHoctH. Exxeromno B Poccun oxono 190 Teic. yemoBek
BIICPBBIC PU3HAIOTCS HHBAIUIAMH 110 OHKOJIOTHUYECKOMY
3aboneBanmio (30% — waBamuas! [ rpynmsl, 55% — uHBa-
yunel 11 rpymnmsl, 15% — nasanuns I rpynmner) [34].

B crpykrype mnpuuMH NEepBHYHONH WHBAIHIHOCTH
[0 TIOBOJYy OHKOJOTWYECKHX 3a00JeBaHUil, 1O JaHHBIM
pa3nu4HbIX peruoHoB P®, pak mpencrarenbHON xKeme3bl
cocrassiet 7,4-9,7% [35-37].

Jis 60prObI ¢ Hemep:KaHUEM MOYU y MY>KYHUH BO3-
MOYKHO UCTIOJTb30BaHUE PA3IMYHBIX METO/INK H ITOIXOI0B!
¢usnoTepanys, ynpakHeHHs Je4eOHOH (QHU3KYIBTYpHI,
HapyKHbIE KOMIIPECCHOHHBIEC YCTPOWCTBA, BBEJCHNE 00b-
€MOO00pa3yIoNINX BEIIECTB, YCTAHOBKA CYyOypeTpabHBIX
cimHroB. OiHaKo HanoOobIIeH Y(PPEKTUBHOCTHIO B JIeUe-
HUM HeJep KaHUs MOYM Yy MYXXUHH ITOCIIe PaIruKaIbHON
MIPOCTATIKTOMHH 00JIa/1aeT NepBUYHAS UMIUTAHTALNS HC-
KyccTBeHHOro cunkrepa yperpol (UCY), kortopas 3¢-
(exTHBHA TIPH 000 cTereHn Heepkanus [38].

B nactosmunii MoMeHT B PD MCKyCcCTBEHHBIN COHHK-
TEp YpeTpbl HE BXOAWT B IMEPEUYEeHb WMIUIAHTHPYEMBIX
YCTPOKCTB, KOTOPBIE MOTYT OBITh YCTAHOBJIEHBI B paMKax
MIPOTPaMMBI TOCY/IaPCTBEHHBIX TAPAHTHH OKa3aHHUS MEIH-
UHCKOW momotH (pacriopspxennem lpasurensctBa Poc-
cuiickoit ®eneparuu ot 31 mexabps 2018 . N 3053-p).
Takum 00pa3oM, eMHCTBEHHBIM KJIACCOM TEXHUYECKHX
CpPE/CTB peadMINTALNH TAIMEHTOB C HeJlepKaHUEeM MOUHU
MOCIIe MPOCTATIKTOMHUH, KOTOPOE OHM MOTYT IOJy4arh
OecIuIaTHO, OCTAIOTCS acOPOUpPYIONINe CpeacTBa. Takoe
MOJIOKEHHE JIE]T U CTAJ0 OCHOBAaHMUEM JUIs TPOBEICHUS
HacToAIIeH paboTHI.

Llenb nccnepgoBaHuns

CpaBHHTENbHAS MEIUKO-O)KOHOMUYECKast OIICHKA TIO/-
XOJIIOB B peaOMIMTAIINH ITAIIMEHTOB C HeJIeP)KaHUEM MOYN
MoCJe paguKaJbHOM MPOCTATIKTOMUU C NPUMEHEHHEM
a0COPOUPYIONIMX U3IACITUN U YCTAHOBKOM MCKYCCTBEHHO-
ro cpuHKTEpa YPETpHI.

MaTepuanbl 1 meToAbl

KnuHuko-3KOHOMUYECKHH aHaIM3 Mpenosaraji cpas-
HEHHeE JIBYX WIH 0oJiee MEIUIIMHCKAX TEXHOIOTHII 10 pe-
3yABTaTUBHBIM KIMHHUECKUM MapaMeTpam ¢ OLICHKOM 3a-
Tpart Ha ux ocyuectsienue [39]. B nactosiee Bpems BbI-
[IOJIHEHUE KIIMHUKO-DKOHOMUYECKOTO aHAIN3a SBIIAETCS
HEOTHEMJIEMOW YaCThIO0 KOMIUIEKCHOH OIIEHKH AP PEKTHUB-
HOCTH MEIAULIMHCKOW TEXHOJIOTUH.

g peanu3zanuy moCTaBICHHON 1€ HAMU ITPOBECH
aHaJIM3 MPSIMBIX 3aTpar NpU Pa3INYHbIX MOJAXOAaX B pe-
abnIMTaIMM MAMEeHTOB CO CTPECCOBBIM HEIEpKaHHEM
MOYH, BO3HMKIIUM Kak ocinoxHeHue PIID kak mig ot-
JEJIBHO B34TOrO MAalUeHTa, TaK U JJIs JAHHOTO KOHTHH-
reHTa 0OJIBHBIX SIpociiaBckoil oOmacTH.

JlanHBIE O CTPYKTYpE 320071€Ba€MOCTH paKoM IPOCTa-
Tl HAMH TTOJTy4Y€eHBI U3 OHKOJIornueckoro perucrpa 'bY3

SIpocnaBckoii obnmacti «KimHHYeckass OHKOJIOTHYECKas
OoJIBHULIAY.

HNudopmarms o cTpyKType NMEepBHYHON WHBAIIMIN3a-
LMY TAIEHTOB C PAKOM IPOCTATbl U KOJIMYECTBE PEKO-
MEH/IOBaHHBIX CPEJICTB PEAOMINTAIINH Y ITAIlHeHTOB C He-
Jep’)KaHHeM MOYM B BUjE aOCOPOHMPYIOIIMX YCTPOHCTB
(monry3HUKH U B3pocibix) nomydeHa n3 OKY «lmas-
HOe OI0pPO MEINKO-COLMATIbHOM AKCIIepTU3BbI 10 SIpocnas-
cKoif obmactim» Muntpyna PO.

CaeneHust 0 pa3Mepax BBILIAT PA3IMYHBIX HOCOOMIH
110 WHBAJIMJHOCTH, O JBIOTax I WHBAJIUIOB, a TaKKe
0 pa3Mepax (PUHAHCOBBIX PACXOIOB HA CPEICTBA peadu-
JUTAIMK y TTAIIEHTOB ¢ HeJep)KaHHeM MOo4H B SIpocias-
CKO 00J1acTH MpeACTaBICHBI IT0 HH()OPMAIINHU OT/ACICHUS
coruansHoro onna PO no fApocnasckoii oOnacTy.

Ha nannsiit MomeHT B PD 3apeructpupoBaHbl K Meu-
LHCKOMY MPUMEHEHHUIO TOJIBKO 2 UCKYCCTBEHHBIX C(hrH-
krepa yperpsl: AMS 800™ (Boston Scientific Corp.,
CIIA) u ZSI (Zephyr Surgical Implants, [lIBefitiapus).
CTOMMOCTB yCTPOHCTBA OLIEHUBAIM ITyTEM 3aIIPOCA KOM-
MEpPYECKUX MPEUIOKEHUI U aHaI13a 3aKJII0YEHHBIX KOH-
TPAaKTOB Ha TOCTAaBKy JAaHHOTO YCTPOWCTBA Ha IOpTalie
eIuHOM MH(OpPMAMOHHON CHCTEMBI B cdepe rocymap-
CTBEHHbIX 3aKynok P®. [Ipu pacuerax yuuTbIBaId MUHU-
MaJbHYIO TOydeHHY0 1eHy — 459 700,00 pyOei.

B pamkax mccriejoBaHHS Mbl OLIEHHUBAIN TPSMBIE T0-
CyIapCTBEHHBIC PACXONbl Ha pPEeabWIINTAIMIO TTalMeHTOB,
KOTOpBIMH TOTy4eHa WHBAJIMIAHOCTB IOCNIE PAANKAILHOTO
XHAPYPrUYECKOro JIGYCHUS paka MPEACTaTeNIbHON JKeINe3bl.
3arparbl Ha peaOMIUTALIMIO BKIIOYAOT B ce0sl MMOKYTKY a0-
COPOHPYIONTHX CPENCTB (YPOT€HUTATHHBIC TIPOKIIAIKHI /M
B3pPOCIIBIE IIAMIIEPCHI), BBIILIATY HEHCUU 110 MHBAIUIHOCTH.

[locne 3TOr0 HaMM OLEHUBAIUCH TPSAMBIC PACXOIBI
Ha peadMIMTAIMIO NAlUEHTOB C HEACPKAHUEM MOUH I10-
CJIe IPOCTATIKTOMHH, y KOTOPBIX OblIa MPOBEJCHA yCTa-
HoBka VCY.

Hamu He mpennmpuHMManack MOMbBITKA OLEHUTh KOC-
BEHHBIC PaCcXObI B 000HX MOAXOAAX. ITO CBA3AHO C TEM,
YTO TALMEHTHl, MOIYYMBIINE TPYNIy HWHBAIUIHOCTH,
MMEIOT TPaBO Ha TMPEJOCTABICHUE Pa3NYHBIX JIBTOT
(orutata mpoessa, yMEHbIIEHHE KOMMYHAJIbHBIX ILIaTe-
e, JTbTOTHOE JIEKapCTBEHHOE o0ecITieueHne, KOMIIEH Ca-
LUs pacX0JI0B HAa KOMMYHaJIbHbIE YCIYTH U T. [1.), pa3mMep
KOTOPBIX KpaifHe BapualesieH W He MPeJICTaBIsAeTCs BO3-
MOYKHBIM IIPUBECTH UX K HEKOEMY CPEIHEMY 3HAUCHHIO.
OrmeHka e MOTeph BHYTPEHHETO BaJIOBOTO INPOAYKTA
(BBII), cBA3aHHBIX ¢ MHBATUAN3AINEH 1 TIPEKICBPEMEH-
HBIM TIpEKpaIleHNueM TPYIOCIIOCOOHOCTH, CTaHEeT Mpes-
METOM HaIllMX MOCIEIYIOUINX HCCIIETOBAHNH.

Pesynbratbl

B Hacrosimuii MOMEHT Ha TeppUTOPHUH SpocCiiaBcKoit
obmactu 3apeructpupoBano 568 097 MyX4uH, U3 KOTO-
peix 34 569 umerot craryc uaBanuaa (6,08%). B 2023 .
MIEPBUYHO MPU3HAHBI HHBAIUIAMH IO OHKOJIOTHYECKOMY
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3a00JieBaHUI0 KaK OCHOBHOMY 2 174 myxuumnbl. Cpe-
I OHKOJIOTUYECKUX TMalMeHTOB | rpymnmy mnoay4yuin
587 myxuuH, (27%), Il rpynmy — 1081 my»xkunna (49,7%),
I rpynmmy — 506 my»xunn (23,3%).

U3 nux B 2023 1. 447 nauueHTOB MOIYyYUIN WHBAIH/I-
HOCTB TI0 OCHOBHOMY JIIATHO3Y «PaK MPECTaTeITHHOM Ke-
ne3bl». CTpyKTypa 1o rpymnmnaM WHBAIMAHOCTH Y JTAHHBIX
naruenToB: | rpynmna — 102 yenoseka (22,8%), 11 rpymnmna —
218 (48,7%), Il rpynma — 127 (28,5%) (Tadmn. 1).

Cpenu Bcex My»KUUH C PaKOM IPEICTATENbHOMN Kee-
3BI TIOCIIE PAJUKAIBEHOTO XUPYPTHUECKOTO JICUCHUS, TI0-
JYYUBIINX WHBAIUIHOCTH, HEAEPKaHUE MOYHM CpEaHEH
WIM TSDKEJIOM CTeNneHW ycTaHoBieHo y 151 marueHnra.
W3 4vucia manueHToB, KOTOPBIM BriepBbie B 2023 T. Oblia
YCTaHOBJICHA TPyIIa HHBAIUIHOCTH MO OHKOJIOTHYECKO-
My 3a00JIeBaHUIO, MAUEHTHI C HEACP)KAHUEM MOYH II0-
clie paJuKallbHOM MPOCTAaTAKTOMUM cocTtaBwin 5,03%.
Takum o6pa3zoM Kaxkerid 20-i TAIMEHT MY>KCKOTO TI0JIa,
KOTOPOMY TPHCBOEH CTaTyC «UHBAIMI» IO BEAYIIEMY
OHKOJIOTHYECKOMY 3a00JIEBaHHIO, OCHOBHBIM (DaKTOPOM
WHBAJIHIU3ALUU IMEET CTOHKOE Hellep>KaHUEe MOYU.

B xagectBe cpenctB peaOmnmrtanmu (GoHIOM couu-
aIIBHOTO CTpaxoBaHWA MO SIpocimaBckoil obmacTh ma-
[IUCHTHl OOCCTICUYNBAINCH B3POCIBIME ITOITY3HUKAMH.
[Ipun MoHMTOpUHIE HOpTajla rOCYIapCTBEHHBIX 3aKYyIIOK
1IeHa Ha OIHO M3JIeNne BapbupoBasiach ot 34,9 no 43,3 py-
Omneil, mpu cpemneil croumoctu 39,8 pyOneit 3a MITYKY.
Llena 3aBucena mpekae BCETO OT pa3Mepa MOATY3HHUKA.
[Narment obecrieunBancs 3 MOATY3HUKAME B CyTKH.

CyIecTBYIOT pa3MyHbIC BUIBI BHITUIAT TPU HACTY-
IUICHUH UHBAJIUIHOCTH!

e CouuanbHas MEHCHUS, KOTOpasl BHIMJIAYUBACTCS UH-
BajJHMaaM, HE UMEIOUINM TPYHZOBOTO CTa)Ka, a TaKXKe Je-
TAM-UHBAIUIAM U UHBAIAIAM JCTCTBA.

* CrpaxoBas NEHCHs, Ha3Hayaemas JHLAM, HMEIO-
MM XOTsI OBl OJIMH JIEHb TPYJOBOTO CTaXka.

* TocymapcTBeHHass NMEHCHSI BBIMIAUUBACTCS OTICNb-
HBIM KaTeropusM IpakJjaH, HE3aBHCUMO OT CTaxa.

Kpome Toro, coracHO 3aKkoHy, BBITUIATEI HepaOoTaro-
[IeMy TTeHCHOHEPY He MOTYT OBITh MEHBIIIE, YeM TPOXKH-
TOYHBI MUHMMYM Ha TIEHCHOHepa B pernone. [lis obe-
CIICUCHHS pealln3allii JaHHOTO 3aKOHa MpeayCcMOTpeHa
counanbHas gorutata. ColpanpHas IOMJIaTa MOJOKEHA
MIEHCHOHEPAM, YbH BBITUIATH MEHBIIIE IPOKUTOYHOTO MH-
HUMyMa. Pa3mep n ycrioBus Ha3HA4YEHUS 3aBHCAT OT pe-
ruoHa npokupanus [40].

Takum 00pa3oM, HE3aBUCHUMO OT TPYIIBI WHBAIMI-
HOCTH W BUJa MOJy4aeMOro nocoOusi, paMep MEHCHUU
HE MOXXET OBITb HIDKE MPOXKUTOUHOTO MHUHHMYyMa, KO-
TOpBI U1t SIpocnaBckoi oOnmacTu sl NIEHCHOHEPOB
B 2024 1. cocrapmuser 13 024 pyoneit [41].

[To manHBIM commansHOTO hoHAa SpociaaBckoit obna-
CTH, CPEHUI pa3Mep NEHCUU 110 UHBAJIUIHOCTH ISl UH-
BanujoB | rpymnmel coctaBmsier 25 178 py6nei, I rpyn-
el — 20 912 py6neit, 111 rpynmst — 15 152 pyOneit (man-
HBII TPE/ICTaBICHBI B OTBET Ha O(HUIMAIBHBIN 3a1IpOC CO
croponsl ['BY3 510 «ObnactHas oHKOJIOTHYECKas OOJIb-
Hutay ot 27.09.2024 1.).

BaxxHBIM  00CTOSITENILCTBOM  SIBJISIETCS  TOT  (DaKT,
YTO MEHCHUS MO MHBAJIUIHOCTU BBIIUIAYHUBACTCS TOJBKO
rpakaaHaM 110 JOCTI)KEHUS IEHCHOHHOTO BO3pacTa, IMo-
CJIe 4eTo OHa 3aMeHseTcs Ha TPYyHOoBYIo neHcuio. 1o aToit
MIPUYHMHE B HAIIUX pacdyeTax MBI MIPUHSIINA PEIIeHNE YUH-
THIBaTh TOJIEKO JIUI] TPYTOCIIOCOOHOTO BO3pacTa, YHCIIO
KOTOPBIX M3 OIPEJECIICHHOW HaMHM KOTOPTHI MAalME€HTOB
cocTaBuiio 64 yenoBeka.

Pacxonpl Ha BBITUIATY MEHCUH IO WHBAJIHIHOCTH CO-
cTaBisroT 15,98 Mutn py6neii B rox (Tadu. 2).

Tabnuua 1
Ioxka3aresin HHBAJIMIM3ALMN OHKOJIOTHYECKUX NAaLMeHTOB B SIpociaBckoii odactu B 2023 1.
Table 1
Disability of cancer patients in the Yaroslavl Region in 2023
Bcero nnBainaoB Myxckoro nmoJia B SlpocjiaBckoii o6;iactu mo cocrosinuio Ha 2023 r. 34569
W3 Hux npu3HaHbl HHBaJIMAaMU BriepBbie B 2023 . 10 OCHOBHOMY OHKOJIOTHUECKOMY 3a00JICBAHUIO 2174
W3 HEX C OCHOBHBIM IMAaTHO30M «PaK MPOCTATHDY 447
I rpynna uHBaJIMIHOCTH 102
B TOM YHCJI€ C OCHOBHOM MPUUYMHOHN «HEAEP KaHUE MOUID) — 25 4eI0BeK
II rpynna MHBaJIUAHOCTH 218
B TOM YHCJI€ C OCHOBHOW NIPUYMHON «HenepxkaHue Moun» — 108 uenoBex
III rpynna nHBaIHIHOCTH 127
B TOM YHCJIE C OCHOBHOM IIPUYMHON «HEAEpKaHHe Moun» — 18 uenoBex
Bcero nanueHToB ¢ pakoM NPOCTAThI MOC/Ie PATUKAIbHOIO XMPYPruyecKoro Je4eHus, 151
KOTOpbIe B KauecTBe Beylleld MPUYNHbI YCTAHOBKH HHBAJTUIHOCTH HMEIOT HeJlep:KaHue MOYH
W3 Hux TpymocnocoOHOro Bo3pacTa 64
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Tabnuua 2

E:kerognnie pacxoabl HA BBIIJIATY IIEHCHUHU 10 UHBAJIUIHOCTH MYKUMHAM prZ[OCHOCOﬁHOFO BO3pacTa ¢ pakomM

MpPoCTAaThl M HEACPKAHUEM MOIUN

Table 2
Annual disability pension costs for working-age men with prostate cancer and urinary incontinence
Pa3mep exkemMecsTuHON BBIILIATHI Hroro pasmMep BbIIIATHI
I'pynna naBaanaHoctn | Yncsao My:K4uH
(B cpennem), pyo. €KeroAHo, pyo.

I rpynma 12 25178 3625632
II rpymma 42 20912 10 539 648
I rpynma 10 15152 1 818 240
Bcero 64 - 15983 520

Pacxonpr Ha cpencTsa peabuauTanuy B Buae abcop-
OMPYIOMNX TTOATY3HUKOB ISl JAHHOW KaTeTOpHHW Malu-
€HTOB MOTYT COCTaBIIATEL 2 789 184 pyOirs.

C ydeToM BCEro BBIIIECKA3aHHOTO NMPSIMBIE PACXOJBI
Oro/KeTa Ha MAlMEHTOB C HEAEp)KaHHEM MOYHM I0Cclie
IIPOCTAaTAIKTOMUH, Y KOTOPbIX OCHOBHON IIPUYUHOMU yCTa-
HOBJICHHS WHBAJIMIHOCTH SBIIETCS MMEHHO HeJepiKa-
HUE MOYH, MOTYT cOcTaBuTh 18 772 704 pyOneit B rom,
win B cpenHeM 293 323 pyOiist Ha 0JJHOTO TAIMeHTA.

CornacHO TEXHOJIOTHYECKOM KapTe, MOArOTOB-
nennoir B I'BY3 510 «Knunuueckass OHKOJIOTHYE-
ckasg OOJIbHMIIa», CTONMOCTbH ONEPALMH 1O yCTaHOBKE
HCY cocrasmster 486 215 pybOmneit ¢ y4eToM CTOMMO-
CTH YCTpOMCTBa M S5-THEBHOTO NpeObIBaHUS MaIHeH-
Ta B KPyDJIOCYTOYHOM cTamuoHape. TakuM oOpasom,
B paMKaxX Halled MoOJenu pacXoAbl Ha IPOBENEHUE
OIEPaTUBHOTO JIEUEHUs HeJIep KaHHUs MOUYHU IOcie pa-
JTUKaJIBbHOM MPOCTATIKTOMUHU MTOTEHIINAIBHO MOTYT CO-
ctaButh 31 117 760 pyOGueii B mepBbIii TOJI TOCHE yCTa-
HOBJICHUSI THAaTrHO3a (pHC.).

W3 momy4yeHHBIX JaHHBIX BUIHO, YTO PEaOMIMTAIINS
IIyTeM MpoBeieHHs omepauuu no ummantanun MCY
Ha 65% OO0JIbIIE 10 CTOMMOCTH, HEXKEIIU UCII0Ib30BaHHE
abcopOupyIoIUX CPEACTB B TeUEHHE mepBoro rojga. On-
HaKo yKe BO 2-i ToJ] peanu3anny mporpaMMbl peadbnim-
TaIX OYEBUIHBIM SKOHOMHYECKUM MTPEUMYIIIECTBOM 00-
JIaIaeT TOJIX0J] C MMITIaHTAIlMeH NCKYCCTBEHHOTO CHUH-
KTepa ypeTpsl.

3a 10 et 3xoHOMHUS OrOIKETa HA PeaOUTUTAIUIO O
HOTO TTAlMeHTa TPYA0CIIOCOOHOT0 BO3pacTa MPH UCIIONb-
3oBaanu UCY cocrasur 2,44 mutH pyOrneit 6e3 ydera uH-
(IAIMOHHBIX OXKHUIAHNH.

He ocraercsi COMHEHUI1, 4YTO XHUPYPrudeckoe JeueHue
HezlepkaHus Mo4du ¢ ucrnons3oBanueM MCY nocne pagu-
KaJbHOTO XUPYPrHYECKOTO JIGUEHHsI paKa MpOCTaThl, sB-
JIieTCs IKOHOMHYECKH 11e1€CO00pa3HbIM.

O6cyxpaeHune

WHBanuau3anusi HaceJIeHUs BCIEICTBHE 3a00JIeBaHHIMA
SIBIIICTCS BAYKHBIM MHIUKATOPOM Pa3BUTHS METUITTHCKUX
TexHoyoruu. Jleuenue nmroObIX 3a00J1€BaHNM, B TOM YHCIIE
Y OHKOJIOTHYECKUX, OJDKHO OBITH HAIIPABIIEHO HE TOIBKO

Pacxopbl Ha peabunutaymio 3a 0AuH rofy, MiH py6.
35 31,12

18,77

lcnonb3oBaHue abcopbupyioLLmx
YCTpOIACTB

llcnonb3oBaHme MMNAAHTUpyemoro
YCTPOIACTBA

Pucynox. Pacxodvl na peabunumayuio nayueHmos ¢ Heoep-
Jcanuem Modu nocie pAOUKAIbHOU NPOCMAMIKIMOMUU 8 nep-
8blli 200 NOCie YCMAHO8IeHUs OUASHO3A

Figure. Rehabilitation costs for patients with urinary incon-
tinence following radical prostatectomy in the first year after
diagnosis

Ha CHW)KEHHE CMEPTHOCTH, HO M Ha TIOCIEYIOMIYIo (-
(heKTUBHYIO peaOHIUTALIHIO.

Pabora cucTeMbl 3IpaBOOXPAHEHUS OLEHUBACTCS
HE TOJBKO I10 TMOKA3aTesIM MEIMIUHCKOW, HO M DKOHO-
Mu4deckod W commanbHOW 3pdexruBHOCTH. CoOrTacHO
omnpenencanio BO3, mox skoHOMHYECKOU 3PPEKTHBHO-
CTBIO B 3/IpaBOOXPAHEHUH TOHUMAIOT COOTHOILIEHUE pac-
XOIIOB HA 3HAYMMYIO €IMHHUILY MOKa3aTessl MEAULIUHCKON
3¢ PeKTUBHOCTH (OTHOIIEHNE PACXOJI0B K COXPaHEHHBIM
ro/iaM KM3HH C TIOTIPaBKON Ha ee KauecTBo) [42].

PapukansHoe xupypruueckoe JsedeHue PIDK 3aua-
CTYIO HMIMEET ITOCIIEONePAI[HOHHBIE OCIIOKHEHHUS, KOTO-
pbI€ PE3KO CHMKAIOT KaueCTBO >KU3HM ManueHToB. He-
3aKpbITas NOTPEOHOCTh B IMOCIEAYIOLIEM MPOBEACHUU
peabuIuTAINH SBISIETCS BAXKHOM M COIMATBHO 3HAYUMOU
npobnemoii. [locme mMpoBEeNCHHOTO JICUEHUS MAUEHTHI
CTaHOBATCS COIMAIBHO [€3aJalITHPOBAHHBIMUA K PE3KO
CHIDKEHHOMY Ka4eCTBY KH3HU. TUIUYHBIM OCJIOKHECHU-
eM panukanbHoro jeueHust PIDK sBrnsercs Henepkanue
MoOuH, a 60pr0a ¢ HUM TpeOyeT BHUMAaHUSA U BHEIPCHUS
peadbmIUTaIIMOHHBIX porpaMM [43].

B Hacrosiiiee Bpems He BBI3BIBACT COMHCHHSI KIIMHU-
YyecKasg M coIMajbHas OOOCHOBAHHOCTH peaOMIINTAINU
MAIUEHTOB ¢ HEJepKaHUEM MOYH TOCIE PaJUKaTbHOTO
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xupypruueckoro jedenuss PIDK. Ognako u3-3a orpanu-
YEHHOCTH PECYPCOB CUCTEMBI 3IPaBOOXPAHEHUS, MICTIONb-
3yeMbl€ TOAXOMABI OJKHBI OBITH €Ile W YKOHOMUYECKU
000CHOBAHbI, U TIO3TOMY JOJDKHBI OBITH TOIABEPIHYTHI
KJIIMHUKO-2KOHOMHYecKkomMy aHanuzy [44]. llena eaunu-
IIBI ITOJIE3HOCTH MEJIUIIMHCKON TEXHOJIOTUN JOKHA OBITh
MEHBIIIE, YeM Y KOHKYPUPYIOIIHUX MEIUIIMHCKUX BMEIa-
TEJIBCTB, UTO JACT OCHOBAaHUE IS IUPOKOTO BHEIPCHUS
€€ B pyTUHHYIO MPAKTHUKY.

[Ipu mpoBeneHHOM HAMU aHAJM3E HE BBI3BIBACT CO-
MHEHUSI SKOHOMHYeCKast 3(PPEKTHBHOCTh OMEPATHBHOIO
MOIX0a TPU PEaOWITUTAIINH TAIUCHTOB C HEACpPKAHH-
€M MOYH TOCJE PaTuKaIbHON mpocTardkToMuu. OgHAKO
MPOBEICHHOE HCCJICIOBAaHUE SIBISICTCS OTPaHUYCHHBIM,
TaK KaK YYUTHIBAIACH HE BCE MOTEHITHAIBLHBIC PACXOJIBI,
CBSI3aHHBIC C OKA3aHHEM MEIUIIMHCKON TIOMOIIIH.

dunancoBoe Opemsi 00JC3HU CKIAABIBACTCS W3 He-
CKOJIBKMX COCTaBISOMUX [45]:

— TMpsSIMBbIE MEIUIIUHCKUE 3aTPAThl, KOTOPHIC CBS3aHbI
HEMOCPEACTBEHHO C pPacXolaMy Ha OKa3aHWE MEIUIIMH-
CKOM TTOMOIIIY B CTallMOHApE ¥ Ha aMOyIaTOPHOM 3TaIlle;

— MpsSIMbIe HEMEIUIIMHCKHE 3aTpaThl (BBIIUIATHI ITCH-
CHU TI0O WHBAITUIHOCTH, BBIILIATHI B CBS3U C BPEMEHHOU
yTPaToOl TPYAOCIOCOOHOCTH, PacXo/bl Ha CPEJCTBA pea-
OMJTUTAIIMH TIAI[CHTOR);

— KocBeHHBIE 3aTpathl (motepu BBII BeiencTeue Bpe-
MEHHOTO WJIA TIOCTOSTHHOTO MPEKPAIICHIS YIacTHs O0IIb-
HBIX B TPY/JIOBOM TIpoIiecce).

OrpaHnyeHUsIMA HAIIETO WCCIICIOBAHUS SBISUIOCH
TO, YTO HAMHU OIICHWBAJIUCH TOJBKO MPSIMBIC 3aTpPaThl
Ha TPaXJaH, KOTOpbIC OBLIM MpPHU3HAHBl HHBAJIUIAMHU
MOCJIC MPOBEACHHOTO JICUCHUS paKa MPOCTaThl. A UMEH-
HO: BBIJIaTa TIOCOOWH 1O WHBATUAHOCTH U PACXOIBI
Ha cpenctBa peadbunuranun. OgHAKO pacxodsl OIOmKeTa
B CBSI3U C IIPU3HAHWEM YeJIOBEKa MHBAJINIOM 3HAUUTEIIb-
HO TIPEBHIIAIOT YKa3aHHBIC, TaK KaK JIUI0 MPU3HAHHOE
WHBAIUIOM IOIy9aeT U IPYTUe BUIABI COIUATHHON MO/~
JIEPKKH, Takue kak komreHcanus 50% Ha omnary XXKX,
komnencamus 50% croumoctu OCAI'O, OecruiaTHas
napkoBka, ckujka ot 50 1o 100% nHa nexapcTBa BHE Ha-
0opa conuaIbHBIX YCIYT, B 3aBUCUMOCTH OT I'PYIIIBI HH-
BAJIMIHOCTH, TPYAOBBIE JIbTOThI, OCBOOOXEHHUE OT Ha-
JI0OTa Ha WMYIIECTBO 33 OJHY CAMHHILY Ka)JIO0TO BHJA,
Y MHOTHE JpyTHE.

Ouenka norepr BBII B cBA3u ¢ mpexaeBpeMeH-
HBIM BBIOBITHEM MYKYHH W3 TPYIOBOH HESITEIHLHOCTH
MpU YCTAHOBIICHUHM WHBAIUIHOCTH SIBISICTCS 3aaadeit
Hammx Oyaymmx padot. Ho yke celiyac MOXKHO IPEIIo-
JIOXHUTh, UTO ITH MOTEPH OYIyT 3HAUNTCITHHBIMH, MHOTO-
KpaTHO TPEBBIMIAIONIMMA PACXOJBl HA PEAOMIIUTAIIUIO
MaLMCHTOB.

OpHaxko, ake HEe YUUThIBAs 3TU TOTEPH, CTAHOBUTCSA
OUYEBUIHBIM, UTO MPOBEACHNUE PeaOMINTANN TTAIIHCHTaM
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C HCACPKAHUCM MOYU SABJIACTCA KaK COIHAJIBbHO, TakK
1 DKOHOMHWYCCKH BBII'OJHBIM.

Taxsxe MBI HE YUYHUTBIBAJIA pacXodbl, CBA3aHHBIC C I10-
TCHIUAJIBHBIMU HEXKEIATCIbHBIMU HCXOAaMH HPOBEAC-
HUSA XUPYPTrUudeCKOro JICUCHUA HEACPKAHNUA MOYU B BUJIC
ITOJIOMKH YCTpOﬁCTBa n HH(beKHHOHHBIX OCIIOKHCHUH.

Pesynbtatbl

BrinonHeHHOE HccieoBaHNe MOKA3bIBAET BBICOKYIO
KITMHUKO-DKOHOMHUYECKYIO 3((EKTUBHOCTD TPOBEACHUS
peadmmMTanyuy NanueHTOB C HEIEPKaHWEM MOYH TI0CIe
panuKaNIbHOW MPOCTATIKTOMHU IMYTEM XHUPYPIHYECKOTO
JICYEHHsI JAHHOTO OCJIOKHEHHUSL.

OtaenbHBIM IIYHKTOM HENB3s HE OTMETUTb, YTO CTpa-
Terus akTHBHOM peaOwinTanuu o0JafaeT He TOJBKO
9KOHOMHYECKUMH TPENMYIIECTBAMH, HO MOIIHBIM CO-
OUAThHBIM () ()EeKTOM, KOTOPHIE HEBO3MOXKHO OIICHHUTH
B JICHE)KHOM DJKBHBAJICHTE, ITOCKOJBKY ITONHOCTBIO pea-
OMINTHPOBAHHBIIM MALMEHT OCTACTCSl AKTHBHBIM 4JICHOM
COIlMyMa M NPUHHMAET AKTHBHOE y4YacTHE HE TOJIBKO
B 9KOHOMHMYECKOH JIeATeIbHOCTH.

BbiBOAbI

[IpoBeneHHBIN aHANN3 MOKA3bIBAET HE TOJBKO BbI-
COKYIO COLIMAJIbHYIO 3HAYUMOCTh peaOuIuTaluy Maiu-
CHTOB C HEJEP>KaHHEeM MOYHM IOCJEC PaauKalbHON Mpo-
CTaT3KTOMHHU IyTeM ycTaHoBKH VICY, HO U ee BBICOKYIO
AOKOHOMHUYECKYIO IIEeJIECO00Pa3HOCTh. JTO BBIPAXKACTCS
B CHIDKCHUHM pacxoloB Ha peabmimutaruio 3a 10 met
Ha 244,7 muH pyoOnei Ha kaxapie 100 manueHToB TPY-
nocnoco0Horo Bospacra. Jleiictyroniee denepanbHoe
3aKOHOJIaTEIBCTBO MOKA HE MO3BOJSET PEaNU30BBIBATH
JAHHYIO CTPAaTErHI0 B paMKax CHUCTEMBI locymapcTBeH-
HBIX TapaHTUN OKa3aHWsS MEIUIIMHCKOM MOMOIIM Hace-
JICHUIO, MOATOMY aKTyaJbHBIMU BOINPOCAMH SIBIISIIOTCS
pa3paboTka W BHEIPEHHE PETHOHAJIBHOW MPOrpaMMbl
Ha TeppuTOopuu SpociaBckoit obigacTu. B mepBwIi ToI
9TO MOTpeOyeT MPUBJICUCHHUS TOTOTHUTEIBHOTO (DUHAH-
CHUPOBaAHHUs, OJHAKO YK€ CO BTOPOIO roja peaju3aluu
pUOOPETET IKOHOMHUIECKYIO 3P PEKTUBHOCTE.

Bkuax aBropoB

Paspabomka ouszatina uccieoosanus: A.B. Yxapckuit

Céop u obpabomka mamepuana: 11.B. Hectepos,

10.C. llax-ITaponbsHi

0630p nybauxayuii: M.C. Jlocs, M.B. Kocenko

Ananusz oanneix: A.B. Yxapckuii, M.C. Jlocs,

10.C. lllax-ITaponssai, M.B. Kocenko

Hanucanue mexcma: A.B. Yxapckwuii, M.C. Jlocs, M.B. Kocenko

Author contributions

Study design: Ukgarskiy

Data collection and processing: Nesterov, Shakh-Paronyants
Literature review: Los, Kosenko

Data analysis: Ukgarskiy, Los, Shakh-Paronyants, Kosenko
Manuscript drafting: Ukgarskiy, Los, Kosenko



OpuruHanbHble ctatbi / Original articles

Jintepatypa/References

1. Qi J, Li M, Wang L, et al. National and subnational trends
in cancer burden in China, 2005-20: an analysis of national mortal-
ity surveillance data. Lancet Public Health. 2023;8(12):€943—¢955.
PMID: 38000889. https://doi.org/10.1016/S2468-2667(23)00211-6

2. Bray F, Laversanne M, Sung H, et al. Global cancer sta-
tistics 2022: GLOBOCAN estimates of incidence and mortal-
ity worldwide for 36 cancers in 185 countries. CA Cancer J Clin.
2024;74(3):229-263. PMID: 38572751. https://doi.org/10.3322/
caac.21834

3. Duffy MJ. Biomarkers for prostate cancer: prostate-specific
antigen and beyond. Clin Chem Lab Med. 2020;58(3):326-339.
PMID: 31714881. https://doi.org/10.1515/cclm-2019-0693

4. Taitt HE. Global trends and prostate cancer: a review of in-
cidence, detection, and mortality as influenced by race, ethnicity,
and geographic location. Am J Mens Health. 2018;12(6):1807—
1823. PMID: 30203706. PMCID: PMC6199451. https://doi.
org/10.1177/1557988318798279

5. Anexcees b.fl., Hromko K.M. KomOuanpoBaHHoe jieuenue
paka mpeacTaTebHOM JKeNe3bl: KIIMHUUecKue HaomoneHus. Onko-
yponozus. 2012;(4):77-82.

Alekseev BYa, Nyushko KM. Combination therapy for pros-
tate cancer: clinical observations. Cancer Urology. 2012;(4):77—
82. (In Russ.).

6. Ilon pen. A.Jl. Kanpuna, B.B. Crapunckoro, A.O. [Ilax3a-
JIOBOM. 3n0kauecmeentvie Ho6ooopazosanus ¢ Poccuu ¢ 2020 200y
(3abonesaemocms u cmepmuocms). MHUOU nm. T1LA. Tepuena —
¢unmnan OI'BY «HMUL] paxuonorumn» Munsnpasa Poccun; 2021.

Kaprin AD, Starinskii VV, Shakhzadova AO, eds. Malignant
Neoplasms in 2020 Russia (Morbidity and Mortality). MNIOI im.
P.A. Gertsena — filial FGBU «NMITs radiologii» Minzdrava Ros-
sii; 2021. (In Russ.).

7. Ton pen. A 1. Kanpuna, B.B. Crapunckoro, A.O. [lax-
3agoBoil. Cocmosanue onxonrocuueckou nomowu Hacenenuro Poc-
cuu 6 2023 200y. MHUOU um. I1.A. Tepuena — ¢pumuan OI'BY
«HMUL pamunonornm» Munzapasa Poccun; 2024.

Kaprin AD, Starinskii VV, Shakhzadova AO, eds. State of Can-
cer Care in 2023 Russia. MNIOI im. P.A. Gertsena — filial FGBU
«NMITs radiologii» Minzdrava Rossii; 2024. (In Russ.).

8. Mottet N, Bellmunt J, Bolla M, et al. EAU-ESTRO-SIOG
guidelines on prostate cancer. Part 1: screening, diagnosis, and lo-
cal treatment with curative intent. Eur Urol. 2017;71(4):618-629.
PMID: 27568654. https://doi.org/10.1016/j.eururo.2016.08.003

9. Mohler JL, Armstrong AJ, Bahnson RR, et al. Prostate can-
cer, Version 1.2016. J Natl Compr Canc Netw. 2016;14(1):19-30.
PMID: 26733552. https://doi.org/10.6004/jnccn.2016.0004

10. A6osin U.A., Opnos 10.H., IlleBuenko A.H., [Takyc C.M.,
Xacwuros A.B. Hexeprkanue Moun 1mocie panKaabHOH IPOCTaTIK-
ToMuu: (GakTopsl mporuosza. Ouxoyponoaus. 2021;17(1):159-166.
https://doi.org/10.17650/1726-9776-2021-17-1-159-166

Aboyan IA, Orlov YuN, Shevchenko AN, Pakus SM, Hasigov AV.
Urinary incontinence after radical prostatectomy: prognostic fac-
tors. Cancer Urology. 2021;17(1):159-166. (In Russ.). https://doi.
org/10.17650/1726-9776-2021-17-1-159-166

11. Bergengren O, Pekala KR, Matsoukas K, et al. 2022 up-
date on prostate cancer epidemiology and risk factors-a systematic
review. Eur Urol. 2023;84(2):191-206. PMID: 37202314. PM-
CID: PMC10851915. https://doi.org/10.1016/j.eururo.2023.04.021

12. Weber BA, Roberts BL, Mills TL, Chumbler NR, Al-
good CB. Physical and emotional predictors of depression after
radical prostatectomy. Am J Mens Health. 2008;2(2):165-171.
PMID: 19477780. https://doi.org/10.1177/1557988307312222

13. Kemmacos I1.C., Cokonbmuik M.M., Baiikoa H.B., Ca-
moiinoB A.C., 3abenun M.B. Heneprxanue Mouun mocie pajauKaiib-

HOW MPOCTaTIKTOMUU (0030p JIUTEPATYPBI). DKCHEPUMEHMATbHAS
u kaunuueckas yponoeusi. 2015;(3):38-41.

Kizlasov PS, Sokolshchik MM, Baikova NV, Samoilov AS, Za-
belin MV. Urinary incontinence after radical prostatectomy (litera-
ture review). Experimental & Clinical Urology. 2015;(3):38-41.
(In Russ.).

14. Hamdy FC, Donovan JL, Lane JA, et al; ProtecT Study
Group. Fifteen-year outcomes after monitoring, surgery, or radio-
therapy for prostate cancer. N Engl J Med. 2023;388(17):1547—
1558. PMID: 36912538. https://doi.org/10.1056/NEJMo0a2214122

15. MacKenzie KR, Davis J, Harding C, Aning JJ. Patient-
reported outcomes and urodynamic findings in men with persis-
tent lower urinary tract symptoms following robot-assisted radical
prostatectomy. Neurourol Urodyn. 2019;38(5):1353-1362. PMID:
30980415. https://doi.org/10.1002/nau.23986

16. King AJ, Evans M, Moore TH, et al. Prostate cancer and
supportive care: a systematic review and qualitative synthesis of
men’s experiences and unmet needs. Eur J Cancer Care (Engl).
2015;24(5):618-634. PMID: 25630851. PMCID: PMC5024073.
https://doi.org/10.1111/ecc.12286

17. Anp-Xapupu M.®., JlykessnoB U.B. Henepxanue moun
Mociie pPaJMKaIbHONW MMO33aUJIOHHONW MPOCTATIKTOMUHU. Becm-
nux  Poccuiickoeo nayunoeo yenmpa penmeeHopaouonioulu.
2013;(13-3):10.

Al-Khariri MF, Loukianov IV. Urinary incontinence after radi-
cal retropubic prostatectomy. Vestnik Rossiiskogo nauchnogo tsen-
tra rentgenoradiologii. 2013;(13-3):10. (In Russ.).

18. Wittmann D, Mehta A, McCaughan E, et al. Guidelines
for sexual health care for prostate cancer patients: recommenda-
tions of an international panel. J Sex Med. 2022;19(11):1655-1669.
Published correction appears in J Sex Med. 2023;20(5):704. PMID:
36192299. https://doi.org/10.1016/j.jsxm.2022.08.197

19. Coyne KS, Sexton CC, Irwin DE, Kopp ZS, Kelleher CJ,
Milsom I. The impact of overactive bladder, incontinence and other
lower urinary tract symptoms on quality of life, work productiv-
ity, sexuality and emotional well-being in men and women: results
from the EPIC study. BJU Int. 2008;101(11):1388-1395. PMID:
18454794. https://doi.org/10.1111/j.1464-410X.2008.07601.x

20. Mehnert A, Lehmann C, Graefen M, Huland H, Koch U.
Depression, anxiety, post-traumatic stress disorder and health-
related quality of life and its association with social support in
ambulatory prostate cancer patients. Eur J Cancer Care (Engl).
2010;19(6): 736-745. PMID: 19832893. https://doi.org/10.1111/
j.1365-2354.2009.01117.x

21. Opnos A.E., flmkos A.B., CuBoxuna T.A. u np. Koppek-
Vs HelepsKaHUsT MOYM KaK OCJIOKHEHUS PaJUKaJIbHOTO JCUCHUS
paka mpeacTarenbHol kenesbl. Mzeecmua Camapckoeo nHayuno2o
yenmpa Poccutickoti akademuu nayk. 2015;17(2-3):618-621.

Orlov AE, Yashkov AV, Sivokhina TA, et al. The correction
of urinary incontience as a complication of prostate cancer radi-
cal treatment. Izvestiya Samarskogo nauchnogo tsentra Rossiiskoi
akademii nauk. 2015;17(2-3):618-621. (In Russ.).

22. Nahon I. Physiotherapy management of incontinence
in men. J Physiother. 2021;67(2):87-94. PMID: 33753017.
https://doi.org/10.1016/.jphys.2021.02.010

23. Resnick MJ, Koyama T, Fan KH, et al. Long-term func-
tional outcomes after treatment for localized prostate cancer.
N Engl J Med. 2013;368(5):436-445. PMID: 23363497. PMCID:
PMC3742365. https://doi.org/10.1056/NEJMoa1209978

24. Ficarra V, Novara G, Rosen RC, et al. Systematic re-
view and meta-analysis of studies reporting urinary continence
recovery after robot-assisted radical prostatectomy. Eur Urol.
2012;62(3):405—417. PMID: 22749852. https://doi.org/10.1016/j.
eururo.2012.05.045

93



VIHHOBaLmOHHas MegunumHa KybaHu. 2025;10(2):87-95 / Innovative Medicine of Kuban. 2025;10(2):87-95

25. PamazanoB K.K., Axsneguanm H.J[., Camuenxo A.B.,
IMywkapp J1.JO. IMnnaHTaus UCKyCCTBEHHOTO MOYEBOro C(hHH-
KTepa MpU HeJlep)KaHUH MOYH HOCIE PaJUKaIbHOU MPOCTATIKTO-
MUH (COBPEMEHHBIE ACTIEKThI). AHOPONIO2US U 2EHUMATIbHAS XUPYD-
eus. 2022;23(1):21-29. https://doi.org/10.17650/1726-9784-2022-
23-1-21-29

Ramazanov KK, Akhvlediani ND, Savchenko AV, Pushkar DY.
Implantation of an artificial urinary sphincter for urinary incon-
tinence after radical prostatectomy (current aspects). Andrology
and Genital Surgery. 2022;23(1):21-29. (In Russ.). https://doi.
org/10.17650/1726-9784-2022-23-1-21-29

26. Fultz NH, Rahrig Jenkins K, @stbye T, Taylor DH Jr, Kabe-
to MU, Langa KM. The impact of own and spouse’s urinary inconti-
nence on depressive symptoms. Soc Sci Med. 2005;60(11):2537-2548.
PMID: 15814179. https://doi.org/10.1016/j.socscimed.2004.11.019

27. Herranz-Amo F. Radical retropubic prostatectomy: preserva-
tion of urinary continence. Actas Urol Esp (Engl Ed). 2020;44(10):674—
681. PMID: 32739124. https://doi.org/10.1016/j.acuro.2020.06.006

28. Azal W Neto, Capibaribe DM, Dal Col LSB, Andrade DL,
Moretti TBC, Reis LO. Incontinence after laparoscopic radi-
cal prostatectomy: a reverse systematic review. Int Braz J Urol.
2022;48(3):389-396. PMID: 35168312. PMCID: PMC9060170.
https://doi.org/10.1590/S1677-5538.1BJU.2021.0632

29. Yafi FA, Powers MK, Zurawin J, Hellstrom WJ. Contem-
porary review of artificial urinary sphincters for male stress urinary
incontinence. Sex Med Rev. 2016;4(2):157-166. PMID: 27872025.
https://doi.org/10.1016/j.sxmr.2015.11.004

30. Anderson CA, Omar MI, Campbell SE, Hunter KF,
Cody JD, Glazener CM. Conservative management for postpros-
tatectomy urinary incontinence. Cochrane Database Syst Rev.
2015;1(1):CD001843. PMID: 25602133. PMCID: PMC7025637.
https://doi.org/10.1002/14651858.CD001843.pub5

31. Hudolin T, Kolar Mitrovi¢ H, Bakula M, et al. Pelvic reha-
bilitation for urinary incontinence after radical prostatectomy. Acta
Clin Croat. 2022;61(Suppl 3):71-75. PMID: 36938558. PMCID:
PMC10022410. https://doi.org/10.20471/acc.2022.61.s3.10

32. Tunn R, Baessler K, Kniipfer S, Hampel C. Urinary in-
continence and pelvic organ prolapse in women. Dtsch Arztebl Int.
2023;120(5):71-80. PMID: 36647585. PMCID: PMC10080228.
https://doi.org/10.3238/arztebl.m2022.0406

33. Alouini S, Memic S, Couillandre A. Pelvic floor muscle
training for urinary incontinence with or without biofeedback or
electrostimulation in women: a systematic review. Int J Environ
Res Public Health. 2022;19(5):2789. PMID: 35270480. PMCID:
PMC8910078. https://doi.org/10.3390/ijerph19052789

34. Peibankuna /1.X., drocemoOaea H.K., IllmakoB A.E., Ca-
numbaeBa b.M., [Ipoduenko E.A., man6exoB M.M. O630p co-
BPEMEHHBIX JMUIEMUOJIOTHYECKUX ACIIEKTOB 0 OHKOMATOJIOTHH.
Tueuena mpyoa u meouyunckas sxonocus. 2015;(4):31-48.

Rybalkina DKh, Dyusembaeva NK, Shpakov AE, Salim-
baeva BM, Drobchenko EA, Imanbekov MM. Review of current
epidemiologic aspects of oncopathology. Gigiena truda i meditsin-
skaya ekologiya. 2015;(4):31-48. (In Russ.).

35. Myxamerraneesa E.Jl., [lonoB A.B. [lepBnunas nuaBamu-
HOCTb BCIIEJICTBHE 3JI0KaU€CTBEHHBIX HOBOOOPA30BaHUIT TOPOJICKO-
rO M CEJbCKOrO HACENeHUs] YIMYPTCKOU pecnyOnuku. Mzeecmus
Camapckoeo mayunozo yeumpa Poccuiickoti akademuu Hayx.
2015;17(2-3):593-596.

Mukhametgaleeva ED, Popov AV. Primary disability owing to
malignant tumors of urban and rural population in Udmurt Repub-
lic. Izvestiya Samarskogo nauchnogo tsentra Rossiiskoi akademii
nauk. 2015;17(2-3):593-596. (In Russ.).

36. Kapons E.B., Kopueesa C.1O., Boitnoa T.A., Illene-
nud A.E., IlyroBa O.H., IlonsaxoB /I.A. OcHOBHBIE MOKa3aTeiu

94

NIEPBUYHOI MHBAJIMIHOCTH BCIIEICTBUE 3a00JIEBaHNUI, BEI3BAHHBIX
37I0KaueCTBEHHbIMH HOBOOOpa3zoBanumsiMu, B Cankr-IletepOypre
B 2017-2021 rr. Bonpocw onxonoeuu. 2022;68(S3):293-294.

Karol EV, Korneeva SYu, Voinova TA, Shelepin AE, Puto-
va ON, Polyakov DA. Main indicators of primary disability due
to diseases caused by malignant neoplasms in Saint Petersburg
in 2017-2021. Problems in Oncology. 2022;68(S3):293-294.
(In Russ.).

37. Kupnuenko lO.H., PasunskoB J[.B., MBanosa C.1. On-
K03200JIeBaeMOCTb 1 MEPBUYHAST HHBAHHOCTb CPEIU B3POCIOTrO
Hacenenus Kypckodt obmactu. Kypckuii mayuno-npaxmuyeckuii
secmuuk « 4enosek u e2o 300posvey. 2014;(1):105-109.

Kirichenko YuN, Razinkov DV, Ivanova SI. Incidence of on-
cological diseases and associated disability in Kursk Region. Kur-
skii nauchno-prakticheskii vestnik “Chelovek i ego zdorov’e”.
2014;(1):105-109. (In Russ.).

38. Bauer RM, Gozzi C, Hiibner W, et al. Contemporary
management of postprostatectomy incontinence. Eur Urol.
2011;59(6):985-996. PMID: 21458914. https://doi.org/10.1016/j.
eururo.2011.03.020

39. Apycramsan ['H. KiinHuko-3KOHOMHYECKHUIA aHAIM3 U €ro
PO B YIPaBICHHH KadeCTBOM MEIUIMHCKON TomomH. [ ocyoap-
cmeenHoe ynpasienue. dnexkmpounsiil secmuuk. 2011;(29):1.

Arustamyan GN. Clinical and economic analysis and its role in
managing the quality of health care. Gosudarstvennoe upravlenie.
Elektronnyi vestnik. 2011;(29):1. (In Russ.).

40. ®enepanpHblii 3akoH 0T 15.12.2001 1. Ne 166-D3 «O To0-
CYIapCTBEHHOM IIEHCHOHHOM obecrieueHun B Poccuiickoit ®ene-
patmmy. Jlata obpamenus: 16.10.2024. http://government.ru/docs/
all/97173/

Federal Law No. 166-®3 dated December 15, 2001 “On State
Pension Insurance in the Russian Federation”. Accessed October
16, 2024. (In Russ.). http://government.ru/docs/all/97173/

41. Tlocranosnenue IlpaBurenbcTBa SIpocnaBckoil obnactu
ot 29.08.2023 Ne 849-11 «O0 ycTaHOBICHUH BEITMIMHBI IPOXKUTOY-
HOTO MUHHMMYMa Ha JIylly HACEJICHUS M 110 OCHOBHBIM COIMAb-
HO-ZeMOrpahuIecKiM rpynnam HaceaeHus SpociaaBckoil o0nactu
Ha 2024 ron». Mdara obGpaienns: 16.10.2024. http://publication.
pravo.gov.ru/document/7600202308310006

Resolution of the Yaroslavl Region Government No. 849-n
dated August 29, 2023 “On Establishment of the Minimum Liv-
ing Wage per Capita and for the Main Socio-Demographic Groups
of the Yaroslavl Region Population for Year 2024”. Accessed Oc-
tober 16, 2024. (In Russ.). http://publication.pravo.gov.ru/docu-
ment/7600202308310006

42. Cylus J, Papanicolas I, Smith PS, eds. Health System Ef-
ficiency: How to Make Measurement Matter for Policy and Man-
agement. European Observatory on Health Systems and Policies;
2016. PMID: 28783269.

43. Koposkuna A.A., Vxapckuit A.B., Hectepos IL.B., be-
nonoroB C.b., Jloce M.C., Ilkpedbko A.H. ®wusnoreparms
IIPU CTPECCOBOM HEIEPKAHUU MOYH Y MAIMEHTOB MOCIIE PaJuKab-
HOHM IpOCTaTIKTOMUU. Meouyunckas Hayka u obpazosanue Ypana.
2023;24(2):198-207.

Korovkina AA, Ukharskii AV, Nesterov PV, Belonogov SB,
Los MS, Shkrebko AN. Physiotherapy for stress urinary inconti-
nence in patients after radical prostatectomy. Medical Science and
Education of Ural. 2023;24(2):198-207. (In Russ.).

44. Hecrepos I1.B., ¥Yxapckuii A.B., Kucinos H.B. Pernonans-
Hasl KIIMHUKO-DKOHOMHYECKasi MOJICIb CKPUHUHTA KOJIOPEKTAIbHO-
ro paka. Mccrneoosanus u npaxmuxa 6 meouyure. 2020;7(3):146—
159. https://doi.org/10.17709/2409-2231-2020-7-3-15

Nesterov PV, Ukharskiy AV, Kislov NV. Regional clinical
and economic model of colorectal cancer screening. Research



OpuruHanbHble ctatbi / Original articles

and Practical Medicine Journal. 2020;7(3):146—159. (In Russ.).
https://doi.org/10.17709/2409-2231-2020-7-3-15

45. UrnarseBa B.U., [lepkad E.B., Omenssnosckuit B.B., AB-
kceHTheBa M.B. ConnanbHO-9KOHOMUYECKOe OpeMst 310KaueCTBeH-
HBIX HOBOOOpasoBaHuil B Poccuiickoit denepanun. Meouyunckue
mexnonozuu. Oyenxa év160p. 2013;(4):73-80.

Ignatyeva VI, Derkach EV, Omelyanovsky VYV, Avxentye-
va MV. The social and economic burden of cancer in the Rus-
sian Federation. Medical Technologies. Assessment and Choice.
2013;(4):73-80. (In Russ.).

CBepeHmna 06 aBTOpax

Vxapckuii Anapeii BauecsaBoBu4, K. M. H., IIaBHBIA Bpay,
00O «HerocynapctBeHHoe yupexaeHue 31paBooxpaneHust «Kmu-
HUKa COBpPEMEHHOW MenumuHbl» (fpocmasnb, Poccus). https:/
orcid.org/0000-0001-5777-2261

Jlocs Mapuna CepreeBHa, K. M. H., NIaBHBIN Bpad, [ opoyckas
KIIMHUYecKas OonpHuIa Ne 8; moueHT Kadeapsl ypoIorHu U He-
(ponorun, IBaHOBCKHM TOCYIapCTBEHHBIN MEIUITMTHCKAN YHUBEP-
curet (MBanoBo, Poccust). https://orcid.org/0000-0003-3824-9066

Hecrepos IlaBea BaagumupoBu4, K. M. H., INIaBHBIA Bpay,
OO6nacTHast KIMHUYECKAsi OHKOJIOrn4eckas 6onpHua (SIpociasis,
Poccus). https://orcid.org/0000-0002-7405-0305

lax-Ilapoubsing FOausi CemenoBHa, Bpau-onkosnor, O0-
JIaCTHAs KJIMHHWYECKas OHKoJorumueckas OosbHMIA (SIpociasib,
Poccus). https://orcid.org/0000-0002-5487-1691

Kocenko Makcum BagumoBu4, accucteHT Kadenpbl ypouio-
rum ¢ Hedpoiorue, SpociaBckuil TOCYIapCTBEHHBI MEIHIINH-
ckuii yHuBepcuret (SIpocnasnb, Poccust). https://orcid.org/0009-
0005-2193-2979

Kondummkr unrepecon
Aemopbt 3a561510m 06 OMCYyMCcmeuu KOHGIUKMa uHmepecos.

Author credentials

Andrey V. Ukgarskiy, Cand. Sci. (Med.), Chief Physician,
Nongovernmental Health Care Institution “Klinika sovremennoy
meditsiny” LLC (Yaroslavl, Russian Federation). https://orcid.
org/0000-0001-5777-2261

Marina S. Los, Cand. Sci. (Med.), Chief Physician, City Clini-
cal Hospital No. 8; Associate Professor at the Department of Urol-
ogy and Nephrology, Ivanovo State Medical University (Ivanovo,
Russian Federation). https://orcid.org/0000-0003-3824-9066

Pavel V. Nesterov, Cand. Sci. (Med.), Chief Physician, Re-
gional Clinical Oncological Hospital (Yaroslavl, Russian Federa-
tion). https://orcid.org/0000-0002-7405-0305

Yulia S. Shakh-Paronyants, Oncologist, Regional Clinical
Oncological Hospital (Yaroslavl, Russian Federation). https://or-
cid.org/0000-0002-5487-1691

Maxim V. Kosenko, Assistant Professor at the Department of
Urology and Nephrology, Yaroslavl State Medical University (Yaro-
slavl, Russian Federation). https://orcid.org/0009-0005-2193-2979

Conflict of interest: none declared.

95



VIHHOBaLOHHas MeamnumHa Kybaru. 2025;10(2):96-102 / Innovative Medicine of Kuban. 2025;10(2):96-102

https://doi.org/10.35401/2541-9897-2025-10-2-96-102

Qoo

96

'.) Check for updates

Physicochemical and Biological Properties of O-carboxymethyl
Chitosan Obtained From Chitosan of Dead Bees

©Feruza N. Kurbonova'’, Gulnora A. Ixtiyarova?, Arsen Yu. Grigoryan®, Olga Avilova®,
Dilmurod Ya. Khojiev®, Gulbahor A. Xudoynazarova®

'Bukhara State Medical Institute, Bukhara, Uzbekistan

2Tashkent State Technical University, Tashkent, Uzbekistan

3Kursk State Medical University, Kursk, Russian Federation

“Nova Southeastern University, Fort Lauderdale, USA

>Termez Branch of the Tashkent Medical Academy, Termez, Uzbekistan
6Bukhara State University, Bukhara, Uzbekistan

* Feruza N. Kurbonova, Bukhara State Medical Institute, G'ijduvon ko'chasi, 23, Bukhara, 200118, Uzbekistan,
gurbonova f86@mail.ru

Received: February 6, 2025. Received in revised form: March 2, 2025. Accepted: March 17, 2025.

Abstract

Objective: To synthesize carboxymethyl chitosans (CMCS) from local raw material Apis mellifera, study their physicochemical prop-
erties, determine molecular weight and biological activity, and make CMCS-based antibacterial biodegradable polymer compositions.
Methods: CMCS was synthesized from dead bees; its molecular weight was determined by viscometry, and the degree of acetylation
was established by coductometric titration. Its physicochemical properties were studied using infrared, nuclear magnetic resonance,
and X-ray spectroscopy, and the results obtained were compared with quantum chemical calculations. The study presents the results
of histological analysis to investigate the biological activity of CMCS.

Results: For the first time, O-CMCS was synthesized from Apis mellifera chitosan, and we determined its optimal conditions: sodium
hydroxide concentration, alkylating agent ratio, process temperature and duration, and kinetic parameters.

For the first time, ointments for burn wounds based on Apis mellifera O-CMCS were prepared and tested on white rats.

The sodium hydroxide concentration was found to be 30%; the required temperature for the reaction was 650 °C; the polymer formation
reaction process lasted 3 hours; the ratio of chitosan to monochloroacetic acid was 1:1, and the ratio of chitosan to isopropyl alcohol was 1:50.
Conclusions: The CMCS-based ointment has an antimicrobial effect and a unique antiseptic property. It does not disrupt the physi-
ological functions of the skin or cause allergic reactions and toxicological problems.

Keywords: chitosan, carboxymethyl chitosan, degree of substitution, infrared spectroscopy, nuclear magnetic resonance spectroscopy,
X-ray spectroscopy, quantum chemical calculation, histological examination
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Pesrome

Ilesb: CuHTe3 KapOOKCUMETIIIXUTO3aHOB U3 MECTHOTO CHIpBs Apis Mellifera, n3ydeHne ux (pU3NKO-XMMHUECKUX CBOMCTB, OIpe-
JeTIeHUEe MOJIEKY/SIPHON Macchl M OMOJIOTHMUYECKOH aKTUBHOCTH U CO3JaHHE HAa UX OCHOBE aHTHOAKTEPUAJbHBIX OHOpa3IaraeMbIX
MIOJIMMEPHBIX KOMITO3ULIUH.

Metonbi: CHHTE3UpOBaH KapOOKCHMETHIXMTO3aH M3 TIOMOpA IT4ell, ONpe/esieHa ero MOJIEKYJIipHas Macca METOJAOM BHCKO3UMeE-
TPUH, CTENEHb AllETHINPOBAHUS METOIOM KOJYKTOMETPUUYECKOTO TUTPOBaHMs. M3yueHsl ero Gpu3nKo-xuMudeckue CBOHCTBA METO-
namu UK-, SIMP- u PCA-creKTpoCKOINH, OIy4eHHBIE Pe3yIbTaThl COMOCTABICHBI ¢ KBAHTOBO-XUMHYECKHMHU pacueTamu. B padore
IIPE/ICTABICHBI PE3YJIbTaThl THCTOJIOTHYECKOTO aHAIM3a 1S U3Y4eHHsl OMOIOTHYECKON aKTUBHOCTH KapOOKCHMETHIIXUTO3aHa.
PesyabraTbi: Briepsble cunTe3npoBan O-kapOOKCHUMETHIIXUTO3aH U3 XUT03aHa Apis Mellifera u onpeneneHsl ONTHMANIBHbBIE YCIIO-
BHUS: KOHIEHTpAIMS THIPOKCH/IA HATPHs, COOTHOLIEHHE aJIKWIMPYIOIIEro areHTa, TeMIeparypa U IpoI0DKUTEIbHOCTD Ipolecca,
KMHETUYECKHE TTapaMeTphl.

BriepBbie IPUTOTOBIICHBI M HCTIBITAHBI HA OCITBIX KPhICAX Ma3H JUIs OXKOTOBBIX paH Ha ocHoBe O-kapOokcumeTmiixurosana Apis Mellifera.
OmnpezesneHa KOHUEHTpanus rugpokcuna Harpust 30%, HeoOxoauMas Temreparypa Juisd npoeaeHus peakuuu 650 °C, IpoioIKUTEIb-
HOCTb IpOoIlecca Peakluy MoJIuMepooOpa3oBaHus 3 yaca, COOTHOIIEHHE XMTO3aHa K MOHOXJIOPYKCYCHOH KucioTe 1:1, a cooTHoIe-
HUE XUTO3aHa K ankuiupyromemy arenty UIIC 1:50.

3akiouenne: Masp Ha OCHOBE KapOOKCHMETHIIXHTO3aHa OKa3bIBAET IIPOTUBOMUKPOOHOE NeiicTBre, 001anaeT GpapMakoIorHuecKoil
aKTUBHOCTBIO B BHJIE YHHKAJIBHOTO aHTHCENITHYECKOTO CBOMCTBA, IPENapar He HapymaeT GH3U0NorniecKre (GyHKINH KOXKHU, He BbI-
3bIBAET AJJIEPIUUECKOrO COCTOSIHUSI OPIaHU3Ma, HE BbI3bIBAsl B HEM TOKCUKOJIOTHUYECKUX IIPOOIEM.

Knrouesvie cnosa: xurozaH, KapOOKCUMETWIXUTO3aH, crerneHb 3amelneHus, UK- u SIMP-crekrpockonusi, peHTTeHOCTPYKTYPHBIiA
aHaJIM3, KBAHTOBO-XMMHUECKHI pacyeT, THCTOJIOIHYECKOe NCCIICIOBaHUE

Humuposams: Kypoonosa ®.H., Uxtusposa I A., I'puropess A.1O., Apunosa O., Xomkues JI.10., Xynoiinazaposa I.A. CpaBHu-
TEIbHOE HCCIIENOBAaHUE XUPYPIUUECKUX IOAXOAOB K JICUCHHIO 0OBbEMHBIX 00pa30BaHUN CpemRocTeHus. Munosayuonnas meouyuna

Kybanu. 2025;10(2):96-102. https://doi.org/10.35401/2541-9897-2025-10-2-96-102

Introduction

Chitosan is a natural biopolymer of the 21st century,
which distinctive properties attract many researchers.
Biopolymers play an important role in our daily lives, in
the chemical and food industries, pharmacy and medi-
cine, and agriculture.’

Chemistry and chemical technology have been taking
a lot of interest in natural polymers—chitin, chitosan, and
its derivatives, chemically, physically, or enzymatically
modified chitosan. Thus, it is thought to be pertinent to
conduct both scientific and applied research to enhance
the chitosan modification*® in order to produce chitosan
carboxymethyl ethers. Over the past 10 years, interest in
research and application of chitosan and carboxymethyl
chitosan (CMCS) has significantly grown.**

Chitin and chitosan are useful materials because they
are nontoxic, biocompatible, and biodegradable into in-
nocuous products.® CMCS, a carboxymethylated de-
rivative of chitosan, exhibits better water solubility and
biocompatibility compared with chitosan and possesses
superior microbiological properties.’

Methods

Chitosan with molecular weight of 162 kDa and deacet-
ylation degree of 85% was used for chemical synthesis of
O-CMCS (Figure 1). Dead honeybees were a source of
chitin utilized for deacytylation.® Monochloroacetic acid
(CICH,COOH), double-distilled water (18 MQ-cm™),
isopropyl alcohol (C,H OH), sodium hydroxide (NaOH),
acetic acid (CH,COOH), and ethanol (C,H,OH) were used
to create CMCS from chitosan. Every intermediate that
formed during the chemical reaction and was a part of
the final product did not undergo further purification.” Ta-
ble 1 compares characteristics of chitosan synthesized from
Bombyx mori'® and chitosan from dead bees.

Infrared Spectroscopy

The IRTracer-100 (Shimadzu Corp, Japan) Fourier
transform infrared spectrometer was used to perform in-
frared spectroscopic studies of the synthesized biopoly-
mers. It had the MIRacle-10 attenuated total reflection
attachment with a diamond/ZnSe prism, a spectral range
0of 4000+400 cm™' on the wavenumber scale, a resolution
of 4 cm™, a signal-to-noise ratio of 60000:1, and a scan-
ning speed of 20 spectra per second.

X-ray phase analysis was conducted using CuK ra-
diation and the Rotaflex RU-200 diffractometer (Rigaku
Corp, Japan).

Chitosan obtained
from silkworm pupae

Chitosan obtained
from dead bees

u Humidity, % Total nitrogen content, %

m Ash content, % = Solubility in acidic medium, %

Figure 1. Certain physical characteristics of chitosan obtained
from dead bees

Pucynox 1. Hexomopwle usuueckue xapaxmepucmuxi Xumo-
3aHa, NOIYYEHHO20 U3 NOOMOPA N4en
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A pulsed nuclear magnetic resonance (NMR) relax-
ometer (Bruker Corp, USA) was used for NMR spectros-
copy. NMR characteristics were tested using phase de-
tection at 298 K and an operating frequency of 20 MHz.
The duration of the 7/2 pulse was 4 ps. The receiver dead
time was 3.5 ps. Following a single pulse of 900 us dura-
tion, free induction decay was used to obtain T2 measure-
ments. The Carr-Purcell pulse sequence was applied when
the T2 values were high. A model function, comprising
a sum of terms representing different sample components,
was used for heterogeneous systems:

M) = M, (0)- (P, - Toa P, T

=M, (Py-eT2a’) + My(0) - (P, - e T2p”)
where P_and P, are the apparent populations for phases
a and b, respectively.

Quantum Chemical Calculations

Quantum chemical calculations were performed using
HyperChem 8.0 (Hypercube Inc, Canada) to determine the
molecular geometry and electronic structure of O-CMCS.

Histological Analysis

Following laboratory experiments on white rats, skin
tissue was removed, preserved in a 10% formaldehyde
solution, and stained with hematoxylin and eosin. Mi-
croslides (sizes x=4x10, 10x10, 20x10, 40x40, 60x10,
and 80x10) were photographed through a microscope.'!

Results and Discussion

It is well known that the amount of chitin in raw ma-
terials varies depending on the organisms’ age and en-
vironment in addition to their kind."> The composition
of the bee-derived chitosan used in this study is presented
in Figure 1, alongside literature data for raw materials
of different origins. The results indicate that the chitosan
composition from the dead bees is comparable to that
of mulberry moth pupae.’

A carboxymethyl group was introduced into the chi-
tosan structure using carboxymethyl chitosan (CMCS).
This modification enhances solubility in neutral and ba-
sic solutions without compromising other essential prop-
erties. Carboxymethylation of chitosan's hydroxyl and
amine groups produces CMCS.'*!5 Key factors influenc-
ing the carboxymethylation process include temperature,
reaction duration, and the molar ratio of monochloroace-
tic acid (MCAA) to chitosan. Variations in these parame-
ters result in CMCS samples with differing concentrations
of carboxymethyl groups.

By adjusting the CMCS:MCAA ratio, the carboxy-
methylation process was optimized (Table 1).

The ionic carboxymethyl groups in CMCS enhance
its solubility. Increasing the proportion of the alkylat-
ing agent (MCAA) in the reaction medium increases
the number of carboxymethyl groups and, consequently,
the solubility of the samples. However, a higher molar
concentration of MCAA generates significant amounts

928

Table 1

Dependence of the degree of substitution in CMCS
samples on the CMCS:MCAA ratio (T =65°C,t=3h)
Tabnuya 1

3aBHCHMOCTD CTeNEeHHU 3aMelIeHus 06pa3LoB
KapOOKCHMETHJIXUTO3aHA OT COOTHOIIEHUS KapOOKcuMeT
WJIXHTO3aH:MOHOXJOpYKcycHas Kucjora, T=650C, =3 u

MCAA | CMCS: Degree of

conc., MCAA % - Solvent, %

mol/L. ratio amin substitution
0.05 1:0.5 49 80 78.5
0.1 1:1 4.75 91.5 90.2
0.15 1:2 4.50 94 93.4
0.2 1:3 3.8 96 96.2

Note: CMCS, carboxymethyl chitosan; conc., concentration;
MCAA, monochloroacetic acid

Ipum.: CMCS — kapOOKCHMETHJIXUTO3aH; CONC. — KOHIICH-
tpanusi; MCAA — MOHOXJIOPYKCYCHAsI KUCIIOTa

of low molecular weight salts, leading to excessive ethyl
alcohol consumption during CMCS purification.

A chitosan:MCAA molar ratio of 1:1 was determined
to be optimal for the carboxymethylation process, as it
achieves sufficient solubility for evaluating biological ac-
tivity while minimizing purification challenges.

Reaction rate calculations were performed for CMCS
samples prepared at various CMCS:MCAA ratios.

By adjusting the chitosan:MCAA ratio, the carboxy-
methylation process was optimized in terms of tempera-
ture, alkaline solution concentration, reaction duration,
and MCAA quantity. Notably, the solubility of chitosan
samples subjected to alkaline treatment increased from
70%-75% to 85% when the NaOH concentration was
raised from 20% to 30%.°

The kinetic parameters for the carboxymethylation
of O-CMCS derived from dead bees were established
as follows: a NaOH concentration of 30%, a reaction
temperature of 65 °C, a reaction duration of 3 hours,
a chitosan:MCAA ratio of 1:1, and a chitosan:isopropanol
(CS:IPA) ratio of 1:50. Under these conditions, O-CMCS
was synthesized from chitosan for the first time, and its
optimal production parameters were defined (Figure 2).

100
95 )/’_-7—4.;
90

85 ~

80 -/
75
70

Substition degree, %

0.05 0.1 0.15 0.2
Monochloroacetic acid concentration, mol/L

Figure 2. Dependence of the degree of substitution of CMCS
on the MCAA concentration

Pucynox 2. 3asucumocms cmenenu 3ameujenus Kapookcume-
MUIXUMO3AHA OM KOHYEHMPAYUU MOHOXIOPYKCYCHOU KUCLOMbL
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The nitrogen mass fraction decreased from 8.31%
in chitosan to 4.75% in CMCS following carboxymeth-
ylation, reflecting structural changes in the polymer.
Conductometric titration revealed a degree of substitu-
tion ranging from 80% to 96%. The molecular weight
of CMCS, determined by viscometry, was approximately
46 700 g/mol.’

Infrared (IR) spectroscopy was used to investigate the
molecular structural differences between chitosan (CS)
and CMCS. The IR spectrum of chitin exhibits charac-
teristic absorption bands at approximately 3270 cm', at-
tributed to -N-H bond stretching vibrations, at 1375 cm™,
indicating the presence of -CH, groups, and at 1625 cm’',
characteristic of C=O stretching in amide groups.
The IR spectrum of chitosan shows peaks at around
3300 cm™, corresponding to -NH, group stretching, and
in the 1390-1000 cm™! range, reflecting C—N bond skeletal
vibrations associated with amine groups.

All amine types in chitosan exhibit absorption bands
in the 1360-1000 cm™ range due to C-N bond vibra-
tions. Additionally, bands at 1433 cm!, corresponding
to -CH, group bending vibrations, and at 1373 cm™, in-
dicating -OH bond bending (inflection), were observed
in both chitin and chitosan samples. A broad band of
moderate intensity in the 1320-1387 cm™ range, attrib-
uted to -OH bond vibrations, was also detected in the
chitosan sample (Figure 3). In the CMCS IR spectrum,
an absorption peak characteristic of hydroxyl groups
appears in the 3399-3167 cm™ range. The C=0 group
is identified by an absorption band at approximately
1552 cm! (Figure 4).1¢

These results indicate that only the -OH groups
in O-CMCS undergo substitution, while the -NH, groups

Ab(sm 5 Data 143 —
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0.0
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0.5
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Figure 3. Infrared (IR) spectrum of chitosan obtained from
dead bees'”

Pucynox 3. UK-cnekmp xumo3aua, nomyueHHo2o uz noomopa
nuen'’

remain unaffected. Furthermore, the -COOH groups
in O-CMCS can form intramolecular and intermolecu-
lar interactions with -NH, and charged -NH," groups.
Consequently, O-CMCS contains a higher proportion
of -NH," groups than chitosan under identical condi-
tions, which likely contributes to its enhanced antibacte-
rial properties.

After synthesizing O-CMCS from dead bees, its X-ray
diffraction (XRD) pattern was obtained and analyzed
(Figure 5). A flat profile in the 20 range of 20-30° indi-
cates an amorphous structure. Compared with the XRD
pattern of the original CS, the appearance of a new sin-
glet peak in the 20 range of 35-40° suggests the formation
of a single, pure O-CMCS phase.

The nuclear magnetic resonance (NMR) spectra
of O-CMCS and the Apis mellifera CS sample were

454
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Figure 4. IR spectra of O-CMCS obtained from dead bees
Pucynok 4. UK-cnexmpor O-kapOoKcuMemuixumo3and, nouy-
ueHHble U3 NOOMOpa nyell
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Figure 5. XRD pattern of O-carboxymethyl chitosan derived
from chitosan of dead bees

Pucynox 5. Penmeenoepamma O-kapbokcumemuaxumo3saud,
NOJYYEHHO20 U3 XUMO3AHA NYETUH020 HOOMOPA
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acquired and analyzed. In the '"H NMR spectrum of
CS, additional signals at 1.89-1.91 ppm correspond to
protons on carbon atoms 1, 2, 3, 5, and 6 of the acetamide
ring. A peak at 3.01 ppm, attributed to the -NH, group
protons, appears as a doublet due to coupling with the
-OH group protons on the third and sixth carbon atoms
of the ring, which resonate at 3.58-3.75 ppm (Table 2
and Table 3).

In the "H NMR spectrum of O-CMCS, the protons
attached to the 2, 3, and 6 carbons of the acetamide ring
resonate at 3.09 ppm. This value is derived by integrat-
ing the signals observed at 3.24 ppm and 3.41 ppm. The
methylene protons of the carboxyl group in O-CMCS
appear at 2.52 ppm. The protons of the NH, group reso-
nate at 3.90 ppm, while the protons of carbon atoms 1
and 4 in the glucosidic bonds of the polymer chain are
detected at 3.52-3.54 ppm. The protons associated with
the -OH groups contribute to a triplet peak in the spec-
trum.

The introduction of a carboxymethyl group scatters
the chemical shifts of the acetamide ring’s protons, as ob-
served in the "H NMR spectra of O-CMCS. Specifical-
ly, protons associated with carbons 1 and 4 are detected
at 1.50 ppm. Protons bound to carbon 7 and 6 are observed
at 3.24-3.41 ppm, while protons attached to carbon 2 res-
onate at 2.52 ppm, carbon 3 at 2.73 ppm, and carbon 5
at 3.09 ppm. Due to the presence of the carboxymethyl
group, the protons of the NH, group shift to 3.52 ppm,
and the protons of the -OH group attached to carbon 3
shift to 3.57 ppm. The protons of the carboxyl group
in O-CMCS are observed at 3.59 ppm.

Quantum chemistry techniques were employed to in-
vestigate the electronic structure of chitosan and its de-
rivative, O-CMCS, focusing on the interactions between
their chemical groups. Molecular orbitals of chitosan and
structural models of O-CMCS were calculated to evalu-
ate the influence of the carboxymethyl group on the mol-
ecule’s electrostatic potential and donor-acceptor proper-
ties, including ionization potential.

The electrical and spatial structure of O-CMCS was
analyzed using computational modeling (Figure 6).
Semi-empirical methods, including AM1, CNDO, and
MNDO, were applied to the sodium salt of O-CMCS to
calculate the energy of the lowest unoccupied molecular
orbital (LUMO), the highest occupied molecular orbit-
al (HOMO), the heat of formation, and other energetic
properties (Table 4).!3

The HOMO energy values obtained from these 3 semi-
empirical methods are comparable, and the numerical re-
sults align with quantum chemical reactivity indices."

These findings indicate that the electronic structure
of the chitosan macromolecule is modified by the intro-
duction of substituents. The donor or acceptor proper-
ties of electrons in various chemical groups contribute
to changes in the effective atomic charge.

100

Table 2

Results of "TH NMR spectroscopy of chitosan
derived from dead bees

Tabnuua 2

Pesyabrarsl 1H-SIMP-cnnekTpockonuu Xuro3aHa
MYeJIMHOT0 MOAMOpa

1H, 2H, 6 7

3H,4H, | (C-H) | 1.89-1.91ppm CHz0H

5H, 6H -

7H,8H | (O—-H) | 3.58-3.75 ppm 0.
6H (NH,) 3.01 ppm NH,

Table 3

Results of "TH NMR spectroscopy of CMCS
obtained from dead bees

Tabnuua 3

Pesyabrarel 1H-SIMP-cniekTpockonuu
KapOOKCHMEeTHJIXUTO3aHA MYEJHHOr0 NoAMOopa

1H, 4H (C-H) 1.5 ppm

2H (C-H) 2.52 ppm

3H (C-H) 2.73 ppm

S5H C-H 3.09 ppm

7H, 6H C-H 3.24-3.41ppm

10H (-NH,) 3.52 ppm i
9H (O-H) 3.57 ppm

8H (COO -H) 3.9 ppm

A

Figure 6. Molecular model (A) and atomic partial charge dis-
tribution (B) of O-CMCS derived from Apis mellifera chitosan
Pucynox 6. Monexynapnas modens O-kapOoKcumMemuaxumo-
sana (A) u amomuuolil 3aps0 (B) O-kapboxkcumemuaxumosana
Apis Mellifera

To evaluate the biological activity of O-CMCS derived
from chitosan extracted from dead bees, an ointment con-
taining O-CMCS was applied to burn wounds in white
rats. Previous studies have demonstrated the efficacy of
animal models in assessing treatments for skin wounds.?

Histological and morphological analyses were con-
ducted, comparing the O-CMCS ointment to a conven-
tional treatment, Levomecol ointment. The O-CMCS
ointment yielded promising results*' (Figure 7).
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Energies of the highest occupied E

HOMO’

lowest unoccupied E

Table 4

Lumo Molecular orbitals, heats of formation and energy

characteristics calculated by various methods for the structure of O-CMC Na

3Hepl“l/ll/l BBICIIUX 3aHATBIX EHOMO’ HU3IIKUX He3aHATbIX E

Tabnuua 4

Lumo VOJICKYJISPHBIX opﬁnTanen, TENJIO0ThI 06p330BaHl/lﬂ

U JHepreTuYecKne XapaKTePUCTHKH, PACCYUTAHHbIE PA3JIMYHBIMH MeToAaMu st cTpykTypbl O-CMC Na

Total energy Electronic Energy
Structure Method E oo (€Y) E vo (€V) (kDj/mol) energy fOl‘lI‘lathIl
(xDj/mol) (xkDj/mol)
O-carboxy AMI 7866.2 1300660 334369.2 1635029 76.32
methyl CNDO 5923.6 139502 516025.8 1911028.6 16858.6
chitosan MNDO 8020.6 1159613 335491.2 1495068.2 78.08

Figure 7. Histological appearance of the burn on the 22nd
day. A) CMCS B) Levomecol

A) Healing. Formation of extensive granulation tissue in the
dermis (1). Contraction of the wound (2). Eschar (3). Edema (4)
with single inflammatory cells (5). Hematoxylin-eosin staining.
Lens 10%20 eyepiece.

B) Healing. Cell proliferation (1). Edema (2) with multiple in-
flammatory cells (3). Eschar (4). Hematoxylin-eosin staining.
Lens 10%20 eyepiece.

Pucynok 7. l'ucmonocuueckas kapmuna oxcoea Ha 22-ii OeHb.
A) Kapbokcumemunxumosan b) Jlesomexonw

A) Baoicusnenue. Obpazosanue OOUWUPHOU 2PAHYIAYUOHHOU
mxanu 6 0epme (1). Konmpaxyus panwt (2). Cmpyn (3). Omex (4)
€ eOuHUYHbIMU 6ocnanumenvibimu kiemrxamu (5). Okpacka ze-
Mmamoxcununom u 203urnom. Oxynsap 10%20.

B) 3aswcusnenue. llponugepayus knemox (1). Omex (2) ¢ muo-
JrcecmeeHHbiMU 8ocnanumensrvimu kiemxamu (3). Cmpyn (4).
Oxpacka eemamokcunurom u 303urom. Oxyaap 10%20.

Conclusions

The optimal conditions for producing O-CMCS were
investigated, focusing on the carboxymethylation reaction
of chitosan derived from Apis mellifera and the determina-
tion of its kinetic parameters. Physicochemical character-
ization techniques were employed to study the synthesis
of O-CMCS from Apis mellifera chitosan. In vivo stud-
ies evaluating the biological activity of O-CMCS derived
from this novel raw material yielded positive results, sup-
porting its potential use in medical applications.

Author contributions

Concept and design: Kurbonova, Ikxtiyarova

Acquisition, analysis, or interpretation of data: Kurbonova,
Ikxtiyarova

Manuscript drafting and revising: Avilova, Grigoryan,
Khojiev, Khudoynazarova

Statistical analysis: Kurbonova, Khojiev

Bkuan aBTopoB

Paspabomxa xonyenyuu u ousaiina uccieo08aHusl:

@.H. Kypbonosa, I'A. VxTusiposa

Coop, ananuz u unmepnpemayus oannvix. ©.H. Kypbonona,
I'A. Uxtusposa

Iloozomoexa u pedakxmuposanue mexcma.: O. ABHJIOBa,

A 1O. I'puropssn, J1.10. Xomxkues, ' A. Xynoiinazaposa
IIpogedenue cmamucmuyeckozo ananusa: ®.H. KypboHnosa,
J.YO. Xomxuen

Acknowledgments:

We are grateful to the Department of Anatomy and Clinical
Anatomy of the Bukhara State Medical Institute, which provided
direct assistance in conducting in vivo experiments to determine
the biological activity of carboxymethyl chitosan.

BuaarogapHocTn

Aemopul gvipasicarom baazodapnocms Kageope anamomuu
u kauHuyeckou anamomuu byxapckoeo eocyoapcmeennoeo
MEOUYUHCKO20 UHCMUMYMA, KOMOpas OKA3aad
HenocpeoCcmeeHHy0 NOMOWb 8 NPOBeOeHUU IKCNEPUMEHIO8
in vivo no onpeodenenuto 6U0102U4ECKOU AKMUSHOCU
KapOOKCUMEeMUIXUMO3ana.

Jintepatypa/References

1. Jiménez-Goémez CP, Cecilia JA. Chitosan: a natural bio-
polymer with a wide and varied range of applications. Molecules.
2020;25(17):3981. PMID: 32882899. PMCID: PMC7504732.
https://doi.org/10.3390/molecules25173981

2. Rinaudo M, Milas M, Le Dung P. Characterization of chito-
san. Influence of ionic strength and degree of acetylation on chain
expansion. Int J Biol Macromol. 1993;15(5):281-285. PMID:
8251442. https://doi.org/10.1016/0141-8130(93)90027-J

3. le Dung P, Milas M, Rinaudo M, Desbri¢res J. Water soluble
derivatives obtained by controlled chemical modifications of chi-
tosan. Carbohydrate Polymers. 1994;24(3):209-214. https://doi.
org/10.1016/0144-8617(94)90132-5

4. Anitha A, Maya S, Deepa N, et al. Efficient water soluble
O-carboxymethyl chitosan nanocarrier for the delivery of curcum-
in to cancer cells. Carbohydrate Polymers. 2011;83(2):452-461.
https://doi.org/10.1016/j.carbpol.2010.08.008

5. Azuma K, Izumi R, Osaki T, et al. Chitin, chitosan, and
its derivatives for wound healing: old and new materials. J Funct
Biomater. 2015;6(1):104-142. Retracted in: J Funct Biomater.
2018;9(2):E38. PMID: 25780874. PMCID: PMC4384104. https://
doi.org/10.3390/jfb6010104

6. Sudha PN, Gomathi T, Aisverya S. Recent research in the ap-
plications of chitin, chitosan and oligosaccharides. In: Khalaf MN.
Green Polymers and Environmental Pollution Control. Apple Aca-
demic Press; 2015:304-322.

101



VIHHOBaLOHHas MeamnumHa Kybaru. 2025;10(2):96-102 / Innovative Medicine of Kuban. 2025;10(2):96-102

7. Sun T, Zhan B, Zhang W, et al. Carboxymethyl chitosan
nanoparticles loaded with bioactive peptide OH-CATH30 benefit
nonscar wound healing. Int J Nanomedicine. 2018;13:5771-5786.
PMID: 30310280. PMCID: PMC6165789. https://doi.org/10.2147/
IJN.S156206

8. Mengliyev A, Ikhtiyarova G. Obtaining chitin and chi-
tosan Apis mellifera using them in the process of fabric dying.
Universum: Chemistry & Biology. 2024;121(7):4-8. https://doi.
org/10.32743/unichem.2024.121.7.17788

9. Kurbanova F, Djumaeva M, Khudoynazarova G. Prepa-
ration of Apis mellifera carboxymethylchitosan and determina-
tion of its molecular weight and degree of acetylation. E3S Web
of Conferences. 2023;460:10029. https://doi.org/10.1051/e3s-
conf/202346010029

10. Vokhidova NR, Khudoyberdiyev SS, Nurgaliev IN, Rashi-
dova SS. On obtaining binary polyelectrolyte complexes of chito-
san Bombyx mori with collagen. Progress on Chemistry and Appli-
cation of Chitin and its Derivatives. 2023;28:188-203. https://doi.
org/10.15259/pcacd.28.017

11. Khojiev DYa, Kurbonova FN. Creation of a new model of
burns in rats with the determination of their degree and the use of
carboxymethylchitosan Apis mellifera. Eurasian Journal of Aca-
demic Research. 2022;2(6):1115-1120.

12. Mourya VK, Inamdara NN, Tiwari A. Carboxymethyl chito-
san and its applications. Advanced Materials Letters. 2010;1(1):11—
33. https://doi.org/10.5185/amlett.2010.3108

13. Pammposa C.II., Munymesa PYO. Xumun u xumosan
Bombyx mori: cunmes, ceéoticmea u npumenenue. dan; 2009.

Rashidova SS, Milusheva RY. Bombyx mori Chitin and Chito-
san: Synthesis, Properties, and Application. FAN; 2009. (In Russ.).

14. Ahmadi F, Oveisi Z, Samani SM, Amoozgar Z. Chitosan
based hydrogels: characteristics and pharmaceutical applications.
Res Pharm Sci. 2015;10(1):1-16. PMID: 26430453. PMCID:
PMC4578208.

15. Klosinski KK, Wach RA, Girek-Bak MK, et al. Biocom-
patibility and mechanical properties of carboxymethyl chitosan
hydrogels. Polymers (Basel). 2022;15(1):144. PMID: 36616494.
PMCID: PM(C9823898. https://doi.org/10.3390/polym15010144

16. Uxtusiposa ["A., Mamarosa I11.b., Kyp6anosa ®. ITomy-
YeHHE XUTHHA W XHWTO3aHa M3 MEJOHOCHOTO MECTHOTO IYEiH-
Horo noamopa Apis Mellifera. Universum: mexuuueckue HayKu.
2018;(5):49-52.

Ikhtiyarova G, Mamatova Sh, Kurbanova F. Separation of chi-
tin and chitosan from local honey bee Apis mellifera. Universum:
tekhnicheskie nauki. 2018;(5):49-52. (In Russ.).

17. Kurbonova FN, Ikhtiyarova GA, Khojiev DY. Creation
of a new model of burns in rats with the determination of their de-
gree and use of Apis mellifera carboxymethyl chitosan. The Austri-
an Journal of Technical and Natural Sciences. 2022;(5-6):13—17.
https://doi.org/10.29013/AJT-22-5.6-13-17

18. Kurbanova FN, Ikhtiyarova GA. Method of obtaining and
physico-chemical properties of carboxymethyl ethers of chitosan
from bees inanimate. Eurasian Journal of Academic Research.
2022;2(2):467-472.

19. Qurbonova FN, Ixtiyarova GA. Molecular structure and
charge of an atom O-carboxymethylchitosan Apis Mellifera. In:
Actual Problems of the Chemistry of Natural Compounds. Academy
of Sciences of the Republic of Uzbekistan; 2022: 190.

20. Kurbonova FN. Apis Mellifera jonsiz asalaridan O- kar-
boksimetilxitozan olinishi va ularning fizik -kimyoviy xossalarini
o rganish. Dissertation abstract. Bukhara State University; 2023.
(In Uzbek).

102

21. TepexoB A.I., Mummnua E.C., Kmoesa E.I., bykano-
Ba [1.A., Xoxues /1.5., ['puropesia A.FO. OcobeHHOCTH TpoIEec-
ca 3QKUBJICHUS] KOXKHOM paHbl B YCIOBHUSX HIIEMUH IIPU MECTHOM
JIeYeHNN KOMOMHAINeH OEH3aIKOHHS XJIOPU/IA C AEKCIIAaHTEHOIOM.
Hunosayuonnas meouyuna Kyoanu. 2024;(1):113—121. https://doi.
0rg/10.35401/2541-9897-2024-9-1-113-121

Terekhov AG, Mishina ES, Klyueva EG, Bukanova PA, Kho-
jiev DYa, Grigoryan AYu. Peculiarities of skin wound healing
under ischemic conditions with topical treatment using a combi-
nation of benzalkonium chloride and dexpanthenol. Innovative
Medicine of Kuban. 2024;(1):113-121. (In Russ.). https://doi.
0rg/10.35401/2541-9897-2024-9-1-113-121

Author credentials

Feruza N. Kurbonova, PhD, Associate Professor at the De-
partment of Medical Chemistry, Bukhara State Medical Institute
(Bukhara, Uzbekistan). https://orcid.org/0009-0009-3371-4054

Gulnora A. Ixtiyarova, Dr. Sci. (Chem.), Professor, Tashkent
State Technical University (Tashkent, Uzbekistan). https://orcid.
org/0000-0002-1687-682X

Arsen Yu. Grigoryan, Dr. Sci. (Med.), Associate Professor
at the Department of Operative Surgery and Topographic Anato-
my, Kursk State Medical University (Kursk, Russian Federation).
https://orcid.org/0000-0002-5039-5384

Olga Avilova, PhD, Assistant Professor of Medical Education,
Nova Southeastern University (Fort Lauderdale, USA). https://or-
cid.org/0000-0003-4508-8336

Dilmurod Y. Khojiev, PhD, Associate Professor at the De-
partment of Operative Surgery and Topographic Anatomy, Termez
Branch of the Tashkent Medical Academy (Termez, Uzbekistan).
https://orcid.org/0009-0004-7833-6986

Gulbahor A. Xudoynazarova, Cand. Sci. (Chem.), Profes-
sor at the Department of Chemistry and Oil and Gas Technology,
Bukhara State University (Bukhara, Uzbekistan). https:/orcid.
org/0000-0001-5890-5636

Conflict of interest: none declared.

CBepgeHmnna 06 aBTopax
Kypoonosa ®epy3a HypyJ/noeBHa, nokrop ¢unocoduu, no-
LEeHT Kadeapsl MEIUIMHCKON XUMHH, ByXapckuii rocyaapcTBeH-
HbIi MenunuHckuid nHCTUTYT (Byxapa, Y30exucran). https:/orcid.
org/0009-0009-3371-4054
HxtusipoBa I'ytHopa AxkMasioBHa, 1. XuM. H., Ipodeccop,
TamkeHTCKHI rocyIapcTBeHHBIN TexHndecknii yansepcuret (Tam-
KeHT, Y30ekucran). https://orcid.org/0000-0002-1687-682X
I'puropesin Apcen IOpbeBu4, 1. M. H., TOUEHT Kadeapsl
OIEpaTUBHOI XUPYPruu U Tonorpaduyeckoii anaromuu, Kypckuit
rocyaapcTBeHHbIH MequuuHckuil ynusepcuter (Kypcek, Pocens).
https://orcid.org/0000-0002-5039-5384
ABuioBa Ouibra, 1oxTop Quiaocodun, acCuCTeHT-Tpodeccop
(MenumHCKOE 00pa3oBanue), FOro-Boctounbiii ynuBepcuter Hosa
(®opr-Jlonepaeiin, CIIA). https://orcid.org/0000-0003-4508-8336
Xomxues JIunmypon AAxmmeBud, 10ktop dhusocoduu, TOUEHT
Kadeapbl OnepaTUBHOM XUPYPruu M Tornorpaduyueckoil aHaTOMHH,
Tepmesckuii punman TamkeHTckoi MenuuuHcKor akanemun (Tep-
Me3, Y30ekucran). https://orcid.org/0009-0004-7833-6986
Xynoiinazaposa I'yidaxop AkueBHa, K. XMM. H., npodeccop
Kadeapbl XUMUH U TeXHonoruu HedTH M rasza, Byxapckuii rocy-
napcrBenHblil yHuBepcuteT (Byxapa, Y30ekucran). https://orcid.
org/0000-0001-5890-5636
Konduukr nnrepecon
Aemopul 3a:a61510m 06 OMCymcmeuy KOHPAUKMA UHMEPECOS.



JKCneprMeHTanbHoe nccnegosatiie / Experimental research

https://doi.org/10.35401/2541-9897-2025-10-2-103-111 ,.) Check for updates

OueHKa KNIMHN4YeCcKN 3HauYnmbix mapkepos PDX-mopenn
TPOWNHOro HeraTUBHOro paka MOJIOYHOW Xene3bl
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Pezome

Heab uccaenoanusi: OLEHUTH COOTBETCTBHE KIMHUYECKH 3HAYMMbIX MapkepoB PDX-mozenu TpoiiHOMY HEraTUBHOMY paKy Mo-
nounoit xene3sl (THPMIK).

Marepuanbl u Metoasnt: J{ist coznanust PDX-monenu THPMIXK ucnonbs3oBainu onyxoiieBblid Marepua OT nauueHTku E., oOparus-
meiicss B PI'BY «HMUL] onxonorum» Munsapasa Poccun 1mo moBomy paka mpaBod MOJIOYHO# xkene3bl. [lonydeHHbIe (pparMeHThI
OITyXOJIM MallMeHTa UMIUIAaHTUPOBAJIN MbIlaM JuHUK Balb/c Nude B moakoxHBIH caiiT, MOIy4HB NEPBYIO IeHEpaInio KCeHorpadra.
HccenenoBanye KCEHOIEHHOM MOJIEIM IIPOBOAMIIM Ha YyeTBepTol renepanuu. Tkanu PDX-Monenu u nanueHTCKoN OIyX0oiau aHaau3u-
POBaJIH C TOMOIIBIO THCTOIOTUIECKOTO, UMMYHOTHCTOXHMHYECKOTO U MOJIEKYIISIPHO-TEHETHUECKOTO METO0B. /711 IMMYHOTHCTOXH-
MHYECKOTO UCCIICI0OBAHMUS HCIIOIB30BAIUCH CiieAyomue anTurena: ER (peuenTop actporena); PR (peuenrtop mporecrepona); HER2/
neu (peuenTop YeI0BeYeCcKoro AMuAepMalIbHOro gakropa pocra 2-ro Tuna); Ki-67 (Mapkep nposudeparun). MonekyispHO-reHeTH-
yeckoe uccienobanue reioB BRCAI n BRCA2 BBINIONHSIIA METOIOM ITOJTUMEPa3HOH HETHOM peaKIiy B PEXKIME PEaIbHOTO BPEMEHH.
Pe3yabTarel: [IpoBeneHHOE THCTONIOTHYECKOE HCCIIEIOBAHNE BRISIBUIIO COOTBETCTBHE TMCTOTUIIA OITYyXOJIEBON TKaHW ManueHTku E.
u KceHorpadra. IMMyHOrHCTOXMMHYECKHUI aHAIN3 JAHHBIX 00pa3loB OIyXoJel I0Ka3all OTCYTCTBUE SKcmpeccun Mapkepos ER, PR
u HER2. I1pu 5TOM B 01yXx0s1€BOM Marepuaje NauueHTKH ObLIo BbisiBiIeHO 80% KIIeTOK, skcnpeccupyomux Ki-67, a B KCeHOreHHOM
Mmarepuaie — 90%. Takxke B HCCIeyeMOM OIyX0JIeBOM (PparMeHTe ManueHTKH U COOTBETCTBYIOIIEM eMy KceHorpadre He OblIo 00-
HapyxeHo myTanunii B reHax BRCAI u BRCA2.

3akiaiouenne: B xone naHHOH paboTEI ObLIa MPOBEEHA OEHKA KIMHUYECKH 3HaYUMBIX MapkepoB PDX-monemn THPMIK, xoro-
past moka3zasa COBIIaIEHHE C COOTBETCTBYIOIMMHM XapaKTepucTHKaM omyxonu nanueHTku E. Takum o6pasom, Hamu nomydena PDX-
MOJ1€J1b, KOTOPYIO MO’KHO HPUMEHSTH KaK /IS (hyHJaMEHTAIbHBIX, TaK U JOKIMHUYECKHX HCCIICIOBAaHUI B 00JIACTH OHKOJIOTUH, B TOM
YHce Ul U3y4eHHs MPOTHBOOIYXO0JIEBOH 3(GEKTUBHOCTH HOBBIX mpenaparoB B otHomenun THPMIK, a taxoke Ui BBIABICHUS
MEXaHU3MOB YyBCTBUTEIBHOCTH WJIM PE3UCTEHTHOCTH K PA3IMYHBIM TE€PANIEBTUYECKUM BO3ICHCTBUAM.

Knrwouesvie cnosa: TpoiiHON HeraTuBHBIN pak MoiouHoit xenesbl, ER, PR, HER2, Ki67, BRCA, PDX-mozens

Lumuposamy: Jlsmenxo U.C., ynsra A.A., Epemun K.C. u np. Onenka kInHIUECKN 3HAYUMBIX MapkepoB PDX-moznenu TpoiiHo-
TO HEraTUBHOTO paka MOJIOYHOMH xkeje3bl. Munosayuonnas meouyuna Kyoanu. 2025;10(2):103—111. https://doi.org/10.35401/2541-
9897-2025-10-2-103-111
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Abstract

Objective: To evaluate a correlation of clinically relevant markers between a patient-derived xenograft (PDX) model and triple-
negative breast cancer (TNBC).

Materials and methods: For the PDX model of TNBC, we used tumor tissue from patient E. who presented with right-sided breast
cancer at the National Medical Research Centre for Oncology (Rostov-on-Don, Russian Federation). The tumor fragments were
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subcutaneously implanted into BALB/c nude mice; thus, the first-generation xenograft was obtained. The xenogeneic model was stud-
ied on the fourth generation. The PDX model tissues and the patient’s tumor were analyzed by histological, immunohistochemical,
and molecular genetic methods. For the immunohistochemical study we used antibodies against ER (estrogen receptor), PR (proges-
terone receptor), HER2/neu (human epidermal growth factor receptor 2), and Ki-67 (proliferation marker). Molecular genetic testing
of the BRCAI and BRCA2 genes was performed using real-time polymerase chain reaction.

Results: The histological examination demonstrated a correlation between the histotype of the original tumor tissue and the xeno-
graft. Immunohistochemical analysis of the tumor samples revealed no expression of ER, PR, and HER2 markers. We identified 80%
of Ki-67-expressing cells in the patient’s tumor and 90% in the xenograft. Furthermore, no mutations in the BRCAI and BRCA2 genes
were found in the patient’s tumor and the corresponding xenograft.

Conclusions: We evaluated clinically relevant markers in the PDX model of TNBC and found the correlation with the corresponding
characteristics of the patient’s tumor. Thus, we generated the PDX model that can be utilized for both fundamental and preclinical
research in oncology, eg, to study antitumor efficacy of novel drugs in TNBC and identify mechanisms of sensitivity or resistance
to various therapeutic interventions.

Keywords: triple-negative breast cancer, ER, PR, HER2, Ki-67, BRCA, PDX model

Cite this article as: Lyashenko IS, Shulga AA, Eremin KS, et al. Evaluation of clinically relevant markers in a patient-derived xe-
nograft model of triple-negative breast cancer. Innovative Medicine of Kuban. 2025;10(2):103—111. https://doi.org/10.35401/2541-

9897-2025-10-2-103-111

BBepeHune

Pakx monounoi xenes3sl (PMIK) B HacTosiiiee BpeMs
B OONBIIMHCTBE CTPaH SIBISICTCS HANOOJIEe YacTO JUATHO-
CTHPYEMBIM 3JI0Ka4eCTBEHHBIM 3a0oneBanueM. [lo mo-
cneqanM JaHHBIM, B 2020 T. OBUTO 3aperucTpUpOBAHO
oxoJto 2,26 mutH cirydaeB PMOK, 3adukcupoBano 685 Teic.
JIeTaJbHBIX MCXOMOB, 3a00J€BaHUE SBISETCS OCHOBHOW
MPUYUHOW CMEPTHOCTU OT OHKOJOTHH CPEIu >KCHIIWH
Bo BceM mupe [1]. B Poccun 3a 2018 r. 6bu10 BEHISBIIE-
HO 70 682 HOBBIX Cllydasl, 4YTO COCTaBJISIET B CTPYKType
3200J1€Ba€MOCTH 3JI0Ka9e€CTBEHHBIMA HOBOOOPa30BaHMS-
Mu y xeHuH 20,9%. Cpennuil Bo3pacT MaiueHToK co-
OTBETCTBYET 3HaueHUto 61,5 roga, mpu 3TOM B CTPYKTY-
pe CMepTHOCTH >keHCcKoro Haceienus PMOK naxomutcs
Ha iepBoM Mecte (16,2%) [2].

CornmacHO JHTEpaTypHBIM JAHHBIM, OOJBIIMHCTBO
crygaeB PMOK mpencraBnser coboil ageHOKapIHHOMY,
pu 3ToM B 85% ciyyaeB ajJieHOKaplMHOMa BO3HUKAET
13 IPOTOKOB MOJIOUHOM skene3bl U B 15% — 13 10IbKOBOTO
snutenus [3]. IIpeoOnagaromyM TUCTOJOTHUYSCKUM TH-
nom PMX sBnsieTcs nHBa3sMBHas KapLUMHOMa MOJOYHOM
JKeNe3bl Hecleu(pUIecKoro Tuma. ['MCTOTHIT OmyXoiH,
CTeTIeHH 3JI0Ka9eCTBEHHOCTH HOBOOOPA30BaHUS, pa3Mep
TIEPBUYHOTO y3J1a, & TAK)KE HAJTMYHME WIH OTCYTCTBHUE JIM-
(hoBacKyIApHOI MHBA3UH U METACTa3UPOBAHHS B ITOIMbI-
HIeYHbIC TUM(ATHIESCKIE Y3JIbl ONPEENISIOT TAKTUKY JIe-
YeHUs NaunueHTok [4]. O6s3aTenbHBIM YCIOBHEM ITPU Kap-
[ITHOME MOJIOYHOI! JKeJIe3HI SBIISIETCS OLIEHKa IKCIIPECCUU
ER (penernirop actporena), PR (penentop mporectepona),
HER2/neu (peuenrtop yenoBe4ecKOro SIHIEPMAIEHOTO
¢akropa pocra 2-ro tumna) u Ki-67 (Mapkep nposudepa-
uun) [5]. B Mmonekysiproit kmaccudukamuu PMXK cpenn
BCEX TUIIOB TPOMHOM HEraTUBHBII pak MOJOYHOU Kele-
361 (THPMX) (craryc omyxomu coorBerctByeT ER, PR,
HER?2) canrtaercs MeHee OaronpusiTHBIM, a €T0 JICUCHHE
MIpeACTaBIsIeT HanboJIee CIMKHYIO 33/1a9y 110 CPABHEHUIO
¢ JIpyTUMHU BapuaHTaMU KapuuHOM [6-9]. V maiueHToB
C TPOMHBIM HEraTUBHBIM MOJIEKYIApHBIM cTatycoMm PMOXK
HabOmromaeTcst 0oJiee arpecCUBHOC KIMHUYECKOE Teue-
HHUE, pETUCTPUPYETCs Ooiee MO3THS CTausl HA MOMEHT
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MMOCTaHOBKM NEPBOHAYAJILHOTO AMAarHo3a, paHHUE PeLy-
JUBBI C METACTaTUYECKUM PACIPOCTPAHEHUEM U HU3KHE
mokazarenu oOmieit BepkmBaeMocTH [10]. Ilockombky
B onyxoisix THPMX otcyrctByer sxcnpeccust ER, PR
u HER2, oHn He 4yBCTBUTENBHBI K SHAOKPUHHOW Tepa-
AW WU MOJIEKYJISIpHOM TapreTHoi Teparuu [11]. Takum
00pa3oM, XMMHOTEpamnus SBISETCS OCHOBHBIM CHCTEM-
HBIM JIe4eHHEeM, HO 3((PEeKTHBHOCTD TPAJUINOHHON ITO-
CJIEOTEPAlMOHHON aJbIOBAHTHOM XMMHUOIYYEBOH Tepa-
UM HEJOCTAaTOYHO YIOBJIETBOpUTENbHAsA. OcCTarouHble
METacTaTUYEeCKUE MOPAKECHUSI B KOHEUHOM UTOTE MPHUBO-
IIT K penuanBy omyxonu [12].

CormnacHO KITMHUYECKUM pexomeHranusiM, mpu THPMOK
PEKOMEHYETCS! IPUMEHEHHE XUMHUOTEpAIIui aHTPALUKIIU-
HaMH, UX POJICTBEHHBIMU COCAMHEHUAMHU U TaKcaHamu [2].
OpnHako JUTs JIedeHUs KapIIMHOM MOJIOYHOM KeJie3bl C TPOii-
HBIM HETaTHBHBIM MOJIEKYJIAPHBIM Mpo(QuiieM 10 CUX TI0p
HE OmpeJieNieH KaKoW-IM00 MPEAMOUTHTEIbHBIA PEXKUM Jie-
KapCTBEHHOM Tepamnuy, a ee 3P(eKTHBHOCTh HENOCTaTOod-
HA JUTS JICYCHUST HEOTlepaOeITbHBIX A PEIHIUBHPYIOIINX
omyxoneit THPMX [13].

I'ereporennoctes PMIK siBrisieTcst cepbe3HbIM IPEIIST-
CTBUEM I IPUMEHEHHsI MTOJXO0JI0B NEPCOHATU3NPOBAH-
HOW MEIIUIIMHBIL, JJIsl YCHEITHOCTH CTPATerui He0OX0IuM
MIONTHBIA HAOOP KIMHUYECKU 3HAYUMBIX U TPOBEPEHHBIX
OnoMapKepoB, a Tarke pa3pabdoTKa COITyTCTBYIOMINX
JUarHOCTHYECKUX TECTOB JUISl OLEHKH OTBETAa OIYyXOJIU
Ha JieueHue [14]. Mcnonp3oBaHne TOKIMHUYECKUX MO-
Jeneil s MPOBEPKM THUIOTE3 3aHUMAeT LEHTPaIbHOE
MECTO B HCCICHOBAHMIX KapIIMHOM PAa3IUYHBIX JIOKa-
muzatuil. K coxalleHnto, 1aBHO CYUIECTBYIOIIME KJle-
TOYHBIE JIMHUM 4YEJIOBEKa U MHOTME MOJEIH TPaHCTEH-
HBIX MBIIIEH 4acTO HE MOTYT BOCIPOU3BECTH KIIIOUEBBIC
aCTIeKTHI 3JI0KaYeCTBEHHBIX HOBOOOPA30BaHMH YeIOBEKa
U, CIIEJIOBATENIbHO, HE MOTYT a/IeKBATHO MPOTHO3UPOBATH
3¢ deKThl JIEKApCTBEHHBIX MpernaparoB B KiuHHKe. Kce-
HOTPAHCIUIAHTATHI, TIOJyYeHHbIE OT TManueHTa (patient-
derived xenograft, PDX) n3 06pa3moB cBexei HeQHUKCH-
POBAHHOM OITyXOJIEBOH TKaHHU, IOBTOPSIOT pa3HooOpasue
PMXK, oTpakatoT THCTONATONOTHIO, TOBEACHUE OITYXOJIH
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¥ METACTaTUYEeCKUE CBOHCTBA HCXOTHOW KapPIITHOMBI MO-
JIOYHOM xkene3wl [15]. B cBA3M ¢ 9TUM MepCleKTUBHBIM
U BaXHBIM siBJIsieTcst co3nanue PDX-mozeneit u nposep-
Ka X COOTBETCTBHUS MCCIETyeMO HO30JOTHH 3JI0KaYe-
CTBEHHOT'O HOBOOOPA30BaHM.

Lenb nccneposaHuna

O1eHUTb COOTBETCTBHE KIIMHUUYECKU 3HAUUMBIX Map-
kepoB PDX-Monenu TpoWHOMY HEraTUBHOMY paky Mo-
JIOYHOH 7KEJE3Bbl.

MaTtepuanbl n meToabl

Onyxoneewliit mamepuan

s cosnanus kcenorpadgra THPMIK ucnonb3oBanu
(parMeHT OITyXOJH, MOJyYSHHBIH OT manueHTku E., 00-
parusieiics B ®PI'bY «HMMHL] onkonorun» MuH3apasa
P® no noeony paka npaBoil MosouHOM *keine3bl. ['ucro-
JIOTHYECKHU OITyXOJIb ObLIa OTpeneNeHa KaKk WHBa3HBHAsS
KapuuHoMa Hecrenrduaeckoro Tuna G3 U COOTBETCTBO-
Bana ctaauu ¢ T4bN2MO St I1IB. ITaruenTro ObLI0 TIpe-
JIOCTaBJIEHO MHCBMEHHOE coIlache Ha mepenady OHoio-
THYECKOTO MaTepuania.

Kueommnuwie-peyunuenmot

Jns cozmanus PDX-monenmn THPMIK ncnons3oBanmu
MMyHOAepUIUTHBIX MbIrei muaur Balb/c Nude (n=12,
CaMKH BO3pacToM 5—6 Hemenb U BecoM 25-27 T), Moiy-
YEeHHBIX M3 COOCTBEHHOTo pasBeneHus BuBapus PI'bBY
«HMMUIL] onkonorun» Munsapasa PD. KusoTHbIX cO-
nepxxanu B cucreme VIBK (MHIuBHyadbHO BEHTHIHPY-
eMbIe KJIETKH), KOPM ¥ BOIy ITPEAOCTABIISUIN TI0 Mepe He-
00XOIMMOCTH.

Co3zoanue PDX-mooenu THPMK

Ilocne Toro, kak omyxoneBblii 0Opazeln ObLT MONy4YeH
ot narmenTky E., on 6611 moctasnen B SPF-BuBapwii B crie-
LIMAJIbHOW TPaHCIOPTHOM cperne, cocrosuein n3 DMEM
(Dulbecco’s Modified Eagle Medium) u 10% FBS (Fetal Bo-
vine Serum) npousBoncTsa Gibco, Thermo Fisher Scientific
(CIIA). 3arem manHbIi 0oOpasell ObLI paszieicH Ha Ooree
MeJKkHe (hparMeHTs! pazMepoM npuMepHo 3x3x3 mm. [pen-
BapHUTEIHHO HAPKOTH3MPOBAHHBIM MBIIIIAM UMILIAHTHPOBA-
JIM TIO OJTHOMY TakoMy (pparMeHTy IOIKOKHO IS TIOJTyde-
Hus 1-i reHepanmu kcenorpadTa. [ mociemyrommx re-
Hepalyil MoJy4eHHbIE OITyXOJIEBbIC Y3JIbl IPU JOCTHKECHUN
HeoO0xomuMoro pasmepa (mpuMeprno 1-1,5 cM B auamerpe)
HEPEBUBAIUCH OT MPEIbLIYIIEH eHepaluu K CIENyIoen
BBIIIICYKA3aHHBIM CIIOCOO0OM (n=3 IS KaKIOH TCHEpAITHN ).
B nmanHoOil paboTe HMCHONMB30BAM YETBEPTYIO T€HEPAIUI0
KceHorpadrTa.

Tucmonozuueckoe u UMMYHOZUCIOXUMUYECKOE
(UI'X) uccneoosanue

@®parMeHTbl JOHOPCKOM M KCEHOIEHHOH OIlyXOoJeH
¢ukcuposanmu B 10%-m GpopmanuHe B Teuenue 24 4, 3aTemMm
BBITTOJTHSUTN TIPOBOJIKY B mporieccope Tissue-Tek Xpress
x120 (Sakura Finetek, Slmonus), mocie gero 3akiroyaiu
B mapaduH. [Ipu momomu potopaoro mukporoma HM 325

(Thermo Shandon Limited, BemukoOpuTtanus) nemamu
MHUKPOCPE3bl, KOTOPhIE B JalbHEUIIIEM MTOABEPraiu aera-
paduHM3anuu. [[1sl OleHKH THCTOJIOTHYSCKOW KapTHHBI
MIpermapaToB MPOBOAMIN OKPAIIHNBAHNE TEMATOKCIIINHOM
u 303uHOM. UI'X-0KkpammnBaHye NpOBOAUIN B aBTOMATH-
YEeCKOM peXHMe B MMMyHorucrocreitnepe BenchMark
ULTRA Ventana (Roche, IllBeiimapus). B pabore wuc-
nonb3oBanu cienyromue antutena: ER (kimon SP1), Cell
Marque B pasBenenuu 1:100; PR (kmon SP2), DBS B pas-
Benernu 1:100; Ki-67 (xmon SP6), Cell Marque B pas-
Benennn 1:200; HER2/neu (kmon 4B5), Ventana Roche
RTU. Ins nemackupoBku npumensin Tpuc-3[ATA Oy-
¢dep, pH=9 (CC1). B noiy4eHHBIX Tperaparax aHaiu3
skcnpeccnn ER, PR u Ki-67 omyxoneBbIMH KJI€TKaMU
OCYIICCTBIISUTH BBIYMCICHUEM JOJIM KIETOK C OKpAaIleH-
HBIMH sIIpaMu (IIPOIIEHT OT OOIIET0 KOJMYECTBa OITyXO-
JeBBIX KJIETOK) HE MeHee ueM B 10 paHIOMHBIX ITOJSIX
3penus nipu yBenmmueHun x400. [Ipu omenke Her2/neu
AHAJTM3UPOBAIM TOJHOE WJIM YaCTHYHOE MeMOpaHHOe
okpammBanue. OTCyTCTBHE WIN HaJIM4YKHe cllaboro okpa-
muBaHus (saaep w/uiaun MemOpansl) menee, yeM B 10%
OITYXOJIEBBIX KJIETOK, MHTEPIPETUPOBAIOCH KaK HETaTHUB-
Hast UI'X-peakuus. Ilo3utusHoit peaknueit UI'X cuura-
JIOCH SIPKO€ paBHOMEpHOE okpamuBanue 6oiee 10% Bcex
OITyXOJIEBBIX KJIETOK.

Monexynapno-zenemuueckoe ucciedosanue

MonexynapHO-TeHETHUECKOe HCCIEA0BaHUE JIOHOP-
CKO M KCEHOICHHOH OmyXoJied Ha NpeAMET HaJIU4us
WM OTCYTCTBUSI MyTanuid B reHax BRCAI u BRCA?2 BbI-
TIOJHSITM  METOJIOM  TTOJTMMEPasHOl IEeMHON peaknnu
B peKHME pealbHOro BpeMmeHH (real-time polymerase
chain reaction) ¢ wucnosjp3oBaHHEeM HaOopa pearcHTOB
«BRCA1,2-tkanb» (Tectl'en, Poccus).

Co0aronenne 3THYECKUX CTAHAAPTOB

B pabore cobromanich STHYeCKUe MPUHITUITBL, TPETb-
sBIIIeMble XeJIbCUHKCKON Aekiapanuein BcemupHoit me-
murHckor  accormarn  (World Medical Association
Declaration of Helsinki, 1964, pen. 2013). Mccaenora-
Hue onobpeno Komutetom ®I'BY «HMUIL] oHKONTOTHIY
Munszapasa Poccun (BeITEICKa M3 MPOTOKOJIA 3aCEAAHUS
omosTrueckoit kommecuu Ne 19/123 ot 03.08.2021 ).
WudopmupoBarHOE coracue MOJTy4YeHO OT YYacTHHKA
nccnenoanus. [lareHTKO#M OBUIO MPETOCTABICHO MHCh-
MEHHOE COITIacue Ha mepeaady OMoIOTHYecKoro MaTepu-
ana. PaboTy ¢ >KMBOTHBIMH HPOBOIHMIN B COOTBETCTBUU
¢ npaBuiiamu «EBporieiickoii KOHBEHLMU O 3allUTEe KU-
BOTHEBIX, UCTIONB3YEMBIX B dKcriepuMeHTax» (lupexrua
2010/63/EU), a Takke B COOTBETCTBHH ¢ MeXTyHApOI-
HBIMH PEKOMEHAALUSIMH 110 TIPOBEACHUIO MEAUKO-OHOJIO-
THYECKHUX HCCIEOBAHUHN C MCHOJIB30BAHUEM YKUBOTHBIX
u Ilpukazom MunzapaBa Poccuu ot 19 mrons 2003 .
Ne 267 «O06 yTBepKACHUH MPABUIT JTa0OPATOPHOH Mpak-
TUKN». VccrenoBanne 0oq00peHo STHUECKUM KOMUTETOM
OI'bY «HMMUIL] onkonorum» Mwunsapasa Poccun (mpo-
Tokost Ne 19/123 ot 03.08.2021 1.).
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PesynbTatbl nccnefoBaHuAa 1 NX o6cyxaeHmne

H3BectHO, uTo PDX-MOIEIN CrIocOOHBI O0siee TOYHO
OoTpakaTh OWMOJIOTHYECKHE XapaKTEPHCTHUKU YelloBede-
CKHX OIyXOJICH MO CPaBHEHMIO C IPYTMMU MOAEIbHBIMU
oobekTamu [15]. D10 mo3BosieT paccmarpuBarh PDX-
MOJIETIH B KadecTBe Hanbosee MOAXOIAIIEH SKCIIepUMEH-
TaTbHOW MOJEITHHON CHUCTEMBI KaK JJISl JOKIMHUYIECKUX
WCTBITAHUHN JICKApPCTBEHHBIX CPEICTB, Tak U I (DyH-
JTAMEHTAIBHBIX HCCIIEIOBAaHUI B 00JIACTH OHKOJIOTHH.
Ha naHHBII MOMEHT MHOTHE akaJeMHU4ecKkue u (apma-
LIEBTUYECKKE COO00IIecTBa pabOTalOT HAA pacIiipPeHUEM
CHeKTpa CTaOMIIbHO TPaHCIIIaHTUPYeMBIX Mozenei PDX,
MpeNCTaBIAIomMuX pasueie moaTumsl PMXK [16]. Oxna-
KO 3TH MOJAETH TPeOyIOT TIIATEIbHON XapaKTepPHCTUKU
Y TIPOBEPKH Ha HAJHUYUE KIMHUYCCKU 3HAYMMBIX MapKe-
POB ISl BO3MOYKHOCTH UCIIOJIb30BaHUS NX Hanbolee pa-
LHOHAJIBLHBIM 00pa30M.

B cBsi31 ¢ 3TUM Ba)KHBIM 3TaIlOM, MPEAIICCTBYIONINM
TPAHCIAIIUOHHBIM HCCICIOBAHUSAM C HCIOJIH30BAHUEM
PDX, siBnsiercs olieHKa €€ COOTBETCTBUSI TUITY U3YHYaeMO-
IO 3JI0Ka4€CTBEHHOTO HOBOOOPa30BaHMs.

l'ucTonornueckoe ucciaenoBaHue Marepuaia, MOTy-
YEHHOTO OT MAIMEeHTKH E., BBISIBHIO OMyXOJdb C MHBA-
3MBHBIM POCTOM, KpPHOPO3HOTO, COJIMAHOTO, MECTaMHU
JKEeJIE3UCTONOIO0HOTO M TPaOeKyNIApHOTO CTPOCHHMA,
13 MOJIMMOP(HBIX KIETOK C BBIPAKEHHON SACPHOM aTH-
MUe, TaToJOrMYeCKIMHA MUTO3aMH;, C O4araMi HeKpo3a,
¢uOpo30M CTPOMBI, HEPABHOMEPHOH MEPUTYMOPAIBHOMN
JTUMQOLUTAPHON MHPUIBTPALIUCH; ¢ HATMYUEM MepHBa-
CKYJIAPHON W TepuHEBpaJIbHOM MHBa3UU. OIMyXOJEeBBII
obOpazerr PDX-monmenn Bocmpom3BoamI MOpP(OIOTHIO
Y THCTOTHII JIOHOPCKOH OITyXOJH M COOTBETCTBOBAJ Kap-
nuHoMe Hecnenuduueckoro Tuma Grade 3 (puc. 1).

B Xome HMMMyHOTHCTOXMMHYECKOTO MCCIIEIOBAHMS
MIPEmapaToB OMyXOJEBbIX 00Pa3LOB, MOJYUYCHHBIX OT IMa-

uuentku E. u ot PDX-monenn, va ER, PR, HER2, 65110
BBISIBJICHO OTCYTCTBHE SKCIPECCHU AAHHBIX MapKEpOB.
[Ipu sToM HaOMIOAANACH TO3UTUBHAS PEAKLUS B KIETKAX
BHEILIHETO KOHTPOJIA, YTO HaM J1aeT BO3MOYKHOCTb Olie-
HUTb JJOCTOBEPHOCTH MOJYUYEHHBIX JAHHBIX U UCKIIOUYUTD
JIOXKHOOTPULATEIBHBIN PE3yJbTAT aHATIN3A.

Craryc ER umMmeer BakHOE 3HAYEHHUE AJI1 NPUHATHS
KJIIMHAYECKUX PEIICHUH U MPOTHO3UPOBAHUS PE3yibTa-
TOB JICUCHUS TAIIUCHTOB C PAKOM MOJIOUHOM IKEIIE3BI.
Okcmpeccnss ER ykaspiBaeT Ha OHONOTHYECKyIO 3aBU-
CHMOCTb OT aKTUBHOCTH LIUPKYJIHUPYIOIIETO 3CTPOTEHA.
B wactHOCTH, TepameBTHUYeckue 3(PPEKTH HAMPIMYIO
KOppenupyoT ¢ ypoBHsMH ER B OmyxXosneBbIX KIET-
kax [17]. B manHO#i paboTe MMMYHOTHCTOXMMHYECKOE
okpamnBanue 1o ER mokazasio oTCyTcTBHE 3KCIIPECCUH
B OITYXOJIEBBIX KJIETKaX KaK JOHOPCKOM, TaK U KCEHOTEH-
HOI1 omryxouei (puc. 2).

Cnegyer oTrMeTuTh, 4To dKcnpeccus PR 3aBucur
OT YpOBHS 3CTPOreHa, MocKoiabKy ren PR sBisercs mu-
menbto ER. CymiecTByeT B3aMMHOE pEryisiTOpHOE B3a-
umozneilicteue Mexay akcrnpeccued PR u ER, rme ER
peryaupyert 3kcrpeccuro PR u, B cBoro ouepens, PR Mo-
nynaupyet sxcnpeccuto ER [18]. Hannuue PR ykasbiBaer
Ha To, uTo ER ¢yHrkumonansHo aktuBeH. Kpome Toro,
PR wurpaer ponb B KOHTPOJIE HECKOJIBKUX Ba)KHBIX KIlE-
TOYHBIX (DYHKIWH, BKJIFOYAs 1IEJIOCTHOCTh KJIETOK, POCT
u nponudeparmio [19]. UI'X-aHanu3 ucciegyeMbix 00-
pasuoB onyxonu nauueHtku E. u PDX-momenu mnoxa-
3aJl, 4YTO B HUX OTCYTCTBYET 3Kcmpeccust He Toiabko ER,
HO 1 PR (puc. 3).

Onyxonun tuna THPMIX, momumo Bcero BbIiey-
Ka3aHHOTO, TaKXXe OTIMYAIOTCA HHU3KOM JKcmpeccuei
HER2 unm momueiM ee oTcyTcTBUEM. KimmHHYeCKH 10-
Ka3aHO, YTO TaKUE OIYXOJH CJIOXKHEE MOANA0TCA Jieue-
HUI0 U 4Yallle METACTa3UpYIOT, YeM OIyXOJH, KOTOpbIE

Pucynok 1. I'ucmonoeuueckuii npenapam.: A — onyxonesviii mamepuan THPMIK nayuenmxu E. B — onyxonegulii mamepuan
PDX-mooenu THPMJK. Yeenuuenue *x200
Figure 1. Histological specimen: A, tumor tissue (triple-negative breast cancer, TNBC) from patient E.; B, tumor tissue from the
patient-derived xenograft (PDX) model of TNBC. Magnification *200
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Pucynox 2. Hmmynoeucmoxumuueckuii npenapam onyxonu, oopabomannwiil anmumenamvu k ER: A — onyxoneswiti mamepuarn
THPMJK nayuenmxu E.; B — onyxoneswiti mamepuan PDX-voodenu THPMIK. Veenuuenue x200

Figure 2. Immunohistochemical specimen of the tumor treated with anti-ER antibodies: A, tumor tissue from patient E.; B, tumor
tissue from the PDX model of TNBC. Magnification %200
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Pucynox 3. Hmmynoeucmoxumuueckuti npenapam onyxonu, oopabomanmuwiil aumumenamu k PR: A — onyxwzeebn? mamepuan
THPMK nayuenmxu E.; B — onyxonesviii mamepuan PDX-wooenu THPMOK. Yeenuuenue %200
Figure 3. Immunohistochemical specimen of the tumor treated with anti-PR antibodies: A, tumor tissue from patient E.; B, tumor

tissue from the PDX model of TNBC. Magnification 200

seisitoress HER2-nonosxkurensueivu [20]. CiaenoBarensb-
HO, HMCCJIEJOBaHNE JaHHOTO Mapkepa HeoOXOAMMO BBH-
JIy €ro MPOTHOCTHYECKOW 3HAYMMOCTH JJIs Ha3HAYCHUS
neuenusi. I'X-ananus npenapaToB Nokasajl OTCYTCTBHE
skcripeccun HER2 kak B omyxonu nanuentku E., Tak 1 B
KceHoreHHOH Mmozenu (puc. 4). EnuHcTBeHHOE OTIIMYMe
[perapaToB COCTOUT B TOM, YTO B Cilydae KceHorpadra
MPUCYTCTBYeT Hecnenupuueckoe (GOHOBOE OKpallnBa-
Hue. OTHAKO OHO HE SIBISETCS NCTUHHBIM MEMOpPaHHBIM
OKpaIllMBaHUEM, KOTOPOE MOIJIO OB COOTBETCTBOBATH HM-
MYHOITO3UTHBHOH peaknuu (puc. 4B).

B anamormuHOM wmcciienoBaHnM Obla MOJyYeHa Op-
toronnueckass PDX wmomens THPMXX mytem Tpanc-
IUTAaHTAIUU OITyXOJIM B )KUPOBYIO TKaHb MOJIOUHOM JKele-
3pl. [laHHAsg MOnenb TakKe XOPOIIO COXpaHsIa MarTepH

JKCIIPECCHU IIEPEYUCIICHHBIX MapKepOB B CpPaBHCHUHU
¢ ucxonHoi omyxonsio [21]. C ygeTom pa3znuumii B MecTe
TpaHCIUTAaHTAIINH, TIONyYeHHAass HaMU T'eTepOTONnYecKas
(TToIKOXKHAS ) MOZIETIH TTOKA3alla CXOXKHUH pe3ysbTar.
THPMIX mnpencrasisieT coboil BbICOKOIIpoaudepa-
THUBHBIA TIOATHIT paka MOJOYHOHN »KeJNe3bl, 9acTO CBs-
3aHHBIA C BbIcOKOH skcnpeccuei Ki-67 [22]. Cpean
ouomapkepoB PMXK Ki-67 nmpumensieTcss Ay Konmde-
CTBEHHOH OIIEHKH TpOJH(epanuil KIETOK B OIyXoJe-
BBIX 00pa3slax, Kak OJfH U3 Hanbosee MHUPOKO HCIIONb-
3yeMBbIX aHTUTEHOB mnpoiudeparun. Taxxe naaexkc Ki-
67 uccieayeTcs Kak MPOrHOCTUYECKUI MapKep OTBeTa
Ha Tepanuio [23]. B ucciaenyempix HaMu 06pasmax mpo-
LEHT KJIETOK, 3Kcmpeccupyiomux Ki-67, moctaTodHo
BBICOK (pHC. 5). B omyxoneBoM MaTepuare, moixydeHHOM
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Pucynok 4. UmmyHnozucmoxumuueckuii npenapam onyxoau, oopabomarnnwii aunmumenamu kK HER2: A — onyxoneswviii mamepuaJ
THPMOK nayuenmxu E.; B — onyxoneewiti mamepuan PDX-wooenu THPMIK. Ysenuuenue x200

Figure 4. Immunohistochemical specimen of the tumor treated with anti-HER2 antibodies: A, tumor tissue from patient E.;
B, tumor tissue from the PDX model of TNBC. Magnification *200
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Pucynox 5. Hmmynoeucmoxumuueckuii npenapam onyxoiu, oopabomannwiil anmumenamu k Ki-67: A — onyxonegwiii mamepuar
THPMK nayuenmiu E. B — onyxoneswiti mamepuan PDX-modenu THPMIK. Yeenuuenue x200

Figure 5. Immunohistochemical specimen of the tumor treated with anti-Ki-67 antibodies: A, tumor tissue from patient E.;
B, tumor tissue from the PDX model of TNBC. Magnification x200

or nauuentku E., Obuto BbuiBieHo 80% wuMMyHOIO- I'enernueckast mnpenpacnonoxeHHocts k  THPMIXK
3UTHBHBIX KIETOK (puc. 5A). B kceHoreHHoil momenu cBszaHa ¢ MyTanmsaMu B reHax BRCAI u BRCA2. Tloutu
YpPOBEHb Mponudepanui KIeTOK HeMHOro Oombime — B 70% ciaydaeB paka MOJOYHOH JKeNE3bl Y JKCHIIUH C Ha-

90% (puc. 5b, Tabdmn. 1). Yka3anHas pa3HHUIAa B KOJIMYE-  CIICACTBCHHBIMUA MyTarwsiMu B BRCAI/2 sxcripeccust TU-
CTBE IMMYHOITO3UTHUBHBIX KJIETOK MOXKET OBITh CBsi3aHa  ctoyorndeckux Mapkepos PR, ER m HER2 nuskas wim o1-
C TeM, YTO JUIsI TPAHCIUTAHTAIIUH OB B3SIT 00Opaser ¢ 00-  cyrctByeT [24]. B cpemrem ot 10 1o 15% Bcex marueHTOB
Jiee BBIPAKECHHOHN NPONIM(EpUPYIONIEi aKTUBHOCTBIO. ¢ THPMXX sBIsIIOTCS HOCUTEIISIMH MYTAIlUi 3apOJbIIIe-
[IpoBenenHOe MONEKYIApHO-TEHETHYECKOE HccnenoBa- Bod ymHuH BRCAI wim BRCA2, a y HOcHTeNnel MyTa-
HHE OIyXOJIeBOTO MaTrepualia, TOJydeHHOro oT mammeHT- 1mn BRCAI Gonmee BepostHO pasButne THPMIXK [25].
ku E. u or PDX-Moznenu, BeisiBWIIO OTCyTCcTBHE MyTaimii  OfHAaKko 4acToTa BCTpedaeMocTH Mmyraiuid BRCAI win
B TeHax BRCAI (c.5266dup.C, c.181T>G, ¢.5251C>T, BRCAZ2 B 0O1IeH MOMYJISIIAN JOCTATOYHO HI3KAsI, IIPHMEP-
c.4035deld, ¢.5161C>T, ¢.4675G>A, c.68 69del, wo 1 cnydaii Ha 400 yenosek (1:400) [26, 27].
¢.3700_3704del, c.1961delA, c.4689C>G, ¢.3756 3759del) Benkn BRCA1/BRCA2 urpaioT BakHYIO POJib B pe-
u BRCA2 (c.3749dupA, c.961 962insAA, c¢.2897 2898del, mnapammn JJHK mocpeacTBoM romMonorn4Hoil pekomoOu-
c.8754+1G>A, 6174delT) (tabmn. 1). Haruu. ClieqoBaTeNbHO, TH My Tl OOBITHO TIPUBOIIST
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K HapyIIeHUIO JIaHHOTO mpollecca. B HacTosiee Bpe-
Ms OombumHCTBO nanueHToB ¢ THPMIK, nesaBrcumo
OT TOTO, SIBJISIIOTCS JIU OHU HOCUTENIMU MyTarun BRCA
WJIM HET, JIeaTcs XMMHUOTEpanueil mo cTaHgapTHOM cxe-
me. Krnaccuueckue cxembl aJbIOBAHTHOM WM HEO0AIb-
FOBAHTHOW XWMHOTEPAITUU BKIIOYAIOT aHTPAIUKINHEL,
UX POJICTBEHHBIE COEIMHEHUS M TakcaHbl [2, 28]. Xotd
AHTPAIUKIUHBI SBISIOTCS OCHOBOH XMMHOTEpANHMK pakKa
MOJIOYHOM JKeJIe3bl, 3TH arcHThI CBSI3aHbLI CO 3HAYUTEIb-
HOM TOKCMYHOCTBIO, BKJIIOYAsl pPUCK BTOPUYHOTO JIEHKO3a
u KapauotokcnaaocTd [29]. [logo0HO aHTparuKiInmHAM,
mpermaparsl TaTuHel moBpexaaor JJHK u mpossisior
CHHEPTUYECKYI0 aKTUBHOCTH NP BBEJICHUHU B COUYETAHUN
¢ TakcaHaMH B JOKJIMHUYecKkux moaemnsix THPMIXK [30].

W3-3a Hapy1eHust BoccraHoiieHus nospexaenuid JJHK
MOXKET HaOIMOMAaThCS pa3HALIA B PEAKIINH Ha JiedeHne. B 1Byx
HCCTICTIOBAHUSIX COOOIANI0Ch, YTO y TIAIMEHTOB ¢ MYyTaIlHl-
et BRCAI wabmonancst Goiee BBICOKH ypOBEHb OTBETa
Ha JICUCHHE, YeM y TTaUeHTOB O0e3 myTtamuu BRCA [25, 31].
Bo3MokHO, 3TO 00BsICHSACTCS TeM, uTo noBpekacHus JJHK
OITyXOJIEBBIX KIJICTOK, TIPOUCXOISIIHE B MPOIIECCE XUMHUOTE-
panvn, BeneacTere MyTtarmii BRCA /2 He MOTyT HUBEITHPO-
BaThCsI 32 CUET MEXaHI3Ma pPeTaparim.

3akniovyeHue

B xone manHoi paboThI Obliia MPOBEICHA OIICHKA KITH-
HUYECKU 3HAYMMBIX MapKepOB OIlyXOJIEBOI'O Marepua-
na namueHaTku E. u PDX-monemmn THPMOK. Brissneno,
YTO TUCTOJIOTUYECKHE, UMMYHOIMCTOXUMHUYECKUE U MO-
JIEKYJISIPHO-TCHETHICCKUE XapaKTEPUCTUKU 00Pa3IIoB HC-
CJIEZIyeMOT0 KceHorpa)Ta COOTBETCTBOBAIIM XapaKTEpH-
CTHUKaM 00pasIloB OMyX0JIeBoi TkaHu gJoHopa ¢ THPMIK.
Kcenorpadt yerBepToii reHepaluy COXpaHui BCe OCHOB-
HblE KIMHUYECKUE XapaKTEPUCTUKU HCXOAHOW OITyXOJIH
MOCJIE HECKOJIbKUX CEpPUIHBIX KCEHOTpaHCIUIAHTALIMM.
Takum 00pa3oM, MBI TOIYYWIH CTAaOWIBHYIO MOJCTH
THPMK, xoTopast COOTBETCTBYET OITyXOJIM MAI[MEHTA.

Ha nonydennoit PDX-monenun MOXHO MPOBOIUTH
Kak (hyHIaMEHTAIbHBIC, TaK U JOKIMHUYECKHUE UCCIEI0-
BaHWs 71 VIVo IIPENAPaTOB KJIACCOB AHTPALMKIMHBL U TaK-
CaHbl, KOTOPbIE BXOJAT B CTAHJAAPTHYIO XMMHUOTEPAIUIO,
a TaKXKe JUIS U3yUYeHHs TPOTHBOOITYXOJICBOU A((EKTHB-
HOCTH HOBBIX IIpenaparoB B oTHoieHuu THPMIK, B Tom
YHUCIIC AJIS1 BBISIBICHUS MEXaHU3MOB UyBCTBHTEIHLHOCTU
WM PE3UCTEHTHOCTU K Pa3jU4HbIM TEpaneBTUUECKUM
BO3JIEHCTBUSIM.
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Pesrome

V¥ mamuentoB ¢ [IIA-IIIB cTaausiMy HEMEIKOKJIETOYHOTO paKa JIETKOTO B CIIydasiX, KOTJ[a MCIIOIE30BAHNE XUPYPTrUUECKOro MeToaa
OTPaHUYECHO, YITyUIIUTh OTJaJICHHbBIC PE3YJIbTAThI TI03BOJISICT KOMOMHUPOBAHHOE JICYCHUE: XUMUOTEPAITUS B HE0AIbIOBAHTHOM PEXKH-
Me C LEJIbI0 YMEHBIIEHUS Pa3Mepa OIyXO0JIU ¢ NOCIeAYIOIed BO3MOKHOCTBIO PaJIMKAIbHOIO XUPYPIrHUECKOTO JIEUEHUSI.

B nociesnye roapl cTaHAapTHAs MHIAYKIMOHHAS XMMHOTEPAIHs MOXKET JIONOIHATHCS UIMMYHOTEPAIMel YeK-IOMHT-UHIHOuTOpamu,
9TO aKTHBHO OOCYXIAeTcsi B COBPEMEHHOM HayYHOM COOOIIeCTBe. B TO BpeMs Kak B OJHUX IyOIMKAIMAX JEeMOHCTpUpYeTcs (-
(EeKTUBHOCTD HEOAIbIOBAHTHON XUMHOMMMYHOTEPAIIHNH, IPYTUE aBTOPbI OTMEUAOT JIOTIOJIHUTENBHBIC TPYIHOCTH PH ONIEPATHBHOM
BMEIIIATEIbCTBE OCIIE JAHHOTO BU/Ia HHAYKIIHOHHOTO JICYSHHUSI.

B npencraBieHHOM HaMM KIMHMYECKOM HaOJIOJEHUH MPOAEMOHCTPUPOBAHBI OCOOCHHOCTH XHMPYPIUYECKOTO JICUEHHUS IallUeHTa
C IIEHTPAJIbHBIM HEMEJIKOKJIETOUHbIM pakoM Jerkoro I1IB cTagun mocie XMMHOMMMYHOTEpAITUK; 00CYKIAI0TCs TPYAHOCTH, CBS3aH-
HBIE C OTIEPAaTUBHBIM BMEUIATEILCTBOM IIPH BBHITIOIHEHHH CIIOXHOM aHATOMIYECKOH PE3EKIMH JIETKOTO M3 MAJIOTPAaBMAaTHIHOTO BU/IE-
OTOPAKOCKOIIMYECKOT0 JOCTYIIA, & TAKXKE PACCMATPHBAIOTCS CIIOCOOB! MPOGUIAKTUKI HHTPA- U TTOCICONEPAIIHOHHBIX OCIOKHEHHH.
Knrouesvie cnoea: HeoablOBaHTHAS XUMHOMMMYHOTEpANusi, HEMEIKOKIETOUHBIH pak JIETKOTo, JIEUEHHE HEMEIKOKIETOUHOTO paKa
nerkoro III ctanuu, xupypruueckoe JieueHre HEMENKOKIETOUHOTO paka JIETKOro, BUAEOTOPAKOCKOITMUECKUH JTOCTYTI

Lumuposamy: 3unuenxo E.N., [Tlerpos A.C., @areesa J[.JI., [Tumwmk B.I. Cayuaii ycriemHoro XupyprudecKkoro Je4eHus anueHTa
C LEHTPAJIbHBIM TUIOCKOKJIETOYHBIM pakoM Jierkoro IIIB cTagum W3 BHIEOTOPAKOCKONMYECKOTO JOCTYIA MOCIE HEO0Aa bIOBAHTHON
XUMHOUMMYHOTepanuu. Munosayuonnas meouyuna Kybanu. 2025;10(2):112—118. https://doi.org/10.35401/2541-9897-2025-10-2-
112-118
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Abstract
When surgical treatment is limited in patients with stage IIIA-IIIB non—small cell lung cancer (NSCLC), multimodality treatment can
improve long-term outcomes: neoadjuvant chemotherapy to reduce the tumor size followed by radical surgery.

Qoo

NC

112


https://crossmark.crossref.org/dialog/?doi=10.35401/2541-9897-2025-10-2-112-118&domain=pdf&date_stamp=2025-05-19

Cnyyam n3 knuHnyeckoi npakTuki / Case reports

In recent years, the combination of standard induction chemotherapy with immune checkpoint inhibitors has been the subject of ac-
tive debate in the literature. Some studies demonstrate the efficacy of neoadjuvant chemoimmunotherapy, whereas other authors note

additional difficulties of surgery after it.

In this case report we demonstrate features of surgery in a male patient with stage I1IB central NSCLC after chemoimmunotherapy
and discuss difficulties of surgery associated with a minimally invasive video-assisted thoracoscopic surgery approach in complex
anatomical lung resection and methods for preventing intraoperative and postoperative complications.

Keywords: neoadjuvant chemoimmunotherapy, non—small cell lung cancer, stage IIIl NSCLC treatment, surgery for NSCLC, video-

assisted thoracoscopic surgery
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BBepgeHune

Pak nerxkoro — omHO W3 Hamboiee YacTO BCTpeda-
IOIIMXCS OHKOJOTMYECKHX 3a00JIeBaHWH, €ro pacrpo-
CTPaHEHHOCTh MPOJIOJDKAET PACTU C KaXKIbIM rogoM [1].
CMepTHOCTB OT TaHHOTO 3a00JIEBaHUS TAK)KE HAXOMUTCS
Ha OJJHOM U3 CaMBIX BBICOKHX MECT CPEIU OHKOJIOTHYC-
CKHX 3a00JIeBaHUH KaK Y MY)KUMH, TaK U y KSHIIUH [2].

Cpenu pa3TUYHBIX TUCTOJIOTMYCCKUX TUIIOB paka He-
MEJIKOKJIeTOuHBI pak jerkoro (HMPJI) sensercs Ham-
Oonee pacrpoctpaneHHBIM (80—85%). OCHOBHBIM METO-
JioM panukanbHoro jedenuss HMPJI na nanHbiii MOMEHT
ocTaeTcst Xxupypruueckoe jedenue [3]. Onnako mpumep-
HO y TPETH TMAIMEHTOB C JMArHO30M paka JETKUX Ira-
THOCTHUPYETCSI MECTHO-PACIIPOCTPaHEHHAS OITyXOJIb C BO-
BJICYCHUEM OKPYKAFOIUX CTPYKTYP W/UIIM METacTa3aMu
B nuMparnueckue y3isl cpegoctenns (IIIA-B cranus),
KOTZIa HWCIOJB30BAHUE XHUPYPTHUECKOTO METOMa Orpa-
HUYEHO. Y TaKOro KOHTUHIEHTA IMALUEHTOB YIYYIIUTh
OTHAJICHHBIC PE3YIbTAThl MO3BOJSCT MPUMEHEHHE MYIIb-
THMOJABHOTO JICUCHUS: B KaueCTBE IEPBOTO dTara Ha-
3HAYAETCsI HEOATbIOBAHTHAS XUMHUOTEPAITHS, B TOM YUCIIC
C IIEJIhI0 YMEHBIIIEHHs pa3Mepa OIyXOJH, 1 obecriedeHne
BO3MOYKHOCTH PAJAMKAIBHOTO XUPYPTHUYECKOTO JICUCHUS
B JanbHeieM [4].

B mocnemaue rompl CTaNM TMOSBISATHCS COOOIICHHS
O JIOTOJIHEHUHU K CTaHIApTHON HEOaTbIOBAHTHON XUMU-
oTepanuu UMMYHOTEpanuei 4YeK-MOUHT-HHTUOUTOpaMU
y nauuenTtoB ¢ [ITA-IIIB cragueit HMPJI [5, 6]. B nepBoii
MyOUKANAN CEpUU HAOIIONCHUN XUPYPrUIECKOTO JIede-
uust HMPJI nocne Heoa1bl0BaHTHON XMUMHUOUMMYHOTEpA-
MUY TpoaHanu3upoBanbl 20 manueHToB [7]. ABTOpBI 00-
pamraT BHUMaHWE HAa BBIPAKEHHBIC TIEPUBACKYIISIPHBIC
M3MEHEHUSI B KOPHE JIETKOTO, YTO MPHBOAMUT K BHICOKOU
(mo 54%) yacToTe KOHBEPCHH BUICOTOPAKOCKOIINYECKOTO
(BTC) mocryna B Topakotomuto [8]. Kpome Toro, B iute-
parype ONHCaHBI CITy9Yanu Pa3BUTHS OPOHXOIICBPATHLHON
(UCTYIIBI TIOCTIE TOMOOHBIX BMEIIATEIHCTB, & B KAUECTBE
(aKTOpOB pUCKa Pa3BUTHsI 3TOTO TSIKEIOTO JKU3HEYIPO-
JKAIOMIETO OCJIOKHEHHUSI PACCMAaTPHUBAIOTCS IIEHTPAIbHAS
noxkanuzauud u I cragus omyxonu [9].

B omHOM B3 TepBBIX OTEUECTBEHHBIX ITyOIHKAIUHT, ITO-
CBSIIIICHHBIX JAHHOMY BOIIPOCY, OMHUCAH CIy4ald yCHeIl-
HOTO HCIIONIb30BaHMUS HEOAThIOBAHTHON MMMYHOTEPAIAN
C TIoCJIeyIoIei HIKHEH JTIOOAKTOMHEH cIipaBa, BBITIOIN-
HEHHOH M3 TopakoToMHOro joctyna [10]. OnHako, K co-

JKaJICHUIO, B OTEUECTBEHHOW JMTEpaType BCTPEUAIOTCS
JIUIIb €AVMHUYHBIC YIIOMMHAHUSI O BBIIOJIHEHUU XUPYP-
THYECKHX BMEIIATENbCTB IOCNIE HEOaIbIOBAHTHON XH-
MUOWMMYHOTEPAIIUU TIPHU IICHTPAILHOM pake JIETKOTO
IITA-B craguu.

Takum o0Opazom, Hapsay ¢ myomukanusMu 00 3ddek-
TUBHOCTH HEOAJbIOBAHTHOM XUMHUOUMMYHOTEpPAIIUH, He-
KOTOPBIEC aBTOPBI OTMEYAIOT JOMOJIHUTENbHBIE TPYIHOCTU
IIpH  BBHIMOJHCHUU AHATOMHYECKOM PE3EKIUU JIETKOTO
MIOCJIe TAaHHOTO BHJIA WHAYKIIMOHHOTO JCYCHHSI, 00CYXK-
JIAI0T ONTUMAJIbHBIA BapHaHT XUPYPTUUECKOTO JIOCTyTa,
AHATM3HUPYIOT (aKTOPBI PUCKA PA3BUTHS IOCIIEOIEpa-
IIMOHHBIX OCJIOKHEHUH M CIIOCOOBI MX MPOQIIAKTHKH.
VIMEeHHO Ha 3TH acMeKThl JaHHOW MPOOJEMBbI, KOTOpas
HEJOCTAaTOYHO OCBEILIEHA B OTEYECTBEHHOW JIUTEparype,
XOTENOCHh ObI 0OPAaTUTh BHUMAHNEC B OMUCAHUH KIIMHUYC-
CKOI'O ClTyyasl.

KnuHunuyeckuni cnyvanm

Mysrcuuna 11, 59 nem, KypwibLIUK C MHOTOJICTHUM
CTaXXeM, CTPAJAIOIINI XPOHUUECKOW OOCTPYKTHBHOI 00-
JIE3HBIO JIETKUX, C XKalo0aMu Ha OOMIyI0 c1ab0CTh, OIBIIII-
Ky TIpU (PU3HYCCKUX HArpy3Kax, MePHOIUICCKAN Kalllellb
CO CKY/HOM CIIM3UCTOH MOKPOTOH, C MH/IEKCOM KOMOPOU/I-
HocTH YapibcoHa 3, MOCTYIUI B KIMHUKY B IIAHOBOM
TOPSIAKE [UTS OTIOJIHUTEIBHOTO OOCTIEeIOBAaHUS U OIpe-
JeleHus ngajdbHeler Taktuku. M3 amamHe3a HM3BECTHO,
YTO MO JAaHHBIM KoMmItbroTepHo# Tomorpaduu (KT) opra-
HOB TPYIHOU KJIETKW BBISIBJICHBI ITPU3HAKU IIEHTPATBHOTO
HOBOOOPAa30BaHMsI IPABOTO HMYKHEJIOIEBOTO OpOHXA.

ITo maunHBIM OpoHxockonuu (puc. 1) mMpocBeT mpome-
JKYTOUHOTO OpoHXa OOTypuUpyeT 3K30(HUTHOE METKOOy-
rprcToe 00pa3oBaHME C BBIPAKEHHOIN KOHTaKTHOW paHM-
MOCTEIO, TIPOMTH B OoJice MUCTaJIbHBIC OTICIBI HE MPe-
CTaBIISICTCS BO3MOXKHBIM. 110 pe3ynmbraraM HCCIeIOBaHUS

Pucynok 1. Kapmuna npu 6ponxockonuu 00 Hauania Heoaos-
F08AHMHOU mepanuu
Figure 1. Bronchoscopy prior to neoadjuvant therapy
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OMONCHUIHOrO Marepuana: THCTOJIOTWYecKas KapThHA
Y IMMYHO(EHOTHIT OITyXOJI! JISTKOTO XapaKTePHBI JJIS HU3-
KoM PepeHIIMPOBAHHON TIJIOCKOKIETOYHON KapIIUMHOMBI,
PD-L1 craryc nmo3uTHBHBIN.

Jnst crapupoBanust BeinosiHeHa KT opraHoB rpya-
HOW KIJIeTKH (pUC. 2) W OPIONIHOW MOJIOCTH, JOTOJTHEH-
Hasg BHYTPUBEHHBIM OOJIOCHBIM KOHTPACTHPOBAHUEM.
[Io maHHBIM HCClEIOBaHUM, MOATBEPKACHO HAJIUUYNE
[EHTPaJbHOIO pPaKa HUKHEIOJEBOro OpoHXa CIrpaBa
C OpU3HAKAMU HHBA3UU CTPYKTYpP KOPHS, YACTUYHBIM
pacmamoM, aTeNeKTa3oM HIKHEH 0NN cripaBa, pa3Me-
pamu 52x35x45 MM, a TakKe MaJIOrO IJIEeBPabHOTO
BBITIOTA CIIPaBa U BTOPHUYHON JTUM(aJACHONATHH CPEIO-
CTeHHS 3a cueT OM(ypKalMOHHOW TPYyMITEl (pa3MepaMu
15%22 wmM). IIpu3HakoB MeETacTaTUYECKOTO IOopaxke-
HUS APYTUX OPraHOB T'PyAHONH M OPIOIIHON moiocTei
He BbIABIEeHO. [lo MaHHBIM MarHUTHO-PE30HAHCHOMN
TOMOTpauu TOJIOBHOTO MO3ra C KOHTPACTHBIM YCHIIC-
HUEM U OCTECOCHUHTUTPA(QHUH OTIATCHHBIX METACTa30B
He BbIBIEHO. C JIMarHOCTUYECKOH IeNbI0 BBITIOJHEHA
MYHKIUS MPaBoy miieBpaibHoi nmonoctu. [Ipu nuromo-
THYIECKOM HCCIIEIOBAHUU TICBPATHHON KUIKOCTH aTH-
MMUYHBIX KJIETOK HEe OOHAPYKEHO.

Ha ocHoBanMM KOMIUIEKCHOTO 0OCIIEIOBAHNUS MAlIUCH-
Ty YCTAaHOBJIEH THArHO3: IEHTPATbHBINA TUIOCKOKIETOY-
HBII pak MpaBoro npomexxyrouyHoro oponxa cT3N2MO,
IIIB cragus, PD-L1 — nmo3utuBHbIA. OCIOKHEHUS: arTe-
JIEKTa3 HIKHEH J10JIU IIPaBOro JIETKOT0, IPABOCTOPOHHUMN
9KCCYAaTUBHBIHN T1eBPUT. COMmyTCTBYIOIIME 3a00/I€BaHUS:
rUnepToHudeckas 6omne3np Il cramum, puck cepiaedHo-
COCYAMCTBIX OCIOKHEHHH 3; XpOHHYECKass 0O0CTPYyKTHB-
Hasi O0Je3Hb JIETKUX, CMEIIaHHbBIN THII, Kareropus B, BHe
000CTpeHnsT; OOIUTEPUPYIOMUN aTePOCKIEPO3 COCYI0B
HIDKHUX KOHeuHOcTel. OHKOJIOTHYEeCKUM KOHCHIIYMOM
ObUTIO MPUHATO PELICHHE O MPOBEICHUU HEOAJTBIOBAHT-
HOTO JIEKAPCTBEHHOTO JICUCHUS. Y UUTHIBAS TTOJOKUTEIIb-
Hy!0 3Kcrpeccuio B onyxonu PD-L1, B kauecTBe mpeno-
MIEPALMOHHOTO JeUCHHsI ObLTa Ha3HAYCHA XUMUOUMMYHO-
Tepamnus B pexuMe: meMOponu3ymad + kapOoruaTuH ~+
MAKJIUTAKCE].

B Teuenue 4,5 mec. manuenT npomen 4 MuKiIa XUMHO-
nmmyHoTepanuu. [1o nanHeiM koHTpoabHOU KT opranos
IPYIHOH KJIETKH (pHC. 3) U OPIOIIHOM MOJOCTH C BHYTPH-
BEHHBIM KOHTPACTHPOBAHUEM — YACTUYHBIN PErpecc Omy-
XOJI ¥ BTOPUYHO MOPAKEHHBIX JIUM(ATHUECKUX Y3IIOB;
0 JaHHBIM KOHTPOJBHOU OpoHXOCKOIUH (pHc. 4) oTMe-
YaeTcs MOJIOKUTENbHAS TUHAMHUKA B BUIC YMEHBIICHUS
0o0Typauuu neHTpanbpHoi ormyxonu. [lapamrensHo cren-
U(PUYECKOMY MPOTUBOOIYXOJICBOMY JICUCHHIO MAI[EHT
Ha PEryiaspHON OCHOBE Havaj IMOIydaTh 0a3oBYyIO Tepa-
MTUIO XPOHUYECKON OOCTPYKTUBHON OOJIE3HU JIETKUX.

Uepes 6 Henenb mocie 3aBepIIeHUs HE0a bIOBAHTHOM
Teparnuu, ¢ y9eTOM MOJIOKHUTEIFHON JMHAMHKH 110 TAHHBIM
WHCTPYMEHTAIFHOTO OOCIIe/IOBaHUS, a TaKXkKe YIIydIle-
HUs mokasateneil Gpynkimu BHemHero npixanus (OXKEJI
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Pucynox 2. Komnvlomepuas momoepagus opeanog epyoHoul
KIemKU ¢ 6HYMPUBEHHBIM KOHMPACMUPOBAHUEM 00 HAYANd
Heoaovi08aHMHOU mepanuu

Figure 2. Chest contrast-enhanced computed tomography (CT)
prior to the neoadjuvant therapy

Pucynox 3. Konmponvnas komnvlomepHuas momozpagus op-
2aHOB 2PYOHOLL KIIeMKU € 6HYMPUBEHHBIM KOHMPACMUPOBAHU-
eM nocie NPOXoNHCOeHUs: He0A0bIOBAHMHOU Mepanuu

Figure 3. Follow-up chest contrast-enhanced CT after the neo-
adjuvant therapy

Pucynox 4. Konmponbhasi OpoHX0CKONnusi ROCIe NPOXONHCOEHUs.
Heoaovr8aAHMHOU mepanuu

Figure 4. Follow-up bronchoscopy after the neoadjuvant
therapy

(dopcupoBaHHas KH3HEHHAs] €MKOCTb JIETKHX) — 3,83 11,
95%, O®B1 (06beM hopcHpOBaHHOTO BhIJOXA 32 MEPBYIO
cekyHay) — 3 11, 94%, 1o cpaBHEHMIO C MPEIBIIYIIUMHU HC-
cnenoBanusiMu ODBI1 — 2,71 11, 78%) OHKOJIOTHYECKAM
KOHCHJINYMOM TIPUHSTO pelIeHne O BO3MOKHOCTH TIPOBE-
JICHUSI PAJIMKATBHOTO XUPYPIUYECKOTO JISYeHHUS B 00beMe
pacIMpeHHO HIKHEH OMII00KTOMUH CIIPaBa.

Onepanyst ObUTa BBINOJHEHa U3 JByXnoproBoro BTC
jpocryna. IIpy MHTpaonepauMOHHON PEBU3UMU OTMeEYaICs
BBIPAYKEHHBIH CTIAEYHBIN MPOIECC: HIDKHAS JI0NS MPABOTo
JIETKOTO B COCTOSHMHM aTeNeKTa3a, MOJHOCTHIO TpHIasHa
Kk quagparme. [lpu moMony rapMOHHUYECKOTO CKaJIbIIENs
BBIITOJIHEH BHYTPUIUIEBPAIBHBIA TOTAIBHBINA ITHEBMOJIH3.
[To xomy MeXIONEBBIX IIeJeld OTMEYaJICs BBIPAKCHHBIN
¢ubpo3, 3aTPyIHSIONMKA BHU3yadH3alUdI0 WU BBIACICHUC
CTPYKTYp KOpHS JIETKOTO, MaKCHMaJIbHBIE MTEPUBACKYIISP-
HBIE M3MEHEHHsI OTMEYAINCh B 00JIACTH MPOMEKYTOYHOTO
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CTBOJIA NPAaBOW JIETOYHOW apTEpHH, INE TOTHOCTBIO OT-
CYTCTBOBAJIM CJIOM JIUCCEKIMH. YUUTHIBask BHICOKHH PUCK
HOBPEXKJEHUST COCYIUCTBIX CTPYKTYP KOPHSI JIETKOTO, BbI-
JieJieHa [IpaBasl BETBb JIETOUHOM apTepuu Ul LIEHTPAIbHO-
TO KOHTPOJIL. ApTepun HUKHEH U Cpe/THeH JT0JIel TIpaBoro
JIETKOTO C TEXHUYECKUMHU TPYAHOCTSIMU BbIAEIECHBI OCTPhIM
IIyTEM C MOMOIIBIO HOXKHMIL: OTCYTCTBHE CJIOSI TUCCEKIIUN
HE M03BOJISIIIO OE€30MaCHO UCTIONb30BATh AJIsl 3TOTO TOPAKO-
CKOIIMUYECKUE JUCCEKTOPbI U TAPMOHUYECKUI CKAJIbIIEb.

[Ipy nomomy CHIMBAIOIIMX HHIOCKOIMUYECKUX arla-
paToB HOCJIEJOBATEIbHO MPOIIUTHI U ME€pPECEUeHbl BEHA
U apTepus CpeAHEH 0JU, MEXO0IEBbIE LU, apTEePUU
0a3aJIbHOTO U IIECTOTO CETMEHTA, HUYKHSAS JIETOUHAs! BEHA.

IIpu BbIIENEHMN TPOMEXKYTOUHOTO OpOHXa CcIiepenu
M C3aad OTMEYalCsl BBIPAKEHHBIH NEepHOPOHXHATbHBIN
mporiecc, TNepUOPOHXHANbHBIE JUM(ATHIECKUe  Y3IIbI
C TMpU3HaKaMU UCTUHHON MHBa3uKu. OCTpo U MpU MOMOILU
TapMOHUYECKOTO cKaypnemnst jumparndeckne y3msl 10R
IpyMNIbl CABUHYTHI K Mpenapary. bpoHx mpomur u nepe-
CEYEH OJIHUM XOZIOM 3HIOCKONUYECKOIO CIIMBAIOILETO arl-
napara. ITpu MakpoCKOIMMYECKOM OCMOTpE Kpast Pe3eKLUU
BHU3yaJIM3UpPOBaHA TKAHb, IOMO3PUTENbHAS HA OILyXOJb.
[IpunsTO perieHne o0 AOMOTHUTENBHON PE3EKIHH KYJIBTH
MIPOMEKyTOUYHOTO OpoHxa. OCcTpo M MpH MOMOIIU IapMo-
HUYECKOTO CKAJIBIIENS KYJBTS MPOMEXYTOYHOTO OpoHXa
BBIZIENICHA 10 YCThsI BepxHenonesoro Oponxa. [Tocne Ben-
TWIAUOHHON TPOOBI aHAJIOTHYHON TEXHUKON BBIITOJTHEHA
pepe3eKus KyJabTH TpOMeXyTodHoro Oponxa. [lo man-
HBIM CPOYHOTO MHTPAONEPALMOHHOIO TUCTOIOTHYECKOTO
HCCIIE0BaHUS Kpail pe3eKn — 6€3 aTUIMUYHBIX KIETOK.

B xone mumdarndaeckoit TUCCeKITNI IPH TTOMOTITH Tap-
MOHHYECKOTO CKajblless AJIs aHalIn3a yJaJleHbl HUKHUE
1 BepXHHE NaparpaxeaibHble, OU(ypKalnOHHbIC, JUM-
(aTnyeckne y3ibl HWKHEH JETOYHOW CBS3KH, a TaKkKe
TuMQaTHIeCKUe y3IIbI KOPHSI TPAaBOTO JIETKOTO.

[Ipenapar u3BIedeH B reépMETUYHOM 3BaKyaTOpe-KOH-
TeiiHepe Yepe3 0TBEPCTUE MUHU-I0CTYIIA Pa3sMepoM 6 cM.

Kynbrst Oponxa yKkpbiTa cpopMHPOBAHHBIM IIIEBPATb-
HBIM JIOCKyTOM. Oniepaliys 3aBeplieHa MoCTaHOBKOH OJHO-
IO ApEHaXa B IPaBYIO [UIEBPAIILHYO [IOJIOCTh CHU3Y 10 KY-
0J1a IJIEBPBI, JPEHUPOBAHUE MJIEBPAILHON MOJOCTH OCY-
LIECTBIISUIOCH B TACCUBHOM pexume. [IponomknuTensHOCTh
ornepauuu cocrasmia 410 muH, kposonorepst — 230 M.

B TeueHne cyTOK MaryieHT HaXOAWJICS Tof HaOmroIe-
HUEM B TIajiaTe OTJEJICHHUs pPeaHHMMalMd U UHTEHCUBHOMN
tepanuu. Ha 2-e CyT. B cTaOUIBHOM COCTOSTHUM OBLIT Tie-
pEBEICH B Majary npoQriILHOTO OTACIICHUs. PaHHwMiA mo-
CJICOTIEPALlMOHHBIN MEepuoA MpoTeKasl 0e3 OCIO0KHEHUH.
[IneBpanbHblil IpeHAX yaldeH Ha /- JeHb MOCIIE OIepa-
nuu. IlanyeHT BhINMCAH B YAOBIETBOPUTEIBHOM COCTOS-
HUM Ha 9-€ CyT. ITocIIe ONepalnny.

ITo 1aHHBIM FMCTOIOTMYECKOTO HCCIEI0BAHUS OIepa-
LIUOHHOI'O MaTepuajla KOHCTaTUPOBAH IOJIHBIM IaTOMOP-
(03 OmyXxonM M OTCYTCTBHE METACTa30B B JuMQaTude-
ckue y3nbl: cT3N2MO/ypTONOMO (I1IB).

Pucynox 5. Konmponvnas komnviomepuas momozpagus op-
2aH08 2PYOHOU KIEeMKU C GHYMPUBEHHBIM KOHMPACIUPOBAHU-
em uepes 6 mec. nocie onepayuu

Figure 5. Follow-up chest contrast-enhanced CT 6 month
after the surgery

[lo pemieHnI0 OHKOJIOTMYECKOTO KOHCHIMYMa IO Me-
CTy XKHTEJIbCTBA OT HA3HAYCHUS IOIAEPKUBAIOILCH Tepa-
UM IeMOpPOoINM3yMadoM B aJIbIOBAHTHOM pPEXHME OBLIO
pemeHo BozzaepkaTrbesa. Uepe3 6 Mec. mocie omneparyn
10 JaHHBIM KOHTpoabHOro KT-uccnenoBanust u 6poHxo-
CKONIMM Y TIAIlMeHTa HEe BBIABICHO MPHU3HAKOB IpoOrpec-
CHpPOBaHUS WJIH MECTHOTO PEIMINBa OHKOJIOTHYECKOTO
3a0oneBanus (puc. 5).

O6cyxaeHune

Taxtuka neuenust manueatos ¢ HMPJI III cragun
Ha TIPOTSHKCHUH MHOTHX JIET aKTUBHO 00CYKIaeTCs B JIH-
teparype [11]. HeomHO3HaYHOCTH CYXIEHUH paszand-
HBIX aBTOPOB M OTCYTCTBHE €IUHOTO JEYeOHOTO IMOIX0/a
BO MHOTOM OOYCITOBJICHBI TEM, YTO HET OOIIETTPU3HAHHBIX
MpaBuJI HA3HAYCHUS] HEOAbIOBAHTHOM M aJbIOBAHTHOMN
Teparnu, UX BApUAHTOB U CXeM IpoBeneHust. Kpome toro,
pasBuTHe (YHAAMEHTAIBLHONH MEIWIMHBI U TIOSBIICHHE
B apCeHalIe OHKOJIOTOB YEK-TIOMHT-UHTUOUTOPOB ISl IM-
MYHOTEpPAIUH paka JIETKOTO 3aCTaBIsIeT IMEePeCMOTPETh
MOAXOAbl K TEPUOTIECPAIIMOHHOMY JICUCHHUIO IMOJOOHBIX
TIAI[UCHTOB.

s yaydiieHust pes3yiabTaToB JICUEHUS MallMEeHTOB
¢ HMPJI IIIB craguu MHAPOKO NPUMEHSETCS HEOAIbIO-
BaHTHAasl XUMHUOTepanus, koropast B 75,4% ciydaeB mno-
3BOJISIET YMEHBIIUTH CTAAHUIO U 00CCICUUTh BO3MOKHOCTh
XUPYPTHUECKOTO JICUCHUS. A C TIOSBICHUEM WMMYHOTE-
pamuu, B TOM YHCIIC HeOaIbIOBAHTHOM, STOT ITOKA3aTelb
noBeicuiIcs 10 83,2% [6]. OnHako Mpu UCHOIB30BAHUU
TOJIBKO HEOAAbIOBAHTHOM MMMYHOTEpanMM AAHHBIM IO-
Kazarenpb He npesblmaeT 68% [12]. ABTOpBI B CBOUX HC-
CJIEIOBAHUSX MPUIILIIH K BBIBOY, YTO HCIIOIE30BAaHUE HE-
0aJIbIOBAHTHON XHUMHOTEPAIIHH TOBBIIIAET TYBCTBUTEIb-
HOCTh KJIETOK K UMMYHOTEPAIHU, YTO MOXKET SIBIATHCS
OMHOW W3 TIPUYHWH YIYUIICHUS PE3yIbTaTOB JICUCHUS
MAIMEHTOB ¢ IPUMEHEHUEM HE0aIbIOBAHTHON XUMUOUM-
MYHOTEpaIuH.

Taxum 006pa3oM, HAMITYUIIHIA Pe3yIbTaT MOYKHO TTOJTY-
YUTH [PH COUYCTAHUM XUMHOTEPAK U UMMYHOTEpanuu
B HEOATHIOBAHTHOM PEKHUME.

Cornacuo uccrnenoBanno CheckMate 816 [6], Heoansb-
IOBAaHTHASI TEPAIUSI B PSKUME HUBOIYMAO + XUMHOTEpATHs
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3HaYMMO YBEIIMYHMBAET NMaTOMOP(OIOTHYEKHIt perpece oIry-
XOJIA TI0 CPABHEHUIO C HEOAbIOBAHTHON XUMHUOTEpaIen.
K tomy ke 3(h(heKTHBHOCTE HEOATHIOBAHTHO XUMUONMMY-
HOTEpaIuy KOppeaupoBajia co 3HadeHueM skcnpeccun PD-
L1 —yem oHa BbIIIIE, TEM JTy4YIlle ObLUT OTBET.

B mccnenoBanmax psga aBTOPOB TaKKe OTMEHaeTcs,
YTO y TIAIIMEHTOB C BBICOKOH AKcnpeccueit PD-L1 nabmro-
najgoch 3HaumMmoe yaydirenne MPR (major pathologic
response, HanOONBIIMHA TMAaTOMOP(OTOTHUECKUIT OTBET)
n pCR (pathologic complete response, MmoJHBIN mMmaro-
MOP(OJIOTUYECKUI OTBET) IO CPABHEHUIO C MallMEHTaMU
¢ HU3KoM AKcmpeccueit [13]. Omgaako, COTIacHO UCCIIEn0-
Banuio M. O’Brien u coasrt. (2022), y TaIlIeHTOB C KC-
npeccueit PD-L1 50% u 6os1ee, MmenuaHa 6e3penuIuBHON
BBDKMBAEMOCTH HE ObIIa JJOCTUTHYTA HM B TPYIIIIE HEO-
aIbIOBAaHTHOW Tepanyy 1MeMOponn3yMaboM, HU B TPyTITe
rtaneo, OJJHAKO HexellaTelIbHbIe APQEKThl OT Teparnuu
BbIIIE OBLIM B TPyIIIe UMMYyHOTepanuu [14].

Taxum 00pa3zoM, IpUMEHEHHE He0abIOBAaHTHOM Te-
panuu He BCEraa ylydllaeT pe3yibTaThl JEUCHUS y Ma-
IUEHTOB C pe3eKTa0eNbHBIM MECTHO-PACIPOCTPaHEH-
HBIM PaKOM JIETKOTO, 0COOCHHO MPH IICHTPATLHOM hopMme
onyxoiu. Bo3sMOXXKHO, B HEKOTOPBIX CIIy4asiX B paMKax
koMOuHMpoBanHoro sedenns HMPJI nenecooGpaszno
BBITIOJTHEHNE XUPYPTUYECKOTO BMEIIATeIhCTBA MEPBBIM
STAaloOM C MOCIEIYIOUIMM aJbIOBAHTHBIM JICUCHUEM.
JlaHHbII Bonpoc TpedyeT AanpHeiero n3y4eHns; B Ha-
eM KIMHIYECKOM HaONroneHnu Obuta n30paHa TakKTHKa
HE0aJbIOBAHTHOW XMMHUOUMMYHOTEPAIUHU C MOCIEAYIO-
1iei onepaiieil B o0beMe pacuiupeHHON HUKHEH OUI0-
09KTOMHH CIpaBa, KOTOpast UMeJa psig 0COOSHHOCTEH.

bazoBeiM MeTomOM O1eHKH 3(p(PEeKTUBHOCTH U pecTa-
IUPOBAHUS TOCIEC HEOAAbIOBAHTHOTO JICUCHHUS SIBIISACTCS
anrno-KT. OnHako uHTepnperanust pe3yabTaToB 3TOrO
WCCIIeIOBAaHUS MTOCIIE UMMYHOTEpAITHH 3aTpyAHEHa B CBSI-
31 ¢ (PEHOMEHOM «IICEBIONPOTPECCUPOBAHNUS», KOTOPHIN
MOXET OIMOOYHO PacCMaTPUBATHCS KaK MPOTPecCcupoBa-
HUe 3a00JIeBaHNs M OTCYTCTBHE OTBETA K MMPOBEICHHOMN
tepanuu [10, 13].

B manHoM KIMHUYECKOM HAOMIOICHUN OTIepaItus OblIa
BBINTOJTHEHA Yepe3 6 Hezelb T0CiIe OKOHUYaHHUS He0ablo-
BaHTHOTO JieueHust 1 3dekra nceBaonporpeccupoBaHus
™Mbl He HaOmonamu. [Tpu KT-koHTporne mepen xupyprude-
CKUM JICYCHHEM OTMEYAJICS PETPEeCC 3a CYET YMEHBIICHHUS
pa3MepoB OITyXoJid 1 OU(ypPKAIIMOHHBIX TUM(aTHYECKUX
Y3JI0B, a TaK)K€ YaCTUYHOTO Pa3peIIeHNs aTeleKTasa.

[To manHBIM psiza 3apyOeKHBIX aBTOPOB, BHITIOTHEHNE
AHATOMMYECKOM PE3EKIINH JIETKOTO MOCIE HE0aIbIOBAHT-
HOW XUMHONMMYHOTEPAITUH COTPSIKEHO C JOMOTHUTEIb-
HBIMH TEXHUYECKUMH TPYAHOCTSIMH, KOTOpBIE TPExIIe
Bcero 00yCJIOBJICHBI BEIPQKEHHBIMH MTEPUBACKYISIPHBIMU
U NepuOpOHXUANTBHBIMA M3MEHEHUsIMH. MIMMyHO-0moC-
penoBaHHOE BOCHAJICHHE, a 3aTeM (PHOPO3HO-CKIIEPOTH-
YECKUH MPOIECC MPUBOAAT K OTCYTCTBHIO CTaHJIAPTHBIX
XUPYPrU4ECKHX CIO0EB JUCCEKINH, KOTOPbIE TTO3BOJISIOT
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0e30MacHO BBIICTATH AIEMEHTHI KOpHsI Jierkoro. FimenHo
C TAKUMHU HU3MCHEHHUSIMH MBI CTOJIKHYJIUCH IIPU BBIACIE-
HUU IPOMEXKYTOYHOIO CTBOJIA IIPABOM JIEFOYHOU apre-
pUH B ONMCAaHHOM KJIMHWYECKOM HaOmropeHnu. B Takux
YCIIOBUSX BBIICIICHUE COCYIOB C IIOMOIIBIO TPATUIIUOH-
HBIX TOPAaKOCKOIIMYECKUX TUCCEKTOPOB M TapMOHHYE-
CKOTO CKaJIbIIeJIsl CONPSIKEHO C OY€Hb BBICOKHM PHUCKOM
MIOBPEKICHUS COCYANCTON CTCHKH U Pa3BUTHEM MaCCUB-
HOTO KpoBoTeueHHd. [y nponiIakTHKy mof00HBIX OC-
JIO)KHEHUH MBI HCITOJB30BAJIM METOIUKY IEHTPAIBHOTO
KOHTpOJISI MPaBOM JIETOYHOW apTepuu U OCTPOE BBIjE-
JIEHUE COCY/IOB HUXHEH M CpelHeW A0Jjed ¢ MOMOUIbIO
HOYHHII.

CTOUT OTMETUTH, YTO NPHU BHIIOJHEHUU OIEPALUU
MocJIe He0aJbIOBaHTHOW MMMyHOTepanuu u3 BTC mo-
ctyma B 17-54% cnydaeB morpeOoBasach KOHBEPCHS
B TopakoTomuio [7, 8, 12]. CpenHee BpeMs aHATOMH-
YeCKOH pEe3eKIUH I0CIEe HEe0a bIOBAHTHOH HMMYHO-
TEparnuy COCTAaBISIET, 10 JaHHBIM pPa3HBIX aBTOPOB,
or 180,6 [12] mo 228 muH [7]. [locne HeoaxbHOBAHT-
HOM xumuoTepanuu — 192,8 mun [12]. B Hamewm ciyuae
orepanus Jumiach eme ponsire — 410 MuH, 94TO OBLTO
CBSI3aHO C ONMCAHHBIMM BBIIIE TEXHUYECKUMH TPYI-
HOCTSIMHM TIPU BBIZIEIEHUN COCYJI0B, HEOOXOANMOCTHIO
MMOBTOPOHOU pe3eKIuu OpoHXa, HEOONBIIUM OIBITOM
BBITIOJIHEHHUS TTOMOOHBIX BMemareiabcTB. Kak u B Tex
CIIy4asix, KOTZa OIrepamus Mo MOBOAY paka JIETKOTO BbI-
MOJTHAETCS TIEPBBIM STANlOM, MHHHAHBA3UBHBIN JTOCTYI
HMMEET psiJi HEOCMOPUMBIX IPEUMYLIECTB MEpe TOPAKO-
TOMHEHN, B TOM YHCJIE MEHBIIIEH YacTOTON Iocieonepa-
LUOHHBIX OCJOXKHEeHUH. Tak, Hanpumep, B LIKaJle OLEH-
KM pHUCKa MOCIEOINEpalMOHHbIX OoclokHeHUH EuroLung
BBITIOJTHEHUE PE3CKIIUU JIETKOTO U3 TOPAKOTOMHOTO (a He
n3 BTC pocryma) paccmarpuBaeTcst B Ka4ecTBE He3a-
BHCHUMOTO (paKTopa pucKa ¢ HaWOOJBIIMM PEHTHHIOM
(3 6amna) [15]. Bmecte ¢ TeM, 0COOCHHOCTH omepanui
M0CJIe He0aIbIOBAHTHONH XMMHOUMMYHOTEPAIHH TPUBO-
JST K TOMY, YTO Bpady-XHPYpPTy, UMEIOMIEMY OMBIT BBI-
nonHeHus cranaapTHbiX BTC 1009kTOMMMA, TPUXOAUTCS
(haKTHYECKH 3aHOBO TNPOXOAUTH «KPUBYIO OOYUCHHI».
DTO COMPOBOKAAETCS YBEIHMUECHUEM JITUTEIIEHOCTH OT1e-
paiuu, BRICOKOM 4acTOTOM KOHBEPCHI B TOPAKOTOMUIO,
KOTOpPOH B HAIIeM cilydae yaanoch U30eKaTh, 9TO B Cy-
IIECTBEHHOM CTENeHHN CIOCOOCTBOBANIO IIAJAKOMY Tede-
HUIO TOCJICONEPAMOHHOTO MepHoa.

BonpmmHCTBO aBTOPOB CXOAATCS BO MHEHHH, UTO Bpe-
Msl OTlepaly, 00beM KPOBOIOTEPH, YacTOTa Pe3eKINi
RO, yacToTa ociaoKHEHUH U IEPUONEPALMOHHOE TEUCHUE
MocJie He0aAbIOBaHTHOW MMMYHOTEPAINH COMOCTAaBUMBI
C TTallUeHTaMH, MTOTYJaIONIIMI HE0aIbIOBAaHTHYIO XIMH-
orepanuto [7, 8, 12].

OnHuM u3 Hambosiee TPO3HBIX XUPYPTHYECKHX OC-
JIO)KHEHUH IIOCJIE aHATOMUYECKOM PE3EKIUHU JIErKOro
SIBIISIETCS. HECOCTOSITENILHOCTh KYJIbTH OpoHXa. Y4H-
THIBas. BBIPAXCHHBIC NCPUOPOHXHUATHHBIC H3MEHEHUS
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U yXyALICHUE penapaluy Mociie XUMHUOMMMYHOTEpanuu,
MOXKHO TIPEATNONOKHUTh YBEIUYCHUS YACTOTHI Pa3BUTHUS
JAHHOTO >KM3HEYTPOXKAIONIETO OCioXHEeHns. HecmoTps
Ha TO YTO B MEPBBIX CPABHUTEIBHBIX HCCICAOBAHMSIX,
MTOCBSIIIEHHBIX PE3EKIINHU JIETKOTO ITOCie Heoa blOBaHT-
HOIl XMMHUOUMMYHOTEpANHH, He ObLIO 0OHAPYKEHO T0-
CTOBEPHO 3HAYNMOTO TOBBIIIEHUS] PHCKA HECOCTOSATEIb-
HOCTHU KyJbTH OpoHXa [7], MHOTHE aBTOPHI BHICKA3bIBA-
IOT CTIpaBe/ITINBBIE OMACEHUS 110 ITOMY Ba)KHOMY BOIIPO-
cy. Tak, R. Zhao u coast. (2024) npeacTaBuin CEpHIO
MalCHTOB, Y KOTOPBIX Pa3BHIACh OPOHXOILIEBpaIbHAS
¢ucTyna mociae HeOaIbIOBAHTHOW XWMHOMMMYHOTEpa-
nuu [9]. ABTOpBI mpearaloT paccMaTpuBaTh B Kade-
cTBe (PaKTOPOB pHCKA pa3BUTHUS ITOT0 ociokHeHus [11
CTAIUIO M IEHTPATHHYIO JTOKATH3AIUIO Omyxonn. imeH-
HO C TaKoil KIMHWYECKOW CUTyaIleid MBI CTOJNKHYINCH
y Hamiero manueHTa. s CHIDKEHUS pUCKa Pa3BUTHUS
HECOCTOSTENIEHOCTH MBI HCIIOIB30BAJIN METOAUKY YKPBI-
THSI KyJABTH MPOMEKYTOYHOTO OpOHXA JOCKYTOM Hapue-
TaJHHOMN TUIEBPHI, YTO 0KA3aJ0Ch IOCTATOYHBIM IS Ha-
JIEKHOTO 3a)KUBIICHUS.

B uccnemosanuu NADIM [5], manueHTsl, epeHec-
mue 3 UKIa HeoaqbIOBAHTHOM XMMHOMMMYHOTEpANuu
U TIOCJIEAYIOIIee ONepaTUBHOE BMEIIATENLCTBO, U MOJY-
YUBIIAE B MOCICICTBHH KaK MUHUMYM OJUH ITHKJI ab-
IOBAaHTHOM Teparuy HUBOJIyMaboM (MennaHa MpOoaoKH-
TEIIFHOCTH a/IbIOBaHTHOH Tepanuu — 10,8 mec.), He nmenu
MIPU3HAKOB MECTHOTO PELUINBA UIH MPOTPECCUPOBAHUS
B 85% cnyuaes. Ilpu 3TOoM B rpyIre naiudeHToB, MOJy-
YaBIIUX TOJBKO HEOATBIOBAHTHOE JICUCHHE, IMOKA3aTENIN
o0mmieit u 0e3penuINBHON BEDKMBAEMOCTH OBLTH HIDKE.
Bwmecte ¢ TeM, HEOOXOIUMOCTh aBIOBAHTHOIO JICUCHUS
MIPU TIOJTHOM TTaTOMOP(OJIOTHYECKOM OTBETE OITyXOJH
TpeOyeT IanbHEeHIero W3ydeHHs; B IIPEICTaBICHHOM
HaOMIOAEHUH aABIOBAHTHOE JIEYCHHE HE IMPOBOJMIIOCH,
a TIpY TIepPBOM KOHTPOJILHOM 00CIIe/IOBaHUH Yepe3 6 Mec.
IOCyIe OTIePAIH MPU3HAKOB IPOTPECCHPOBAHUS OITyXOJIH
BBISIBIICHO HE OBLIO.

BbiBOAbI

BypHoe pazBuTre QyHIaMEHTAIEHONH MEIUIMHBI M OH-
KOJIOTMH ITPUBEJIO K TOMY, UTO B apCE€HaIe TOPaKaJIbHBIX Bpa-
Yeii-OHKOJIOTOB TIOSIBIJIACH BHICOKOA((MEKTHBHAS TS Psizia
MAIIMEHTOB HWMMYHOTEpANus YEeK-MOUHT-UHIHUOUTOPaMH.
Ony0IMKOBaHBl TIEPBBIE TaHHBIC, CBUACTEIHCTBYIOIINE
00 3(h(heKTUBHOCTH XMMOMMMYHOTEPAITHH B HEOa IHIOBAH-
TOM PEXUME IpPHU JEYEHUH MECTHO-PACIHPOCTPAHEHHOTO
HMPJI. B npencraBieHHOM KIMHHYECKOM HaOMIONCHUH
MIPOIEMOHCTPUPOBAHEI OCOOCHHOCTH OTICPATHBHOTO BME-
IIaTeNnbCcTBa y nanuenta ¢ nenrpaibubiv HMPJI IIIB cra-
JUU TI0CJIE XUMUOUMMYHOTEpAui; TPYAHOCTH, C KOTO-
PBIMH CTAJIKHBAETCSl XUPYPr OCOOSHHO TPH BHIIOJIHEHUH
CJIOKHOM aHATOMUYECKOM PE3EKLMH JIETKOTO U3 MAJIOTPaB-
Marngaoro BTC nocryma, a Takke crmocoOb! MPOGUIaKTH-
KU UHTPA- ¥ MOCICONEPAIIMOHHBIX OCIOKHCHHH.
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Heanb uccaenoBanus: [IpogeMoHCTpUPOBATH BOBMOKHOCTH MYJIBTUCIIMPAIEHON KOMITBIOTEPHON TOMOTpaduu B AETATH3ALUH BPOX-
nernoro nopoka cepana (BI1C) — rerpanst @amno (TD) y mmagenna.

Onucanue KJIMHHYecKkoro ciay4das: IIpencTaBieH KIMHUYECKUH Cilyyail TPEXMECSYHOTO NMAIMEHTa C 3aMO003PCHHBIM BPOXKICH-
HbIM opokoM cepaua Td. [lanuenty B MecTe IepPBUYHON TOCIUTAIN3ANUY OblIa IPOBEACHA TPAHCTOpAKaIbHas SXOKapauorpadus
(Ox0KT). C nenpto nanpHeiero 1000cie10BaHus U INIAHUPOBAaHUsl TAKTUKH BeJleHUs1 O0NbHOM ObUT rocnuranu3uposad B ['bBY3
«Hayuno-uccnenoBarensckuit HHCTUTYT — KpaeBas kimuandeckas 6onpauna Ne 1 um. npod. C.B. Oganosckoro» M3 Kpacaonapckoro
Kpasi, rae obcienoBanne Ob1I0 gononHeHo KommblotepHoi Tomorpadueit (KT) nu KT-anrnorpagmueii (KTA).

Pesyasbrarsi: [Ipu nposenennn tpancropakanbaoit OxoKI™ 661 BeicTaBieH nuarnos: BIIC, T®, oTKpbITHIA apTepruanbHBINH TPOTOK,
(YHKIMOHUPYIOIIEEe OBAILHOE OKHO, TIPABOCTOPOHHSIS IyT'a a0pThI U OOJIBIIUE a0PTO-JIeroYHbIe Koutarepanu. [1pu BeinonHenuun KT
u KTA ObuI0 BBISBICHO OMBEHTPUKYISPHOE OTXOXKACHHE a0PThI, CTEHO3bI HHQYHIUOYISPHOTO OT/ENa JIETOYHOH apTepuy ¥ BIBO-
JTHOTO TPAKTa IIPABOT0 XKEIyA04uKa, aHOMaJIbHOE OTXOXKIEHHE JICBOH JIETOYHON apTepuy U MPaBOM MOAKIIOYMYHON apTepuu.
O6cyaxnenne: TpancropaxansHas OxoKI sBiseTcs nepBoodepeHbIM CKPHHHHIOBBIM METOIOM B IIocTaBKe quarnosa Td, onHako ee 1aH-
HBIX HEZOCTATOYHO JUISI INIAHUPOBAHMS OIIEPATHBHOTIO JIeueHHsI. B kauecTBe yTouHsromero meroza Heooxonumo BeimonHerne KTA s ne-
TaJM3aLU OPOKa, OObEKTHBHOW OLICHKH a0PThI, JJIETOYHBIX BEH U apTEpPHid, a TaKXKe I UCKITFOUCHHS SKCTPAKApAUAIbHON MAaTONIOTUH.
3akuroduenne: Ycnex xupyprudeckoir koppekuun BIIC y netelt 3akmrodaeTcst B IpefoNepallioOHHON OLEHKE BCEX aHATOMUYECKHUX
0CcOOCHHOCTEH, ONPEEIAIOUIUX [10CIEA0BATEIBHOCTh IPOBOIMMOTO JICUSHNUS M OTEHIMAIbHbIE XUPYypruieckue pucku. Vcromub3o-
BaHMs OTHOT'O METO/1a BU3yaIM3aluu JUIsl TIOJMy4YeHHs JOCTOBEPHBIX M HAJICKHBIX PE3YJIbTaTOB IIPH BIOOPE XUPYPrUYECKOil TAKTUKU
y nanuenToB co ciaoxusiME BIIC mepoctarouno. KTA rpynHoii kieTky mokasana ce0st BBICOKOI()(EKTUBHBIM METOIOM B OLICHKE
MOPOKA U KIIMHUYECKH BAKHBIX COITyTCTBYIOLIMX aHATOMUYECKUX OCOOCHHOCTEIA.

Kntwoueswie cnosa: BpoxxCHHbBIE IOPOKH CEp/Lia, U30IMPOBAHHAS [TpaBast OJKIIOUHNYHAs apTepus, TeTpasa Paio, MyJIbTHCIIUPAIIb-
Hast KomrnbtoTepHas Tomorpadust, KT-anrnorpadus
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Abstract

Objective: To demonstrate capabilities of multislice computed tomography (CT) in detailing a congenital heart disease (CHD), tetral-
ogy of Fallot (TOF), in an infant.

Case report: We report a case of suspected TOF in a 3-month-old patient who underwent transthoracic echocardiography (TTE) at
an initial hospitalization site and was admitted to the Scientific Research Institute — Ochapovsky Regional Clinical Hospital No. 1
(Krasnodar, Russian Federation) for further examination and treatment planning. The examination was supplemented with CT and
computed tomographic angiography (CTA).

Results: TTE diagnosed TOF, patent ductus arteriosus, functional foramen ovale, right-sided aortic arch, and major aortopulmonary
collateral arteries. CT and CTA revealed biventricular origin of the aorta, infundibular pulmonary stenosis, right ventricular outflow
tract stenosis, and abnormal origin of the left pulmonary artery and the right subclavian artery.

Discussion: TTE is the primary screening method for TOF; however, its data are insufficient for planning surgical treatment. As a clarifying
method, CTA is needed to detail the CHD, objectively assess the aorta, pulmonary veins and arteries, and exclude an extracardiac pathology.
Conclusions: The success of CHD surgical correction in children lies in the preoperative assessment of all anatomical features that
determine the sequence of treatment and potential surgical risks. Using a single imaging method is insufficient to obtain reliable and
accurate results when choosing a surgical strategy for patients with complex CHDs. Chest CTA has proven to be a highly effective
method in assessing the CHD and clinically significant anatomical features.

Keywords: congenital heart disease, isolated right subclavian artery, tetralogy of Fallot, multislice computed tomography, computed
tomographic angiography
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BBepeHune

Bpoxnennsie mopokn cepana (BIIC) BcTpewarores
y 0,5-0,8% HOBOpOXI€HHBIX JieTel, u3 uncia Bcex BIIC
terpana Qamno (TD) BesBasiercs y 8—13% Bcex mamu-
enToB [1]. B ocroBe hopmupoBanus T nexut Hemopas-
BUTHE HMHOYHANOYIIPHOTO OT/ENa MPaBOTO JKEITyTOYKa
(w1 KOHYCa), B pe3yJibTaTe KOTOPOTO BO3HUKAIOT YEThIpE
ee KJIACCHYECKHX IPH3HaKa: OONBIION Je(eKT MexKe-
mynoukoBoit eperopoaku (JIMXKII), oOCTpyKIus BBIBO-
JTHOTO OT/IeJIa IIPAaBOTo JKEJTyI0UKa, TUHIEPTPOodHus IpaBo-
ro KelyJouka U JeKcTparno3uiius aopthl [2]. Ha pucys-
Ke 1 mpoaeMOoHCTpUpOBaHa cXxeMa HOPMAJIBHOM aHATOMUU
cep/lla ¥ MaruCTpajbHBIX COCY/IOB, a Takxke cxema TO.

Hapymenune remonunamuxu npu Td 3aBUCHUT Ipexkae
BCEro OT CTEeNeH! MHPYHIUOYIIPHOTO CTEHO3a M XapaK-
TEpU3yeTCs TUIIOBOJIEMHEH Maloro Kpyra KpoBooOparie-
HUS, YBEIIMYEHNEM MUHYTHOTO 00BbeMa OOJIBIIOTo KpyTra
KpPOBOOOpAIEHNs, CHIDKCHHEM TMpeaHarpy3KH JIEBOTO
xenynouka (JIDK) ¢ oObeMHOH pemyKIuei ero mojaocTu
U KOHIIEHTPUYECKUM peMoaeaupoBaHreM Muokapaa JOK.
HemanoBaxxHoe 3HadeHHe B 00ECHEYEHHH JIETOYHOTO
KPOBOTOKA MOTYT UTPaTh OTKPBITHIH apTepUalIbHBIN MpPO-
tok (OAIl) m Oombimme aopTo-JIETOYHBIE KOJIaTepain
(bAJIKu). C yBenudyeHueMm CTEHO3a JISTOYHOH apTepuu
(JTA), 3akpeiTem OAII u KosaTepalbHBIX apTepuil co-
CTOsTHHE pebeHKa pe3K0 CTAHOBHUTCS KPUTHUECKUM [3].

JleransaocTs mpu Takux BIIC 6e3 cBoeBpeMeHHO
OKa3aHHOW MEIMIMHCKONH MOMOIIY B TEUEHUE IEPBOTrO
roja xu3Hu — 25%, k 3 romam — 40%, k 10 rogam — 70%,
K 40 rogam xu3nu — 95% [3].

Terpaga ®amio MOXET codeTaTbesi ¢ APYTMMH aHO-
MaJIMSAMH Pa3BUTHS, TAKUMH KaK: JeQeKT MEXIpencepa-
Hoii neperopoaku (IAMIIII), arpruoBeHTpUKYISApHAsT KOM-
MyHUKalys (4Yalle y ManueHToB ¢ cuHApoMmoM JlayHa),
MIPaBOpACIIONIOKEHHAsT JAyra aopThl. TakyKe BO3MOXKHBI
aHOMAJIMM PA3BUTHS KOPOHAPHBIX apTEpHUid, 4acTo 3TO
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KOHYCHbIE BETBHM OT IPaBOM KOPOHAPHOU apTepuu, nepe-
CEKarollI1e BHIBOJAHON TPAKT MPaBOro xeiyaouka [3].
Coueranne T® ¢ aHOMaTBHBIM OTXOXKJICHUEM MPaBOi
MOKJIFOUNYHOM apTepuu oT npaBoii JIA 1 ¢ aHOMaTbHBIM
OTXOXKIeHHeM IieBoit JIA OoT 3amHero ormena AyTH aop-
1o uepe3 OAIl — penkas Haxoaka, KOTOpast YCIOKHSET
jaHupoBanue onepauuu. [IpaBas gyra aopThl MOXKET
OBITh KIaccH(UIpOBaHa HA 3 THMA: 3epKajJbHOE BET-
BJICHHE, a0eppaHTHas TOJAKIIOUUYHAS apTepus U HU30-
nupoBaHHas nofakmoundHas aprepus ot OAIl nam JIA.

Pucynok 1. Cxema

A — cxema HOpMATLHOT AHAMOMUU CePOYA U MASUCTIPATIbHBIX
€oCcy008.

b — cxema BIIC, T®. BusenmpuKyiapHas aopmad, ycmve Ko-
mopoti pacnonodicero Hao IMIKII (3enenas cmpenxa). I'unep-
mpogusa Muokapoa npasozo HenyoouKa (YepHas CMmpenKa).
Hnghynoubynapueiii cmenos cmeona JIA (srcenmasn cmpenka,).
Pucynox — cobcmsennocms aemopog

Figure 1. Diagram

A, Normal anatomy of the heart and great vessels;

b, Congenital heart disease, tetralogy of Fallot. Biventricular
aorta with its orifice above the ventricular septal defect
(green arrow). Right ventricular hypertrophy (black arrow).
Infundibular pulmonary stenosis (vellow arrow).

The figure is the property of the authors
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W3onupoBaHHas MOAKIIOUMYHAS apTepUsl BCTpEUaeTcs
pexe Bcero — B 0,8% cnyuaes [4]. ComtacHO Mozienu ru-
MOTeTUYECKOH ABoHOM nyru aopthl J.E. Edwards (1948),
(opMHpOBaHHE aHOMAJIBHOTO OTXOXKICHHUS IPaBOW TOJ-
KIIFOUMYHOU apTepuu ot npasoil JIA mpoucxoaur npu pe-
30pOIMK YacTH MPaBOH aOpThl MEXIY MPaBOW MOIKIIIO-
YUYHON apTepuell W MpaBoi oO0IIeil COHHOW apTepHuei,
a TaKKe YaCTH aOPTHI IUCTANbHEE MIPABOT0 apTepUaIbHO-
ro mpotoka (puc. 2) [5].

OTx0XIeHNE MOAKIIOUMYHON apTepun oT JIA Moxer
WMETb 3HAUYUTEJbHBIE MTOCIE/ICTBHS, TAKHe KaK BPOXK/CH-
HBIA cuHIpOM 0OKpansBanus JIA, oOkpaapiBaHue TOA-
KIIIOUUYHOW apTepuu M BepTeOpo-0a3miisipHas HelocTa-
TOYHOCTH [6].

OOKpa/ipIBaHKe TOIKITIOUYUYHON apTepru U BepTeOpo-
OazmsipHas HEJIOCTATOYHOCTh BO3HHUKAIOT KOIZa KPOBBb
13 JIEBOU TMO3BOHOYHOM apTepHUH, OTXOALLEH OT MOIKIFO-
YUYHOW apTepHH, MOCTyMaeT yepe3 BepTeOpoOasHiIsIpHbId
Tepexo B MPaByio TTO3BOHOYHYIO apTEPHIO M B KOHEYHOM
UTOTE B MOAKIIOUUYHYIO apTepHIo, JHUMIAas Oa3HsIpHYIO
apTepuio ajekBaTHOW mepdy3uu. OOKpaIbIBaHHE JIETKHX
CBSI3aHO C PETPOTrPaTHBIM JETOYHBIM MOTOKOM [7]. MHO-
rHe MalUeHThl ¢ U30JIMPOBAHHON aHOMAaIHEH OTXOXKIICHUS
TIPaBO MOAKITIOYNIHON apTepruu OECCHMITOMHEL, HO y 4a-
CTU U3 HUX Pa3BUBACTCS UIIEMUS TIOPAKEHHON KOHEUHOCTH
C M3MEHEHHEM TeMIIepaTyphbl, c1aboCThIo, OOJBIO U Tape-
cTre3uell. Y MalueHToB ¢ CHMITOMAaTHYEeCKO BepTeOpo-0a-
3WIIIPHOM HEJI0CTATOYHOCTHIO MOTYT HAOFOAATHCS TOJIOBO-
KPY’KEHUsI, TOJIOBHbIE 00JIM, 0OMOPOKH, U3MEHEHHS TTOJIei
3peHMs], IIIyM B yIllaX, TOJIOBHbIE OOJIM WK aTakcus [8].

AHOMabHOE OTXOXKJeHHE JeBoi JIA OT qyru aopThl
SIBIISIETCS PEIAKUM ITOPOKOM Pa3BHUTHS, HA JIONIO KOTOPO-
ro npuxoaures 0,12% Bcex BpOKICHHBIX TOPOKOB CEp-
na [9]. Ilpeamonaraemble MeXaHW3MBI (POPMHUPOBAHUSA
AQHOMAJIBHOTO OTXOXJAEHHUs JeBoi JIA oT aopThl BKIIIO-
4aroT pe30pOIHio JIeBOH 6-1f aOpTajIbHOM JyrH WM CO-
XpaHEHHUE JIeBOH 5-11 aopTambHON AyTH (B HOpME perpec-
cupyert). [Ipu 3TOM KIMHHYECKas KapTHHA IOPOKa C THU-
MepBOJIEMHEH MaJIOTO Kpyra KPOBOOOpAIIEHUS MOXKET
«MAaCKHpOBATHCSY MOJ] 3a00I€BAHNUS JIETKUX.

Lenb nccnegoBaHua

[IposeMOHCTPHPOBATh BO3MOKHOCTH MYJIBETHCITUPAITb-
HOW KOMIIBIOTEPHOH TOMOrpaduu B JIETaIHU3aIlMd BPOXK-
neuHoro nopoka cepaua (BIIC) — rerpanst @amio (TD)
y MiazeHna. Vcnonb3oBaHbl 00O€3TMYCHHBIC JaHHBIC.
Ot pomuTeneil pedeHKa MOIYyYIEeHO T0OPOBOIBHOE HH(DOP-
MHPOBAHHOE COTTIACHE Ha ITyOINKAIUIO JAHHBIX O peOEHKeE.

KnnHunyeckoe HabnwopgeHne

Tayuenmxa K., 3 mec., noctynuna B I'bY3 «HUN —
KKBb Ne 1 mm. mpo¢. C.B. Ouamosckoro» M3 Kpac-
HOJACPKOTO Kpasi B KapIUOXUPYPTUYECKOE OTIEICHUE
Ne 1 ¢ mpenBapurensubiM guarnozom BIIC, TO. 13 anam-
He3a: cpasy Hocle POKICHUS HAaXOAWIACh B OTICICHUU

I'IpaBaﬂ [opcanbHadA aopTa

HOCN

JleBas AopcanbHadA aopTa

H0CA /

I'IpaBaﬂ ZAopcanbHadA aopTa NeBas fopcanbHadA aopTa

Pucynox 2. I'unomemuueckas ogotinas oyea J.E. Edwards, un-
THOCMPUPYIOUAst IMOPUOTLOSULECKYIO OCHOBY NPOUCXONHCOEHUSL
nlIKnA uz nAll [5].

A — Pazeumue HopmansHoll 1€601 0yeu aopmul.

b — Passumue negoui oyau aopmsei ¢ AHOMATbHBIM OMX0XHCOe-
Huem npasoti nookmouuyHou. Ooracmu oyeu, 3aumpuxo8a-
Hble YePHbIM, Pe30POUPYIOMCS 80 DML PA3BUMUSL.

Hpum.: 10CA — nesaa odbwasa connas apmepus,; 1JIA — nesas
nezounas apmepus; 1lIKnA — neeas nookmouuunas apmepusi,;
JAIT — nesviti apmepuanshviii npomok; nOCA — npasas obwast
counas apmepus;, nJIA — npaeas necounas apmepus,; nllIKnA —
npasas nookmouuunas apmepus; nAll — npasulii apmepuans-
MBI NPOTOK

Figure 2. Edwards’ hypothetical double arch, illustrating the
embryologic basis of the origin of the right subclavian artery
from the right-sided ductus arteriosus [5].

A, Development of the normal left aortic arch;

b, Development of the left aortic arch with the aberrant right
subclavian artery. Black-shaded areas of the arch are resorbed
during development.

Note: 10CA, left common carotid artery, 1JIA, left pulmonary
artery, ilIKnA, left subclavian artery; 1AIl, left-sided ductus
arteriosus; nOCA, right common carotid artery; nJIA, right
pulmonary artery; nllKnA, right subclavian artery, nAll,
right-sided ductus arteriosus

MHTCHCUBHON TEPAllUU HOBOPOXKJIEHHBIX B IEPHHATANIb-
HOM LIEHTPE C JTMarHo30M BpOJeHHas MHeBMOHMsL. [To-
JTy4alla aHTHOAKTepaJIbHYIO TEPAIHIO, OJHAKO COCTOSTHHE
MAIMEeHTKH yXY/IIIaJI0Ch 3a CUeT HapacTaHWs AbIXaTellb-
HBIX PAacCTPOMCTB.
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Pebenky Obuta BoimonHeHa DxoKI, ¢ momoripio Ko-
TOopo# ObLT BhicTaBieH auarHo3 BIIC, Td. Kpome Toro,
Yy IEBOUYKHM HAOIIOMANOCh TUIIOKCHYECKHU-HUIIEMUYECKOEe
MOpPaXKEHUE LIEHTPAJIILHOM HEPBHOU CUCTEMBI, CYHOPOXK-
HBIH CHHIPOM, MTOPayKEHHE YePETTHO-MO3TOBBIX HEPBOB —
HEA0CTAaTOUHOCTh S5-I mapsl crpasa. ['ocnuranu3npoBaHa
JUTSE TOOOCIIEIOBaHUS M OTIEPATHBHOTO JICYCHHSL.

[Ipu nmoctyruiennn Bec GonbHOW cocraBisut 4,3 Kr,
COCTOSIHME CPEIHEH CTENEeHU TSHKECTH, CBSI3aHHOE C SIB-
JICHUSIMH CEPACYHON HEIOCTAaTOYHOCTH, KOYKHBIE TIOKPO-
BBI (pr3HoONOrMUecKor okpacku. YacTtora JpIXaTeTbHBIX
nBwxeHni — 54 B muH. Carypanus — 94 %. Ayckynb-
TATUBHO TOHBI CEpAlla PUTMUYHBIE, BBICIYIIIMBACTCS CH-
CTOJIMYECKHUN TIyM 3/6 MHTEHCUBHOCTH C MaKCHUMYyMOM
BO 2-M Mexpebepbe y eBoro kpas rpyaussl. [lepude-
puyeckas IyJIbcalys OTYETAUBAs, ITyabc 128 yn. B MuH,
PUTMHYHBIN, YIOBIETBOPUTEIHHOTO HATIOJTHEHUS. ApTe-
puagpbHOE NaBiieHue Ha pykax 70/35 MM pT. CT.

Jliist otteHku anatoMud W Gynkuuu cepama B8 HUM —
KKb Ne 1 moBTOpHO TpoOBeleHA TpaHCTOpaKadbHas
OxoKIT, mo manHbpIM KOTOpOoH ycraHoBieHno: BIIC, TO,
MpaBas ayra aopThl, QYHKIHOHNPYIOIIEE OBAILHOE OKHO.

Jlns getannu3anuy opoKa ¥ UCKITIOYSHHS COMTyTCTBY-
FOIIeN HKCTpaKapIHaIbHON MaToJIOTWH OblTa TPOBEACHA
KT rpyaHoii kjeTkn B HATHBHOM BHJE U C OOIOCHBIM
koHTpacTtupoBanueM ¢ DKI'-cuaxpoHuzanueii.

KT npoBoaunace Ha ¢oHe 00ImelH MeTUKaMEHTO3HOM
cemanuu Ha 256-cpe30BOM KOMITBIOTEPHOM TOMOTpage

SOMATOM Definition Flash (Siemens Healthineers, I'ep-
MaHus).

[Iporokon wmccnenoBanusi ObLT BBIOpAH «ICTCKUN»,
MIePBBIM 3TanoM BKJIro4dan 6eckontpactHyio KT opranos
TPYIHON KJIETKH OT YPOBHS BEPXYIIEK JETKUX 10 YPOBHS
3aHUX TuadparManbHBIX CHHYCOB. Jlanee BBITOHSIIACH
KTA, B aprepuanbHy0 W BEHO3HYIO (a3bl B KayecTBE
KOHTPACTHOTO Tpernapara NpUMEHSIH YJIbTpaBucT-350,
B 00beMe 6 MJT co ckopocThto BBenenus 0,5 mi/c (¢ mo-
MOIIbIO HIMpHIA-HHXKeKkTopa). O0e (a3sl KOHTPACTHPO-
BaHus nposoawuchk ¢ OKI'-cuHxpoHu3anueil. Aprepu-
anpHas ¢aza cTaproBajia Ha 5 CeK OT Hadayla BBEACHUS
KOHTpAacTa 4epe3 KHCTEBYIO BEHY, Ha4aJlo €e COBIAJalo
C JIOCTHXKCHHUEM KOHIIEHTpAIIMH KOHTpacTa B IPOCBETE
MMPOKCUMAJIBHOTO oT/ena Bocxonsmeld aopTel 100 ex. X.
(KOHIIEHTpaIMA N3MepsIIachk ¢ moMousio bolus tracking).
Benosnas (aza Oputa Hawata Ha 12 cex OT Hawajga BBe-
JIeHNsl KOHTPACTHOTO Tperapara. ToimiHa peKoHCTPYK-
TUBHOTO Cpe3a cocTaBiisuia 1,5 MM B HaTWBHYKO (asy
u 0,625 npu KTA. Jlo3a oOnyuenus npu nposeacann KT
cocraBmia 2,3 M3B.

Oo6paboTka n300pakeHNii BBITIOJIHANIACH HA MYJIBTH-
MoOJaNbHON paboueit crammuu Philips ¢ mocrpoennem
TpexMepHbIX U VRT pexkoHcTpyKLuit.

[To narneiM KT nccrienoBanus onpeaessiach:

JleBokapmus. Situs solitus. ATPHOBEHTPUKYIISIpHAsT KOH-
KOpAaHTHOCTh. BU3yanu3upoBanack TUrepTpodus MUOKap-
J1a TIPaBOTo JKeTyRodka (puc. 3).

Pucynox 34
Figure 34

Pucynok 35
Figure 3B

Pucynok 3C
Figure 3C

Pucynok 3. KTA opeanos epyonoti knemku ¢ IKI -cunxponuszayuet, apmepuaivhas asa.

A, b — axcuanvnas, xoco-cacummanvnas npoexyuu. Mzobpasicenue dceny0oukos cepoya u MelcHcery00uKo8ol nepecopooKu.
B medicorcenyoourosoil nepecopodxe onpeoensiiics degpekm (Kpachas cmpenka). busenmpukynapnas aopma, ycmoe ee pacnono-
arcero Hao JIMIKII (ocenmas cmpenka). ['unepmpogus muoxapoa npasoeo diceiy0ouka (3eleHas cmpeika).

C — koco-cazummanvras npoexyus. Ungynoubynsproii cmenos JIA ¢ cyscenuem BOIDK (kpacuas cmpenxa).

Figure 3. Electrocardiogram-gated computed tomographic angiography of the chest, arterial phase

A-B, Axial and oblique-sagittal projections. Visualization of the heart ventricles and interventricular septum. A defect in the
interventricular septum (red arrow). Biventricular aorta with its orifice above the ventricular septal defect (vellow arrow). Right

ventricular hypertrophy (green arrow);

C, Oblique-sagittal projection. Infundibular pulmonary stenosis with narrowing of the right ventricular outflow tract (red

arrow)
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Pucynok 44 Pucynok 45
Figure 44 Figure 4B
Pucynok 4C Pucynox 471
Figure 4C Figure 4D

Pucynok 4. KTA epyonoii knemxu ¢ KT -cunxponuzayuet, apmepuanvnas ¢asa, 3D u VRIT-pexoncmpyrkyuu.

A — Koco-koponanvras npoexkyust. AHOMAIbHOE 0mMX0dicOeHue npasoll NOOKIOUUYHOU apmepuu (KpACHAsi CMpPeiKa) om npasotl
JIA (3enenas cmpenxa). Kunkune co cmeno30M NPOKCUMATbHO20 OMOeLA NPABoL NOOKIIOUUYHOU apmepull (Hcenmas CmpeiKa).
b — VRT-pexoncmpyryus. AHomanvHoe omxodicoenue npasotl NOOKIOUUYHOU apmepuu om npaeoil JIA (kpacnas cmpenxa).

C, A — Koco-xoponanvnas npoexyusi u VRT-pexoncmpyxyus. Omcymcmeue ycmos neeoi JIA ¢ munuynom mecme (Kpacmasi
cmpenka). OAII (scenmasn cmpenxa) u anomanvHoe omxodicoenue om ne2o nesou JIA (3enenas cmpenka).

Figure 4. Electrocardiogram-gated computed tomographic angiography of the chest, arterial phase, 3-dimensional and volume
rendering technique (VRT) reconstructions

A, Oblique-coronal projection. Abnormal origin of the right subclavian artery (red arrow) from the right pulmonary artery
(green arrow). Patent ductus arteriosus and stenosis of the proximal right subclavian artery (vellow arrow);

B, VRT reconstruction. Abnormal origin of the right subclavian artery from the right pulmonary artery (red arrow);

C-D, Oblique-coronal projection and VRT reconstruction. Absence of the left pulmonary artery orifice in the typical location
(red arrow). Patent ductus arteriosus (yellow arrow) and abnormal origin of the left pulmonary artery from it (green arrow)

Aopta otxoamia OuBeHTpUKYIsIpHO (puc. 3). Kamudp
aopThl HA ypOBHE CHHYCOB BanbcanbBel — 11,3 MM, Ka-
Op BOCXOASAIIEH aOPTHI M MEPEAHEro OTJesa AYTH —
8,7 MM, 3ajiHero oTnena Ayrd — 6 MM, HUCXOASIIEH va-
cTi aopthl — 5,1 MM. OT HHUCXOIAIIECH a0PTHl OTXOAUIU
BAJIKu. Onpenensuics OAIT (kamudp — 2,5 MM) Mexay
Iyroit aopthl 1 JeBoit JIA (puc. 4).

BusyanusupyeTcs NpaBOCTOPOHHSS [yra AaopThI.
OT Iyru aopTHl OTXOMST JICBBIC MOMKIIOUMYHAS U 00-
masi COHHasl apTepuH, IIpaBasi 00Iasi COHHAsI apTepHsl.
[IpaBast mopkitounyHas aprepus OepeT CBOE Havalio
ot npaoii JIA, ee kanmubp — 2,6 MM, TIeTIICOOpa3HO U3-
BHUTa B MpOKCHManbHOM oTaene (puc. 4). Ot mpaBoit
MIOAKTIOYUIHON apTePUH OTXOAUT IIpaBast TO3BOHOTHAS
apTepus.

JlerouHplil CTBOJN TUIIMYHO OTXOAMUT OT IPaBOro e-
JYJI04Ka, KaJIuOp BHIBOIHOIO OT/IENA MPABOTO XKEIyI04-
ka (BOITXK) cocrapmser 5,8 mm, ctBoma JIA mo 8,5 Mm
(puc. 3). Ot nerounoro cTBoja 6eper Havajo mpasas JIA,
kamuop — 4 mm. JleBas JIA orxomut ot OAII (puc. 4). Co-
o01IeHre Mex 1y JieBoit JIA 1 JIerOYHBIM CTBOJIOM OTCYT-
ctByeT (puc. 4). OT™MeyaeTcs AunaTanus HIKHEIO0IEBOM
BeTBH eBor JIA 10 8,6 Mm.

Omnpenenserca AMIII mmpunoit 1o 3 mm u JJMKII
1o 8 MM (puc. 3).

AOpTaNpHBIA KIallaH — TPEXCTBOPYATHIM, CMeEIleH
B CTOPOHY IpaBoro xenyaouka Ha 40%.

BozaymHocTh 000MX JIETKUX HECKOJBKO CHHIKCHA.
O4aroBbiX U UHOUIBTPATUBHBIX WU3MECHEHHH B JIETKHUX
HE BBISBIICHO.
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Pucynok 54
Figure 54

Pucynox 5. Omanvi onepayuu.

Pucynok 55
Figure 5B

A — Peumnaanmayus npasoi nNOOKIIOYUYHOU apmepull 8 B0CX00ay10 aopmy (3enenas cmpenxa). [lnacmuka 6b1600H020 omoena
npPago2o AHeeyOOUKa 3aniamon U3 aymonepuxapoa (dHceimas Cmpeika).
b — Peumnnanmayus nesoti JIA ¢ cmeon JIA ¢ nomowwio npomesa (benas cmpenxa)

Figure 5. Surgical stages

A, Reimplantation of the right subclavian artery into the ascending aorta (green arrow). Reconstruction of the right ventricular
outflow tract using an autologous pericardial patch (yellow arrow);
B, Reimplantation of the left pulmonary artery into the pulmonary trunk using a prosthetic graft (white arrow)

ITo pe3ynbraram MNpPOBENEHHBIX HCCIEAOBAHUN mMa-
[IMEHTKa OBLIa TPOOIIEpHpOBaHa. BRIMOMHEHA TUTaCTHKA
JAIMOKII, xomMuccypOTOMHS, MeXaHW4ecKas JIuiiaraius
KOJbIa, WHPYHAUOYIIKTOMUS. YUUTHIBAS TUACTA3 Jie-
Bo# JIA OT JIErOYHOTO CTBOJA, OBLIO MPHHSATO PEIICHUE
0 peumIianTaiuu Jesoit JIA B ctBoi JIA ¢ momorisio
mpoTe3a, Takke Oblia BhIMoNHeHa Mmiactuka BOIDK
(puc. 5). bamxaiimmii mocieoneparMoHHbIA TEPUOT
MIPOTEKAI ¢ MHOKAPIUATBHON c1ab0CThIO, MbIXaTeIbHON
HEJ0CTAaTOUYHOCThIO, SHTEPAIbHOM HEJOCTATOYHOCTHIO.
Ha ¢one npoBeneHHOro jJe4eHusl COCTOsSHUE peOeHKa —
C MOJIOKUTENIbHOM TnHaMuKkoi. [lepeBenena B otenenue
Ha 6-¢ CYT. TIoCIIe OTepaIiH, B JajbHEHIIIEM OIaromnoryy-
HO BBINKCaHA.

O6cyxaeHue

CoBpeMEeHHOUN TeHJCHIIMEH JIeUeHUs IeTeH CO CIIOXK-
HbIMU coueTaHHbIMU BIIC siBnsieTcss MHOrosTanmHast masi-
JMUATUBHAS XUPYPTUIECKAsT KOPPEKIIUSL.

O4YeBUIHO, YTO YCIEX XHPYPTHUCCKOTO JICUCHHUS
pebcHKa HAMpsSMYIO 3aBUCUT OT MPABUIBHON U JeTalb-
HOW NMMAarHOCTHKH aHATOMHH CaMOTO TIOpPOKa, a TaKkKe
CONYTCTBYIOLIUX HHTpa- M HKCTpPaKapAHAIbHBIX aHO-
Manuii [10]. Hambomee mUpOKOZOCTYTHBIM METOIOM
nuarHocTuku npu aooom Bune BIIC ocraercs DxoKI.
MeTon MMeEeT XOpOIIHEe AMATHOCTHYECKHUE BO3MOKHO-
CTH B OLIEHKE aHATOMO-(YHKIIHOHAJIHHBIX IapaMeTPOB
ceplila, OJJHAKO HEJA0CTATOUYHO YPPEKTHUBEH B BH3yalH-
3allMu TIIaBHBIX U nepudepndecknx BeTseit JIA, B ompe-
JIEJICHUHU a0PTO-JIETOUHBIX KoJIIaTepaieii 1 BO3MOKHBIX
COUETAHHBIX YKCTPaKapAUATbHBIX aHOMAIUH — BCE ATU
mapamMeTpbl UTPAOT BECOMYIO POJIb B BBEIOOPE XHPYpP-
THYECKOM TaKTUKW BEJCHUS Takux mnanueHtoB [11].
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Haubonplield qUarHOCTUYECKON TOYHOCTBIO B OLIEHKE
BBIIIENIEPEUHNCIICHHBIX TAPAMETPOB Y JeTel ¢ KOMOMHMU-
posannbiMu BIIC urpaer meron KT cepamna n npsimoit
anruorpadum [12].

«30JI0TBIM CTAaHAAPTOM» AHATHOCTHKH aHOMAaJIHi
KOPOHApHOI'0 pyclia BCE €Ie OCTACTCs MpsiMasi KOPOHa-
porpadus. HecMoTpsi Ha BBICOKYIO MH()OPMATUBHOCTD,
npsiMasi KopoHaporpadus comnpsi’KeHa ¢ OTHOCHTEIBHO
BBICOKOW JTy4eBOW Harpy3koid W TpeOyeT MpHUMEHEHUS
OompmMX 00BEMOB PEHTTEHOKOHTPACTHBIX BEIIECTB.
Kpowme storo, Metos mpencrasisieT co00ii MHBa3UBHYIO
MPOLEaYpPY, UMEIOIIYI0 PSJl CEPhE3HBIX OCIOKHEHUH,
TaKUX Kak MHQApKT MHOKapJia U MHCYJIbT, & TAKIKE PUCK
pa3BUTHS KPOBOTEUEHUS B 30HE Karerepuzanuu. [loaro-
MYy C pa3BUTHEM BO3MOXXHOCTEH HEMHBa3UBHBIX METOI0B
BH3yQJIN3allMU CepAlla PyTUHHOE NMPHUMEHEHUE MPSIMOM
anruorpaduu y aereid ¢ TD sBisercs mpeaMeToM Jauc-
kyccuii [13]. Iupokoe mpuMeHEHHE TOMOTPpadhUIECKIX
METOAMK OOYCJIaBIMBACT M3y4YCHHE MX BO3MOXHOCTEH
B mpenomnepannoHHom miuanupoBanuu BIIC u B moTen-
HaTBHOM 3aMeHe MPsIMOH aHTHoTpaduu.

['maBHBIMK HemOCTaTKaMH METOIMKH, OTPaHUYHBAIOIIH-
MH €€ IIHPOKOE U YaCTOE UCIIOIB30BAHNE, SABISIOTCS HAITH-
Ype JTy4eBOW Harpy3Kd, HEOOXOIMMOCTh BHYTPHUBEHHOTO
BBEICHUSL MOJCOMCPIKAILMX PEHTTCHOKOHTPACTHBIX TIpe-
MapaToB M aHECTE3MOJIOTHYECKOE 10COo0He, MPUMEHSIEMOe
y JIeTeH 0 Toa ¥ MITaIIIeii Bo3pacTHOM rpymist [ 14, 15].

B acmiexte BRIOOpa Xmpyprudeckoro nedenns BIIC
B JIOTIOJJHEHUE K pe3yibTaraM MophopyHKIHOHATEHOR
orneHku cepiana MerogoMm IXoKIT KTA rpynaHol KieTKd
¢ OKI -cuHXpoHU3alMEH MO3BOIWIA JIETATbHO BU3YyallU-
3MpOBaTh aHATOMUIO CEP/Ila U MarHCTPAIBHBIX COCYIOB,
a TaKk)Ke OIIEHUTD TPaxero, OPOHXH U JIETKHE.
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K peaxum coueranneiM naronorusam npu T orHocUT-
csl aTpe3ust ycTbsl ofiHOM U3 JIA ¢ aHOMabHBIM €€ OTXOXK-
neareM oT OAII unmu ayru aoptel. Hamuane anoManbHOTO
OTXOXJIeHUsl OfHOU u3 JIA yCIIOXKHSIET U MEHSET XUPYp-
TMUYECKUH TOAXO0J] K KOPPEKLIUU OCHOBHOTO Nnopoka — Td.
OAIl, sBnsAsich €AMHCTBEHHBIM HCTOYHHKOM KpPOBOCHAO-
KEHMS JIETKoro, TpeOyeT MpOBEACHHS NAJUIMAaTHBHOTO
JTana KOppeKLHH: TPAHCIIOMHHAIBHON OaIOHHOH aHTH-
OIIACTHKH C JalbHENIIEN yCTaHOBKOM cTeHTa. Pagukans-
HBIH 3Tan Koppekiwn T y Takux feTelt BKIoJaeT B ceds
PEUMIUIaHTAIMI0 aHOMaJIbHO oTXozsmeH JIA B jierouHslit
ctBON 7100 (popmmpoBanme Onudypkarmu JIA ¢ manbHei-
1iel IMILUIaHTalMel B Hee KIIaIlaHCOAEPKaIlero KOHIynuTa.
KoppexrtHas ouenka anaromuu JIA mpu Takux aHomamiu-
SIX METONIOM TpaHcTopakanbHoi DXoKI, kak mpasuio, 3a-
TpyAHEHa M KOMIUIEKCHas MHTpa- M JKCTpaKapAnabHas
aQHATOMMUSI JJOJIKHA JAOIOJHUTEIBHO OLIEHUBATHCS C IIOMO-
mpto KTA wimm ipsimoit anruorpadum.

3akniovyeHne

VYenex xupyprudeckoil koppexkuuu BIIC y nereit 3a-
KJIIOYAeTCsd B IPEJONEPAlMOHHOM OLIEHKE BCEX aHATo-
MHYECKHX OCOOCHHOCTEH, OIpeNeIIOMUX IOCIea0Ba-
TEJILHOCTh TPOBOJMMOIO JICUEHHsS M MOTEHLUAIbHBIC
XHpyprudeckue pucku. Vcronb30BaHUS OFHOTO MeToza
BU3yaJIM3alluM ISl MOJNYYEHUS! JOCTOBEPHBIX U HAMIEK-
HBIX PE3YJbTaTOB IPH BHIOOPE XUPYPTUUECKOH TaKTUKU
y nanuenToB co cioxkHbiMu BIIC nHenoctarouno. OxoKI
0CTaeTcs epBOOYEPEAHBIM 3(D(PEKTUBHBIM METOIOM B JH-
arHoctuke BIIC, HO He MOXET CUMTAThCsl OKOHYATEIBbHOM
MIPEONEPAIMOHHON ANAarHOCTUYECKOH METONMKOM BBH-
Ny OTpaHMYEHUI B OLIEHKE COUETAHHBIX XHPYpPrUYECKU
BOXHBIX 3KCTpakapauaibHbelx aHoManuil. KTA rpynHo#
kietkn ¢ cuaxponmsanueir OKI' mokazana ceds BBICOKO-
3 (PEKTHBHBIM METOJIOM B OIICHKE KIMHHYECKH BayKHBIX
COMYTCTBYIOIIMX aHATOMHUYECKHX OCOOEHHOCTEH y TaKMX
MALMEHTOB U MOXKET OBITh OKOHYATEIIbHBIM HHCTPYMEHTOM
B TUTAHUPOBAHUN XUPYPrUYECKON KOPPEKIMH MTOPOKa.
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Pezome

JlekapcTBEeHHAs Tepamys SBISCTCS HEOTHEMIIEMOI YacThIO JICYCHHUsI OHKOJIOTHUECKHUX 3a001€BaHN, OJJHAKO HAPSLY C TTOJOKUTENb-
HBIM BO3JICHCTBHEM Ha OIYXOJIEBBIE KJIETKH, OHA MO)KET OKa3bIBaTh HEraTHBHOE BIIMSHUE HA 30POBBIE TKAaHU OpraHm3Ma. PazmmaHbie
BHJBI JICUCHHUS U MTPOTHBOOIYXOJIEBBIE MPETapaThl CIIOCOOHBI BBI3BATh KOJIUT, OCIOKHEHHSI KOTOPOTO MOTYT UMETh CEPbE3HbIE I0-
CIICJICTBUS JUISl MTAIIMEHTOB, BILIOTH JI0 JICTAJILHOTO MCXO/a.

OcBeIOMJIEHHOCTb U TOHUMaHHE 0COOCHHOCTEH BU3yaIM3allii KOJINTA, BO3HUKAIOILETO Ha (JOHE JIEKapCTBEHHOW Teparuy y OHKOJIO-
IMYECKUX TAIMEHTOB, TIOMOTYT Ha PAHHUX CTa/IUAX BBISBIISTH 9TH OCJIOKHEHHUS, YTO, B CBOIO OYEPE/Ib, YIyUIIUT BEJCHUE ALMEHTOB
W pe3yJbTaThl JICYCHUS.
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Role of Computed Tomography in Diagnosis of Colitis
as a Complication of Cancer Therapy
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Abstract

Drug therapy is an integral part of cancer treatment, which, despite its positive effects on tumor cells, can negatively affect healthy
body tissues. Various treatments and antitumor drugs can cause colitis. Its complications can be serious and even result in death.
Awareness and knowledge of imaging features of drug-induced colitis in cancer patients can assist in early detection of its complica-
tions and thus improve patient management and outcomes.
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Cite this article as: Zyablova EI, Agurina NV, Porhanov VA. Role of computed tomography in diagnosis of colitis as a complication
of cancer therapy. Innovative Medicine of Kuban. 2025;10(2):127-134. https://doi.org/10.35401/2541-9897-2025-10-2-127-134

XuMHOTepanusl SABIAETCS HEOThEMJIEMOH YacThIO C MOJOKHUTEIHHBIM BO3JICHCTBHEM Ha OITyXOJEBbIE KIIET-
JIeYCHUs] OHKOJIOTMUYECKHX 3a0osieBaHUM. 3a mociel- Ku, JIGKApCTBEHHAs TEPaINs 3JI0KaueCTBEHHBIX 00pa30Ba-
HHE JECATHICTUSI CUCTEMHAsl TEpalus paka IpeTeprena HUH MOXKET OKa3bIBaTh HEIaTHBHOE BIMSHUE HA 300POBbIC
3HAQYUTENbHbIE M3MEHEHUS — OT MCIOJIb30BAaHMS Tpa- TKaHHM OpraHu3Ma. YUHUThIBas pa3HOOOpa3ne MeXaHHU3MOB
JULUOHHBIX [UTOTOKCHYECKUX IMPENaparoB 10 MOJEKy- JACHCTBHS pPa3IMYHBIX I[POTUBOOITYXOJEBBIX AarcHTOB
JIIPHO-TApreTHOH W WMMyHoTepanuu. OAHAKO, HApALy W METOJOB JICUCHHS, OUYEBHIHO, YTO MOOOUYHBIE 3P (PEKTHI
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MOTYT MPOSBIATHCS B PA3JIUYHBIX CHCTEMaX OPIraHOB.
MHorue no6ouHbsle 3((EKTH TePATUH 3T0KaYeCTBEHHBIX
HOBOOOpA30BaHW, Takne KaK BO3/ECHCTBHE Ha JIETKHE,
ceplle, Me4YeHb, MOMKEIYIOUHYIO JKeTe3y, >KeTUeBbIBO-
ISIIYI0 CUCTEMY W KUIICYHUK, MOTYT OBITh BBISBICHBI
C TIOMOIIBIO METO/I0B BU3YaAJIU3aLUH.

Busyanuzanus 3aHUMaeT LEHTPaIbHOE MECTO B IMPO-
1ecce JMHAMHYECKOTO HAONMIOACHWS 3a MaIMeHTaMH,
MPOXOSIIMMU XUMUOTEpanuo. MeToasl BU3yalln3alun
HE TOJIbKO MO3BOJSIOT OICHHUTH d(PPEKTHBHOCTDH JIeUe-
HUS, HO U CBOEBPEMCHHO OOHAPY)XHTh TOTCHIIMAILHBIC
ocnokHeHus1. OCHOBHBIM HMHCTPYMEHTOM JJISl JHArHO-
CTHUKH, CTAANPOBAHUS 1 MOHUTOPUHTA 3I0KAUYECTBEHHOTO
HOBOOOpA30BaHUs SBIISETCS KOMITBIOTEpHAs ToMorpadus
(KT). BosbIIMHCTBO OCI0KHEHUH MOKHO BBISBUTH HMCH-
HO C ITOMOIIBIO 3TOT0 MeToa. CyIIecTBYIOT U IpyTHe co-
BpPEMEHHbIE CIIOCOOBI BU3yallU3allly, TAKUEe KaK MarHUT-
HO-pe3oHaHcHast Tomorpadus (MPT), mo3urpoHHO-3MHC-
cuonHast tomorpadus (II9T/KT), koTopbie DOMONHSAIOT
KT u obGecnieunBaroT 0ojiee BBICOKYHO CIECIM(PUIHOCTD
B BBISBIICHUU KaK PEIUANBOB OITyXOJH, TaK U OCIOXKHE-
HUH, CBsI3aHHBIX ¢ XuMuorepanued. OCBeTOMICHHOCTh
BpauC-PEHTTCHONIOIOB O PA3IUYHBIX TEPANCBTHUCCKUX
MOAXO/IaX M TMOHMMAaHKE CIIEKTPa BO3MOXKHBIX OCIIOXKHE-
HUI IPU XUMHOTEPAIIUH MO3BOJISIIOT JIaTh OObEKTUBHYIO
OILIEHKY M300paKEHUSAM, KOTOPBIE TIOMOTYT CYIIECTBEHHO
MIOBJIMATE HAa BEIOOP TAaKTUKH BEACHUS MAIMECHTOB [ 1, 2].

3a mocienHee ACCATUICTHE KOJIUT, CBSI3aHHBIN C XU-
MHOTEpanuel, cTal OJHON M3 BaXKHBIX (OPM KOJHUTA.
Pasnuunble TpaaULIMOHHBIE LUTOTOKCUYECKUE XHMHO-
TEepaneBTUUECKUE MPEnapaTsl MOTYT BBI3BIBATH HEUTPO-
MIEHUYECKHUH YHTEPOKOJINT, OKa3bIBasi IUTOTOKCHIECKOE
BO3JICHCTBHUEM Ha OBICTPO ACNALIUECS KIETKH B CIU3U-
CTOM 000JIOYKE >KEITYIOUYHO-KUIIIEYHOTO TPaKTa, O00y-
CJIaBITUBAs TIOBPEXKICHHE CIM3UCTON 000IOYKH TOJICTON
KHILIKH; B CBOIO OYepeIb HEHTPOIICHUS IPUBOIUT K Oak-
TepHaTbHON cynepnH(pEeKInu 1 HeKpo3y KUIIKH. [lepo-
pajbHbIE MOJEKYISPHO-TAPTE€THBIC areHThl MOTYT HpPU-
BOAWUTH K DHTCPOKOIUTY, CBA3aHHOMY C IEPOPATHHBIM
IyTeM BBeAEeHUs npemnapara [3]. MoaekyaspHo-Taprer-
HbI€ Mpenaparbl BHI3BIBAIOT PA3JIMYHBIC MOBPEKICHUS
KUIIICYHUKA, B 3aBUCUMOCTH OT MEXaHU3Ma UX ACHCTBUS
(mHEBMaTO3, iepdopanus 1 HECOCTOSITEILHOCTD XUPYP-
THYECKOT0 aHACTOMO3a B PE3y/IbTaTe HIIEMUHU, BbI3BAH-
HOW €ro aHTHAaHTHOTCHHBIM Bo3jciicTBHeM) [4]. MoHo-
KJIoHaNbHBIe aHTUTena (mpotuB CD20), wucmonb3ye-
MbIE€ B Kau€CTBE TEpaluu, HallpaBJeHHOW Ha B-kieTku
TIPU PEBMATOUTHOM apPTPUTE WIIH JTUMGPOME, MOTYT BBI-
3BaTh A3BEHHBIM KOJIUT WM 000CTPEHUE YXKE UMEIOIe-
rocst konuta [4]. AKTHBHOE HCIIONH30BAHINE MOHOKJIO-
HaJIbHBIX aHTHTEN, cornacHo gaHHeIM J. Ibarra Rovira
u coanT. (2022), mpuBeao K yBEIUYCHUIO YHUCIIa UMMY-
HOOTIOCPEIOBAHHEBIX HEKEIATECIBHBIX IBIICHUHN, KOTOPHIS
OTJIMYAIOTCSl OT HEXEJIaTeNbHBIX SIBJICHUHM, CBSI3aHHBIX
C TPaAULMOHHBIMH METONAMHU JeueHus paka [5]. bomb-
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UIMHCTBO HMMYHOOIOCPEIOBAaHHBIX HEKEIaTeIbHbIX
SIBIICHUH MPOTEKALT B JIETKOH (hopMe U yCIeIIHO Mo/aa-
€TCsl JICUEHUIO, OJJHAKO HEKOTOPbIE OCIONKHEHUSI MOTYT
OBITh KpaifHe ONacHBIMHU U Ja)Ke NPUBECTH K JIETaJIbHO-
My ucxony. Kpaline BaxHO CBOEBPEMEHHO BBISBIIATH I10-
TOOHBIE OCTIOKHEHNS M OCYIIECTBIIATh KOHTPOJIb HAJT KX
pa3BHUTHEM, TaK Kak JICYeHHE HMMYHOOTIOCPEIOBAHHBIX
HEXEJaTeIbHBIX SIBICHUM B IIEPBYIO OYepelb OCHOBAHO
Ha TPEeKpalleHnd MUMMYHOTEpanuy, a TakXKe JIeYeHUH
KOPTHKOCTEPOUAaMU ¥ JIPYTHUMH HMMYHOMOIYJIHPYIO-
MU Mpenaparamu [5—7].

Konut, BbI3BaHHBI HMMYHOTEpANUEd C MOMOILBIO
WHTUOUTOPOB MMMYHHOH KOHTPOJIFHOW TOYKH (immune
checkpoint inhibitor, ICI), sBasieTCs 4acTbIM HEXela-
TEIBHBIM SIBICHHEM W HaOmromaercs y 15-25% mamm-
eHToB, mpuHuMaronux uaruoutopsr CTLA-4, u y 10%
MAIUCHTOB, MPUHUMAOMUX HHrHOUTOpPHI PD-1 u PD-
L1 [5, 8, 9]. Komut o6pran0 mosBisieTcst yepe3 5—10 He-
JIeTTb OT HavaJja JISYEHUs; pexKe KOJIUT MOXKET BOSHUKHYTh
HEMOCPEACTBEHHO MOCJE MEPBOM 03bl JEKApCTBEHHOTO
npemnapara Ju00 KJIMHUKA MOXKET OBITh OTCpodeHa Oosiee
yeM Ha 6 Mec. TocJie mocieaHero ero Beeaenus [10].

XOTsI KIIMHUYECKasi KapTUHAa U PEHTTEHOJOTHYECKHE
MIPU3HAKN KOJIMTA, CBA3aHHOTO C MMMYHOTepanuei, He-
crenu(UYHBI 10 CPAaBHEHHUIO C KOJUTAMHU APYTOH 3THO-
JIOTUM, CBOEBPEMEHHAs UArHOCTHKA U JICUCHUE Malu-
€HTOB, y KOTOPBIX Pa3BUBACTCS 3TO OCIOKHEHHUE, UMEIOT
pemaroee 3HaueHue. [1o3ToMy BpadaMm-peHTreHOI0raM
Ba)KHO 3HATh OOIIYI0 KJIMHUYECKYIO KapTHHY, OCHOBHBIE
MaTTepHbl BU3yaIM3alliy, HAOIIOJaeMble Y MAIUEHTOB
C KOJIUTOM.

CnusucTele 00OJOYKHM, KaK M KOXKa, IPEICTaBISAIOT
co0oii OCHOBHBIE Oapbephl, 3alIMIIAIOIIAE OPraHU3M
oT uH(peKIuil. 310KauYecTBEHHBIE HOBOOOPa30BaHUSI MO-
TYT HEMOCPEJCTBEHHO HapymlaTh 3TH Oapbephl ABYMS
crocodamu:

1. IlpsiMoe BTOpKEHUE, HANpPUMEpP, MPHU SI3BEHHBIX
OITYXOJISIX KENYTOUYHO-KHIIIEYHOTO TPAKTA.

2. JleyeHue: MOCTAHOBKA KaTeTepa, JIyueBas Teparus
Y XUMHUOTEPAIUS MOTYT TOBPEIUTE 3TH Oaphephl WIIH TI0-
BJIMATH Ha UX BOCCTaHOBIICHHE.

[NoBpexnenue cimuzuctoro baprepa yare Bcero HaoIo-
JlaeTCs IPY FeMaToJIOTMYECKHX 3JI0KaueCTBEHHBIX HOBOOO-
pa3oBaHUAX, 0COOCHHO TTOCIIe TPAHCIUIAHTAIIMN KOCTHOTO
Mo3ra. OOBIYHO OHO TIPOSIBISETCS OOIIMMHE HKEITYITOYHO-
KHIICYHBIMA CUMIITOMAMH, TAKUMH KaK TOIITHOTA, PBOTA,
napest 1 00JH B KHBOTE.

OCHOBHBIE XapAKTEPUCTUKHU OBPEKICHUS CIU3UCTO-
ro 6apeepa BKIIOYAIOT U3MEHEHHS IPOHUIIAEMOCTH | I10-
TEPIO LEJIOCTHOCTH STHUTEIHS, YTO HAOIIOaeTCs PH He-
TPOTIEHUYECKOM SHTEPOKOJIUTE, PEaKLUU «TPaHCIIaHTAaT
MIPOTHUB XO3iMHA», BEHOOKKJIIO3MOHHOM OOJE3HH M CH-
CTEMHBIX WH(EKIINAX.

[Iporiecc moBpexIeHUS CIM3UCTOTO Oaphepa MOMKHO
pa3nenuts Ha 4 ¢a3sl (puc. 1).
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Figure 1. Phases of mucosal barrier injury [11]

B ¢aze | mponcxoanT akTUBanys HECKOIBKUX KIIETOU-
HBIX TPAHCKPHITIIMOHHBIX ITyTEH ITOCPEACTBOM ITHTOTOK-
CHYECKHMX BEIIECTB WJIM PaIUAIIOHHOTO BO3ACUCTBUS,
YTO B JajbHEHIIEM NPUBOIUT K IMOBBIIICHUIO YPOBHS
BOCTIAJIUTEIBHBIX IUTOKWHOB. [Ipn 3TOM 3murenuit ciu-
3HCTOM OCTAETCSI HHTAKTHBIM.

B ¢aze II, Tax Ha3zpiBaemol smuTeNHaIbHON (ase,
KJIETKU TPEKpaIlaloT ACJICHUE U MOABEPraroTCs anoITo-
3y. Ota (asza coBIagaeT ¢ HEUTPONCHUEH.

B ¢dase Il HaumHaeTcss HEKPO3 W H3BA3BICHHUE CITHU-
3UCTOH, B CBA3M C YeEM HOpPMaJIbHbIE OOIMIaTHBIE MUKPO-
OpPraHU3MbI U UX 3HJIOTOKCHHBI IPOHUKAIOT B KPOBOTOK.
B aT0i1 (haze HapymieHue 1okagbHOM OapbepHOii pyHKINH
U HU3KUH ypPOBEHb CEKPETOpPHOro IgA ciyxar 1omoiaHM-
TEJILHBIMU (PaKTOpaMH JIJIsl IPUCOCTMHEHUS HHPEKIHIH.

B daze IV HaunHaercs pemapaiiisi CIM3UCTON, KOTO-
past ornocpenoBaHa pakTopaMH pOCTa U MPOPETeHEPATHB-
HBIMHU (paKTOpaMM CeMeNCTBa TprincTHHKA [11].

JlarHo3 KojauTa OCHOBBIBAETCS HAa KIIMHUYECKOM CUM-
MITOMAaTHKe, TAaHHBIX (PU3UKAIBHOTO OCMOTPA, JTaboparop-
HBIX JJAHHBIX, aHAJIN3a SH/IOCKOITUYECKOW KapTHHBI, OHOTI-
CHH U B PsIIIC CIIy4aeB JAHHBIX BU3YaJIN3AI[HOHHBIX METO-
J0B 00cienoBanust. TsHkecTb MPOSBICHNS KOJTUTA U THapen
OLICHNMBAETCS C MCHOJIb30BAaHUEM OOIINX TEPMUHOIOTHIE-
CKMX KpHTEpHEeB HeOIaronpusaTHbIX sBieHnd (Common
Terminology Criteria for Adverse Events, CTCAE) Bepcuu
5.0, oluye KpUTeprK TEPMUHOJIOTHH OTPAXKEHBI B Ta0JH-
e [22]. 3aboneBaHre y IAIMEHTOB C KOJTUTOM |-i cTeneHn
MIPOTEKAIOT OECCUMITTOMHO; TTAIIUEHTHI C KOJIUTOM 2-i cTe-
TICHU JKATYIOTCSI Ha OONU B JKUBOTE, CIH3b W/IIH KPOBb
B KaJie; Npu 3-i CTENEHU TSKECTU KOJIUTA 3T CUMIITOMBI
Oonee BBIpRKEHBI M COYETAIOTCS C MEPUTOHEATbHBIMHU
npu3Hakamu. [1areHTs! ¢ KoMuToM 4-i CTENeHu TSKECTU
HMMEIOT BBIPQKEHHYIO KJIMHUYECKYI0 CUMIITOMATHKY, Tpe-
OyIOIIYIO CPOUHOTO BMEIIATETIHCTBA.

IIpu xonure 1-ii cTeneHU HEe PEKOMEHIYETCs MPOBO-
JUTh HUKAKMX CHEIUAIBHBIX JUATHOCTHUECKUX HCCIIE0-
BaHM. PsAJl aBTOPOB CUMTAIOT, UTO MPU KOJIUTE 2-H CTe-
NIeHH TSDKECTH U OoJiee pekomenyercs nposeneHne KT

Tabnuua

O0mme KPUTEPHUH TEPMUHOJIOTHH HeKeJIaTeJIbHbIX
sijiennii (CTCAE), Bepcus 5.0 3adoJieBanue,
XapakTepu3ywlieecsi BOCIAJeHUeM TOJICTOH KUIIKHU [22]
Table 1

Common Terminology Criteria for Adverse Events,
version 5.0: A disorder characterized by inflammation

of the colon [22]

1-n1 2-51 3-a 4-51
cTeneHb CTeneHb CTeNneHb cTeneHb
beccumnromHo;
TOJIBKO
CunbHas OmnacHeble
KJIMHUYECKHUE bons
00Jb JUIS J)KA3HHA
WA B JKHBOTE;
B JKHBOTE; MTOCTIEICTBHS;
JIAarHo- CIU3b
MEepUTO- MMOKa3aHo
CTUYECKHE WM KPOBb
HeaJbHbIE CpouHOe
HaOJIIOCHHST; B CTYJIE
MPU3HAKH | BMEIIATEIbCTBO
BMEIIIATETHCTBO
HE ITOKa3aHO

KaK OCHOBHOTO MeTofa Busyanuzauuu [12]. C. Pozzessere
n coasT. (2024) pexomenaytot nposenenne KT npu qua-
pee/xonute 3/4-i CTETCHN TSHKECTH TSI OLIEHKH PacIIpo-
CTpaHEHHOCTH W TspkecTH kKonuta [13]. J. Ibarra Rovira
1 coanT. (2022) cuurtatot, yto KT B 1uarHocTuke KoauTa
o0nagaeT HU3KOM 4yBCTBUTENBHOCTHIO (58,8%) u cmen-
n¢uanocteio (73,7%) W WrpaeT OrpaHUYCHHYIO pOJIb
B JIMarHoctuke koiauta 1-3 cremenu Tsokect; KT, mo nx
MHEHHIO, CJIeYeT UCTIOIh30BaTh y TAIICHTOB C MIPHU3HA-
KaMH OCJIO)KHEHHOTO KOJIUTa, TAKHUMH Kak Tepdoparus,
oOcTpyKus U abcreccsl [5].

OcHoBHbIMH KT-nipr3HaKaMu KoJIMTa SBISIOTCS ITUP-
KYJISIPHOE YTONIIECHUE CTCHKH KUIIKHU, HAKOIIJICHUE KOH-
TPACTHOTO Tpermapara CIU3UCTON 00OIOUKOH, pacTsIHY-
Tasi, 3aII0JTHCHHASI JKUIKOCTHIO 000I0UHAS KHIITKA, THITE-
peMust OPBDKEHKN U OTEK, TSHKHCTOCTD MapaKoIuIeCKON
kieryatku [14]. B peakux ciydasx KOJUT OCIOKHAECTCS
nepdopannei, KOTOPy0 MOXKHO OOHApYXHTh MPU 00-
30pHOIl pentrenorpaduu mwin npu KT 6e3 koHTpacTu-
pOBaHUS KaK CKOIUICHHE CBOOOTHOTO Ta3a B OPIONIHOU
MTOJIOCTH.
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3acToil MeE3eHTEpPHUAJBHBIX COCYIOB OIpEeIIseT-
Cs KaK yBEJIMYCHHE KaJuOpa WIH HU3BHWIUCTOCTb COCY-
JI0B B napaxonuueckoi kierdarke npu KT, nomyuenHoi
BO BpeMs KITMHIYECKUX CHMIITOMOB KOJINTA B CPABHCHUU
¢ KT no nauana repanuu.

Hakornenrne KOHTpAacTHOTO Tpemnapara CIIH3HCTON
000JIOUKOW KHUIIKH MOYKET OBITh OUaroBBIM HITH JH(PPY3-
HBIM, OOJiee MHTEHCHBHOE 110 CPAaBHEHHIO C YCHIICHUEM
CIM3UCTOI 000TOYKHU JPYTUX CETMEHTOB TOJICTON KHILKH,
TOHKON KHUIIKH W/WIH KETyAKa. YBEINUCHHUE TONIIUHBI
CTEHKH KHUIITKH O0Jiee 4 MM OTIpeAeIETCs KaK e¢ yTONIIIe-
Hue. CTeneHb YTONMICHNST CTEHKH TOJICTON KHUIIKH KJTac-
cudumupyercs kak odaroBas (<10 cm), cermeHTapHas
(10-30 cm) nm auddysuas (>30 cm) [15]. Pacmmpenue
MIPOCBETA TOJICTON KUIIKU OMPEICISETCS, €CIU TUAMETP
TOJICTOM KHIIIKK COCTaBIIIET 0oJiee 6 CM, CIICIION KUIIKH —
Oonee 8 cm [12, 16].

Buigensitor 3 ocHOBHBIE Moenn konuTa [12]:

[lepBas Mozenb, Audy3HBIA KOJIHT, XapaKTepu3yer-
Csl 3aCTOEM COCYJOB OpBDKEHKH KHIIKH, YMEPEHHO BbI-
pakeHHBIM JU(D(GY3HBIM YTONIICHUEM CTEHKH KHIIKH,
3aMI0JIHEHUEM JKUIKOCTBIO PACTAHYTOM TOJCTOM KHILIKH,

MHTCHCUBHBIM HAKOIUIGHMEM KOHTPACTHOTO Ipernapara
CITU3UCTON 000JIOYKOH. DTO Hecnenupuyeckue NpU3Ha-
KM, 4aCTO HaOII0AaeMbIe TP JTFOOOM JPYTOM BUZE KOIHUTA
(puc. 2).

Bropas mozenb, cerMeHTapHbIN KOJIHUT, XapaKTepu3y-
€TCSl CeTMECHTapPHBIM YMEPEHHBIM YTOJIIECHUEM CTCHKHU
U COITyTCTBYIOIIUM OTEKOM U YIUIOTHEHHEM HapaKOIUTH-
YECKOM KJIETYATKU, HAKOIJICHMEM KOHTPACTHOIO Ipera-
para cIM3UCTOM 000I0UKOM; YINTIOTHEHHEM, YTOMIIICHUEM
OpBIKEEUHBIX COCY/IOB B CETMEHTE KHIIKH C Y)K€ CyIle-
CTBYIOIIUM JTUBEPTHKYJIE30M. MoJEnh CEerMeHTapHOTro
KOJTUTA CXOXa C TUIMTUYHBIM JUBEPTHKYIIUTOM, IIPH KOTO-
POM TaKXe BBISBIISIIOTCSI CETMEHTAPHOE YTOJILIEHUE CTEH-
KM KHIIKH, TSOKUCTOCTh MApaKOIUYECKOM KIETYATKHU,
YTOJNIICHUE Ta30BOH (aciuu, 3aCTOi B OPBIKECUHBIX CO-
CyZlax ¥ HECKOIBKO BOCIMAICHHBIX TUBCPTUKYIIOB (pHC. 3).

Tperbs Momenb KOJMHMTA, BOSHUKAIOIIETO NMPH HMMY-
HoTepanuu (HanOoiee 4acTo — TPH JICYCHUH HITHIAMY-
MaboM), TMPEACTaBIsICT COOOW H30JIMPOBAHHBIA PEKTO-
CUTMOMIIHBIA KOJMUT 0e3 auBepTukyie3a [12]. ITo maH-
HbIM A.R. Barina u coast. (2016), 3-ii Tum konuTa Ha-
omromancss y 50% mnanueHToB, TMOMy4YaBIIUX JIEYCHUE

Pucynox 2.
A. Mooens ougpgysnozo konuma.
Xapaxmepuszyemcs mpems npusHakamu:

— Jleekoe OughghyzHoe ymonujerue CmeHKu KUMEeYHUKA (npsamvie CmpenKiL),

— 3aCmotul Kposu 6 Me3eHMePUAIbHBIX COCYOaX (HAKOHEUHUKU CIMPENoK),

— pacmsidiceHue Mmoacmoul KUWKY, 3aN0THEHHOU HCUOKOCIBIO (U302HYMAsL CIMPENKA),

b, B. Ummynoonocpedosarnwiti Oughghysuviil Koaum y myxcuunsl, 58 niem, ypomenuansHulii pax (HabiooeHue agmopos).

KT 6prownoii nonocmu ¢ KoHmpacmuposanuem, Ha AKCUATLHOM CKAHe U 80 YPOHMANbHOU NIOCKOCIU ommedaemcs oupqys-
HOe ymonweHue cmenKu 00000YHOU KUWKU, 3ACMOU KPosU & Opvloceeunblx cocyoax (cmpenku). Omcymemeyom npusHaxu

ousepmuxynesa

Figure 2.

A, Model of diffuse colitis characterized by 3 features:
— mild diffuse bowel wall thickening (straight arrows),
— mesenteric vessel engorgement (arrowheads),

— fluid-filled colonic distension (curved arrow);

b-B, Immune-mediated diffuse colitis in a 58-year-old man with urothelial cancer (authors' case). Contrast-enhanced abdominal
computed tomography (CT). Axial and frontal images. diffuse colonic wall thickening and mesenteric vessel engorgement

(arrows), no signs of diverticulosis
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Pucynox 3.

A. CeamenmapHsiti KOIum, CEA3aHHbII C MOOENbI0 OUGEPMUK)IE3d.

Xapaxmepuzyemcs cecmMenmaphbiM U YupKYISApHbIM YIMOLUeHUeM CIMEeHKU KUMEYHUKA (CMPeTKU) 8 CUeMOBUOHOU KUWKe 6 obnacmu
panee cyuecmeosasuieco OuPysHoeo OUSePMUKYLE3d, d MAKIce 3aCmMoem 8 Me3eHMEPUATLHBIX COCYOdX (HAKOHEUHUKU CIMPENOK).
b. CecmenmapHolii Koaum ¢ OUSEPMUKYIE30M Y MYNCHUHbL, 55 iem, ¢ ypOmenuaibHblM PAkom, Ha (one ummynomepanuu (Ha-
O1r00€eHUe agmopos).

KT 6prownoti nonocmu ¢ KOHMpacmuposaHueM, Ha aKCUAbHOM CKAHE U 60 PPOHMANbHOU NIOCKOCHIU.

B. Ummynoonocpedosarnnuiii konum y 53-n1emmeti nayueHmKu ¢ Kapyunomou 1e2ko2o. Onpedensiemcs cecMenmapHoe yupKyisip-
HOe YmoaueHue CmeHoK KUWKU, 3ACMOLL OPbIJHCEEeUHbIX COCYO08, MANCUCHOCHb NAPAKOIULECKOU KIemYamKu Ha (oHe panee
CYWecmeo8asUIUX OUGEPIMUKYIIO8 CULMOBUOHOU KUUKU

Figure 3.

A, Segmental colitis associated with a model of diverticulosis characterized by segmental and circular wall thickening (arrows)
of the sigmoid colon in the area of preexisting diffuse diverticulosis, as well as mesenteric vessel engorgement (arrowheads);
b, Segmental colitis with diverticulosis in a 55-year-old man with urothelial cancer during immunotherapy (authors’ case).
Contrast-enhanced abdominal CT, axial and frontal images;

B, Immune-mediated colitis in a 53-year-old woman with lung carcinoma. Segmental circular bowel wall thickening, mesenteric
vessel engorgement, and pericolonic fat stranding due to the preexisting diverticula of the sigmoid colon

unuumymadom [12] (puc. 4). OCHOBHBIMHU TPU3HAKAMU
KOJIUTA y JAHHOM TPYIIBl MALIUEHTOB SIBISUTUCH MHTCH-
CHBHOE HaKOTJICHHE KOHTPACTHOT'O TIpernapara CIM3UCTON
000JIOYKOH C COIMYyTCTBYIOIINM YTONIIIEHNEM CTEHKH CHT-
MOBUJHON KHUIUKH. TSKUCTOCTh MAPAKOIMUYECKOH KIIET-
YaTKy He OblIa XapaKkTepHa IpH JJaHHOH (opMe U30Hpo-
BAaHHOTO PEKTOCUTMOHIHOTO KOJIUTA.

B mporuecce npoBeneHus IMMYHOTEpANuy MOTYT BO3-
HUKHYTh Cephe3HbIC U TOTEHIIMATBHO OMACHBIE JJIS JKU3-
HU OCJIO)KHEHHS, TaKue KaK WIIeMHs, HEKpO3, KpOBOTe-
YeHHWE W TOKCHYecKuil MerakosoH [17]. Tsokemas dopma

Pucynox 4.
Hzonuposarnnviii pekmocuemMouodHslii Konum 0e3 conymcmeyro-

OCTPOTO KOJIUTA MOXKET CTaTh MPUYHHON MPOOOICHUS
TOJICTOW KHILKU M JIETAILHOTO UCXOJ1a, 0COOEHHO B CITy-
yasX HECBOEBPEMEHHOW NHUAarHOCTUKU. Pe3ynbrarsl psiaa
HCCIIEIOBAHUHN CBUICTEIBCTBYIOT O TOM, UTO Iiepdoparus
TOJICTOTO KHIeyHuKa Habmomaetcs y 0,7—1,5% mamuen-
TOB, CTpaJalOIINX MeslaHoMmoi [18] u y 6,6% narueHToB
C TMOYEYHO-KJIeTOYHOU KapiuHoMo# [19]. B xome kiu-
Hudeckux uccnempoBanuil 111 ¢aszer y 0,6-1% mnamnuen-
TOB, CTPAJAIONIMX MEJIAaHOMOM, ObUIM 3a()UKCHPOBAHBI
CIIy4ad JIETaJbHOTO HMCXOMa, BBI3BAHHBIC OCJIOKHCHUS-
MU, CBSI3AHHBIMH C JHTEPOKOJHMTOM, BO3HUKIINM B pe-
3yabTare npuMeHeHus unminmymada [20]. Tlepdoparms

we2o OUBEPMUKYILE3d Y MYNCUUHbL, 55 1em, ¢ YPOMEIUaibHbLM
paxom, Ha (poHe ummyHomepanuu (HAbIOeHue asmopos).

KT oprownoii norocmu ¢ Konmpacmuposanuem.
Ommeuaemcesi UHMEHCUBHOE HAKONIEeHUe KOHMPACMHO20 npe-
napama causucmoti obonouxou (benaa cmpenka). Hem conym-
cmgyloue2o OusepmuKyie3a mojicmou KUKU.

Figure 4.

Isolated rectosigmoid colitis without associated diverticulosis
in a 55-year-old man with urothelial cancer during immuno-
therapy (authors' case).

Contrast-enhanced abdominal CT.

Mucosal hyperenhancement (white arrow), no associated
colonic diverticulosis
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KEITYAOUHO-KHUILIEUHOTO TPAKTA SBJISICTCS PEIKUM, HO IO-
TEHIUAIBHO ONACHBIM OCJIOKHEHUEM Teparnuy MOHOKIIO-
HAJbHBIMU AHTUTENIAMH, B YaCTHOCTH, MHTUOHTOpaMU
¢akTopa pocrta smuTenus. Hekpo3 KuIedHOH CTEHKH
MOKET OBITH BBI3BAaH KaK HIIEMUCH ¢ TPOMOO30M KHIIIC-
HBIX OpBDKEEUHBIX COCYNIOB, TaK M HEKPO3OM TTEPBHYHOMN

Pucynox 5.

Jsa paznvix nayuenma ¢ OCLONCHEHUSIMU MAP2eMHOL Mepantil.
A. Ha axcuanonom KT-ckane y nayuenma 00Opokauecmeeh-
HbLL OeCCUMNMOMHbLIL NHEBMAmMOo3 Npaegoll NOL08UHbL H000U-
HOU Kuwiku (cmpenka), obuapyxcenuvitl npu niarnogou KT
uepes 5 nedeib nocie Havaia mepanuu uHeUOUMopom (hakmo-
pa pocma 3HOOMeNUsE CoCy008 no NOBOJY Memacmamuieckorl
KapyuHoMbl 24Cmpo330hazeanbHoco nepexooa

b. Ha axcuanvnom KT-cxane uepes 10 Oueii nocie navana
mepanuu paxa JHceryoKa uHeubuUmopom akmopa pocma m-
domenusi cocydos. B mecme noxanuzayuu onyxonu onpedens-
1omes npusHaku nepgopayuu; nneemonepumoneym (bonvuias
cmpenka), a makdice pacnpoCmpanenue nepoparbHo20 KOoH-
MPACMHO20 8EWeCmBa 3a NPedeibl ACELYOKA NO IAMEPANbHOU
nosepxXHoCmu cele3enKku (manenvkas cmpenxa) [21]

Figure 5.

Two different patients with complications of targeted therapy.
A, Axial CT image shows benign asymptomatic pneumatosis
of the right colon (arrow) detected at routine imaging 5 weeks
after initiation of vascular endothelial growth factor inhibitor
therapy for metastatic gastroesophageal junction carcinoma;
b, Axial CTimage 10 days after the start of vascular endothelial
growth factor inhibitor therapy for gastric cancer. The tumor
localization site shows signs of perforation: pneumoperitoneum
(large arrow) and extravasation of the oral contrast agent lat-
eral to the spleen (small arrow) [21]
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OIlyXOJIM WM 3JI0Ka4€CTBEHHBIM HOBOOOPAa30BAHUEM,
WHBa3UPYIOIIMNM CEPO3HYIO O0OJOUKY KHIICYHUKA. DTH
MPOLECCH MOT'YT MPUBECTH K HEKPO3y CTEHKU KHIIKH,
0COOCHHO €CJIM Y HalMeHTa MMEIOTCS Mpeapaciiosara-
IOlIMe 3a00JICBAHUS KHIIICUHHKA, TAKHE KaK JIHBEPTHKY-
JIe3, MPEALISCTBYIONIAs ONEPaLHs WM JIyYeBOW SHTEPUT.
BonbmMHCTBO MAIMEHTOB 00palatTCs 38 MEIUITUHCKOM
MOMOIIIBIO B TEUCHHUE TMEPBBIX 3-X MEC. JICYCHUS C HKAJO-
6amMu Ha 60JTb B JKUBOTE U PBOTY.

[Ipu mpoBeeHNN KOMITBIOTEPHON TOMOTpaUN MOKET
OBbITh BBISBJICHO HapyIICHHE LEJTOCTHOCTH KHIICUHHKA,
CONPOBOXK/IAMOIICECs] MOMaJaHueM BO3/IyXa WIH KOH-
TPaCTHOTO BELIECTBA B OPIOIIHYIO ITOJIOCTb, & TAKKE CKO-
IUICHUEM BHENPOCBETHOH KUAKOCTH U (HOPMUPOBAHHE
abcrecca, GOPMUPOBAHUE CBUIICH MEXIY KHIICUHUKOM,
MOYEBBIM ITy3BIPEM M BiIaraguiem (puc. 5).

3aKnioueHune

CoBpeMeHHasi Tepanusi OHKOJIOIMYECKUX 3aboneBa-
HUI TIpeacTaBisieT COO00H CIOXKHBIA KOMIUIEKC pa3HOo-
Opa3HBIX METOJIOB JICYCHHS, BKIIIOYAs XWMHOTEPAInIo,
TapreTHyI0 U IMMYHOTEPAITHIO.

OTH MeTOAbl AOKAa3adM CBOI BBICOKYIO 3((EKTHB-
HOCTh B O0Oph0O€ C OMyXOJSIMH, OJJHAKO OHH TaKKe OKa-
3bIBAlOT HETaTHBHOE BO3/EHCTBHE HA 3[0POBBIE TKaHH.
Paznuunble BUABI JIeueHHs] U MPOTHUBOOITYXOJIEBBIE TIpe-
rapaTbl MOTYT BBI3BIBaTh KOJIUT, OCJIOKHEHHS KOTOPOTO
MIPOBOILMPYIOT CEPbE3HBIE MOCIEACTBUS BIUIOTH IO Jie-
TaJbHOTO UCXOJIA.

BaXxHO OTMETHTB, UTO PE3yNbTaThl BU3yalu3aluy, CBs-
3aHHBIE C OCIOKHEHHMSIMH, BBI3BAHHBIMU TEpaNel OHKO-
JIOTHYECKUX 3a00JIEBaHUM, YaCTO aHAJOTHYHBI OCIIOXKHE-
HUSM, HaOJMIOAaeMbIM NP APYTUX 3a00J1eBaHUAX, HE CBSI-
3aHHBIX C XUMHUOTEpanuen. DTo JeaeT KIMHUIECKYHO UH-
(hopManrio KPUTHYECKH BayKHOM MPH pa3paboTKe MIaHOB
JIEYEeHUsI TalUEHTOB.

OCBEIOMIIEHHOCTh M IOHMMaHHE OCOOCHHOCTEH BHU-
3yaJM3alyy, CBA3aHHBIX C M3MEHEHUSMH, BBI3SBAHHBIMHU
XMMUOTEpAueH, IOMOTYT Ha PAHHHUX CTAAMAX BBIABIIATH
9TH OCIIOKHEHUS. ITO, B CBOIO OUEPENb, YIYUIIUT TaKTH-
Ky BEJICHUS ITAIlMEHTOB W PE3YNIbTATHI JICICHHS.
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Pezome

Llemnbro maHHOM CTaTHU SBISIETCS] BCECTOPOHHHH aHAIN3 OTHOM M3 HanOoJIee pacpoCTPaHEHHBIX ITaTOIOTHI B SKCTPEHHOI MeTUITHH-
CKOM MpaKTHKE — OOCTPYKIIMM MOYEBBIX ITyTeH. PaccMaTpUBalOTCS COBPEMEHHBIC METO/IbI TUATHOCTUKH, XUPYPTHUECKOTO MOIX0Aa,
a TaKKe BO3MOYKHBIE OCJIOKHEHHSI, BO3HUKAIOIIHME B XO/IC JICUCHHUSI.

B crarbe ocBeleHbl COBpEMEHHbIE YHIOCKOIMMYESCKHE TEXHUKH IPEHUPOBAHUSI IIPU OCTPOM U XPOHUUECKOH OOCTPYKIIMH MOYEBBIX ITy-
Tei, MPOBOIUTCS CPABHUTEITBHBIN aHATN3 PA3IMIHBIX METOIOB JICYCHUS ¥ X (P (hEeKTUBHOCTH, B 3aBUCHMOCTH OT BBIOPAHHOTO JIOCTYTIA.
O030p BKIIFOYACT aKTyaJIbHBIC HCCIICIOBAHUS, TIOCBSIICHHBIC PACIPOCTPAHEHHOCTH OOCTPYKTHBHO ypOIIaTHH B OMYJISILIAK, OIKCa-
HUE KIMHUYECKUX TPOSBICHU 3a00/IeBaHMs, a TAK)KE aHAIN3 HanOoJIee YacThIX MAaTOIOT Ui, IPUBOJANINX K CyIpa- H/Win HH(paBe-
3MKaJIbHON 0OCTPYKIHH.

Knrouesovie cnosa: o0CTpyKTHBHASL ypOIIATHs, OOCTPYKLIUSI MOYEBBIBOISIINX ITyTeH, OCTPOE MOBPEKICHHE MMOYSK, XPOHUYECKOE I10-
BPEKICHUE ITOYEK, YPETePOrHIpOHEePPO3, YpECKOKHAS TyHKIIMOHHAS He(DPOCTOMHUSI, CTEHT BHYTPEHHETO JIPEHUPOBAHNS
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Abstract

The objective of this article is to provide a comprehensive analysis of urinary tract obstruction—one of the most common emergency
conditions. We discuss modern diagnostic methods, surgical methods, and possible complications during treatment.

The article highlights modern endoscopic drainage techniques for acute and chronic urinary tract obstruction and compares various
treatment methods and their effectiveness, depending on the chosen approach.

The literature review covers current research on the prevalence of obstructive uropathy in the population, clinical manifestations, and
the most common causes of supravesical and/or infravesical obstruction.

Keywords: obstructive uropathy, urinary tract obstruction, acute kidney injury, chronic kidney disease, ureterohydronephrosis, percu-
taneous puncture nephrostomy, ureteral stent
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BBepgeHne

OOCTpPYKTHBHASI yPOIIaTUSI — 3TO COCTOSHUE, MPH KO-
TOPOM B CBSI3U C (DPU3UOJIOTMYECKMMHU W/WIIM aHATOMH-
YEeCKUMH HM3MEHEHUSMHU BO3HUKAET HAPYIICHHUE OTTOKA
MOYH 10 MOYEBBIBOIAIMINM MHyTAM. OOCTPYKIUS MOXKET
OBITH OCTPOH, Ha OO KOTOpoi mpuxomutcs oT 5—10%
CITy4aeB, WJIA XPOHWYECKOW, YACTUYHOM WM IOIHOM,
OJIHOCTOPOHHEW HJIM JIByCTOPOHHEH, CYIpaBe3UKaIbHOU
Wi uH(QpaBE3UKATHLHOW, B 3aBHCUMOCTH OT JIOKAJIN3a-
LMY ¥ XapakTepa UCTOYHHMKA OOCTpyKIuH [1].

OOcTpyKTHBHAs ypoTaTHs SBISETCA BaKHOH W TIO-
TEHIMaJIbHO 0OpaTUMON MPUYUHON OCTPBIX M XPOHHUYE-
CKHX 3200JIeBaHMI MOYEK y MYKYMH M KEHIIMH. B mm-
POKOM CMBICJIC OHA OIpPEeIIeTCs KaK (pyHKIIMOHATHHOE
WIH CTPYKTYpPHOE HPEMSATCTBHE OTTOKY MOYH C MOCIETY-
FOIIUM TTOBpeXxeHreM mouek. [1o manasim J. u W. Yaxley
(2023), mpu nokazarensx 3adosneBaemoctu 1,7 Ha 1 ThIC.
YENIOBEK — OOCTPYKTHUBHAS YPOIATHS COCTaBISICT IpPH-
omusuTensHo 10% Beex ciryd4aeB Kak OCTPOTro, Tak U Xpo-
HHMYECKOro 3a00JIeBaHus ITOYEK, BKIoUas 5% HaceleHHs,
HaxOoJISIIIEerocsl Ha XpOHUYECKOM Jnanuse [2].

Cy1iecTByeT MHOKECTBO MPUYUH, BIMSIOMINUX KaK Ha
BEepPXHHUE, TaK W HA HIDKHUE MOYEBBIBOMAIMHE TyTH. O0-
CTPYKIHUS MOXET BO3HUKATh IJIC YTOIHO — OT IMOYCHHBIX
garedek 10 MeaTyca.

nugemMunonorua

Hawnbornee pacripocTpaneHHON MPUYMHON 00CTPYKINU
BEPXHHUX MOUCBBIX ITyTEH, BHE 3aBUCHMOCTH OT BO3pacTa
W TI0Ja, SIBJSIETCsl MOYeKaMeHHasi 0ose3Hb. CoriacHo Io-
CIICIHAM TaHHBIM HaImoHamIsHOTO NCCIENOBAHUS COCTOS-
HUS 310poBbs 1 nuTanust HaceneHus (National Health and
Nutrition Examination Survey, NHANES), 8 CIIIA 310
3aboneBanue auarnocrupyercs y 11% smomeit [3]. 3a mo-
cnenuaue 30 ner modanpHas 3a00I€EBAEMOCTE MOYEKAMEH-
HOW OOJIe3HBIO HEYKIIOHHO POCiia M TPOAOIDKAET PACTH.
BonbmmacTBO KOHKpemeHTOB (Oonee 70%) BO3HUKAIOT
y mozeit B Bo3pacte oT 20 1o 50 jet, mpudeM My KIUHBI
CTpaJlatoT OT 3TOTO Yallle, YeM KEHIIUHBI, B COOTHOIICHUH
npumepHo 2:1, mpumepno y 6% sxerumH u 11% my>xunn
B Teuenue xm3au [4]. Exxeromno 6omnee 1,2 muH obparre-
HUI B OTJICTICHUS HEOTIIOKHOM MOMOIIM CBSA3aHBI C TI0YeY-
HOW KOJMKOU, TpudeM okoino 20% maruenToB Tpedyercs
TOCTIMTAIH3AIUS U XUPYPIHIECKOE BMEIIATEIbCTBO [5].

Takxe ogHOM M3 CaMbIX PACIPOCTPAHEHHBIX MPUYUH
OCTpOH M XPOHHUYECKOH 0OCTPYKIIIH MOYEBBIX MyTEH AB-
JISIeTCsl OHKOTIATOJIOTHSI, IPUBOSIIAS K KOMIIPECCUU MO-
YETOUYHUKOB U, KaK CIEJICTBHUE, PA3BUTHIO OJHOCTOPOHHE-
TO WU JIByCTOPOHHETO ypeTeporuaporedposa [6, 7].

B pasBuThix cTpaHax ypoTeNUallbHbIC KapIMHOMBI
(YK) 3aaMMaroT mectoe MecTo Cpeid CaMbIX pacrpocTpa-
HEHHBIX 3JI0Ka4e€CTBEHHBIX HOBOOOpa3oBaHuii. OHU MOTYT
JIOKAJIM30BaThCS KaK B HIDKHIUX (MOUYEBOH ITy3bIPh, YPETpa),
TaKk M B BEPXHUX (YAIICUYHO-JIOXaHOYHASI CHUCTEMa, MOUeC-
TOYHHK) OTHAENaX MOYCBBIBOMSIIINX ITyTei. Pak MoueBoro
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my3bIps cocTanisgeT 90-95% Bcex ciyuaeB ypoTeTHaIbHO-
r0 paka, TOrJa Kak MOpa)kKeHHUsS BEPXHHUX MOUEBBIX ITyTel
BCTPEYAOTCS 3HAUUTEIBLHO pexe, cOCTaBIsist uib 5—10%
OT OOLIEero yucia ypoTenuanbHbIX KapuuHoM. [lo oren-
KaM, eXerofHasi 3a00/1eBaeMOCTb yPOTEIHAIBHBIM PaKOM
BEPXHHMX MOYEBBIX MyTEH B 3ala/IHBIX CTPAHAX COCTABIISET
okoJ10 JByX ciydaeB Ha 100 Teic. yenoek [8].

OOCTpYKIMSI MOYETOYHUKOB TAK)KE BBIABIISICTCS IPH
HEKOTOPBIX AHOMAIUSAX PA3BUTUS TMOUYEK M MOYCBBIBOIS-
nwx myTed. OOCTPYKTHBHAS YPOTIATHS MOXKET OBITH BBI-
3BaHa (HUOPO30M JKUPOBOH KJICTYATKH B 3a0PIOIIMHHOM
MIPOCTPAHCTBE, YBEMNYEHHBIMU TUM(DAaTHIECKUMHA y3TIaMU
npu uMdornponudepaTuBHBIX 3a00JIeBaHMSX, IPU THOM-
HO-BOCTIAJIUTENFHBIX 3200JICBAaHUSIX 3a0PIOIIMHHOTO TIPO-
CTPAHCTBA U OPTAHOB Ta3a, IPH ATPOTCHHBIX MOBPEKICHU-
SIX, BHEIIIHUX TPaBMax M PA3IUUHBIX COCYAUCTHIX, THHEKO-
JIOTHYECKUX M MTPOKTOJIOTUYECKUX 3a00eBaHmsx [9—11].

Ilpuuunsl u nposgrenusa maxdice pazmuUuaAOmMcsa
6 3a6UCUMOCIU O 803DACMHOIL ZPYRNbL U NOA

Hoeoposcoennvie u 0emu: OCHOBHASI MPUUUHA — AHO-
Manauu pasBuTus. M3 6% HOBOPOXKIEHHBIX BO BCEM MUDE,
POXIICHHBIX C CEPbE3HBIMH BPOXKJIECHHBIMH Jle(eKTaMu
(OKO0JI0 8 MITH €3KeTOHO), 10 1% MMEIOT BpOsKICHHBIE JTe-
(heKThI MOYEBBIBOINIMX MyTeH. [ uaponedpos, BcTpeya-
IOIIUIICS Y BCE OONBIIETO YNCia HOBOPOXKICHHBIX U MIIa-
JICHIIEB, Yalle BCEro BBI3BaH OOCTPYKIWEH JIOXaHOYHO-
MOYETOYHHUKOBOTO CErMeHTa. Peke BcTpeyaeTcs my3bIp-
HO-MOYETOYHUKOBBIN pedoke, coctasnstomuii 10-20%
CJIy4aeB HEOHATaJIbHOTO U JEeTCKOro ruaponedposa [12].
[pyrue pacnpocTpaHeHHBIC aHATOMUYECKUE IMATOJIOTHUU
BKJIIOYAIOT CTPUKTYpPbl MOYETOUHUKA M ypPETPhl HA paz-
HBIX YPOBHSX.

Bepemennvie scenuunnt: Tuaponedpos HaOIonaeT-
csy 80% O6epemeHHbIX. OCHOBHON MPUYMHON CUUTACTCS
MeXaHHYEeCKOe CaBJICHNE MOUYETOUHIKOB H3-3a YBEIHYe-
HUSI MaTKU U BO3JIEHCTBH IIporecTepoHa. Yare Bcero 3a-
OosieBaHNE MPOSIBISAETCS BO BTOPOM TPUMECTPE M MOJKET
coxpassThcs 10 6—12 Henenb nocie poaos [12]. beccum-
NITOMHBIA THAPOHE(PPO3 BO BpeMsi OEPEMEHHOCTH MOXKET
ObITh OOHapyxeH y Oonee, ueM 90% OepeMeHHBIX KEH-
e, OH CTaHOBUTCS OUYEBUIHBIM BO BTOPOM TPUMECTPE,
JocTuras nuka Mmexiy 24 u 28 nenensimu [13, 14].

Myscuunbl cmapuwie 60 nem: B dTOW BO3PACTHOMU
rpymme 3a0oJieBaHUE CTAaHOBUTCS 0ojee pacmpocTpa-
HEHHBIM M3-3a MaTOJOTHH MpeACcTaTeNbHOM jKeIe3bl U UX
OCIIO)KHEHHH, TaKWX Kak J10OpoKadecTBeHHas THIepILIa-
3Usl MPENCTATEIbHON KeJe3bl, aJeHOKApIUHOMA Mpe-
CTaTEeNbHON JKeJe3bl, KOTOPbIe YacTO BIEKYT 3a COOOM
XPOHUYECKYIO, OCTPYIO 33/IeP’KKy MOYH U JIBYCTOPOHHUH
ypeteporuaponedpos [15, 16].

MaToreHes n I13T0¢VI3VIOJ10I'I/IH

IIpu orpaHuYeHHAX HOPMAJIBHOIO OTTOKA MOYH
yepe3 MOUCBBIBOSIIIE YTH CO3/aeTcs 0OpaTHOE OaB-
JICHHE Ha COOMPATENIbHYIO CUCTEMY IToueK. B pesynbrare
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C TEYCHHEM BPEMEHH IPOHMCXOINUT PACIIHPEHIE MOYEBBIX
yTel, ¥ 10 Mepe yXyAueHus! GUIbTparoHHON (QyHK-
LMY TI0YEK 3TO CTAaHOBUTCS INIABHOW NMPUYMHON pa3BU-
TUS 00CTPYKTHBHOM Hedponarnnu. MexaHU3M pa3BUTHSL
HeppomaTHM B TAKUX CIydasX BKJIIOYAET MHOXKECTBO
(hakTOpOB, TAKMX KaK MECTHas HIIIEMHUs, BEI3BaHHAS pac-
TSOKEHHEM U yBEJMUEHNEM BHYTPHUKAHAJIBIIEBOTO JIaBJIe-
HUS. B ycloBusxX wyacTH4HONM OOCTPYKLMM aKTHUBAaLMA
aaruoreHsnaa U AT1-perenTopoB CIOCOOCTBYET YCH-
JICHUIO NTEPUCTAIBTUKY MOYETOUHHUKA, YTO IOMOTaeT OC-
nmabute obctpyknmio. Ilepucranpriueckas akTHBHOCTD
M0JIe3HA MPH YaCTHYHOW OOCTPYKIMH, HO NP TOTHOMN
0j70Kaze OHa, BEPOSITHEE BCEro, NIPUBEAET K yBEJINYe-
HUIO PACTSKEHUS U BHYTPUIIOJIOCTHOTO JaBieHus [17].
HccnenoBanus Ha MOAEIAX KPBIC MTOKA3aJIU BIMSHUE pe-
HUH-aHTHOTEH3WH-aJIbJIOCTEPOHOBON CHCTEMBI M 3HAUN-
TenpHOE yBenuueHue skcrpeccun TGF-6eral B ruapo-
HE(PPOTUUECKUX MOYKAX, YTO MOXKET ObITh AHAJIOTHYHO
1y Jozieil. DTH mporecchl MOTYT BBI3BaTh HEOOpAaTHMOE
noBpexaeHue mouku. OOCTPYKTUBHAS yPOTIaTHI MOXKET
MIPUBECTH K YMEHBIIEHNIO KOJMYECTBA KIIyOOUKOB, K X
THaIMHU3AUH, KOPTUKAJIBHBIM KHCTaM W MHTEPCTHILIH-
aJbHOMY BOCIAJICHHIO B movkax [18].

KnuHunyeckaa cumnromaTmka

CuMnTOMBI OOCTPYKTHBHON YPOTIaTUH 3aBUCST OT CTe-
[IEHU U JIOKAIU3ALUN OOCTPYKLUH, €€ IPOIOIKUTEIBHO-
cTH M ocobOeHHOcTel manmenTa. [Ipy cynpaBe3ukanbHOM
O0CTPYKIIMM BO3HMKaeT OO0JNb Ha MOPaXCHHOH CTOpPOHE.
Hampumep, mipyt MOYETOYHHKOBOH OOCTPYKIIMH KOHKpE-
MEHTOM TAIEHTHI OIIyIIaoT 00Jb B MOSICHUYHOM, MOA-
B3ZIOLIHOMN MM [TAXOBOH 00JI1aCcTH, NPPAAUHUPYIOLIYIO B JIO-
TIaTKy, SMATACTPATILHYIO 00JIaCTh W HAPYKHBIE TTOJIOBBIE
OpraHbl, B 3aBUCUMOCTH OT PACIOJIOKEHUS U JIBUKEHUS
kamus [19]. Bo3mokHa uppaauaius 60JM Ha TIPOTHBOITO-
JIOKHYIO CTOPOHY, TOIIHOTa M pBoTa. JIMxopaaka MOXer
CBUETENBCTBOBATH O Pa3BUTHU OCTPOTO OOCTPYKTHBHOTO
nenoHedpuTa — OMacHOTro Ui KU3HM cocTosHus [20].
OOCTpyKLMS BEPXHUX MOYEBBIX MyTeH MOXXET IPOSIBIISATH-
csl reMarypuedl M ydalleHHbIM MoudeucryckanueM [21].
IIpu wuHppaBesukambHOW OOCTPYKIMH, XapaKTEpHOMH
JUTS MY’>KYHH, OTMEYAIOTCSl 3aTpyIHEHHOE MOUEHCITyCKa-
HHUe, crmabast cTpys, YyBCTBO HEMOJIHOTO OIOPOKHEHHUS
MOYEBOT0 ITy3bIPs, HOKTYPUS, YTO TUITUYHO IS THIIEpIIa-
31U TIpe/ICTaTebHON XKeme3bl. [Ipu momo3pennn Ha ajeHo-
KapLHOMY MpEICTATEIbHON JKeNe3bl BayKHbI TAaKUE CHM-
MITOMBI, KaK TIOTeps Beca, HOYHAs TOTINBOCTh, TeMaTypus
1 y37I0Basi CTPYKTypa IMPOCTaTHI MpH ocMoTpe [22].

MeToabl ANAarHOCTUKN

JnarHoctuka OOCTPYKTMBHOM ypONaTHH HauyMHAeTCs
C aHanmmM3a kajgo0, aHamHe3a W (U3UKAIBHOTO OCMOTDA.
OCHOBHBIM METOZOM BH3YalIM3allMH SIBISICTCS YIBTPa3By-
KOBO€ FCCIIe/IOBAaHNE, TIO3BOJIAIONIEE BBISBUTH CTENEHBb
pacIpeHys YaleqyHo-T0XaHOYHOW CHUCTEMBI ITPU COXpa-

HEHHOM KanuOpe MoueTouHuKa. Jlonmieporpadus momo-
raeT OIpPeIeNIUTh HAaIN41e MepeceKaroero cocyna u aud-
(epeHIpoBaTk OOCTPYKTHBHBINA THIPOHE(PPO3 OT HEOO-
CTPYKTHBHOTO ITyTEM H3MEPEHUsI PE3UCTUBHOTO HHJEKCA
MOYEYHBIX apTepuii [23-25].

JlOMOTHUTENPHEIMU  METOJIAaMU  IMarHOCTHKU  SIBJISI-
I0TCSL peHTreHorpadusi OPIOMIHON TMOJOCTH, MO3BOJISIO-
11asi BBISIBUTH MOJHOTY MATKHMX TKaHeH, BbIOyXxaHue Ooka
1 CMEIIeHHe KHIIEYHbIX IeTeNb, a TAKKe YPEeTPOIHCTO-
rpadus, OpuUMeHseMasl A1 MCKIIOYEHHS I1y3BIPHO-MO-
YEeTOYHUKOBOTO pedIIiokca, CTPUKTYp, (uOpo3a IIeHKn
MOYEBOr0 Iy3bIpsd U MHOpomHbIX Ten. KT-anruorpadus
¢ 3D-peKkoHCTpYKIMEH HCIOAb3yeTCsl Ui BBISIBICHUS
COCYIMCTBIX aHOMaJIMH, BBI3BIBAIONINX OOCTPYKIIUIO
JIMC [26, 27]. MP-yporpadus sSBiIsieTCsI BHICOKOTOUHBIM
METOJIOM OIIEHKH aHAaTOMUH U (PyHKIINH MOYEBBIBOISAIITIX
nyteil ¢ ompeneneHneM guddepeHnnanbHon (GyHKIUN
moyex [28].

JlaGopaTopHbIe HCClIeNOBaHMS BKIIOYAIOT aHAIN3 MOYH
JUIL MCKITIOUEHHS WHQEKINH, OIEHKY (QYHKIHUH TOUYeK
1 IEKTPoNuTOB. IIpy 3HAUUTENBHOM YXYALICHUH MOYECU-
HOM (DYHKITMY MIJIN BBIPAXKEHHBIX MIEKTPOIUTHBIX HapyIIle-
HUAX TpeOyeTcsl TOCHHUTAIN3alMsl U KOHCYIbTalus Bpada-
Hedpomnora. Ilpu mogo3perny Ha HHOEKIUIO TPOBOIUTCS
0aKTepHONOrHYeCKNi aHATM3 MOYHM M Ha3HA4aeTcsl aHTH-
OakTepuanbHas Tepanus [2, 12, 29].

JuddepennmansHas tnarHocTuka 3aBUCHT OT JIOKa-
JU3AIUHN U XapakTepa OOCTPYKIUH. 3aJePKKYy MOUH MO-
TYT BBI3bIBaTh MH(EKINH, JEKapCTBEHHBIE Ipenaparsl,
HEHPOTeHHBIE pacCTpOHCTBA W TUCYHKIMS ACTPY30-
pa. Jluxopagka MOXKET yKa3bIBaTh HE TOJBKO HA ITHEIO-
He(QpUT, HO M Ha CIMHAIBHBIN SNMIYypalbHbII adcLecc.
VYponornueckne MaHWUMYISAIUA B aHAMHE3€ ITTOBBIIIAIOT
BEPOSITHOCTh CTPUKTYpPBI yperpbl. HeBposornueckue
CHMIITOMBI TPeOYIOT MCKITIOYEHHUS] MHCYIbTA 1 3a007eBa-
HUI CIIHHHOTO MO3Ta. AHEBPH3MY a0pPTHI CIIEAYET HE HC-
KJTIIOYaTh Mpu OOJISAX B MOSICHUIIE Y MAI[EHTOB C apTepH-
AIBHOU TUTICpTEH3NEH. 3amop Win QeKalbHas 3aKyIopKa
MOT'YT NPHUBOJUTH K MOYEBOW OOCTPYKLMHM, a HEAaBHHE
aHEeCTe3WH U U3MEHEHUs B MEIUKAaMEHTO3HOW Tepariu —
K 3aj7iepkke Mouu [5, 12, 30].

DHAoCKoNnYeckne MetToabl ieueHus

JpenupoBaHne MOYEBHIBOISIIINX ITyTEH HEOOXOIUMO
BBITIOTHSITH TIPU OOCTPYKIIMH BEPXHHUX OTICIIOB MOUEBBI-
BOJIAIICH CHCTEMBI, MOCKOIBKY MOXKET MIPUBOAUTH K BOC-
MaJCHUI0, yTpare (YHKIUU TOYEK WM BBIPAKCHHOMY
00JIeBOMY CHHAPOMY, HE TIOIAIONIEMYCS KYITUPOBAHHIO.
B ciydae o6cTpykimn, 0CI0KHEHHOW HH(EKITHEH, TTOBBI-
LIAETCS PUCK PA3BUTHUSI CEPbE3HBIX OCIOKHEHHM, TaKUX
KaK MIOHE(PPO3, CETICUC U TaXKE JCTATBHBIA UCXO/.

Jlexommpeccrss MOUEBBIBOASIIUX ITyTEH MOXKET OCY-
IIECTBISATHCSA PETPOTPATHBIM HIIM QHTETPATHBIM METO-
noM. OCHOBHBIMH CIIOCOOAMHU SIBIISTFOTCSI UPECKOMKHAS
nyHkiuonHas Hedpocromus (UITHC), karerepmzarus
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MOUYETOYHUKA M YCTAHOBKA CTEHTAa BHYTPEHHErO Ape-
HupoBanus. Kaxmas w3 3TUX TpoLEIyp HMEET CBOU
MPEUMYIIECTBA M OTPAHUYCHHUS, CBSI3aHHBIC C PUCKOM
OCJIOXKHEHUH, YJKOHOMHUECKUMU 3aTpaTaMu, BIUSHUEM
Ha KAueCcTBO JKM3HH M HEOOXOIWMOCTHIO MOCIEAYIO-
niero JjedeHus. BeIOOp oNTHMaIbHOIO METO/a 3aBHCUT
OT KIIMHUYECKOTO COCTOSHUS MAIlUeHTa, AaHATOMUYECKIX
0COOCHHOCTEH M CPOYHOCTH BMEIIATEIbCTBA.

CornacHO pyKoBOASIIMM TNpuHUMIIaM EBponeiickoii
acconuarn yposnoros (European Association of Urology,
EAU), s obecrnieuerust 3pGEeKTHBHON IEKOMITPECCHU
MPEINOYTHTEIHHO HCIOIB30BATh UPECKOKHYIO Hedpo-
CTOMMIO WJIM PETPOrPAJIHYIO YCTAaHOBKY cTeHTa [31].

YpeckoxHaf NYHKLMOHHaA HedpocTomMuUA
UpeckoxxHast HegpocToMHs ObIJIa BIEpBBIE ONMCAHA
Bpadom-ypossorom W. Goodwin B 1955 1. kak MajouHBa-
3WBHas aJIbTEpPHATHBA TPAAUIINOHHONW XUPYPTHH JUTA Jieue-
HUS THAPOHE(PPO3a, MpUMeHsIeMast Kak BO BPEMEHHBIX, TaK
Y B TIOCTOSHHBIX citydasx. Co BpeMEHEeM 3TOT METOJI CTall
HEOTHEMJIEMOH YacThIO YPOJIOTHUECKOH NpakTuku. C KOH-
na 1970-x rr., Giaromapst pa3BUTUIO TEXHOJIOTHH YIBTpa-
3BYKOBOW BH3YaJIM3aIlMH, MPOIIEAYpa MOTydHIa IIIHPOKOE
pacmpocTpaHeHHe CpeIu Bpadel-paaroioroB, YTO 3HAUH-
TEJIBHO TTOBBICHJIO €€ TOYHOCTH U d(pdekTuBHOCTH [32].
UpeckoxHast He(QpOCTOMHS MpEACTaBIsAeT COOOH
METOJI YCTAaHOBKH KarteTepa (HedpocTomuueckoi TpyoO-
KM WM JIpeHa)ka) B YaIIeYHO-JIOXaHOYHYIO CHUCTEMY
Yyepe3 KOXKy 01 BU3yaJbHbIM KOHTpoJIeM. Buszyanuzanus
coOuparebHOI CHCTEMBI MOJKET OCYIIECTBISATHCS C HC-
MIOJIb30BAHUEM PA3IUYHBIX METOMIOB, BKIIOYAS yIABTpPa-
3BYKOBOE HCCJIEIOBaHHE, KOMIIBIOTEPHYIO TOMOTpa(uio
U POTAMOHHYIO (HITIOOPOCKOTHIO (KOHYCHO-TyYeBYIO
KT). JlomosHUTEIbHO BO3MOKHO IPUMEHEHHE (PIFOOPO-
CKOIIMU C OpUEHTANHel HAa aHATOMUYECKHUE OPUEHTHPHI,
TaKuE KaK KOHKPEMEHTHI, TIOYCUHBIC 3aBUTKU OT CTEHTA
BHYTPEHHETO JAPEHUPOBAHUS WUJIU 3alOJTHEHHAs] KOHTpa-
CTOM YaIIeuyHO-JIOXaHOYHAs cuctema [33, 34].
[lepkyTanHass HEPPOCTOMHUS MOXKET NPUMCHATH-
Csl KaK CaMOCTOSATENbHAs MpOoIeypa WIX B COUYETaHWUH
C IPYyTMMH TEPKYyTAHHBIMH, YHIOCKOIHMYECKHUMH U XH-
PYPTUYECKUMHU METOaMU Il TUarHOCTUYECKUX U Tepa-
MEBTUYECKHX Iieneil, obecreunBast 3phekTuBHOE ApeHH-
POBaHHE MOYEBBIX MyTEH U yIydIlasi HCXOAbI JICUCHUSI.

PeTporpagHas yctTaHOBKa CTeHTa

BHYTPEHHEro ApeHNpPoBaHNA

TepMHUH «CTEHT» BIEPBBIC MOSIBUIICS B MEIUIIMHCKOM
muteparype B XIX Beke, Korma OpUTAHCKHN TAHTHCT
C.T. Stent ucrionp3oBaj ryrramnepuy ¢ 100aBJIeHNEM cTea-
PHMHA ¥ TaJbKa JJIsl H3TOTOBJICHUS 3yOHBIX OTTHUCKOB [35].
B yponormu OH mMONyYMI HIMPOKOE pPACIpPOCTpaHEHHE
Tosibko B 1970-x rr. JIo 9TOTO MPUMEHSIIMCh TEPMUHBI
«MOYCTOYHHUKOBBIC TPYOKW», IIUHBDY WM «KATETEPBD».
B 1967 r. P. Zimskind u coaBT. BlepBble HCIOJIB30Ba-
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T CHUIIMKOHOBBIE TPYOKHM B Ka4eCTBE MOYETOYHHKOBBIX
CTCHTOB, OJTHAKO OHU HE MMETH MEXaHH3Ma MPEIoTBpa-
IICHHUST MUTPAIIMA ¥ MOTTH HaXOJAUTHCS B MOUYCTOUHUKE
1o 19 mec. [36].

B 1976 1. R.P. Gibbons mpencTaBmiI CTEHT C TUCTATh-
HbIM (UIaHIleM W 3yOllaMH TPOTHB MHUTIPALMH, HO €ro
muametp (11 Fr) sarpymusn yctaHoBky. KirroueBwIM
stanoM crajo nossieHue B 1978 . crenra R.P. Finney
C 3aBUTKaM{ Ha 000MX KOHIIAX — MPOTOTUIIA COBPEMEH-
HBIX Moxenei. biaromaps xapakrepHoi Gopme B 3apy-
OexxHOI uTeparype mosBmics TepMmuH «double-J stenty»
(«DJ stenty») [37].

[Tokazanus K yCTaHOBKE MOUYETOYHHUKOBOTO CTECHTA
JEeJSITCST Ha aOCONIOTHBICE M OTHOcHTeNnbHBIE. K abco-
JIOTHBIM OTHOCSTCS: OOCTPYKTHUBHBIM IHENIOHEPPHUT,
JIBYCTOPOHHSIST OOCTPYKITUS, HAPYIIEHWE OTTOKAa MOYHU
W3 €IUHCTBEHHOW (YHKIIMOHUPYIOILICH MMOYKH, TPABMbI
MOYETOYHHWKA M MOYCKAMEHHAs OOJIe3Hb Yy IAIMCHTOB
C CIMHCTBEHHOM MOYKOH. OTHOCHUTENbHBIC IOKa3a-
HUS BKJIIOYAIOT KYNHUPOBAHUE OOJH, TIOYCUHYIO KOTUKY
BO BpeMsi OEpPEMEHHOCTH, 3HAYUTENIbHBII OTEK MOYETOY-
HUKA TOCTE YPETEPOCKOIUHU, BBICOKHI PUCK OOCTPYK-
WU | MPOMUIAKTHKY 3aKyHOPKH (parMeHTaMu KaMHs
IIPU JINTOTPHUIICUN.

Perrenne 00 ycTaHOBKE CTEHTA MOCIIC YPETEPOCKOITHH
3aBHCHUT OT MHOKECTBa (haKTOPOB: XapaKTEPUCTUK KaMHS
(pasMep, JTOKaTU3aIus, OCTaTOUHbIC (PParMeHTHI), COCTO-
SIHUSI TIallMeHTa (aHaTOMMSI, TTOUYCYHBIA PEe3epB, CEIICHUC)
U WHCTPYMECHTAIBHBIX OCOOEHHOCTEH (THUI SHIOCKOIIA,
HEOOXOUMOCTh JHJIATAIMH, HCIOIb30BAaHUE JIUTOTPHII-
Tepa). Takke yIUTHIBAIOTCS HHTPAOTICPAITIOHHBIC aCTICK-
ThI, TAKME KaK TpaBMa WM repdoparus MOYETOUHH-
ka [38-40].

OcnoxHeHunA, cBA3aHHble

¢ BbinonHeHnem YMHC

CornmacHO JaHHBIM, TpejacTaBieHHBIM M. Young
u S.W. Leslie (2023), gactora ocnoxxuenuit mpu YITHC
Bapbupyercs ot 2 no 10%. K unciy Hanbonee pacmpo-
CTPAaHEHHBIX OCJIO)KHEHHH OTHOCSITCS CETCHC, KPOBOM3-
JUSIHASL, BKJIFOYasi CyOKarCyJsipHYIO IeMaToMy U ITICEB-
JI0QHEBPU3MY, ITHEBMOTOPAKC, TOBPEXIAEHHE COCETHHX
OpTaHOB, PKCTPABa3aIlMI0 MOYH C BO3MOYKHBIM 00pa3oBa-
HUEM YPUHOMBI, & TAKXKE, B PSIAKUX CIIydasX, JIETaIbHbINA
ucxop [32]. Ocoboe BHUMAaHUE YICISCTCS PUCKY KPOBO-
TEUEHHUsI, TIOCKOJIBKY BO BPEMSI BBHITIOJIHEHHSI YPECKOKHON
MMyHKIMOHHOW HE(POCTOMHHU CYIIECTBYET BEpOSTHOCTH
MOBPEXJICHUS COCY/IOB TIOYKH. B OONBIIMHCTBE CityuaeB
KPOBOTEUEHHE CAMOCTOATENBHO TPEKpaIlaeTcst B Tede-
Hue 48—72 4. He3HauntenpHOE BpEMEHHOE KPOBOTEUCHUE
MocJie yCTaHOBKH HE(POCTOMBI HaOII0OaeTcs MPUMEPHO
y 95% mnanneHToB, 3a0pIOIINHHBIE TEMATOMBbI IHarHOCTH-
pytotcst y 13% marmenToB, ogHako B 1-4% cirydaeB BO3-
HUKaeT 3HaYUTeJbHas KPOBOINOTEps, TpeOyromas Iepe-
nmuBaHUs KpoBH [32, 41].
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OcnoXXHeHunsA, CBA3aHHbIe C peTporpagHom

ycTaHOBKOW JJ-cTeHTa

YcTaHOBKA CTEHTA BHYTPCHHETO APCHUPOBAHUS CUU-
TaeTcss OTHOCHTEIFHO 0€30IacHOM MpoTenypoid, OTHAKO
B HEKOTOPBIX CIIy4asX MOXXET COMPOBOXKIATHCS OCIIOXK-
HeHusaMu. Hambonee pacmpocTpaHEeHHBIC U3 HUX BKITIO-
4aroT 0O0JIEBOH CHHIPOM B MOSCHUYHOM MM HaAI00KO-
BOH 00macTu, TU3ypHUUECKUE SIBICHUS, TAKHE KaK yda-
IIEHHOE WM OOJIe3HEHHOE MOYEHCITyCKaHHe, a TaKKe
My3bIPHO-MOYETOUYHUKOBBIH PEQIIIOKC, TPU KOTOPOM
MIPOUCXOAUT OOpaTHBIN 3a0pOC MOYM M3 MOYEBOTO ITy-
3bIpA B MOUETOUHUK [42, 43].

Cpenu nOpyrux BO3MOXKHBIX OCJIOKHEHUN OTMeda-
FOTCSI MHUTPAIUsl CTEHTA, MPUBOJIIIAS K €r0 CMEIICHUIO
WM HENPaBUIBLHOMY PACIIONOXKECHUIO, OOCTPYKIUS, Tpe-
MIATCTBYIOMIAS HOPMAITFHOMY OTTOKY MOUH, HHKPYCTAIIHS,
COIPOBOXK/IAIOINASICS 00pa30BaHHEM OTIOKEHHH Ha ero
MIOBEPXHOCTH, a TaKKEe MCEXAaHMYECKHE IOBPEIKICHUSA,
BKJIFOYAs TIEpEJIOM WM o0pa3oBaHue y3ioB. WHbeknnn
MOUYEBBIBOASIINX TyTeH, BOCHAIUTENbHBIE MPOIECCHI
B 00JTaCTH YCTAaHOBKH JIpeHAXA, dPO3Us WK Tiepdoparius
MOYETOUYHHKA U MOYKU C PUCKOM 3KCTpaBa3allid MOYU
WM KPOBOTCUCHUS TAKXKE BXOAAT B UHCIO BO3MOXKHBIX
nociiencTBui. YacTora TakKux OCIOKHEHHH COCTaBIISIET
ot 1 1o 5% cmyuaes [42, 44-46].

B OTIenbHBIX CHTYaNnsIX CTCHTHPOBAHUE MOXKET HE 00e-
CIICUHTh IOJHOTO YCTPaHEHHsI OOCTPYKIIMH, YTO MOTPeOyeT
JIOTIOJTHUTEIIFHOTO MEAUIIMHCKOTO BMETIIATEIIHCTRA.

CpaBHeHNe MeToA0B ApeHnpoBaHNA

M.U. Ahmad u coasrt. (2024) onernnm 3ppekTHBHOCTH
perporpaanoro creHtupoBanus U UITHC y 1228 onkouio-
TMYECKUX MAIMEeHTOB ¢ 00CTpyKIMel MoueTouHuka [47].
UITHC nmpeBocxouiia CTEHTUPOBAHKE 110 YaCTOTE HEy1au
npouenypsl (p < .00001) u BMemarenbctBa (p = .0004),
TOTJa KaKk CTEHTHPOBAHME MOKA3aj0 JyYIIHe pe3yib-
TaThl M0 MUrpanuu apeHaxa (p = .003), IIUTeTsHOCTH
nporuenyps! (p < .00001) n cpoky rocnuramuzanuu (p <
.00001). YacTtoTa nH(MDEKIHOHHBIX OCIOKHEHHH (p = .94),
3aKyNOpKH ApeHaxkeld (p = .93) u He3arIaHUPOBAHHBIX
3aMeH (p = .48) He pa3nuyanack, 9TO MOATBEPKIACT HE-
00XOIMMOCTh HHAMBHIYAIEHOTO TTOXO/IA.

Y.J. Moon u coaBt. (2024) mpoBenn MeTaaHAIIN3
YITHC u cTreHTHpOBaHUS y MAITUECHTOB ¢ OOCTPYKTHBHBIM
ypoauTHa30M U Tshkenod mHpekiueir [48]. Bpems Hop-
Majm3anuu temmnepatrypsl (p = 0.13), cHIDKEHUE YPOBHS
nerkoruToB (p = 0.24), NpoaOIKUTENHHOCTh TOCITUTA-
mm3armn (p = 0.78) u ycnemHocTs BMeIIaTenbeTBa (p =
0.76) He pa3TUYATUCh MEXKIYy METOIAMH, ITOATBEPIKIAT
UX COMIOCTaBUMYIO d(PPEKTUBHOCTb.

B unccnenosanun C. Cozma u coasr. (2017-2021)
ObuTH BKIIIOYEeHBI 1500 MAIMeHTOB ¢ YPreHTHBIM JIPEHU-
poBanueM [49]. M3 Hux 1172 mponumi CTEeHTHPOBaHHE,
328 —YIIHC, B 54 ciyvasx moTpeboBagach 3aMeHa CTCH-
ta Ha YITHC. ¥V 50% namnueHToB mocie CTEHTUPOBAHUS

BBINKCKA Ipou3oLuIa B nepsblie 24 u, mpotus 20% B rpyI-
e YITHC, uTo CBHIETENBCTBYET O MPEUMYIIECCTBE CTCH-
THUPOBAHUS B ITaHE OBICTPOI peaduInTanmy.

F.Y. Sugeken u coasr. (2025) uzyunnu nanusie 155 na-
IIUEHTOB ¢ 00CTPYKTUBHBIM nuesionedpurom [S0]. UITHC
oOecreunBaza MEHBIIYIO IPOIOIKUTEIFHOCTD ONIEPAlluU
u dmroopockoruu (p < 0.0001), mpu dTOM yCHENTHOCTH
BMEIIIATEeNIbCTBA U YaCcTOTa OCIoXKHEeHUH (5.5% vs 7.3%)
OBUTH COMIOCTaBUMEI.

Hcxons U3 yKa3aHHBIX COBPEMEHHBIX HCCIIEIOBAHUM,
MOXHO 3akiatounts, yro YITHC u perporpagHoe creHTH-
pOBaHNE MOYETOYHHUKA SBISIOTCS 3(P()EKTUBHBIMH METO-
JaM{ PEHUPOBAHUS NTPHU 0OCTPYKTUBHON ypOTIaTHH, Ofi-
HaKO BBIOOpP METOJa 3aBUCUT OT KIIMHUYECKON CHTYAI[HH.

UITHC mnoxa3zana cBoioo 3(p(HEeKTUBHOCTh B Cly4a-
X, KOTZa PETpOrpajHOe CTEHTHPOBAHWE HEBO3MOXHO
WM HE MPUHOCHUT PE3ylbTara, 0COOEHHO MpPH 3JI0Kade-
CTBEHHOW OOCTPYKLMH MOYETOYHHMKA. JlaHHBI MeTon
oOecreunBaeT HaASKHbBIH OTTOK MOYH, HO COMPOBOXK/a-
eTcs Ooyiee BBICOKMM PHCKOM KPOBOTE€UEHHH M TpeOyeT
JUTMTEIbHOM rocrinTanu3anun. B To e Bpemst oH o0nana-
eT NMPEenMyIIecTBaMH, TAKUMH KaK COKpaIlleHHe BPEMEH!
orepauy 1 (pIFOPOCKOIHH, a TAKKE CHIDKEHHE TTIOTped-
HOCTH B MHTEHCUBHOM Teparum.

PerporpasHoe CTeHTHpOBaHHE, HANPOTHB, SBISETCS
MIPEANOYTHTENBHEIM B HEOCJIOKHEHHBIX CIydasX, Tak
Kak OHO oOecriednBaeT Ooiee OBICTPOE BOCCTAHOBJICHUE
1 yao0cTBo i nanuenTa. OgHaKko npu 00CTPYKIUU OH-
KOJIOTHYECKOW TPHPOABI 3TOT METOJ MOXET TpeboBaTh
MTOBTOPHBIX BMEIIATEICTB, YTO CHUXKAET ero dPPEeKTUB-
HOCTB B JIOJITOCPOYHOM MEPCIIEKTHBE.

Takum oOpazom, BEIOOp MeTO[a IPEHUPOBAHUS JIOJI-
KEH OCHOBBIBATHCS Ha WHAWBUAYAIBHBIX OCOOEHHO-
CTAX TIAlMeHTa, XapakTepe OOCTPYKLUUHU M TOCTYITHOCTH
mpouenyp. B 3KCTpeHHBIX CHUTyalMsxX YpecKoKHas He-
(pocToMHsS MOXET OBITH MPEAOYTUTEIBHON Onaromaps
CBOEI ONEepaTUBHOCTH M HAJIEKHOCTH, TOTZIA KaK IPH CTa-
OMJIBHOM COCTOSIHMU TTallUeHTa PETPOTPaTHOE CTEHTHPO-
BaHHME OCTACTCS MEHEE MHBA3UBHBIM M Oojiee KoMQopT-
HBIM BapHAHTOM.

BbiBOAbI

OOcTpyKTHBHAS yponarus — 3T0O KpaifHe pacrpocTpa-
HEHHOE U MOTEHLUAIILHO 00paTUMOE COCTOSIHIE, KOTOPOe
MOXET MPUBECTH K OCTPOMY M XPOHHYECKOMY ITOBPEX-
neHuro novek. CBoeBpeMeHHas! TUAarHOCTUKA U JICUCHHE
SIBIISIIOTCSA  KITIOUEBBIMU (PAKTOpaMH B TIPEAOTBpAICHUN
HEOOpaTHUMBIX M3MEHEHUH M COXpaHEHHM (QYHKLUH II0-
yek. JlmarHocTH4YecKne METOJbl, TaKhe KakK YIbTPa3By-
KOBOE MCCIICIOBAaHNE, KOMIIbIOTEpHAst TOMOrpadus u Jia-
OopaTopHBIE aHANM3bI, TO3BOJSAIOT TOYHO ONPENEIHTh
JIOKQJIM3ALUIO U CTeIIeHb 00cTpyKuuy. JleueHne o0cTpyK-
TUBHOM ypOTaTUW 3aBUCHUT OT NMPHUYHHBI M TAKECTH CO-
CTOSIHHSI: B DKCTPEHHBIX CIy4YasX NMPHMEHSETCS APeHH-
poBaHHe (upecKokHas He(hPOCTOMUS MM PETPOTrpasHOe
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CTEHTHPOBAaHKE), a JaJIbHEHIee JICYCHUE HAIpPaBICHO
Ha yCTpaHCHHE MEPBOMPHUUHBI, OyIb TO MOYCKAMEHHAs
00JIe3Hb, OHKOIIATONOTHS WIN (PYHKIIMOHATHHBIC HapY-
meHusi. KoMmiekcHbI U CBOEBPEMEHHBIN OJXO0/1 K Aua-
THOCTHUKE U JIEUEHHUIO MO3BOJISET MUHUMU3UPOBATh PUCK
OCJIOKHEHUH U COXPaHUTh HOPMAaJIbHYIO (DYHKIIUIO TIOYCK
M JaibHEHIIee KaueCcTBO KM3HH Ial[MeHTa.
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Peztome

AKTYyaJIbHOCTB: J[MCXJIOPEMUSI — PACIIPOCTPAHEHHOE HIEKTPOIUTHOE HapyIICHHE, yXyALIAOIIee TeYeHHEe MHOTHX KPUTHUECKHX CO-
CTOSIHUH y JIeTeH.

eas ucciienoBaHusi: AHaJIN3 STHOJIOTHHM M MEXaHU3MOB I1aTOr€He3a JUCXIOPEMHIH, €€ BIIMSHHS Ha HCXOX KPUTHIECKUX COCTOSIHUSIX
y JieTeil Ha OCHOBAHWH JJAHHBIX JINTEPATYPHI.

MarepuaJibl 1 MeTO/bI: BrInonHeH nmouck u ananu3 paboT ¢ ucronab3oBanueM 0a3 nanHbix Cochrane Library, PubMed u Medscape
10 KITFOUEBBIM CIIOBAM: «IHCXJIOPEMHUS, TUIIOXIOPEMHS, TUTIEPXIOPEMHUS, I€TH, TOAPOCTKU, HHTCHCUBHASI TEPAIHsI, KPDUTHIECKHE CO-
crostust». i1 0030pa oToOpaHo 45 ucTouHnKoB. Kputepruu BKIIOUeHHUs paboT B 0030p: HAIMYUE ONMUCAHUS STHOJIOTHU H BIUSHUE
JHMCXJIOPEMUH HA TEUCHUE KPUTHYECKUX COCTOSTHUI B IETCKOM U IIOAPOCTKOBOM Bo3pacTe. Kpureprem uckimodeHus pabot u3 003opa
SIBJISUIMCH CTaThH, COZlepIKaIine HHOOPMAIIMIO 110 STHOJIOTHH U BIMSHHIO JTUCXJIOPEMHH Ha TEYCHHE 3a00JI€BaHUS TSHKEIO00IBHBIX
MAIMEHTOB B3POCIIOro U MOXKUIIOTO BO3pacTa.

Pesynbrarbl: J{HCXIOpEeMUsl AOCTATOYHO YAaCTO JHATHOCTHPYIOTCS Y TKETOOOMbHBIX HETeil U MOAPOCTKOB B YCIOBHSX OTACICHHMIT
QHECTE3UOJIOTHU U peaHuMaIyy. [HIoXJIopeMus, MPOBOLUPYeMasi Pa3IMIHBIME dTHOJIOTHYECKUMH (AaKTOpaMH, MOXKET YBEINYHBATH
JIETaIBHOCTD IIPH OCTPOI CePACIHOI HEJOCTATOYHOCTH M OCTPOM IIOPaXKEHNH o4eK. [ nmepxyiopemus Ha GoHe Ype3MepHOro BBEICHHS
(hM3HOIOrMYECKOTO PACTBOPA, TUIIEPXIOPEMHUYCCKOTO META00INYECKOTO alli103a U HapyILICHUs (DYHKIMH MTOYCK OTPasKaeTcsl Ha MOBbBI-
LICHHUH [I0Ka3aTesied CMEPTHOCTH TIPU KPUTHYECKUX COCTOSTHHUSIX, B IEPBYIO O4EPE/ib PH TSHKEIIOM TpaBMe M CENTHYECKUX COCTOSHUSX.
3akiouenne: Hapyiienne Oananca Xjiopa UMeeT Ba)KHOE 3HAUYCHHE B MEAUATPHUYESCKON MHTEHCHBHON Tepanuu. Heobxoanm Tiia-
TEJILHBIIl MOHUTOPHHT JAHHOTO SJIEKTPOIIUTA Y IETeH, HaXOIIIIUXCS B KPHTHIECKOM COCTOSTHHH.

Kniouesvle cnosa: nucxiiopemusi, THIIOXJIOPEMUS], THIIEPXJIOPEMHS, JACTH W MOAPOCTKH, HHTCHCHBHAS TEPAlus, KPUTUIECKUE CO-
CTOSHHS

Lumuposams: boixos 10.B., O6equn A.H., MypaBbéBa A.A. u ap. Jlucxiuopemust pu KPUTHYECKUX COCTOSHUSX Y JIeTei Kak (akTop pu-
CKa HeOIaronpusTHOro ucxona 3abonesanust. Munosayuonnas meouyuna Kyoanu. 2025;10(2):143—148. https://doi.org/10.35401/2541-
9897-2025-10-2-143-148
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Abstract

Background: Dyschloremia is a common electrolyte imbalance that exacerbates many critical conditions in children.

Objective: To analyze etiology and pathogenic mechanisms of dyschloremia, its impact on an outcome of pediatric critical conditions
based on literature data.

Materials and methods: We searched for and analyzed publications in the Cochrane Library, PubMed, and Medscape using the fol-
lowing keywords: dyschloremia, hypochloremia, hyperchloremia, children, adolescents, intensive care, critical conditions. A total of
45 sources were selected for review. To be included in the review, a paper had to describe the etiology and impact of dyschloremia on
the course of critical conditions in children and adolescents. The exclusion criterion was the information on the etiology and impact
of dyschloremia on the disease course in seriously ill adults and older people.
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Results: Dyschloremia is quite often discovered in seriously ill children and adolescents treated in intensive care units. Hypochlo-
remia caused by a variety of etiological factors can increase mortality in patients with acute heart failure and acute kidney injury.
Hyperchloremia, which develops from excessive saline infusion, hyperchloremic acidosis, and kidney failure, increases mortality
in critically ill patients, primarily in cases of severe trauma and sepsis.

Conclusions: Disturbed chloride balance plays an important role in pediatric intensive care. The chloride levels should be closely

monitored in critically ill children.

Keywords: dyschloremia, hypochloremia, hyperchloremia, children and adolescents, intensive care, critical conditions
Cite this article as: Bykov YuV, Obedin AN, Muravyova AA, et al. Dyschloremia in critically ill children as a risk factor for an unfa-
vorable disease outcome. Innovative Medicine of Kuban. 2025;10(2):143—148. https://doi.org/10.35401/2541-9897-2025-10-2-143-148

BBepeHune

Xiop (Cl") urpaer KIIOYEBYIO POJIb B MOMICPIKAHHIH
AJIEKTPOJIMTHOTO OayaHca B opranusMe pedenka [1, 2].
OH aKTHBHO YYaCTBYET B PA3IMUHBIX (PH3MOIOTHUECKAX
MpoIeccax, MMEIOMINX PeIIaroliee 3HAYCHUE TSI KIICTOY-
HoW ¢yHkimH [1, 2]. Xnop sBiaserca Hanbosee pachpo-
CTPaHCHHbIM aHMOHOM, IMPHCYTCTBYIOIIMM BO BHEKJIC-
TOYHOM JKUIKOCTH (MOJIsipHas Macca 35,45 r/monb) [3-5].
SIBNsAsiCH  OTPHIATENBHO 3apsHKEHHBIM  DIIEKTPOIUTOM,
OH YYYBCTBYET B TOMJCPKAHUM IMOTEHITHANIA JCUCTBUS
B KJIETKE, OCMOJIJIBHOCTH M BOAHOTO OajaHca B opra-
HuzMe [2, 3, 5-8]. KoHTpomb KUCIOTHO-IIEIOYHOTO TO-
MeOoCTa3a SIBISICTCS OCHOBHOW (pyHKIHEH, koTopyto Cl
WrpaeT B opraHusMe peOeHka [2, 5]. YpoBHM AaHHOTO
ANIEKTPOIUTA 0OPAaTHO MPOIOPIMOHAIBLHBI OMKapOOHaTy,
KOTOPBIH SBIISETCSI HanOoJiee Ba)KHOW BHEKIIETOYHOH Oy-
(bepuoit cuctemoii [5]. ClI” momnep uBaeT OHKOTHIESCKOE
TABJICHUE TIIa3Mbl KPOBH M TPAHCIIOPT YIJICKUCIIOTO ra3a
u3 Kietok [3, 6-11]. JlaHHBIH SIEKTPOIUT TECHO CBSI3aH
C KICTOYHBIM TOMEOCTA30M, BIHUSS HA CHHTE3 OCIKOB
U YCBOGHHE MUTATENbHBIX BemecTs [1, 3, 10].

Cl" ’kM3HEHHO HEOOXOMMM I MPOAYKIIMH COJISHOM
KHCJIOTBI B KEINyAKe, B MOJIePKaHUU (PYyHKIIUH TOYEK
U 2JIEKTPUICCKONW aKTUBHOCTHU (HAIpuUMep, A obecrie-
YeHUS MBIIICUYHOH akTHBHOCTH) [1, 2, 5, 8, 10, 11]. CI
KOHTPOJIMPYET MOAYISAINHUIO PEHUH-aHTHOTCH3WH-AITh-
IOCTEPOHOBOM CHUCTEMBI U, CIEIOBATCIBHO, OKAa3hIBAET
CyIIECTBEHHOE BIUSHUE HAa YPOBEHb CHCTEMHOIO apTe-
puanbHOTO napienus [3, 7-9].

JIaHHBIN DIEKTPOJIMT SIBJISETCS CaMbIM PacrpocTpa-
HEHHBIM aHHOHOM B CHIBOPOTKE KPOBH, BHE- U BHYTPH-
KJIETOYHOM IIPOCTPAHCTBAX, cOCTaBIssl okono 70% Bcex
OTPHULIATEIHHO 3apSKEHHBIX aTOMOB opranusma [7, 8, 10].
bamanc Cl tecHo cBs3an ¢ Na™ u OukapOOHATOM, TTOCTO-
STHCTBO €T0 KOHIICHTPAIIUH 3aBUCHUT OT MOCTYTUICHHUSI, BBI-
BeZieHHs U peabcopdbunu B moukax [3]. B ocaoBHoM Cl
BeiBozuTCst yepe3 JKKT, modyku u koxy (MprOIU3UTEIHHO
180 MMONB/CYT., B 3aBUCUMOCTH OT TOTPEOJICHUS C TH-
mieid) [3, 5, 10]. HopmaneHsrit ypoens Cl™ B chiBopoTKe
KpoBH cocTaisieT 96—107 MMOIIB/JT, @ BHYTPHKIICTOUHBIH
yposens Cl coctasmsier 4 mmons/ (MOxB/1) [1, 3, 8, 11].

Lenb nccnepgoBaHmns

AHaHI/IS OTHUOJIOTUU U MEXAaHU3MOB ITIaTOI'€HE3a OUC-
XJIOpeMI/II/I, €€ BJIIMAHHUA HAa UCXOQ KpI/ITI/I‘IeCKI/IX COCTOA-
HUSIX y JIeTel Ha OCHOBE JAHHBIX JINTEPATYPBL.
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B AETCKO MHTEHCMBHOI Tepanuu

HecMmotps Ha TO 9TO ypoBeHb Cl™ perymaspHO KOHTpPO-
JUpyeTCsl y TOCTIMTAIM3UPOBAHHBIX JIETeH W TOAPOCT-
KOB, TIpoOJIeMe AMCXJIOPEMUH YAEseTcs HEJOCTaTOYHO
BHUMAHUS B KIIMHUYECKOW MPAKTUKE, 0COOCHHO Yy Malu-
€HTOB B KpUTHYECKOM cocTostHuM [8, 12]. Ilaromorude-
ckue m3MeHeHus ypoBHs Cl™ B CHIBOPOTKE KPOBH HacTo
BCTPEYAIOTCS B MEIUATPUUECKUX OTICJICHUSAX aHECTE3U-
onornu n peannMarmu (OPUT), uro cBsizano ¢ yxymure-
HHUEM HCXOJIOB JICUCHHNS U YBETMIEHHEM BEPOSTHOCTH (a-
TambHBIX OcnokHEeHuH [8]. [ducxmopemus koppemupyer
C TAaKUMHU HEOJIArONPUSTHBIMU OCIIOKHEHHUSIMH, KaK Me-
TAaOONMYECKUM alln/103, HECTAOMIBHOCTh TeMOJIMHAMMKH
Y TUCOYHKIMS KU3HEHHO BaXKHBIX OPTaHOB (HaIrpuMep,
ocTpas mouyeuHas HenocratouHoctb — OIIH) [1, 5, 7].
Hucoananc Cl” — pacripocTpaHeHHOE SIBIICHUE, 0COOSHHO
y AeTeil ¥ TIOIPOCTKOB, MOIyYaIOnX HH(Y3HOHHYIO Te-
panuio Ui JUypeTuKy [5].

B nocnennue roapl M3ydeHHe AMCXIOPEMHH IIpHBE-
JI0 K pocTy uHTepeca K aucbanancy Cl” u ero BIuMsHHIO
Ha COCTOSTHUE TSKEI000JBHBIX ASTeH W MOAPOCTKOB [7].
OpHako HECMOTPS Ha 3TO, COCTOSTHUS TUIIO- U TUIIEPXJIO-
pPeMHH 1 UX BIHUSHMAE Ha TEPAIeBTHYECKHE HCXOBI B yC-
soBusix OPUT myunie nzydeHs! y B3pocibix [9].

M'Mnoxnopemus

'mmoxmopemust — cumkenue yposHs ClI™ B chIBO-
potke kpoBu HIke 96—-101 mmons/m [3, 11]. Yacrora
runoxjgopemun B neauarpuaeckux OPUT cocrasnser
6-37% [9, 11, 13]. I'unoxnopemMust y TAKEI0O00IBHBIX
JIETeH M MOJPOCTKOB CBsI3aHA C BBICOKOW BHYTPHOOJIb-
HUYHOW CMEPTHOCTBIO U OoJiee JUIUTEIbHBIM JIUeHUEM
B ctauuoHape [13, 14]. JlaHHOe AJIEKTPOJIUTHOE Ha-
pyLIeHUe SBISETCS HE3aBHUCHMBIM KPUTEPHEM KpPaTKO-
CPOYHOU U TOJATOCPOYHOH JIETAaTbHOCTH CPEU MallUEH-
TOB C OCTpO#l cepaeuHoil HemoctarouHocteio (OCH),
MIPEIUKTOPOM HEIO0CTATOYHOTO TepaneBTHYECKOTo d(h-
(exra nuypetukos [13].

Beoywue mpuzzeepuoi

VYposeHb Cl™ B CBIBOPOTKE KPOBH CHIKAETCS IPH YMEHb-
IIEHUH SHTEPAILHOTO MOTpeOIIeHNs; TIOTepe Yepe3 KoKy,
KKT, nouku; m3meHeHun ypoBHs Na“ M KHCIOTHO-LIE-
nmounoM mucbamance [1, 3, 7, 10]. Tunmoxmopemus y neteit
U TIOIPOCTKOB B KPUTHYECKOM COCTOSHHH MOXKET OBITh
BbI3BaHa akTHBHOW motepeit Cl uepes XKKT (manpumep,



JNekuwmn / Lectures

pBOTa, ITUapesi), Ha OHE HEaICKBATHOM MOYCYHOU pead-
cop6umu Cl™ wnu nocine uHPY3UH THIIOTOHHYECKUX pac-
TBOpOB [15].

Ilomepu uepez JKKT

IToteps uepes XKKT (pBoTa, 1uapes) MpeacTaBiIsioT CO-
0oit Bemymuii Tpurrep ucromenus Cl [1, 7, 10, 15, 16].
Bo BpeMst pBOTBI yMEHBIIIEHHE COJITHON KUCIIOTHI (KOTO-
pasi conepkut HoHbl CI') cCIOCOOCTBYET CHIDKCHHIO YPOB-
Ha rupkyimpyroniero Cl™ [1]. Takue >xe morepu Cl mMoryT
BO3HHUKATH TIPU TOTEPSX dYepe3 Ha30TracTPabHBIA 30HI
i konocromy [10]. Bpoxknennass ¢popma BBICOKHX IT0-
teps Cl™ uepe3 JKKT, nHa3piBaeMast BpOXKAEHHOM XIJIOPH-
HOW auapeeill (BpOXKACHHAs XJOPUIOPEs), TaKKe MOXKET
BBI3BIBATh THIIOXJIOPEMHIO, OJTHAKO Y JIETeH BCTpEYaeTcs
penko [10].

Toueunvie nomepu

[orepu Cl™ yepe3 moyku BO3HUKAIOT B CIIy4YasiX MTOBBI-
IIeHHOH peabcopbimn GukapOoOHaTa, MPHU XPOHUYECKOM
pEeCIMpaTOpHOM aluI03€ WM THIEPaTbI0CTEPOHN3-
Mme [1, 11]. IToueunsbie motepu nouna CI- MoryTt ObITH 00-
YCIIOBJICHBI CHHAPOMOM bapTrepa mnu 605e3Hbp0 Anan-
cona[7, 10, 17].

Memabonuueckuil ankanos

l'umoxyopeMust 4acTo MPUBOTUT K METabOINYIECKO-
My aJKaJio3y, XapaKTepH3yIoIeMycsl TMOBBIIIeHHBIM pH
Y KOHIIEHTpanuu OwkapOoHarta B KpoBH [1]. Ilpn n30bI-
TOYHOM MMapeHTEPAILHOM BBEACHUU HAaTpus OukapOoHara
WM JPYTUX MICTOYHBIX PACTBOPOB, CHIKCHUE KOHIICH-
tpauu Cl- MoxxeT criocobcTBoBaTh caBUry pH B mienou-
Hywo ctopony [1]. Pone CI” B perynsiuu KHCIOTHO-IIIE-
JIOYHOTO PAaBHOBECHS MOTICPKUBACT 3HAYMMOCTD THUIIOX-
JIOPEMUH B PA3BUTHU METa0OIHUYECKOro ainkaio3a [18].

Dapmaronozuueckue mpuezeepol

Hexoropsie mpemnapaTsl CBS3aHBI ¢ HU3KUM yPOBHEM
CI" (meTneBble 1 OCMOTHYCCKUE TUYPETUKH, KOPTUKOCTE-
pounbl, bukapoonar u TeodunauH) [3]. [lorepu MoHOB
Cl' gepe3 MOYKHM YACTO BOZHUKAIOT IPHU HCIIONB30BAHUT
nemieBsIx Auypetukos [7, 10, 17, 19, 20].

Hpyeue npuuumnsl

WHble npuYMHBl TMNOXJIOPEMUH Y JETEH U MOAPOCT-
KOB BKJIIOYAIOT HU3KHUM ypoBeHb Na' M KaJiusi, MyKOBHC-
LIU/103, ONIEPATHBHBIC BMEIIATEIbCTBA HA KEJYJIKE, Tra-
OeTHuecKnii KeToau/103 ¥ XPOHNIECKYI0 CepAeUHYIO He-
JIOCTAaTOYHOCTH [3]. [umoxiaopemMust Takke MOKET pa3BH-
BaThCsl IPU M30BITOYHOM MOTPEOJICHUHU BOJIBI (HAIIpUMED,
CHUHZIPOM HEaJIEKBaTHON CEKPELUU aHTUIIYPETUICCKOTO
ropmoHna) [7, 9].

Bnusanue zunoxnopemuu na gyukyuio opeanos u Je-
manwvHOCHb

VYCTaHOBIEHO, YTO THITOXJIOPEMHS AaCCOLMHPOBa-
Ha CO CMEpPTHOCTHIO, OCOOCHHO y NeTed M TOIPOCTKOB
C OCTpOHl CcepIedyHod HemocTaTouHOCThIO [3, 21-23].
[IponemoHCTpUpOBaHa OTpUIATENbHAS KOPPEISAIMOH-
Has 3aBHCHMOCTh MEXAy HH3KHM ypoBHeM Cl~ B KpoBH
(< 100 MMOTIB/TT) ¥ BBICOKOM CMEPTHOCTBIO y MAllMEHTOB

C OCTpPOW CeplaeuHOM HEeAO0CTAaTOUHOCTHIO, HE3aBHUCHMO
OT CTeleHH ee TshkecTH [24, 25]. bonee HU3KMI ypoBEeHb
CI" B ceiBopoTke KpoBu rnipu noctyruieHnr B OPUT Obin
JIOCTOBEPHO CBSI3aH C YBEIMYEHHEM JIETaJIbHOCTH Y Je-
TeH, TOCTUTAIN3NPOBAHHBIX C JIEKOMIIEHCHPOBAHHOMH
OCTPOM CepACYHON HEJIOCTATOUHOCTHIO [26].

HenaBane wnccnenoBaHnsi paccMaTpuBalOT THITOXJIO-
PEMHIO KaK HE3aBUCHUMBIN MPOTHOCTUYECKUM Mapkep Jie-
TAJIFHOTO MCXOJa Y MAIMEHTOB C XPOHUYECKUM 3a00JIeBa-
HueM 1odek [22, 23]. M. Shao u coast. (2016), mpoanau-
3upoBaB cBs13b runoxyopemun u OITH y nanuentoB OPUT,
YCTaHOBHJIM, 4TO WCXOHas ruroxiopemus (yposeHb Cl-
B CBIBOPOTKE KPOBU MeHee 94 MMOJIB/IT) SBTSICTCS HE3aBH-
cuMbIM (pakTopom prcka pazsutus OITH [27]. S. Kimura
u coasr. (2014) npoeMOHCTPUPOBAIIN, YTO THIOXJIOPEMUS
B TeYEHHE MePBBIX 48 U 1Mociie onepaTnBHOTO BMEIIaTelb-
cTBa OblIa CBsI3aHA C YBEIMYCHUEM CMEPTHOCTHU II0 CPaB-
HEHUIO C TTAMEeHTaMHU ¢ HOpMaJbHBIM ypoBHeM Cl, maxe
OCJIe TIONPABKU Ha TSHKECTh 3a0omneBanus [28]. ApyruMu
aBTOpPaMU TIPUBOJIATCS JAHHBIE, YTO HE TOJIBKO THUITOXJIOpE-
MHUsI, HO ¥ CKOPOCTh TIOBBIIIeHHs1 ypoBHst CI™ B ChIBOpOTKE
KPOBH CBSI3aHBI C XyAIIMMH UCXOIaMH y Je€Tel 1 MOApOCT-
KOB, Hy>Jaronmxcs B jedeHuu B OPUT [2].

Mmnepxnopemus

l'unepxnopeMus — cOCTOSIHUE, IPU KOTOPOM YPOBEHb
CI B ceiBopoTKH KpoBH npesbimaet 106—111 mmons/x [3,
10, 11]. Tunepxyiopemusi, B OTJIMYUE OT TUIIOXJIOPEMHUHU,
TOJIBKO HEJJaBHO OKa3asach B IIEHTPE BHUMAHHS UCCIIEI0-
BaTeJIeH, U3y4aroIuX JaHHOE IEKTPOIUTHOE PacCTPO-
CTBO y JIeTel ¥ MOAPOCTKOB MPU KPUTHUECKUX COCTOSHU-
ax [7]. YacTtoTa BOSHUKHOBEHHSI JAHHOTO AJIEKTPOJIUTHO-
ro nucbananca B ycnosusax OPUT cuibHO pasnuuaercs,
B 3aBHCHMOCTH OT WCCIIEAYEMOW IOITYIISIIN/HO30IO0THH,
U HaxoAuTcs B JauamnaszoHe 25-45% [3, 7]. Cauraercs,
YTO THIEPXJIOPEMHS B JETCKOM M TMOAPOCTKOBOM BO3-
pacTe HaONIOAAeTCs HECKOJBKO Yallle, YeM THMIIOXJIOope-
mus [5]. Tunepxnopemust cBs3aHa ¢ INIOXUMH KJIMHUYE-
CKHMHU pe3ybTaTaMH y TSKEIT00O0IbHBIX MAIUEHTOB [29].
BrrsBrieHo, 4to paccMaTpuBaeMoe JIEKTPOIMTHOE Hapy-
LICHUE YBEIMUYUBACT KPATKOCPOUHYIO CMEPTHOCTD OCIIE
HEKOTOPBIX ONEPaTHBHBIX BMeNaTenbeTB [5]. I'nnepxio-
peMHus ABISIETCS PaCcIpOCTPAHEHHBIM MapKEPOM Cericrca
Y 4aCTOU MPUYMHON METabONIMYeCKOro auuao3a y marm-
€HTOB B KPUTHUYECKOM COCTOSIHUU [2, 5].

Beoyuue mpuzzepo

I1o aTHOMIOrMM THIIEPXIIOPEMUIO Y AE€TEH U MOJPOCTKOB
MOXKHO pa3ienuTh Ha 3 Tuma: 1) sTporeHHas (mpu Mac-
CHBHOW MH(Y3MOHHON Tepanuy COJIEBBIMH PacTBOPaMH);
2) u3-3a U30BITOYHOM MOTEPH KHUIKOCTH (OOJIee BBICOKAs
notepst Boabl 1o cpaBHeHuto ¢ ClY) u 3) u3-3a moBbIIIeH-
HOW moueuHo peadbcopoumu Cl™ [3, 7, 10, 11]. VBenuue-
HUE YPOBHS XJIOpa B KPOBH TaKXKe MOKET OBITH 00YyCIIOBIIE-
HO TOKCHYHOCTBIO CAJIHIMIIATOB, PECIIUPATOPHBIM aJIKaJIo-
30M, THIIEpIapaTHPEO30M WK runepHarpuemueii [3, 11].
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UpesmepHoe ggederue (hu3uoI0eutecKo2o pacmeopa

l'mmepxnopeMuss Tpu KPUTHICCKUX 3a00JIEBAHUIX
Yaie BCEro BO3HHMKAET M3-3a SITPOTCHHOW IMeperpy3Ku
ClI" (manpumep, maccuHas uH(py3us 0,9% NaCl co-
nepskamero 154 mmons/nm CI) [1, 11, 30-32]. Benenne
6onpuux 006eMoB 0,9% NaCl sBrisieTcst pacpocTpaHeH-
HOW TPAKTUKOW MPH JICUCHUH PA3THYHBIX KPUTHUECKIX
COCTOSTHHI, UTO JIKUT B OCHOBE TAHHOTO 3JICKTPOIUTHO-
ro nucoananca [1]. Yeenauuenue CI” B KpoBH HE ypaBHO-
BEIITMBACTCS COOTBETCTBYIOIINM YBEIIMICHHEM KAaTHOHOB,
YTO TPUBOIUT K OTHOCUTEIHFHOMY H30BITKY TOTO DIICK-
TPOJNUTA W METabOIUYECKOMY THIIEPXIOPEMHUYECKOMY
aIuI03y, aCCOIMMUPOBAHHOMY C HEOIArOMPHUATHBIM HCXO-
IIOM, 9YTO OCOOCHHO CITPABEIMBO VIS MAIUCHTOB C CET-
CHCOM M cenThueckuM 1okom [1, 5, 10, 33].

l'umepxnopemust, 00ycIoBIeHHAST H30BITOYHON HHY-
3ueit 0,9% NacCl, Obla cBsi3aHa ¢ OCTPBIM IOBPEXKICHH-
eM nouek y nanuentToB OPUT, a pa3BuBaromuiics Ha 7ToM
(hoHE TSHKEIBINA aluI03 MOKET IPUBECTH K CEPICTHO-CO-
CYIUCTOM NUCOHYHKIMM M CHUXKEHHUIO 3(P(PEKTHBHOCTH
Bazornpeccopos [3, 5]. OnHOM U3 NPUYNH TUIIEPXIIOPEMHU-
YECKOTO METa0OINYECKOTO aly/03a SABISIOTCS TnabeTH-
yeckuit ketoarnuao3 u OITH [1, 34, 35].

Hapywenue ¢ynxyuu nouex

[loukn wWrparT pemarollyl0 poiib B TMOAICPKAHHIH
JIEKTPOJIUTHOTO OajaHca, BKIIIOYas peabCopOIHIO 1 BbI-
Beacune Cl [1, 34]. JucdyHkuus B mporecce peadbcopo-
MU KAaHAJIBIIEB MOKET BO3HUKHYTh U3-32 PA3IUMIHBIX T0-
YEUHBIX MATOJIOTHH, 4TO MPUBOAUT K 3ajaepxke ClI- B op-
raam3me pedenka [1, 34].

Bnuanue zunepxnopemuu Ha Qynkuyuio opzanos
U 1emaaibHOCmy

B nccnenoBanmu E.K. Stenson u coast. (2018) mpo-
BeZleH aHanu3 AaHHbIX 890 nmerei B Bozpacte 10 10 jer,
y KOTOPBIX OBUI TMarHOCTHPOBaH CENTUYECKHIA LIIOK, YPO-
BeHb Cl™ B CBIBOPOTKE KPOBH PETUCTPUPOBAJICS B TCUCHUE
7 nueit [36]. IlponeMOHCTPUPOBAHO, YTO COJEpPIKAHUE
CI" B ceiBopoTKe KpoBH (< 110 MMOJIB/1T) OBLITO JOCTOBEP-
HO CBSI3aHO C TIOBBINIIEHHWEM BEPOSTHOCTU PA3BHUTHUS Op-
raHHON HemocTtaTouHoCTH u cMeptHocTH. ML.F. Barhight
u coabT. (2018) mpoBenu peTpoCreKTUBHOE HCCIIeoBa-
HUE KoropTel U3 1935 nereii (cpeanwnii Bo3pact 6,3 roma),
4TOOBI ONPE/ICIUTh B3aUMOCBS3b MEXKIy JICTAIbHOCThIO
n ypoBHeM Cl™ mpu KpUTHYECKUX COCTOSHHAX [37]. AB-
TOpHI TIOKA3alii, YTO Ha (DOHE TUTMEPXIOPEMUU CMEPTh
Hactynuna y 4% nereii, a OIIH Bo3uukna y 17% nereit.

Pe3ymerarsl JaHHOTO UCCIIEIOBAHUS TOKA3AJIH, YTO OTpa-
HUYCHUE WH(Y3UOHHBIX PACTBOPOB C BBICOKAM COZICpIKA-
HueM xjopusioB B OPUT ObUTO CBA3aHO CO 3HAYMTENLHBIM
cHmkenreM Jactotel OITH u ucronb30BaHusT 3aMECTUTEITh-
HOH moueynoit teparmu [38]. B apyroit pabore y mereit
C TSDKEJION TpaBMOH I'MIIEpXJIOpeMus B TeueHue 48 4 rocie
TOCTIUTAJIM3AINHA OblIa CBSI3aHA C YBEIMUCHUCM JICTAJIb-
HOCTH B TeueHHe Ommxaiimmx 28 cyt. [39]. B nanHoe nc-
crenoBanue ObUT0 BKITFOUeHO 407 manuenToB: 209 B rpytime
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¢ runepxyiopemucii u 198 B rpyme 6e3 rHIepXIopeMun.
ABTOpBI ITOKA3aJIH, YTO TUTIEPXIIOpeMUst ObLiia CBsi3aHa ¢ 00-
niee BBICOKUM puckoM paszsutust OITH [40].

VY TXKen000IbHBIX CENTHYECKHUX IMAIEeHTOB, y KOTO-
peix npu noctyruieHud B OPUT nposiBisiack runepxiio-
pemus (> 110 MOKB/1), B TedeHure 72 9 mpeObIBaHUS B CTa-
UOHape HaOJIIONAJIOCh YBEJIMYEHHE ToKazarens oOriei
cMmepTtHOCTH [4]. IHTEepecHo, UTo B ABYX KPYIHBIX HUCCIIC-
JOBaHUSIX, KyJa BOIIUIM MALUEHTHI C CETICUCOM, YCTAHOB-
JIEHO, YTO JIETAJIbHOCTh OCTaBajlaCh CaMOW HU3KOH y ma-
IIHEHTOB C HOPMOXJIOpEMHEH B TEUEHHE BCETO BPEMEHHU
JedyeHus B ctanuonape [41, 42]. JIpyroe uccienoBaHue
y TalKUEHTOB B KPUTHYECKOM COCTOSIHUM YCTaHOBMJIO,
YTO THIEPXJIOPEMHUSI M THUIOATLOYMHUHEMHUS SIBIISIFOTCS
HE3aBUCUMBIMU (DAKTOpaMH PHCKAa BHYTPHOOIHLHHYHOU
cMmeptHOCTH [43]. I'mmepxiopemust Takke MOXKET OBITh
CBsI3aHA C OCTPHIM ITOBPEKACHHEM IMOYEK W HEeoOXOoaw-
MOCTBIO TTOCTOSTHHOM 3aMECTHTEIHHOW ITOYeYHOH Tepa-
1Y, YBEJIUYECHUEM JUIUTEILHOCTH JICUEHUS B CTAL[IOHApE
Y UCTIONIb30BaHUEM Ba30aKTHBHBIX Mpemnaparos [44, 45].

3akniovyeHne

Hucxnopemust y nanuenToB neauarpuueckux OPUT
SIBIISIETCSL IOCTATOYHO PACIpPOCTPAHEHHBIM, HO MaJIOM3-
YUEHHBIM 3JICKTPOJIMTHBIM HapyuieHueM. Kak rumoxio-
peMus, TaKk U THUICPXJIOPEMHUS MOTYT CTaTh MPUYUHOU
pa3BUTHA MOJIHOPraHHON NUCOHYHKIMM y JeTed W MoA-
POCTKOB, 4TO 3HAYUTEIBHO MOBBIIIAET BEPOSITHOCTD JiE-
TaJBHOTO MCXOJa TMPH KPUTHIECKUX COCTOSHUAX. Heol-
XOJIMMBI JaJIbHEHIIINE UCCIIEA0BAHUS C UCIOIb30BAHUEM
MIPUHIIUIIOB JJOKA3aTeIbHON MEAULIMHBI IO OL[CHKE BIIHS-
Hus qucoananca ClIo Ha MCXO[ JICUCHUST KPUTHUECKHUX CO-
CTOSIHUM y JIeTeil U MOJPOCTKOB.
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